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AABBSSTTRRAACCTT

Practical issues that impact statistical design, analysis and synthesis of cluster 

randomised controlled trials

A thesis submitted to the University of Manchester for the degree of Doctor of 

Philosophy (PhD) in the School on Health Sciences, Faculty of Biology, Medicine 

and Health

Sarah Rhodes, 2022

When conducting randomised controlled trials assessing the effect of introducing a 
new health service or policy, researchers face challenges relating to organisation, 
implementation and contamination. Cluster randomised trials, where participants 
are randomised in groups, offer a solution to these challenges.

In this PhD thesis I present seven published research articles as evidence of my 
contribution as an applied statistician to the design, analysis and synthesis of 
cluster randomised trials. 

I present two papers from the Organising Support for Carers of Stroke Survivors 
(OSCARSS) trial to demonstrate the methods I developed to minimise bias in in the
design and analysis of a cluster randomised trial of a complex intervention. I 
present a Cochrane systematic review to display innovative methods that I 
developed to incorporate trials with non-standard cluster designs, such as cluster 
crossover trials, into systematic reviews. SOCIAL was a large systematic review of 
social norms interventions to change healthcare professional behaviour. I present 4 
papers relating to this review to illustrate how I overcame a number of challenges 
which included synthesis of multiple complex interventions, a mixture of outcome 
measurements, and a variety of cluster designs.

I have shown that cluster randomised trials reveal a number of challenges in their 
design, analysis and evidence synthesis, over and above those of individually
randomised trials. I have offered practical methods to deal with these challenges 
and critically appraised their merits and weaknesses.
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CCHHAAPPTTEERR 11:: IINNTTRROODDUUCCTTIIOONN

11..11 BBAACCKKGGRROOUUNNDD

When conducting randomised controlled trials (RCTs) assessing the effect of introducing a 

new health service or policy, researchers face challenges over and above those of clinical 

trials of medicines: a) a policy or service is usually implemented at an organisational level 

and affects everyone at that site; b) once a health worker has been trained in a new way of 

service delivery, any service they provide to the control group is likely to be contaminated 

by their training; c) patients and health workers in the intervention group may have contact 

with people in the control group and pass on information about the intervention they have 

received. 

Cluster randomised trials (CRTs) (2) offer a solution to these challenges. In a CRT, groups of 

participants (clusters) are randomised to the same arm. Typical clusters in health care are 

people at the same hospital, hospital ward, GP surgery, or geographic region. 

11..22 TTHHEESSIISS SSTTRRUUCCTTUURREE

I present seven published research articles as evidence of my significant contribution as an 

applied statistician to the statistical design, analysis and synthesis of CRTs and the impact 

this has had on the literature within the applied fields that I have worked in. 

11..33 OOVVEERRVVIIEEWWOOFF CCHHAAPPTTEERR 22;; DDEESSIIGGNN AANNDD AANNAALLYYSSIISS OOFF CCRRTTSS

I was lead statistician on the Organising Support for Carers of Stroke Survivors (OSCARSS) 

trial (3-5), responsible for the design and analysis of the study from its inception. I present

two papers from this trial (3, 4) to demonstrate the methods I developed to minimise bias 

in a CRT of a complex intervention.

The aim of the OSCARSS CRT was to test the effect of offering a new carer support 

intervention (staff training and new processes), compared to the current provision. As the 

intervention was implemented at the cluster level, all carers in the intervention clusters 

were offered the intervention, without the necessity for consent (6). Recruitment of carers 

to provide data came after the intervention had already started, which put the trial at risk 

of differential recruitment (7). Methods to minimise bias included prescriptive recruitment 
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strategy, carefully worded trial materials, monitoring of recruitment, retention and 

demographics and contingency in the Statistical Analysis Plan (SAP).

11..44 OOVVEERRVVIIEEWWOOFF CCHHAAPPTTEERR 33;; NNOOVVEELL MMEETTHHOODDSS TTOO IINNCCOORRPPOORRAATTEE CCLLUUSSTTEERR

RRAANNDDOOMMIISSEEDD CCRROOSSSSOOVVEERR TTRRIIAALLSS IINNMMEETTAA--AANNAALLYYSSIISS

I present a Cochrane systematic review (8) to display innovative methods that I developed 

to incorporate trials with non-standard cluster designs into systematic reviews. The review 

evaluated the effect of chlorohexidine bathing to prevent infection in the critically ill. Many 

of the trials in this review were cluster randomised crossover (CRXO) trials (9) where a 

hospital Intensive Care Unit (ICU) was assigned to treatment or control for a period and 

then crossed over. This is a suitable study design in the ICU context, where there is a high 

changeover of patients, implementation is quick and there is little carryover effect. A 

crossover trial has additional statistical power compared to a parallel design because it 

utilises comparisons within the same cluster, as well as the parallel comparisons between 

control and intervention arms. A properly reported CRXO trial (10) will provide summary 

statistics with standard errors that take both the parallel and within cluster comparison 

into account, while adjusting for clustering. Standard methods (11) to incorporate CRTs into 

meta-analysis use the ICC and only take the parallel comparison into account; this wastes 

information and leads to estimates that are imprecise and potentially biased (giving most 

weight to the smaller, less robust trials).  I implemented a novel statistical approach that 

utilises the full information reported in the trials. I converted all the summary data to a 

common format (rate ratio) and estimated appropriately adjusted standard errors to allow 

meta-analysis using the inverse variance method (12). I conclude this chapter with a set of 

generalizable recommendations for meta-analysis planning to incorporate CRXO into 

systematic reviews.

11..55 OOVVEERRVVIIEEWWOOFF CCHHAAPPTTEERR 44;; NNOOVVEELL MMEETTHHOODDSS OOFF MMEETTAA--AANNAALLYYSSIISS TTOO SSYYNNTTHHEESSIIZZEE

DDAATTAA FFRROOMM TTRRIIAALLSS OOFF CCOOMMPPLLEEXX IINNTTEERRVVEENNTTIIOONNSS WWIITTHHMMIIXXEEDD LLEEVVEELLSS OOFF

CCLLUUSSTTEERRIINNGG

I discuss the SOCIAL (13-15) systematic review, funded by NIHR Health Services and 

Delivery Research funding stream. SOCIAL was a large systematic review of social norms 

interventions to change healthcare professional behaviour, on which I led the meta-

analysis. Trials in this review aimed to estimate the effect of implementing strategies to 
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change the behaviour of groups of healthcare professionals. The trials were heterogeneous 

in their design. The units of randomisation included the health care patient, health 

professional, team, clinic, hospital or district. The units of analysis were the patient, the 

health professional or some larger unit. Meta-analysis of the data needed to take into 

account clustering at multiple levels (16). An additional complexity was that the trials 

reported many different behavioural outcomes (e.g. prescribing, test-ordering, hand-

washing) in binary, ordinal or continuous format. I developed a suitable way of converting 

them to a common primary outcome measure of ‘compliance with desired behaviour’. I 

present three papers on the design and results of this systematic review and a methods 

paper (17) that I led comparing alternative statistical methods (18-20) to synthesise mixed 

outcomes from trials of healthcare professional behaviour with mixed levels of clustering.
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22 CCHHAAPPTTEERR 22 DDEESSIIGGNN AANNDD AANNAALLYYSSIISS OOFF CCRRTTSS

22..11 CCHHAAPPTTEERR OOVVEERRVVIIEEWW

In this chapter I will summarise the current literature on the design of CRTs and reflect 

upon how I applied this knowledge to the decisions I made when designing and analysing 

the OSCARSS CRT (described in Paper 1 and Paper 2, presented at end of thesis).

I will start by describing the pragmatic approach to sample size estimation that we chose to 

use in OSCARSS. Sample size calculations for CRTs are more complex than calculations for 

individually RCTs and must take into account the degree of clustering, and may be 

constrained by the number of available clusters and likely cluster size.

Selection bias is a cause for concern in a CRT when participants within a cluster are 

recruited after the cluster has already been allocated to an intervention. I review the 

evidence on selection bias in published CRTs and methods to address the problem. I then 

describe the approaches that we used in the OSCARSS trial to minimise the risk of selection 

bias. 

Finally I describe alternative methods of analysis for CRTs and the methods used in 

OSCARSS. I discuss how results were interpreted and the impact this had. 

22..22 PPRRAAGGMMAATTIICC AAPPPPRROOAACCHH TTOO SSAAMMPPLLEE SSIIZZEE EESSTTIIMMAATTIIOONN

22..22..11 OOvveerrvviieeww ooff mmeetthhooddss ttoo ccaallccuullaattee ssaammppllee ssiizzee iinn CCRRTTss

When planning a RCT it is important to consider sample size in advance. The usual purpose 

of an RCT is to provide an unbiased estimate the effectiveness of a treatment or 

intervention; this is done by comparing the measurement of a particular outcome of 

interest across intervention and control groups. The difference in outcome between groups

is known as the ‘treatment effect’. A trial that is large enough will have sufficient power to 

allow the treatment effect to be estimated with sufficient precision to enable conclusions 

(21). A small trial with low power will have low precision, providing wide confidence 

intervals for the treatment effect, leading to results that are inconclusive and the need for 

further research. A trial that recruits more participants than necessary may cause excess 

participant burden, research waste, or unnecessary harm (22).  
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Before embarking on a sample size calculation, it is important to choose a primary outcome 

measure, and determine the magnitude of the improvement in outcome that would be 

deemed to be important by key stakeholders such as patients and clinicians; this is known 

as the ‘target difference’.  Ideally, there should be some evidence that this target 

difference is realistic for the intervention e.g. using historical data or data from a different 

setting. The DELTA 2 guidance (23) describes methods to determine a target difference. For 

an individually-randomised parallel-group trial this target difference is used alongside other 

information about the primary outcome measure (such as the estimated control group rate 

for a binary measure and the estimated control group mean and variance for a continuous 

measure) to calculate the sample size required to detect the target difference with 

sufficient statistical power. Note that information on statistical power needs to be 

combined with other information about recruitment rates, eligible participants and other 

practical considerations (24).

In a CRT, rather than individuals, groups of participants (clusters) are randomised to the 

same arm. Typical clusters in health care are people at the same hospital, hospital ward, GP 

surgery, or geographical area. For CRTs, on top of the considerations for a RCT, researchers 

additionally need to consider the number of clusters, the size of each cluster and the 

degree of clustering.

Determining the units to be classed as the ‘cluster’ is not always straightforward. Often a 

CRT assesses the effect of introducing a new health service or policy. When a policy or 

service is implemented at an organisational level and affects everyone at that site then this

naturally becomes the cluster. When a group of participants are to be offered a group 

therapy the cluster unit may be determined by practicalities such as room space or 

geography or how many patients a therapist can manage. Cluster randomisation may be 

used to avoid contamination between participants in different arms of the trial, and 

therefore it is important that clusters are independent– e.g. by avoiding staff working 

across more than one cluster.

The choice of clustering unit may lead to restrictions in terms of the number of clusters 

and/or the number of participants in each cluster. The number of available units may be 

limited; if the cluster is ‘hospital’ then researchers may be limited by the number of 

hospitals within a country. An entire cluster can be recruited simultaneously (e.g. school 

classes) or participants are recruited over time (e.g. cancer patients requiring surgery). The 

number of participants per cluster is likely to be restricted by the number of available 
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participants, the ability to recruit them, and the length time it will take. The size the cluster 

may also vary – e.g. hospital wards of differing sizes.

The ICC is a measure of the variation between clusters compared to within clusters (25). 

Outcome data from individuals within the same cluster may be more similar (correlated) 

than data from individuals from different clusters. This clustering tends to lead to sample 

sizes that are larger than those for equivalent individually RCTs, with greater levels of 

clustering leading to larger sample sizes.

One approach to sample size for CRTs is the use of the variance inflation factor (VIF)(26) or 

design effect. Researchers estimate the sample size for an individually RCT, and multiply by 

the VIF to allow for clustering. The VIF will depend on the ICC as well as the cluster size (n), 

where VIF = 1 + (n-1)ICC. This does not require additional software, but assumes a fixed 

cluster size and does not encourage exploration of other parameters. 

Hemming et al. (2) describe methods to design efficient CRTs. If the number of available 

clusters are fixed then there is a point at which increasing the number of participants 

within a cluster makes very little difference to the power, and they call this the ‘point of 

diminishing returns’. Power curves are suggested as practical aids to help researchers 

determine the point of diminishing returns for a target difference. The authors suggest that 

the number of clusters and cluster size should be determined simultaneously rather than 

independently by graphically exploring a range of scenarios. A web-based R-shiny 

application enables researchers to graphically explore the relationship between cluster 

size, number of clusters, ICC, power and sample size without specialist software (27).

The clsampsi package (28) allows users to specify the variance of the cluster size and

allows more complex clustering structures, including where the cluster size and variability 

is different across study arms.

A common problem in sample size calculations for CRTs is that the ICC is not known. It may 

seem appealing to conduct preliminary pilot or feasibility study with an attempt to 

estimate the ICC, but simulations (29) show that most pilot studies will be too small to 

estimate the ICC with sufficient precision. Some empirical studies (30, 31) aim to provide 

information about ‘typical’ ICCs in different settings, although the ICC will vary, not only 

according to the population and level of clustering, but also by the type of outcome 

measure too. A database of trials with reported ICCs (32) enables researchers to identify 

studies in similar populations with similar outcome measures on which to base estimates. 
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22..22..22 EExxaammppllee ooff aa pprraaggmmaattiicc aapppprrooaacchh ttoo ssaammppllee ssiizzee ccaallccuullaattiioonn;; OOSSCCAARRSSSS

When designing the OSCARSS trial, I adopted a pragmatic approach to sample size (3). Very 

little was known about the ICC or the number of carers that could be recruited. A range of 

likely scenarios were explored based on certain constraints. This was to ensure that the 

trial would be likely to have sufficient power to be able to detect a target treatment effect, 

if it were to exist.

The first constraint was the number of clusters. The Stroke association has 12 UK regions 

each split into a number of areas, with each area split into a number of services. While 

region, area or service initially seemed like useful clustering units, some staff worked across 

multiple services or even areas. Some services were small, seeing less than one new carer 

per month: recruitment would likely be too low to justify the additional training costs. By 

grouping together services served by the same staff, the research team identified 36 

independent stroke service units that were willing to take part in the OSCARSS trial and 

were likely to see at least 5 carers per month; these independent stroke service units were 

chosen to be the clusters. Assuming that some service units were likely to drop out, we

expected that outcome data would be obtained from 24 to 32 service units, giving 12 to 16 

clusters per arm.

The second constraint was the number of carers per cluster, which was limited by the size 

of the service, the number of carers they saw per month and the time-length of the trial. At 

the planning stage there was only 1.5 years of funding available and plans were to follow 

up all participants for 6 months, which allowed for only 9 months of active recruitment. 

Very little historical data existed about the number of carers seen by the Stroke 

Association, as their main remit is to support the stroke survivors, with minimal record-

keeping about their contact with the carers of stroke survivors. Using data provided by the 

Stroke Association on stroke survivors as well as discussions with some Stroke Association 

staff, the Principle Investigator (PI) estimated that each cluster could recruit 4-6 carers per 

month.  Using these estimates and a 20% dropout rate, outcome data from an average of 

30 to 45 carers per cluster was assumed for initial sample size calculations. 

The primary outcome measure was caregiver burden, which was captured using a subscale 

of the Family Appraisal of Caregiving Questionnaire (FACQ) (34). This subscale consisted of 

8 questions using a 5 point Likert response; with the mean score per question calculated. 

Cooper (34) reported mean (standard deviation (SD)) of 3.13 (0.87) for this scale for carers 

in a palliative care setting. I had discussions with other researchers in the team to decide 
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what the target difference on this scale would be. Members of the study Research User 

Group (RUG) were also consulted by one of the PIs. The 8 question scale could either be 

summarised using a total score out of 40 or a mean score out of 5. It was felt that a 

reduction would need to be at least 2 or 3 points on the total score to be a meaningful 

improvement for a carer. A 2 point difference could mean going down from strongly agree 

to neutral on one question, or from agree to neutral on two questions, or equivalent 

improvement. This corresponds to a 0.25 difference in the mean score. A 3 point difference 

would, for example, mean changing from agree to neutral on three questions, which 

corresponds to a 0.375 difference in the mean score. Any of these differences would 

suggest on average a real improvement in at least one aspect of carer burden for each 

carer; discussion with the RUG suggested that anything less that this seemed too small to 

be meaningful. In a stepped-wedge trial of the same carer support intervention within 

palliative care (35) the same support approach lead to a mean improvement of 0.31 points 

on the same outcome measure, so the chosen effect sizes were considered by the team to 

be both meaningful and realistic. As a pragmatic approach, power was calculated for a 

range of effect sizes, including a 0.25 point, 0.31 and 0.375 point improvement in the mean 

score.

Similar studies in the database of ICCs in implementation trials (32) reported ICCs which 

ranged from 0.01 to 0.05. Based, on this, I felt it likely that the ICC would be no higher than 

0.05, but I performed calculations for a range of values from 0.01 to 0.1 to include best and 

worst case scenarios. The TRACS CRT (33), which focussed on carers for stroke survivors 

reported that the ICC was 0.027 so this provided reassurance that our estimates for the ICC 

in OSCARSS were of the right order of magnitude.
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Table 2-1 shows a selection of the scenarios that I explored while designing the OSCARSS 

trial, to show power would vary according to effect size, cluster size, number of clusters 

and ICC. I presented information and led a discussion with the Trial Management Group 

(TMG) before the trial started. I demonstrated that the trial appeared to have power to 

detect a 0.375 point difference or more under a range of plausible parameters, including if 

we dropped to as few as only 12 clusters per arm or had an ICC as high as 0.1. I also showed 

that the trial was unlikely to have sufficient power to detect a 0.25 point difference unless 

we had at least 16 clusters per arm and the ICC was no more than 0.05. I used the Stata 

clsampsi command.
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Table 2-1 Power projections (assuming SD = 0.9)

ICC         Power to detect given detect size

0.375 point reduction in primary 

outcome

0.25 point reduction in primary 

outcome

12 clusters per 

arm

45 per cluster

12 clusters per 

arm 

30 per cluster

12 clusters per 

arm

45 per cluster

12 clusters per 

arm 

30 per cluster

0.01 100% 100% 95.2% 87.8%

0.05 95% 93% 68.1% 62.0%

0.075 89% 85% 55.4% 51.2%

0.1 77% 80% 46.4% 43.5%

16 clusters per 

arm

45 per cluster

16 clusters per 

arm 

30 per cluster

16 clusters per 

arm

45 per cluster

16 clusters per 

arm 

30 per cluster

0.01 100% 100% 99% 96% 

0.05 99.0% 98.0% 81% 76% 

0.075 95.8% 93.8% 69% 65%

0.1 90.8% 88.4% 59% 56% 
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Table 2-2 shows how the total required sample size would vary according to the ICC and 

the anticipated between-group difference in primary outcome.  I presented data to the 

TMG in a variety of different ways to illustrate why there was uncertainty in our sample 

size estimates and how different ICCs and recruitment scenarios would affect power. 

Having worked in individually RCTs, some of the research team were keen to aim for a fixed 

target sample size. I stressed to the team that while the total sample size is important, it is 

also important that all clusters contribute outcome data rather than all the data coming 

from a small number of high recruiting clusters. I suggested that the research team modify 

how recruitment data were presented in reports for the TMG and the Trial Steering Group 

(TSG); we produced tables with both the overall totals and the recruitment per cluster 

which allowed us to target clusters with little or no recruitment for support. I also stressed 

that there is uncertainty in our estimates because we didn’t know what the true ICC was 

going to be, and therefore we should recruit as many participants as possible in the 

available time frame in case the ICC was higher than expected.

As described in our protocol (3), we aimed for a minimum target of 320 carers from at least 

32 clusters of roughly equal size providing primary outcomes at three months. This would 

allow us 80% power to detect effect sizes of 0.31 or more for ICCs ≤ 0.01, and effect sizes of 

≥ 0.375 for ICCs of ≤ 0.05. We assumed a retention rate of 80% between consent and 

primary outcomes, which meant that we required a minimum of 400 consented carers. A 

recent review of RCTs funded by the NIHR HTA programme (36) found that over 75% of 

trials had a retention rate of 79% or more suggesting that 80% is a reasonable estimate of 

retention in the absence of more relevant data. We also quoted that our ‘optimal’ sample 

size was outcome data from 512 carers and planned that we would only stop recruitment 

early if we reached this total; this would prevent us from potentially missing more subtle 

target differences of 0.25 if we had the resources to do this.
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Table 2-2 Total sample sizes to achieve 80% power (assuming SD=0.9 and 16 clusters per arm)

ICC Effect size 

0.375

(3 points)

0.31

(Aoun et al.)

0.25

2 points

0.01 224 320 512

0.05 288 512 1312

0.075 352 800

0.1 380 988

During the trial recruitment was monitored closely, and it became apparent that the 

clusters were recruiting at different rates leading to large differences in cluster size, with 

apparently more variability in the intervention arm than the control arm.

The coefficient of variation (COV) of the cluster size is defined as the ratio of the standard 

deviation of cluster size to the mean cluster size (37, 38). This can be included in sample 

size calculations using the clustersampsi command (39) to allow for varying cluster sizes. 

Ten months into the 18 month trial, in order to estimate the standard deviation of the cluster size, I produced
Table 2-3 which shows actual values at 10 months and projections for 18 months of the mean (SD) cluster size in 
OSCARSS. I used the 10 month data and assumed that each cluster would continue to recruit at a constant rate 
until the 18th month with 20% dropout to produce a crude estimate of the mean and SD of the final cluster sizes, 
leading to estimates of the COV of 0.99 and 0.68; I have used the larger of the two to investigate the effect of 
variation up to this magnitude on power.. 
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Table 2-4 shows how the cluster size variation would impact power for a variety of effect sizes and ICCs as 

before using the estimated coefficient of variation of 0.99. Comparing power for a fixed cluster size compared to 

the predicted scenario, it seemed that having varied cluster sizes would reduce power, with the greatest impact 

seen when the ICC is high. By this point, we were already monitoring the cluster sizes throughout the trial, giving 

extra support and encouragement to low recruiting centres to try to reduce cluster size variability.

Table 2-3 Projected variation in cluster size after 10 months

Intervention Control

Currently Recruited

Number of Clusters

Cluster size (Mean)

SD

18

7.8

7.8

17

7.1

4.8

Projected total recruitment by end of trial*

Clusters

Mean

SD

18

11.3

11.2

17

10.2

6.9

Estimated coefficient of variation 0.99 0.68

*Assuming 20% drop out and 18/10 of current recruitment based on 10 months of 

recruitment so far and 8 months remaining
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Table 2-4 Projected impact of variation in cluster size (assuming 18 clusters, mean cluster sizes of  10 carers 

per cluster, SD=0.9)

Mean difference between 

intervention and control 

groups and ICC

Expected power to detect difference

Assuming no variability 

between arms in cluster 

size (COV=0)

Assuming COV= 0.99

Difference=0.375

ICC=0.01

ICC=0.025

ICC=0.05

ICC=0.075

96% 

93%

89% 

84%

94%

89%

79%

70%

Difference=0.31

ICC=0.01

ICC=0.025

ICC=0.05

ICC=0.075

86%

82% 

75% 

69%

83%

75%

63%

53%

Difference=0.25

ICC=0.01

ICC=0.025

ICC=0.05

ICC=0.075

69%

64% 

57% 

51% 

65% 

56%

45%

38%

During the first 9 months of recruitment it became apparent that the initial rates of 

estimated recruitment were over optimistic; we were allowed a time extension to recruit 

to target over a period of 18 months. However, other estimated parameters proved to be 

reasonable accurate.   Between 1 February 2017 and 31 July 2018 a total of 414 carers 
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were recruited from 35 randomised clusters (18 intervention; 17 control).  In line with our 

estimated retention rate of 80%, 84% of recruited participants provided outcome data (175 

intervention; 174 control). The mean (SD) FACQ carer strain at 3 months was 3.11 (0.87) in 

the control group compared with 3.03 (0.90) in the intervention group, adjusted mean 

difference of −0.04 (95% CI −0.20 to 0.13) (4), so the observed standard deviations were 

very close to the 0.9 used in the sample size calculations. The ICC for the primary outcome 

measure was 0.02, similar to the previous TRACS trial in stroke carers (33). The tight 

confidence interval around the effect estimate rules out any meaningful difference in 

average outcome. This suggests that the trial was sufficiently powered, and we could 

conclude that the CSNAT Stroke intervention, as implemented in OSCARSS did not improve 

carer burden when compared to the usual level support.

22..33 MMEETTHHOODDSS TTOOMMIINNIIMMIISSEE SSEELLEECCTTIIOONN BBIIAASS

22..33..11 EEvviiddeennccee ooff sseelleeccttiioonn bbiiaass iinn CCRRTTss

In RCTs, randomisation is used to ensure that participants in each arm come from the same 

population. Selection bias occurs when participants selectively enter the trial (or not) based 

on knowledge of what their treatment allocation is likely to be (40). This leads to trial arms 

that are no longer representative of the same pool of participants. To avoid selection bias, 

trials can adopt steps to maintain allocation concealment (41), ensuring that, at the point 

of recruitment to a trial, neither the potential participant nor the recruiter has knowledge 

of the next treatment allocation. 

In a CRT, it is the clusters that are randomised rather than individuals. The clusters are 

often randomised simultaneously in a single step at the beginning on the trial, with the 

intervention implemented at the level of the cluster. Where routinely collected data is 

utilised for the outcome data there may not be a need to recruit individual participants. For 

example in a trial of a hospital wide strategy to reduce MRSA infection (42);  in this 

situation the hospital rate of MRSA infection is routinely collected and reported so there is 

no need to identify or recruit individual patients and the risk of selection bias is low. Where 

individual participant consent is required, for ethical reasons and/or because of additional 

data collection, this recruitment is likely to occur after the cluster allocation has been 

revealed to staff or researchers working within the cluster, and therefore the risk of 

selection bias may be high. 
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Selection bias may be evident as differential recruitment which can mean both a difference 

between the rate of recruitment across study arms and/or differences in participant 

characteristics (43). Note also that selection bias could occur at the cluster level if 

allocation is revealed to clusters before they formally agree to take part. A situation when a 

trials has ‘empty clusters’ (44) because a cluster agrees to take part and then chooses not 

to recruit once they become aware of their allocation is another form of selection bias.  

A CRT (45) compared care by a centralized clinical pharmacist to usual care. The ‘cluster’ in 

this case was a rural primary care office, and staff and patients were aware of the 

allocation of the office to either intervention or control arm at the time of recruitment. It 

was observed that patients with poorly controlled diabetes were less likely to consent in 

the intervention sites compared to control. In addition, the staff at the control sites may 

have recruited more complicated patients. In a second example of differential recruitment 

(7), clusters were randomised to either receive training in active management or continue 

with their usual care. On average practices in the active management arm recruited 12.7 

participants, while practices in the control arm recruited only 5.1 participants. Participants 

recruited by practices in the active management arm tended to be more likely to be 

working full-time, more highly educated, and have less symptoms. The intervention in the 

included a training element (43) where practice staff were educated in diagnosis and 

therefore the intervention itself in this case is highly likely to have contributed to the 

selection bias, in addition to the awareness of the intervention. The evidence of selection 

bias led the researchers to revise their trial design before the full trial. 

A review of 36 CRTs in key journals  (46) found evidence of differential recruitment in seven 

(30%) of the 23 trials where participants were selected after randomisation. Only 21 out of 

34 (62%) CRTs in a primary care setting described methods that protected them against 

bias when recruiting patients (47).  Among 24 CRTs published in leading medical journals 8 

used methods of recruitment which left the trial at risk of selection bias, of these 5 trials 

(63%) had evidence of differential recruitment(48). Comparisons between individual RCTs 

and CRTs (43, 49) provide further empirical evidence of selection bias in CRTs. 

22..33..22 UUssiinngg mmooddiiffiieedd iinnffoorrmmeedd ccoonnsseenntt ttoo mmiinniimmiissee sseelleeccttiioonn bbiiaass

Selection bias is a risk in a CRTs when recruitment occurs after the cluster allocation has 

been revealed to participants, researchers or other personnel. While the default position is

that informed consent is  a key ethical and legal requirement for RCTs (50) and CRTs, there 
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are circumstances where, with approval by an appropriate ethics body, the approach to 

informed consent may be modified. Any modifications to the default position would 

necessarily be justified by very clear practical or scientific purpose(51).

Informed consent requires the participant to fully understand the aims and activities within 

the trial and voluntarily agree to the procedures which will include randomisation, 

intervention and data collection. When it comes to CRTs the requirements for informed 

consent are complex (52). In some cases it may be necessary for the entire cluster to be

randomised and given the intervention before an individual participant is identified and 

without their knowledge e.g. health promotion poster campaign targeted at patients 

attending GP surgeries; here it would be impossible to take informed consent prior to 

randomisation or exposure to the intervention. Where the intervention is introduced at a 

hospital level (e.g. encouraging more frequent hand washing amongst staff to reduce 

infections) it may be impractical to take individual informed consent from every patient. It 

is important to consider ethical issues such as risks, autonomy, justice and respect

alongside the scientific benefits of the trial when considering the need for informed 

consent (53, 54).  

In an RCT, the participant is usually consenting to randomisation, the delivery of the 

intervention and data collection; in a CRT each of these should be considered separately

(55). Note that these elements may impact different participants in different ways (56), so 

it is important to consider who the research participants are and which parts of the trial are 

relevant to them – e.g. an intervention may target health care professionals but data 

collection may be needed from patients. 

Consent may need to be considered at both the level of the cluster and the level of the 

individual participant. When an intervention is delivered at a group level, it is often unclear 

whether consent is required for individual participants or a group representative(55). The 

CRT literature often refers to ‘gatekeepers’ with authority to give consent for some aspects 

of the trial on behalf of the cluster (57). For example, a head teacher (gatekeeper) may 

agree for a school to be randomised and for staff to have training in a new learning activity, 

while parents and children may agree to participate in the activity and provide data. 

Guidance was developed in an attempt to provide guidance to researchers and research 

ethics committees (RECs) about the how to ethically conduct CRTs (58). Table 2-5 lists the 

items that relate to recruitment of individuals and clusters. 
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Recent suggested refinements (59) (56) add that ‘An REC may approve a modified consent 

procedure if there is a risk of contamination bias. This procedure implies that 

randomization should not be disclosed under certain conditions.’ puts emphasis on the 

need to minimise bias during consent procedures. Although it is contamination bias that is 

mentioned here, a modified consent procedure can also help prevent selection bias. A 

modified procedure could allow consent when participants are not fully informed about 

every element of the trial; for example they may be informed about data collection 

procedures but not about randomisation or the aims of the trial. If a participant is unaware 

that they are part of a trial, and do not realise that have been allocated to an intervention 

that is anything other than standard care, then the decision to take part will likely be based 

on the burden of participation rather than any expectation about benefit from an 

intervention, hence minimising selection bias. Where participants have been involved in 

research without a full informed consent procedure it is good practice to debrief them 

afterwards (60).

Table 2-5 Items from the Ottowa Statement on the Ethical Design and Conduct of CRTs relating to recruitment

Ethical issue Item number Recommendation

Obtaining informed 

consent

4 Researchers must obtain informed consent 

from research participants unless a waiver 

of consent is granted by a REC under 

specific circumstances.

5 When participants’ informed consent is 

required, but recruitment of participants is 

not possible before randomisation of 

clusters, researchers must seek 

participants’ consent for trial enrolment as 

soon as possible after cluster 

randomisation—that is, as soon as the 

potential participant has been identified, 

but before the participant has undergone 

any study interventions or data collection 

procedures.
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6 A REC may approve a waiver or alteration 

of consent requirements when the research 

is not feasible without a waiver or 

alteration of consent, and the study 

interventions and data collection 

procedures pose no more than minimal risk

7 Researchers must obtain informed consent 

from professionals or other service 

providers who are research participants 

unless conditions for a waiver or alteration 

of consent are met

Gatekeepers 8 Gatekeepers should not provide proxy 

consent on behalf of individuals in their 

cluster

9 When a CRT may substantially affect cluster 

or organisational interests, and a 

gatekeeper possesses the legitimate 

authority to make decisions on the cluster 

or organisation’s behalf, the researcher 

should obtain the gatekeeper’s permission 

to enrol the cluster or organisation in the 

trial. Such permission does not replace the 

need for the informed consent of research 

participants

10 When CRT interventions may substantially 

affect cluster interests, researchers should 

seek to protect cluster interests through 

cluster consultation to inform study design, 

conduct, and reporting. Where relevant, 

gatekeepers can often facilitate such a 

consultation
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A different modified approach to informed consent could be an ‘opt-out’ procedure (6). 

There are situations where it may be physically impossible for a participant to refrain from 

exposure to the intervention (e.g. a leaflet campaign encouraging mask wearing to prevent 

SARS-CoV-2 infections)) but if they are informed about the trial they could be given the 

opportunity to opt-out of allowing their data to be included. 

22..33..33 UUssiinngg rreeccrruuiittmmeenntt bbeeffoorree rraannddoommiissaattiioonn ttoo mmiinniimmiissee sseelleeccttiioonn bbiiaass
An alternative method to avoid selection bias is selecting and recruiting participants before 

the clusters are randomised. This method is possible in cases where entire clusters can be 

recruited simultaneously and followed over time. An example of this is where a school class 

is the cluster (61); the entire class could be given information on the study, randomisation 

and the potential interventions and asked to give consent before randomisation. This 

approach can lead to long delays between recruitment and the implementation of the 

intervention(61). In a survey of 113 authors of reports of CRTs (62) 44 (39%) reported that 

they recruited participants before the randomisation of clusters (although this was only 

documented in 9 trial reports). 

22..33..44 OOtthheerr mmeetthhooddss ttoo mmiinniimmiissee sseelleeccttiioonn bbiiaass
Another suggestion (43) is to use an independent person to undertake recruitment. In 

order to prevent selection bias this person should be masked from knowledge of the 

intervention allocation (44). To avoid empty clusters, a cluster should not be randomised 

until after the first participant has been recruited (22), although this could be difficult if the 

intervention involves an element of staff training or the introduction of new equipment.  A 

survey of trialists (62) found that 8 (7%) reported that they had used a blinded recruiter 

(although this was only evident in 1 trial report). 

22..33..55 MMeetthhooddss uusseedd iinn OOSSCCAARRSSSS ttoo mmiinniimmiissee sseelleeccttiioonn bbiiaass

In the OSCARSS trial participants within clusters were the carers of Stroke survivors who 

were newly receiving support by the Stroke Association. The intervention was aimed at 

new carers so it was impossible to identify and recruit carers before the clusters were 

randomised; instead new carers were identified and supported by Stroke Association staff 

as they presented to the service. No routine data are collected about carers of stroke 

survivors, so we needed to ask participants for both demographic data and outcome data. 

The trial introduced several major challenges in recruiting carers, while minimising 
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selection bias. Selection bias could occur both during the selection of eligible carers by staff 

and during the decision of the individual carer about whether or not to take part. 

The intervention, the Carer Support Needs Assessment Tool (CSNAT) approach (4) involved 

training for staff in i) the identification of carers;  ii) provision of suitable carer support; iii) 

methods to engage with the carers, which included arranging a one-to-one face-to-face 

meeting, in contrast to the standard support where the carers were not seen separately to 

the cared-for stroke survivor. Originally, members of the OSCARSS team wanted to use 

different recruitment methods in the two arms of the trial with carers in the control arm 

contacted over the phone while carers in the intervention arm would be introduced to the 

trial during their face-to-face meeting. I was very concerned that different methods of 

participant selection would lead to bias. 

Recruitment was a two stage process with stroke service staff initially approaching the 

carer, providing information about the study and then asking them whether they’d be 

willing to be contacted by researchers at the University of Manchester. The second stage 

involved a phone call from the OSCARSS research team. I was concerned that the 

recruitment process could not be blind as it was initiated by the same stroke staff who 

were delivering the service. As a team, we became worried that staff would deliberately or 

inadvertently ‘cherry pick’ participants who were most likely to be positive about the 

support they received, and that this could vary by arm e.g. if control arm staff were 

disappointed not to receive the intervention. We were looking for the effect of the 

‘implementation’ of the new approach to the entire cluster so I was also keen to stress that 

we wanted data from all carers wherever possible, not only those who engaged with the 

intervention i.e. an intention-to-treat approach (63). The second stage of recruitment was 

also not blind as the staff doing the recruitment were the same staff that filled in the 

database and contacted cluster staff to collect information; with extra resources this 

process could have been carried out blind by an additional researcher.

I stressed to the team the importance of a method of recruitment that (a) was identical in 

both arms and (b) independent of engagement with either the control or experimental 

intervention. To address this, as a team we developed training for Stroke Association staff 

in both arms of the study with very prescribed details about the identification and 

recruitment of carers. The staff were informed about the design of the study and its aims 

and the need to minimise bias by identifying and approaching all carers, regardless of 

whether or not they interacted with the intervention materials and regardless of the stage 
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in the stroke journey (note that a stroke-survivor and their carer may approach the Stroke 

Association for support weeks, months or even years after the time of the stroke). In both 

arms, staff were encouraged to seek out the carer when visiting the stroke survivor. Study 

information materials were identical in both arms. Our RUG were involved in the design of 

staff training and participant materials. They were keen to make it clear that the 

opportunity to take part in research was the right of each eligible carer and that the stroke 

association staff should approach all carers without making assumptions on their behalf 

about the burden of taking part.  

I suggested that a modified approach to informed consent be adopted. The intervention 

consists of a package of staff training, new paperwork as well as a person-centred approach 

to carer support; many aspects of it are delivered at a cluster level and start the moment a 

carer interacts with the service; for these it would be unfeasible to ask for individual 

consent. For other elements, such as the use of the CSNAT tool to discuss carer support 

needs, participants had the freedom to engage as they wish. I encouraged the team and 

our RUG to weigh up the harms and benefits of asking participants about the 

randomisation process and asking for consent midway through an intervention. I suggested

that the participants be asked to provide informed consent for being part of a research 

study and to having their data collected, but without informing them that they were taking 

part in a RCT. We designed participant materials that  told participants that they were part 

of a research study assessing the quality of support for carers. The RUG were very 

supportive of this approach and collectively we felt that there was minimal risk of harm 

from the intervention, and for the parts that were delivered at an individual level,

participants were implying their consent (or not) by their level of engagement. Participants 

were being fully informed about the study aims and the burden of taking part before 

allowing the use of their data. The REC approved the study without query. Once we had 

adopted the modified consent procedure, I pointed out to members of the team that we 

had to avoid any reference to the fact that OSCARSS was a trial in all publicity, this was so 

as not to confuse carers or lead them to feel they had been deceived. After the trial, the 

trial team produced summary materials for trial participants and the stroke community

that I helped to edit (https://arc-gm.nihr.ac.uk/projects/oscarss). 

Despite the steps taken to minimise the selection bias we still felt our trial was at risk. The 

PIs and I felt there was a need to address this risk in our plans for analysis. In the SAP I 

included a section on differential recruitment which included the design features described 

above. I also decided that our primary analysis would be adjusted for baseline covariates, in 

https://arc-gm.nihr.ac.uk/projects/oscarss
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an attempt to address any minor baseline imbalance (44). As pre-specified in the protocol 

we adjusted for individual level covariates: time post-stroke; age of carer; health of carer at 

study entry; stroke severity (as rated by carer); and the cluster level covariates: size of 

service and experience of staff delivering support. These variables were chosen by the PIs 

as being likely to be strongly associated with the outcome. Size of service was used in 

stratified randomisation of the clusters. I also included a statement about what we would 

do if we or our independent Trial Steering Group (TSG) had serious concerns about 

differential recruitment. I wrote that in the event of serious differential recruitment we 

would seek independent advice from our TSC and either (a) analyse as observational data 

using propensity score methods (64) (65) or (b) not analyse outcome data. Note that while 

examples of the use of propensity scores to analyse cluster trials can be found (66) their 

use for continuous outcomes was not well supported by a simulation study (65) and if the 

TSG had recommended this type of analysis, conclusions would have been very cautious 

indeed.

Once the trial had started I monitored it throughout to check for issues with selection bias. 

‘In reports to the TMG (held every 2 months) and the TSG (held every 6 months) we 

produced tables of both rates of recruitment and retention (by cluster by arm) and carer 

and stroke survivor demographics (by arm only without adjustment for clustering) including 

age, relationship with stroke survivor, time since stroke, gender’. The chair of the TSG was a 

senior CTU statistician with extensive cluster trials experience. We highlighted the need to 

look for differential recruitment but did not provide specific guidance. At one point it did 

look as though the average time since stroke was longer in the intervention arm and this 

led to the Trial Manager contacting staff in both arms, reminding them of the eligibility 

criteria and the need to approach all new carers. However no imbalance was observed in 

either rate of recruitment or the carer characteristics by the end of the trial (4).   

22..44 AANNAALLYYSSIISS AANNDD IINNTTEERRPPRREETTAATTIIOONN

22..44..11 OOvveerrvviieeww ooff mmeetthhooddss ooff aannaallyyssiiss ffoorr CCRRTTss

When analysing individually RCTs the method of analysis is likely to be dictated by the type 

of outcome measure (e.g. binary, continuous, survival), the number of arms, any repeated 

measurements over time (67) and any adjustment for baseline covariates (68) . Typical 

analysis methods are simple hypothesis tests (e.g. t-test), and regression methods (e.g. 

ANOVA, logistic regression) which assume independence amongst data points. When 
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analysing a CRT, it is important also to consider clustering at the level of randomisation. 

Ignoring the clustering would (i) violate independence assumptions and (ii) lead to overly 

narrow confidence intervals.  

One method of analysis for CRTs is to simply aggregate data at a cluster level before 

analysis (69). Each cluster provides a single summary measure, for example the mean over 

all members of the cluster or the proportion of cluster members with a binary outcome. As 

each cluster provides a single data point, data are independent and standard techniques 

can be used. If the clusters vary in size it may be desirable to weight the analysis by cluster 

size (70). Regression techniques may be used to adjust for baseline covariates if these are 

measured at a cluster level. This type of analysis does not require specialist software or 

knowledge, but it is likely to result in less statistical power than other methods (69).

An alternative method is to conduct standard analyses at the level of the participant and 

then make adjustments using the design effect to take clustering into account. For 

example, a correction factor can be applied to the test statistic (71) or the standard error 

(72). As with the aggregate method, this requires only basic statistical software and 

application of simple formulae. 

Random effects models (73) are an extension of regression models with the addition of an 

extra random error term. These models are part of a family of models that may also be 

known as mixed effects models, multilevel models or hierarchical models. These 

conditional models take into account correlation between measurements from individuals 

within the same cluster via a cluster specific error term u j N(0, τ 2), where uj is the 

departure from the group mean for cluster j. In this case ‘cluster’ would become what is 

known as a ‘random effect’. This is in addition to the individual level error term eij N(0, σ 
2), where eij is the error (departure from the cluster level mean) for person i within cluster j.  

When analysing a CRT, the treatment effect is estimated using a fixed term in the model. 

Baseline covariates can also be included in the model as fixed effects. This type of model 

can be extended to allow analysis of repeated measurements from the same individual 

over time by the addition of a third random error term for individuals, nested within 

clusters (74). Statistical software (Stata, R, SPSS) enables analysis using random effects 

models.

Generalised estimating equations (GEE) are marginal (population average) models that 

assume that the variance is a function of the mean. Correlation structures are defined for 

observations within the same cluster, and GEEs are thought to be reliable even when these 
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are miss-specified (75). It is common in CRTs to choose the ‘exchangeable’ correlation 

matrix with Corr(Yij,Ykj)=α when i≠k, where observation Yij is the outcome measurement for 

the ith participant in the jth cluster. As with random effects models, baseline covariates can 

be included and statistical software is required.

When choosing an appropriate method of analysis, the number of clusters is an important 

consideration. A simulation study (76) has shown that CRTs with a low number of clusters 

(70 or less) analysed by multilevel models or GEE are at risk of higher than expected rate of 

false significant results. Similar studies (75, 77, 78) found that neither type of model 

performs well with a small number of clusters and large ICC. Correction factors to reduce 

the inflated type one error are recommended (79).

An additional consideration when choosing a method is power. A comparison of methods 

to analyse CRTs with a binary outcome (80) showed with simulation that the GEE approach 

generally has the highest power but that the difference between that and the random-

effects method is negligible Similarly, other studies found very similar effect estimates from 

both GEE and random-effects models. . 

One 2016 review of 96 CRTs (81) found that 4(5%) used aggregated data at a cluster level, 

22(26%) analysed data at an individual level using basic statistical tests or regression 

models (with or without adjustment for clustering), 14(16%) used GEE and 45(52%) used a 

random effects model, with at least 74% using a valid method that adjusts for clustering. A 

second (76), also conducted in 2016, found that at least 86% of a random sample of 100 

CRTs adjusted for clustering, although 65% were found not to have adequately taken into 

account the risk of inflated type-1 error due to a small number of clusters.  An earlier 

review published in 1995 (82) found that only 12(57%) took clustering into account, 

suggesting that methods have improved over time.  

22..44..22 OOSSCCAARRSSSS aannaallyyssiiss aanndd iinntteerrpprreettaattiioonn

For the primary analysis of OSCARSS data I chose to use a random effects model. As seen 

above, this type of analysis is commonly seen in the CRTs literature and I was already 

familiar with this family of models and the Stata packages required. I was also interested in 

being able to explore the trajectory of the primary outcome over time, and I know that a 

random effects model would allow me to do this, even if there were not complete outcome 

data available for each individual at each time point.
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At the time OSCARSS was conducted I did not consider the potential for an inflated type 1 

error due to a small number of clusters. Eldridge et al. (83) recommend a minimum of 30

clusters when using parametric methods based on the normal distribution and with 35 

clusters OSCARSS is large enough by this criteria. Kahan et al. (76) suggest that trials with 

less than 70 clusters could be at risk of inflated type 1 errors. Retrospectively, given that no 

evidence of an effect was observed (mean difference -0.04 (95% CI -0.20 to 0.13)), this is 

not a concern for OSCARSS but is important to take into account in future trials.

As lead statistician on the trial, I was supervising the OSCARSS analysis rather than carrying 

out the analysis myself, so it was important to specify in the protocol (3) and SAP (84)

exactly how I expected the analysis to be carried out, as well as checking each stage against 

our pre-specification. While the OSCARSS trial was not run under the auspices of a clinical 

trials unit (CTU), I was keen for the trial analysis to be carried out to the same standard as 

trials within our local CTU. Several things that I introduced after reading standard operating 

procedures used within the CTU were (a) independent peer review of the SAP (b) 

independent programming of the primary outcome measurement and (c) blind preparation 

of the dataset using dummy codes for the group variable. In addition I was influential in 

making sure that our protocol and SAP were published before our analysis began. These 

measures ensured that the plans for analysis were clear and valid, and provided auditable 

proof that we followed our pre-specified plans without deviation. Measure (c) allowed any 

post-hoc decisions around data cleaning and data manipulation to be carried out without 

knowledge of group assignment and therefore avoid any unconscious bias that could 

influence the estimate of the treatment effect. 

The analysis, which used a multilevel model approach via the xtmixed command in Stata 

(85) was reported in detail in the protocol with accompanying SAP (3) and trial report (4).

As reported in section 2.2.1 there was no evidence of a difference between arms in terms 

of our primary outcome. In terms of interpretation of these results, in addition the 

magnitude of intervention effect and 95% CI I encouraged the team to look at the summary 

data by group. We utilised the manuals of the outcome measures to identify that the 

observed mean FACQ carer strain score of 3 in both arms indicated a neutral score (34) on 

average; perhaps an indication of adequate support in both arms. I created box and 

whisker plots Error! Reference source not found. and dot plots Figure 2-2 to display the full 

range of the data and show that while carer strain was fairly low on average, there still 

were a number of carers in each arm experiencing considerable levels of strain; these plots 

were used in posters and conference presentations by the PIs.
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Figure 2-1 Box and whisker plot of OSCARSS primary outcome measure at 3 and 6 months, by group. Horizontal 

lines indicate 75th percentile, median and 25th percentile.
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Figure 2-2 Dot plot of primary outcome at 3 months

22..55 RREEFFLLEECCTTIIOONNSS

I was involved in OSCARSS from the very beginning when I discussed with the PIs the pros 

and cons of different designs and persuaded them to undertake a CRT rather than a simple 

before and after study or stepped wedge design. We had limited time and resources, but I 

felt that if we were going to undertake any research at all then it should be as robust a 

design as possible. In OSCARSS we managed to run a large parallel group CRT without 

external funding or a CTU, relying on the existing staff and infrastructure available in the 

collaborating organisations. 

During this project I learnt from others about leadership, management, organisation, 

recruitment, public involvement and communication. OSCARSS gave me the opportunity to 

be lead statistician on a large trial, to have a role in patient involvement, and to present at 

a CRT methodology conference. OSCARSS brought together a team of researchers who 

were passionate about research, good at listening to others, interested in the detail, and 

effective at communicating. It meant long discussions every step of the way, but also 

meant a great working relationship where my ideas were respected and I felt comfortable

taking the lead statistically, expressing concerns, bouncing ideas off people, and trying out 

new things. One of the PIs said ‘how amazing you were at communicating things to the 

reps of the RUG who sat on the TMG meetings….. I think you were really good at doing 

public involvement within the context of your role and you were also really good at 

collaborating with us stats dummies about rationale for things and – to me, that is gold and

is a pivotal practical issue as a statistician on CRTs that will tend to involve a wide range of 

folks’ so it is good to know that my efforts to communicate well did not go unnoticed.

Writing this thesis has caused me to reflect more deeply on issues of informed consent in 

cluster randomised trials. I believe that the approach we took in OSCARSS was 

proportionate to the harms involved and respected ethical principles; however in future 

cluster trials I would encourage the team to consider the balance of scientific integrity 

versus autonomy more thoroughly before deviating from the default position of fully 

informed consent for all active participants. I have encountered trialists that see cluster 

randomised trials as a simple way around the need for informed consent and I now feel 

more fully equipped to navigate the issues.
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The results of OSCARSS demonstrated that the CSNAT carer intervention did not improve 

the burden for carers by any meaningful degree. Our process evaluation (5) revealed that 

the intervention was not implemented as intended. Had we run a small feasibility trial (86)

first we may have rectified the issues with intervention fidelity or have abandoned plans for 

a trial. I have learnt from this the potential advantage of running a feasibility study in 

advance of a full trial to prevent research waste and reduce participant burden, although 

the benefits of this need to be weighed up against delays to the adoption of effective 

treatments. I also now understand more about the value of qualitative research in 

assessing intervention fidelity and implementation.

One thing I may have done differently if I were to design another CRT is to consider a 

baseline period (87). It has been shown recently that in some situations (88) a period of 

baseline data collection in advance of the introduction of the intervention can provide 

some additional power and reduce the overall sample size required, but I did not learn 

about this work until part way through the trial. This design has some of the advantage of a 

stepped wedge trial (89) in that is combines both within and between cluster assessments 

of intervention effects. In summary, I was instrumental in the design of OSCARSS, and 

implemented a number of steps to minimise selection bias. I also successfully estimated 

and explored the parameters required in a sample size calculation to ensure that the trial 

was very unlikely to be underpowered. I planned and managed an analysis strategy that 

was predefined, appropriate and rigorous. These elements together guaranteed that we 

had a trial that was robust with a result that we could believe.



43

22..66 MMEETTRRIICCSS

Paper 1 was published in Trials which has a 5 year impact factor of 2.6. It focussed on the 

performance and findings of trials in healthcare and has editors that are well respected in 

the realm of trials methodology. Importantly, this journal encourages publication of 

protocols and SAPs. This paper has over 1800 accesses and 4 citations.

Paper 2 was published in BMJ Open, which is dedicated to publishing medical research 

from any discipline and has an impact factor of 2.7. This paper has had over 2000 full text 

downloads and 3 citations. It has an Altmetric Attention score of 14 which puts it in the top 

10% of research outputs tracked by Altmetric. 

Two citing articles relate to planned trials developing alternative tools to support carers of 

stroke survivors (90, 91) and utilise lessons learnt from OSCARSS. Work on the OSCARSS 

trial has promoted the importance of research about carers, has prevented an intervention 

that was ineffective as implemented from further investment of precious resources, and 

has provided baseline information about carers for future research into carer support. 

As I result of my experience working on OSCARSS I’ve been appointed onto a trial steering 

committee of a CRT by the NIHR Public Health Research Programme.
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33 CCHHAAPPTTEERR 33 NNOOVVEELL MMEETTHHOODDSS TTOO IINNCCOORRPPOORRAATTEE CCLLUUSSTTEERR

RRAANNDDOOMMIISSEEDD CCRROOSSSSOOVVEERR TTRRIIAALLSS IINNMMEETTAA--AANNAALLYYSSIISS

33..11 CCHHAAPPTTEERR OOVVEERRVVIIEEWW

In chapter 2 I wrote about the design and analysis of CRTs. In this chapter I move onto 

situations where the researcher has access to reported data on multiple trials, including 

CRTs, and wishes to combine them using meta-analysis. I focus on a specific type of CRT, 

the cluster randomised crossover (CRXO) trial, as this is what I encountered in a systematic 

review I was working on, reported in Paper 3. The Cochrane Handbook (72)provides

guidance on how to incorporate cluster randomised trials with imperfect reporting into

meta-analyses but very little guidance exists on how to incorporate CRXO designs into 

meta-analysis. Here I describe methods I applied myself and use these to derive 

recommendations for researchers intending to include CRXO trials in meta-analyses.  .

33..22 IINNCCLLUUDDIINNGG CCLLUUSSTTEERR RRAANNDDOOMMIISSEEDD DDEESSIIGGNNSS IINNMMEETTAA--AANNAALLYYSSIISS

33..22..11 SSyysstteemmaattiicc rreevviieewwss aanndd mmeettaa--aannaallyyssiiss

A systematic review generally aims to answer a research question or questions using 

existing literature via a systematic approach. Although no universal definition of a 

systematic review exists, common elements include a pre-specified protocol with strict 

inclusion criteria, a transparent literature search, quality assessment and some sort of 

evidence synthesis (92).

Meta-analysis (93) is one method of synthesising quantitative data in a systematic review. 

Meta-analysis is a set of statistical techniques for combining two or more reported 

summary statistics into a single estimate. Commonly the summary of interest is the 

intervention effect from RCTs. A systematic review of RCTs with meta-analysis is often cited 

to be the ‘gold standard’ of clinical research and the pinnacle of the hierarchy of evidence 
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(94). However, the approach is not suitable for every research question and is not without 

risk of bias (95).

Meta-analysis of RCT data can be considered as a weighted average of the treatment 

effects from individual trials (72), which ideally will be accompanied by a confidence 

interval (96). The standard method of doing this is the inverse variance method and the 

form of the assigned weights will vary depending as to whether the analyst has chosen a 

fixed or random approach. 

A fixed effects meta-analysis relies on the assumption that the estimates from each study 

are estimating the same single underlying treatment effect (97). If Ti is the treatment effect 

estimated in the ith study and SEi is the standard error of that estimate then the weighted 

average Tf is calculated using Equation 1

Equation 1 (72)

A random effects meta-analysis uses the different assumption that the estimates from each 

study are estimating treatment effects that vary but follow the same underlying 

distribution. Here we will assume that the underlying distribution is normal with estimated 

mean Tr and estimated standard deviation σ. If Ti is the treatment effect estimated in the ith

study and SEi is the standard error of that estimate, with between study variance σ then 

the weighted average Tr is calculated as

Equation 2 (97)

Statistical software such as R and Stata include meta-analysis packages, and the Cochrane 

Collaboration have their own bespoke systematic review software, RevMan which 

performs basic meta-analysis. These allow the user to input raw summary data (such as 

number of events, means, standard deviations) which are used to calculate the relevant 

treatment effect sizes and standard errors. Alternatively the user can input effect estimates 

and standard errors themselves; this is known as the generic inverse variance method.
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33..22..22 MMeettaa--aannaallyyssiiss ooff CCRRTTss

The inclusion of CRTs introduces additional challenges to a meta-analysis. Ignoring the 

clustering in a meta-analysis may lead to inappropriate weights and estimates that are 

over-precise, both of which could lead to incorrect conclusions.

When a CRT has been analysed with adjustment for clustering, and reported in sufficient 

detail, the resulting treatment effect estimate and the adjusted standard error associated 

with it should be extracted (adjusted).. The CRT can be included in meta-analysis alongside 

RCTs using the inverse-variance approach, above (72).  

However, as discussed in Chapter 2, it is common for authors of CRTs to report effect 

estimates with standard errors and confidence intervals resulting from an analysis that has 

not been adjusted for clustering (unadjusted). The Cochrane handbook (72) describes a 

method to estimate the adjusted standard errors using an inflated standard error

approach, using the design effect described in Chapter 2. Where an unadjusted standard 

error has been reported (or calculated by the systematic reviewer based on summary 

statistics), the inflated standard error is calculated by multiplying the unadjusted standard 

error by the square root of the design effect. The calculation of the design effect requires 

the ICC; where this is not reported the handbook recommends estimating using the ICC 

from similar trials. Where these are unavailable, ICCs can be estimated based on empirical 

studies or using a range of plausible ICCs (see section 2.2.1). Once inflated standard errors 

have been estimated, effect estimates can be combined using the generic inverse-variance 

method. This method is particularly useful when the systematic reviewer wishes to 

combine CRTs where clustering has not been taken into account alongside individually 

RCTs, and CRTs with correct adjustment for clustering. This method generally relies on 

estimated ICCs and assumes equal cluster sizes and therefore may be inaccurate.

The Cochrane Handbook also describes a second approach for including unadjusted 

estimates from CRTs in meta-analysis using an ‘effective sample size’ (98). This is calculated 

by dividing the sample size in both the intervention and control arms by the design effect, 

and rounding to the nearest whole number. For binary data, both the number of events 

and the group size should be divided by the design effect. Due to rounding and the 

limitations described in the paragraph above, this method is likely to lead to inaccurate 

effect estimates when the sample size is small so should be used cautiously. This method is 

particularly useful when the systematic reviewer wishes to enter raw summary data for all 

trials rather than effect sizes and standard errors.
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Both methods above lead to an effective reduction in the weight assigned to the results 

from a CRT in a meta-analysis when compared to an analysis that ignores the clustering. 

Both methods only provide an estimate of the true weighting because they assume a fixed 

cluster size, and may be based on an estimate of the ICC; a properly adjusted estimate is

preferable. Sensitivity analyses can be used to test the robustness of results based on these 

estimates are; e.g. using alternative ICCs.

33..22..33 IIssssuueess iinn tthhee mmeettaa--aannaallyyssiiss ooff CCRRTTss

Although there is good guidance on how to include CRTs in meta-analysis, evidence from 

systematic reviews would suggest that these are under used.  

A 2003 review (99) of meta-analyses including CRTs found that of 25 meta-analyses, only 3 

(12%) attempted to account for clustering in their analysis while 6 (24%) reported the 

cluster randomised results separately and 15 (60%)  included the CRTs as though they were 

individually randomised. 

A 2016 review of Cochrane reviews (100) found that of 50 systematic reviews that included

CRTs, only 28 (56%) mentioned CRTs specifically in the eligibility criteria of their protocol 

and only 8 (16%) reported  methods of meta-analysis that took into account the cluster 

randomised designs. 

While the methods described in this section address how to include parallel group CRTs in a 

meta-analysis they can’t easily be applied to alternative cluster designs such as CRXO

designs and stepped wedge trials. 

33..33 AALLTTEERRNNAATTIIVVEE CCLLUUSSTTEERR DDEESSIIGGNNSS

33..33..11 DDiiffffeerreenntt ddeessiiggnnss

Alternative designs to the two arm parallel group CRT are the CRXO design (9), the stepped 

wedge trial (89) and CRTs with a baseline period (87); these types of alternative design 

need special treatment. Appropriate analysis of these designs incorporates both the 

between arm comparison (as in a parallel group trial) and the within arm comparison 

(comparing intervention and control periods in the same cluster) which may offer increased 

statistical power. When these trials have been analysed and reported adequately then 

effect sizes and standard errors can be utilised in meta-analysis using the generic inverse 
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method as described in 3.2.1. However, when analysis has not appropriately taken the 

design into account or when reporting is incomplete the application of methods described 

in 3.2.2 would focus on the between cluster comparison only and not take into account the 

within cluster comparison this resulting in a loss of precision. 

33..33..22 TThhee CCRRXXOO ddeessiiggnn

The CRXO design (9) has two or more time periods. In the case of two interventions and 

two arms, a cluster will receive either intervention or control first and then switch to the 

alternative treatment in the second period, but this can be extended to offer multiple 

interventions over multiple time periods (101). The CRXO trial can be a cross-sectional 

design where each period contains a different set of individuals, a cohort design where the 

same individuals are followed through all time periods, or a mixture of the two. There may 

be a washout phase between periods to allow for any carryover of intervention effects. 

A CRXO design is only suitable for certain situations (101). It must be possible for a cluster 

to switch between intervention and control and back again without any long term 

carryover of effects; this would not work if the intervention were dependent on staff 

training for example, as after being part of an intervention period it would be impossible 

for staff to unlearn the new knowledge. A washout phase can be used between periods to 

allow for any short term carryover effects, for example to allow time for a pharmaceutical 

intervention to leave the body or for patients treated in the previous period to leave an 

ICU. It must also be quick and easy to switch between intervention and control phases, 

especially when there are more than two time periods, for example it would be difficult to 

run a CRXO trial if the intervention requires construction work, such as installing Perspex 

screens to minimise exposure to COVID-19.  

The FLUID trial (102) is an example of the CRXO design. Hospitals were randomised to 

giving either saline or Ringer’s lactate for fluid resuscitation. The hospital provided one 

product during an initial 12 week time period, and then switched to the alternative 

treatment for the second time period, with a 3 week washout period in between to allow 

changeover of stock. It is challenging to recruit individual patients to a trial of fluid 

resuscitation as it tends to be required very quickly and for critically ill patients. 

Recruitment of entire hospitals (with a waiver of individual consent) and the use of routine 

health records allowed efficient and unbiased outcome assessment. Implementation of 

intervention (or control) simply required the switching of available product in all wards



49

within the hospital, so this was reasonably quick without long term carry-over or staff 

training. 

Random effects models are common for the analysis of CRXO trials. These can take into 

account the multilevel data structure and should include ‘cluster’ as either a random or 

fixed, effect commonly with time period taken into account as a fixed effect (103). Where 

multiple measurements from the same participant are taken, e.g. in a cohort design, then a 

random effect for ‘person’ can be nested within cluster. Correlation structures can be 

specified; for example by assuming that correlation between participants from the same 

cluster will decay as clusters become further apart in time(104). Similarly, GEE methods 

can be adopted by specifying correlation matrixes with correlation within clusters and 

between time periods (105). A method that aggregates cluster level data can also be 

adopted – e.g. by calculating summary data from control and intervention periods relating 

to the same cluster, then either using paired methods or calculating differences and using 

weighted regression analyses (106). Note that the aggregate methods do not take into 

account temporal effects.

33..33..33 IInncclluuddiinngg CCRRXXOO ddeessiiggnnss iinn mmeettaa--aannaallyyssiiss

When it comes to incorporating CRXO designs in meta-analysis the literature is sparse. The 

Cochrane Handbook simply says ‘The analysis of a cluster crossover trial should consider 

both the pairing of intervention periods within clusters and the similarity of individuals 

within clusters’ and ‘review authors are encouraged to seek statistical advice’ (72).

Methods for CRTs described in section 3.2.2 can be applied to CRXO trials but they require 

either reported standard errors from an analysis that takes the CRXO design into account, 

or the application of a design effect. Design effects can be calculated for CRXO trials (107, 

108); in addition to the ICC and cluster sizes they require an estimate of the correlation 

between two measurements from the same cluster at different time points and little 

guidance exists on how to estimate this.

33..44 MMEETTHHOODDSS AAPPPPLLIIEEDD TTOO CCOOCCHHRRAANNEE RREEVVIIEEWWOOFF CCHHLLOORRHHEEXXIIDDIINNEE BBAATTHHIINNGG

33..44..11 BBaacckkggrroouunndd

Lewis (8) is a Cochrane review which aims to assess the effectiveness of chlorhexidine 

bathing on hospital‐acquired infections in people who are critically ill. This is a situation 
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where a CRXO trial is a valid design. The intervention is something that is quick and easy 

both to implement and to remove, it simply involves adding a chlorohexidine agent to the 

usual bathing process. The setting for critically ill patients is generally an ICU or critical care 

unit. These are settings where the turnover of patients is fast, and the outcome of infection 

tends to happen in a relatively short time, so carryover can be avoided by ensuring that the 

participants in each phase are different. Four trials in the review use a CRXO design, all of 

them cross-sectional. Note that if any of the studies had been CRXO cohort designs then it 

would have been important to allow for both within persons and within cluster correlation 

in the analysis.

Climo (109) is one trial in the review. Nine intensive care units were randomised to using 

either no-rinse chlorhexidine–impregnated washcloths or non-antimicrobial washcloths for 

an initial phase of six months after which they switched to using the alternate product.

I first became involved in this review as a peer reviewer. I noticed that the reviewers were 

using the ‘effective sample size’ method for all CRTs, utilising raw data on the number of 

events; this method was not incorrect but it was wasting statistical power by not fully 

utilising the CRXO results. For CRXO trials, the within cluster comparison was entirely 

ignored, which meant that the weight assigned to a large, well conducted robust trial 

would be smaller than it should be. Clustering would be expected to inflate the standard 

error, but the within cluster comparison would be expected to reduce it and lead to more 

precise estimates of treatment effect. By ignoring the correct standard errors provided by 

the trial authors small low quality trials were being given more weight that they ought to 

while high quality CRXO trials were penalised.  I provided detailed peer reviewer comments 

that highlighted the available information in each trial, with suggestions on how best to 

utilise this. This resulted in me being invited to be a co-author to run these analyses myself.

33..44..22 AApppprroopprriiaattee eessttiimmaattiioonn ooff hhoossppiittaall aaccqquuiirreedd iinnffeeccttiioonn rraatteess

Once I had joined the review teams I made a number of amendments

(a) Extracting extra information on design, definition of outcomes, analysis methods 

and results from trial papers

(b) Choice of ‘rate differences’ as an effect measure that allowed us to combine the 

maximum number of trials in meta-analysis

(c) Methods to allow us to estimate adjusted effect sizes and standard errors for CRXO 

trials
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(d) New meta-analyses that incorporate CRXO trials efficiently

(e) Sensitivity analyses to test assumptions

(f) Update of review text and GRADE summary

The planned primary outcome measure for the review (110) was ‘hospital acquired 

infection’ summarised using odds ratios. This would require a binary ‘had at least one 

infection’ response for each person.  On looking at the trial papers I noticed that many of 

the papers had reported infection outcomes as rates per patient day, which takes into 

account multiple infections and the time in the study. After discussion with the other 

review authors we decided to use ‘rate difference per 1000 patient days’ to summarise the 

primary outcome, and highlighted this protocol deviation. This would allow most studies to 

be reported on a similar scale, calculating rates using raw data or estimating rates from 

other available information. It also used the full information on rates (number of infections 

per unit of time) rather than collapsing this to a binary variable (whether or not a person 

has had at least one infection).

I looked at the reported data on ‘hospital acquired infections’ in each trial, and the method 

of analysis utilised. In each I case tried to extract an estimate of the rate difference and its

standard error. Wherever possible I used standard errors that properly take into account 

both clustering and the correlation between repeated measurements from the same 

cluster. I considered a CRXO trial to have taken into account the CRXO design if it made 

reference to any of the methods described in section 3.3.2 with explicit mention of cluster 

adjustment. This information is summarised in Table 3-1. 

Two CRXO trials (out of four) (111, 112) had reported a rate difference with 95% confidence 

interval from an analysis that considered the CRXO design and. In these cases the standard 

error could be estimated from the confidence interval (assuming a confidence interval of 

1.96 standard errors either side of the effect estimate).

Three individually RCTs (113-115) reported the number of infections and number of patient 

days. This allowed rate differences and standard errors (SE) to be calculated using Equation 

3 and Equation 4 below where EI and EC are the number of events (infections) in the 

treatment and control group and TI and TC are the number of patient days (72). These 

formulae assume that the events follow a Poisson distribution (with equal mean and 

variance) and do not allow for over-dispersion. Equation 3 (72)
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Equation 4 (72)

Two trials (109, 116) (one CRXO trial and one parallel group trial) reported rates but 

without a standard error or confidence interval; they reported only p-values. I looked up z-

values corresponding to the p-values and used these to estimate the standard errors by 

dividing the calculated rate difference by the estimated z-value. This is only a crude 

estimate of the true standard error because it assumes that the p-value comes from a 

simple z-test which is unlikely to be true; it is likely it comes from a statistical model with 

adjustment for other factors. Note that given the small number of clusters, use of the t-

distribution would have been more appropriate here(76).

The final CRXO trial (117) reported a rate ratio with 95% CI as well as raw data on infections 

and time. Methods to estimate adjusted standard errors for a rate difference are described 

in section 3.4.3 below.

33..44..33 DDeessiiggnn eeffffeeccttss iinn CCRRXXOO ttrriiaallss

For a CRT, the design effect (DE) is based on the degree of clustering and the size of cluster.

Empirical research suggests that the ICC is reasonably consistent across trials from similar 

settings and with similar cluster sizes (118). This would suggest that the design effect ought 

to be consistent from one format of an outcome to another within the same trial (e.g. 

when converting from a rate ratio to a rate difference) – due to equal cluster sizes and a 

similar ICC –. In the absence of additional information, I made an assumption that the same 

would be true for CRXO trials, however this may not be true as the design effect for CRXO 

trials will also depend on the within cluster correlation (108) so further research is required 

to test this assumption. 

A formulae for design effect for a simple 2 period CRXO trial is given by Hooper et al. (107). 

This is obtained by multiplying the design effect relating to cluster randomisation by a 
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design effect for repeated measures from the same cluster (1-r)/2 (where r is the 

correlation between 2 measurements from the same cluster at different time points)

(Equation 5). Calculation of the design effect requires estimates of both the ICC and r which 

were not reported for any of the trials in the Chlorohexadine review.

Equation 5 (107)

Design effect for a CRXO trial where m =cluster size, r = correlation between repeated 
samples from the same cluster and ρ=ICC

Milstone(117) was a CRXO trial with 10 clusters and 4947 participants, which was analysed 

using Poisson regression with adjustment for cluster and time to take into account the 

CRXO design. This trial reported both crude unadjusted rate ratios and CIs as well as 

adjusted ones. They reported 28 central-line associated bloodstream infections over 9333

patient days in the control arm and 13 infections over 7975 patient days in the control arm.

Reported data described the rate of central-line associated bloodstream infections (per 

1000 patient days) 3 vs 1.63, crude incidence rate ratio 0.54 (95% CI 0·26 to 1·08) adjusted

incidence rate ratio 0.52 (95% CI 0.25 to 1.08). 

I calculated natural logs of the reported rate ratio and 95% confidence interval and used 

these to calculate the unadjusted and adjusted standard error of the 

Unadjusted ln(rate ratio) ; ln 0.54 (0.26 to 1.08) = -0.616 (-1.337 to 0.077) Width of 

confidence interval = 0.077-(-1.337) = 1.414. Standard error = 1.414/1.96 = 0.721.

Adjusted ln(rateratio) ; ln 0.52 (0.25 to 1.08) = -0.654 (-1.386 to 0.077) Width of confidence 

interval = 0.077-(-1.386) = 1.463. Standard error = 1.463/1.96 = 0.746.

Once I had both the adjusted and unadjusted SE of the ln rate ratio I divided the adjusted 

value by the unadjusted value (0.746/0.721), giving the square root of the VIF to be 1.03

(Equation 6) (and design effect of 1.032 = 1.06). This value seemed plausible, while the 

clustering would be expected to inflate the standard error, the within cluster crossover 

would be expected to bring it back closer to 1. Note that the trial authors estimated a 

design effect of 1.2 when calculating sample size so this is the same order of magnitude.

Equation 6 (72)
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Utilising the raw data and the formulae for rate difference and SE (Equation 3 and Equation 

4) I calculated the rate difference =  (28/9333)*1000 - (13/7975)*1000 = 1.370, and SE =

sqrt ((28/93332) + (13/79752))= 0.000725. This is the standard error for time per patient 

day, so this was multiplied by 1000 to convert to units of ‘per 1000 patient day’ to give 

0.725.Multiplying the unadjusted SE by the square root of the VIF 0.725*1.03 gave an

estimate of the adjusted standard error as 0.745 that could be utilised in generic inverse 

meta-analysis.

Table 3-1 Methods for estimating rate difference (and 95% confidence interval) for the Chlorhexidine bathing 

systematic review

Study Study design Analysis reported 

by study author

Data reported in 

trial report

Data manipulation 

Bleasdale 

2007 

(111)

Cluster‐

randomised cross‐

over trial with 2 

clusters and 836 

participants

CRXO design taken 

into account with 

multivariate 

models that 

included a fixed 

term for 

geographical unit. 

Unclear what 

multivariate model 

was used.

Rate (per 1000 

patient days) 10.4 

vs 4.1, 95% CI for 

rate difference 1.2 

to 11

SE for rate 

difference 

calculated from CI

Boonyasiri 

2016 

(113)

Parallel group trial 

of 481 participants

Individual 

incidence

28 infections 

during 3284 

patient days vs 29 

infections during 

2759 patient days 

(adding up 

Rate difference 

and associated SE 

calculated from 

summary data on 

infections and 

patient days



55

infections and 

using mean ICU 

stay to calculate 

patient days)

Camus 

2005(114)

2x2 factorial trial 

with 256 

participants in two 

relevant arms

Number of 

infections and 

patient days

87 infections 

during 1961 

patient days vs 87 

infections during 

1991 patient days

Rate difference 

and associated SE 

calculated from 

summary data on 

infections and 

patient days

Climo 

2013 

(109)

Cluster‐

randomised cross‐

over trial with 9 

clusters and 7727 

participants

CRXO design taken 

into account with 

GEE (according to 

SAP)

Rate (per 1000 

patient days) 6.60 

vs 4.78, P = 0.007

P value used to 

calculate Z‐value, 

and rate 

difference/ Z gives 

estimate of SE

Milstone 

2013 

(117)

Cluster‐

randomised cross‐

over trial with 10 

clusters and 4947 

participants

CRXO design taken 

into account with 

Poisson regression 

adjusted for cluster 

and time

Rate (per 1000 

patient days) 3 vs 

1.63, incidence 

rate ratio 0.52 

(95% CI 0.26 to 

1.08), adjusted CI 

0.25 to 1.08

Unadjusted and 

adjusted CI used to 

calculate SE for log 

rate ratio: from 

these design effect 

= 1.032 applied to 

inflate SE of rate 

difference

Noto 2015 

(112)

Cluster‐

randomised cross‐

over trial with 5 

clusters and 9340 

participants

CRXO design taken 

into account in 

supplementary 

materials which 

present group level 

analysis of clusters

Rate (per 1000 

patient days) 3.35 

vs 3.31, 95% CI for 

rate difference (‐

1.19 to 1.11)

SE for rate 

difference 

calculated from CI
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Pallotto 

2018 

(116)

Parallel group trial 

of 449 participants

Number of 

infections per 

patient days

Rate (per 1000 

patient days) 40.9 

vs 23.2, P = 0.034

P value used to 

calculate Z‐value, 

and rate 

difference/ Z gives 

estimate of SE

Swan 

2016 

(115)

Parallel group trial 

of 350 participants

Hazard ratios and 

risk difference

35 infections 

during 2416 

patient days vs 18 

infections during 

2332 patient days 

(supplementary 

digital content)

Rate difference 

and associated SE 

calculated from 

summary data on 

infections and 

patient days

GEE: general estimating equation; ICU: intensive care unit; SAP: statistical analysis plan; SE: 

standard error.

Similar methods were applied to the secondary outcome of mortality, and these are 

detailed in the review appendix (8,Appendix 9).

33..44..44 CCoommbbiinniinngg eessttiimmaatteess ooff hhoossppiittaall iinnffeeccttiioonn rraatteess

Figure 3-1 shows a forest plot for the meta-analysis of hospital acquired infections from the 

8 trials in the review. I chose to present the parallel studies and cluster-randomised 

crossover trials as separate subgroups. Several authors warn that different trial designs can 

lead to heterogeneity in effect size (99, 119, 120) and highlight the possibility of an 

interaction between the unit of randomisation and the treatment effect. On average the 

parallel group trials tended to show larger effect sizes (rate difference 4.00(95% CI -3.14 to 

11.4)) than the CRXO trials (rate difference 1.41(95% CI 0.00 to 2.83)) , but the parallel 

group trials  were also on average much smaller and therefore more imprecise; the test for 

subgroup differences did not confirm a difference. Combining all 8 trials suggested a 

reduction in rate of 1.70 (95% CI 0.12 to 3.29) infections per 1000 patient days when using 

Chlorohexidine compared to soap and water.
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Figure 3-1 Forest plot and meta-analysis comparing chlorohexidine bathing to control

33..44..55 SSeennssiittiivviittyy aannaallyysseess

Bleasdale (111) has only 2 clusters. There was no minimum sample size or number of 

clusters specified in the protocol for the systematic review so at the time we made the 

decision not to exclude this trial but it is clear that a trial with only 2 clusters has very poor 

external validity and a high risk of type 1 error (false statistical significance) (76). In 

addition, Bleasdale 2007 and Swan 2016 have incongruously large risk differences of 6.30 

and 6.77. Sensitivity analyses reported in Table 3-2 show that removing either of these 

studies would reduce the overall risk difference sufficiently to cause conclusions to change

and we downgraded the level of evidence using GRADE to reflect this

The parameters for Millstone 2013 were based on an estimated design effect; I explored 

the effect of using a more conservative design effect based on standard formulae for a 

parallel CRT; after doing this the confidence interval was no longer entirely above the null 

line, meaning that we cannot be certain whether or not Chlorohexidine bathing is effective.

These sensitivity analyses suggested that the results were not robust and should be 

interpreted cautiously. We used the GRADE approach, as planned, to downgrade the 

certainty of the evidence by one level based on the sensitivity analysis, with another 

downgrade based on concerns about risk of bias. This meant that the review concluded 
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that we were uncertain about whether or not chlorohexidine bathing reduced the risk of 

infection.

Table 3-2 Results of sensitivity analyses for the Chlorohexidine systematic review

Analysis Risk difference (95% CI)

Including all studies 1.70(0.12 to 3.29)

Removing Bleasdale 2007 1.26(-0.21 to 2.72)

Removing Swan 2016 1.35(-0.15 to 2.85)

Removing Bleasdale 2007 and Swan 2016 0.96(-0.35 to 2.27)

Using a conservative design effect for 

Millstone 2013

1.97(-0.06 to 4.00)

33..55 RREECCOOMMMMEENNDDAATTIIOONNSS FFOORR CCOOMMBBIINNIINNGG CCRRXXOO TTRRIIAALLSS IINNMMEETTAA--AANNAALLYYSSIISS

(1) An appropriately analysed CRXO trial will have had an analysis that adjusts for 

clustering and takes into account both within and between cluster comparisons. 

Wherever possible researchers should try to extract and utilise reported effect 

sizes and adjusted standard errors from trial reports. 

(2) Effect sizes and adjusted standard errors from a CRXO trial can be combined 

alongside individually randomised and parallel CRTs using a generic inverse meta-

analysis. Be aware that using methods that ignore the robust within-cluster 

comparisons (e.g. by following effective sample size methods suitable for parallel 

group CRTs) wastes information which is unethical as it ignores the research 

contribution of the individuals involved. Downplaying evidence from this robust 

trial design in the review could potentially lead to bias. 

(3) When intending to combine CRXO trials with other trial designs in the same meta-

analysis it is advisable to display them as separate subgroups (e.g. individual RCTS, 

CRTs, CRXO) and consider any heterogeneity due to design carefully.  
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(4) It may be necessary to manipulate outcome measures to all adhere to a common 

format (e.g. where trials have a mixture of RRs and ORs). When considering which 

summary measure to use, it may be necessary to prioritise the summary measures 

used in reports of CRXOs to avoid estimation of standard errors that may be 

inaccurate. Note that if this necessitates a deviation from the systematic review 

protocol, this should be documented clearly.

(5) There are situations where adjustment for the CRXO design will need to be applied 

using a design effect e.g. when manipulating outcome measures from CRXO trials 

from one format to another or where appropriately adjusted standard errors have 

not been reported. Design effects can be estimated from (a) very similar trials with 

the same outcome or (b) from different outcomes within the same trial. This 

should be done cautiously. Further research is required to look at how best to 

estimate design effects for CRXO trials with incomplete reporting. 

(6) Where standard errors have been estimated, it is important to use sensitivity 

analyses to test whether results are robust, for example by using a range of

alternative design effects, excluding the CRXO trial from the meta-analysis or by 

using formulae for CRTs (down-weighting the CRXO trial by ignoring within cluster 

comparison).

33..66 RREEFFLLEECCTTIIOONNSS

I was delighted to get the opportunity to work on such a methodologically challenging 

systematic review. When I provided comments as a peer reviewer I had no idea how 

unusual it was to find cluster crossover trials in a systematic review, or how limited the 

guidance is on their inclusion in a meta-analysis. I feel that I added something really useful 

to this review, partly in recognising the appropriateness of the CRXO trial in this context, 

and also in ensuring that these trials received the appropriate weight in meta-analysis. 

This work has highlighted for me the potential uses for CRXO trials and on several occasions 

I have advocated their use in statistical consultancy. I intend to apply for some funding via 

either a fellowship or an MRC methodology grant to explore how to estimate a design 

effect specific to CRXO trials, and further develop guidance on suitable methods for 
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incorporating CRXO trials in meta-analysis. This would likely include a consensus study with 

meta-analysts and some simulation work.

33..77 MMEETTRRIICCSS

Paper 3 is published in the Cochrane database of systematic reviews. It has 14 citations and 

parts of it have been translated into 10 different languages. This Cochrane Review has an 

Altmetrics Attention score of 55 which puts it in the top 5% of research outputs reviewed 

by Almetrics. It also appears in a Cochrane ‘Clinical Answers’ article (121) and a Cochrane 

Special Collection of Coronavirus infection control and prevention measures (122).
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44 CCHHAAPPTTEERR 44 IINNCCOORRPPOORRAATTIINNGG CCRRTTSS IINNTTOO AA MMEETTAA--AANNAALLYYSSIISS OOFF

CCOOMMPPLLEEXX BBEEHHAAVVIIOOUURR CCHHAANNGGEE IINNTTEERRVVEENNTTIIOONNSS

44..11 CCHHAAPPTTEERR OOVVEERRVVIIEEWW

In chapter 3 I covered how to incorporate CRTs into meta-analysis, including non-standard 

cluster randomised designs. In this chapter I discuss how to incorporate CRTs into 

systematic reviews with additional layers of complexity; mixed interventions, mixed layers 

of clustering and mixed outcome measures, using the example of a systematic review of a 

complex behaviour change intervention, the SOCIAL review. Paper 4 is the protocol of the 

SOCIAL review, Paper 5 is the published report to the funding body (NIHR Health Services 

and Delivery Research Panel) and Paper 6 is a journal article summarising results. Paper 7 is 

a comparison of different evidence synthesis methods applied to this review. While some 

of the problems discussed aren’t exclusively limited to CRTs, they will demonstrate that 

dealing with clustering is one of a package of items to consider when attempting to meta-

analyse pragmatic trials of complex interventions.

44..22 SSYYSSTTEEMMAATTIICC RREEVVIIEEWWSS OOFF CCOOMMPPLLEEXX IINNTTEERRVVEENNTTIIOONNSS

44..22..11 CCoommpplleexx bbeehhaavviioouurr cchhaannggee iinntteerrvveennttiioonnss

A complex intervention is defined to consist of multiple components or be dependent on 

multiple factors (123). In this chapter, I will use the example of the SOCIAL systematic 

review (14, 15, 124). The trials within the SOCIAL review had both of these features; 

interventions which generally consist of several active components and whose 

effectiveness is very likely to vary by setting and/or context.

44..22..22 CChhaalllleennggeess ffoorr ssyysstteemmaattiicc rreevviieewwss ooff ccoommpplleexx iinntteerrvveennttiioonnss

Systematic reviews of complex interventions face number of challenges. Trials of complex 

interventions tend to be very heterogeneous in terms of the intervention, the way it is 

implemented, the setting and the trial design (125, 126); this leads to statistical complexity 

and heterogeneity and difficulties in interpretation.   



62

A complex intervention could be a mixture of beneficial, ineffective or even harmful 

ingredients. It is important to decide whether the research questions will address the 

overall effectiveness of a package of intervention components or try to isolate the effect of 

individual components (127, 128). When considering a set of individual components it may 

also be important to know they interact with each other; i.e. whether or not the 

effectiveness of a component varies according to the other interventions that it is 

partnered with. 

A review of complex interventions is often about more than whether the intervention 

works , but also the mechanism of how it works (129) and under what circumstances it 

works best. 

44..22..33 MMeetthhooddss ssuuiittaabbllee ffoorr ssyysstteemmaattiicc rreevviieewwss ooff ccoommpplleexx bbeehhaavviioouurr cchhaannggee iinntteerrvveennttiioonnss

A number of approaches to synthesise quantitative data do not use meta-analysis. 

Graphical methods include the albatross plot (130), the harvest plot (131) the bubble plot 

(132). A qualitative comparative approach (133) looks for effective interventions and then 

uses set-theory to look at which features (intervention components, length of time, mode 

of delivery) they have in common. These methods do not require effect estimates or their 

standard errors so they can be used when this information is unavailable or the outcomes 

have not been reported in a consistent format (132). They may also be useful to display 

results when the studies are considered far too heterogeneous to combine in meta-

analysis. However, while these methods provide a useful summary, they may increase the 

risk of bias and are unlikely to allow firm conclusions.

Several authors (126, 134, 135) cite the need to combine both quantitative and qualitative 

evidence when considering complex interventions. Mixed methods approaches include 

thematic (136), realist (137) or framework (138) synthesis methods Incorporating data on 

from interviews and questionnaires may reveal information about the mechanism of 

change, reasons for variation or barriers to implementation, for example. However, the 

methods are less developed than those for a purely quantitative review, and approaching 

questions about effectiveness may be difficult to approach objectively.

Network meta-analysis (139) is an extension of the standard pairwise meta-analysis 

described in Chapter 3 where more than two interventions can be evaluated. When 

analysing a set of competing interventions, network meta-analysis may lead to more 

statistical power than multiple separate pairwise analyses because it utilises all available 
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information. It also ranks the interventions in order of effectiveness, even when there is no 

direct trial evidence for some pairs of interventions.  

Components based meta-analysis (125) is a meta-analytic approach that aims for the effect 

of each component within a complex intervention to be evaluated, along with any 

interactions between them. This method is useful when interventions to be split into a 

number of ‘clinically meaningful units’ and the aim is to understand the usefulness of each. 

Subgroup analyses (72) involve splitting data for subsets of studies (e.g. different settings, 

different types of intervention). Subgroups can be presented separately on forest plots to 

investigate heterogeneous results, or to answer questions about particular groups. 

Researchers conducting meta-analysis generally have a large number of different 

subgroups available so to avoid multiplicity issues and data dredging it is important to 

specify these in advance as far as possible.    

Meta-regression (140) allows a set of trial level covariates to be included in meta-analysis. 

Taking into account factors relating to setting, population, trial design and intervention is 

highly desirable in a meta-analysis of complex interventions as these features are known to 

increase heterogeneity. Furthermore, knowing how the effect of the intervention varies for 

different types of patient or for different variants of the same intervention is often a key 

research aim. However, meta-regression is often underpowered and it relies on 

observational data and so is at high risk from confounding. Researchers conducting meta-

regression should specify covariates in advance.    

44..33 CCHHAALLLLEENNGGEESS FFAACCEEDD IINN TTHHEE SSOOCCIIAALL RREEVVIIEEWW

44..33..11 DDeessccrriippttiioonn ooff tthhee SSOOCCIIAALL ssyysstteemmaattiicc rreevviieeww

The SOCIAL review aims to answer questions about whether or not social norms 

interventions are effective at changing the clinical behaviour of healthcare professionals. 

The behaviour change taxonomy (141) is a classification system for behaviour change 

techniques (BCTs) and identifies 93 individual techniques that could be part of a behaviour 

change intervention. We recognised that 5 of these BCTs could be considered to have a 

social norms element whereby they are designed to change behaviour by utilising “implicit 

or explicit behavioural rules that one uses to determine the appropriate and/or typical 

expectations, beliefs, attitudes and behaviours of a social reference person or group” 

(15,p1). The 5 social norm BCTs were social comparison, information about other’s 

approval, credible source, social rewards and social incentive. However, when looking for 
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trials of interventions containing a social norms BCT, it was rare to find that the social 

norms BCT was the only BCT in the intervention; most interventions were a bundle of 

different BCTs all aiming to actively change behaviour. For example, a trial designed to 

improve the quality of care for patients with diabetes (142) had an intervention which 

included both a social norm element where clinicians were provided with graphical displays 

that allowed them to compare their own results with neighbouring practices (social 

comparison) and pop-up patient information to use during consultations (prompts and 

cues).

Table 4-1 Challenges faced in the SOCIAL systematic review outlines the main challenges 

faced in the synthesis of data within the systematic review, the method that I chose to 

address these and a signpost to where this is described.

Table 4-1 Challenges faced in the SOCIAL systematic review

Challenge Methods chosen Section

Interventions were a mixture 

of different bundles of BCTs 

Group be commonly 

occurring packages. Meta-

regression. Network meta-

analysis.

4.4.1

Control arms were a mixture 

of different bundles of BCTs

Subtracting of BCT 

interventions

4.4.2

Inclusion of multi-arm studies Careful consideration. Treat 

each ‘comparison’ as a 

separate unit.

4.4.2

Varied level of clustering Appropriate adjustment for 

unit of randomisation. 

Sensitivity analyses using 

alternate approaches.

4.4.3

Mixed outcome measures Use of standardised mean 

differences. Sensitivity 

analyses using alternate 

approaches.

4.4.4



65

44..44 MMEETTHHOODDSS CCHHOOSSEENN FFOORR TTHHEE SSOOCCIIAALL SSYYSSTTEEMMAATTIICC RREEVVIIEEWW

44..44..11 MMeettaa--aannaallyyssiiss mmeetthhooddss iinn tthhee SSOOCCIIAALL ssyysstteemmaattiicc rreevviieeww

In the SOCIAL systematic review we had the following research questions;

1. “What is the effect of interventions containing social norms BCTs on (a) the clinical 

behaviour of healthcare workers, and (b) resulting patient health outcomes? 

2. Which contexts, modes of delivery and behaviour change techniques are associated 

with the effectiveness of social norms interventions on healthcare worker clinical 

behaviour change?”(15,p3)

To answer the first question, the ideal plan would be to combine in one meta-analysis all 

studies that compare ‘any social norm’ intervention to a control group. The social norms 

interventions would be split into subgroups by the type of social norm BCT (e.g. credible 

source) to look at the consistency of results and see which of the social norm BCTs 

performed best, if any. The reality of behaviour change interventions is that they are 

almost always part of a complex intervention which contains multiple BCTs.  In our protocol 

our inclusion criteria was any RCT with at least one social norm BCT in its intervention arm 

(124). This included trials with social norm BCTs in both arms as these would help to 

answer our second question.

Colleagues planned to code all BCTs in the intervention and control arms of all trials in the 

review. When planning the analysis for this project I had two main approaches that I 

thought were suitable for dealing with the data (a) grouping together sets of BCTs that 

occurred commonly together and (b) a components based approach, looking at the effect 

of each BCT separately. 

The components based approach seemed useful initially, but as I read about it and looked 

at other studies, I realised that our search strategy and inclusion criteria meant that it was 

not really suitable. An example of a components based meta-analysis is a review comparing 

different psychological preparation interventions for adults undergoing surgery. This review 

include any psychological intervention and these were thought to consist of one or more of 

5 key components; reviewers were able to draw a network linking all of the pairwise 
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comparisons between any individual component or combination of components (143,Fig 

1). My concern was that we were including only trials that contained social norm BCTs in at 

least one intervention. If we tried to draw a network treating both the social norm BCTs 

and other concomitant BCTs as ‘meaningful components’ then we’d be missing all the 

comparisons between the non-social norm components, which could lead to incorrect 

conclusions. I argued for a grouping approach instead where we looked for commonly 

occurring packages of interventions.

I planned a pairwise approach initially to answer our first research question; this meant 

that we only used trials that compared a social norm to a control (no intervention, standard 

practice or a non-social norm intervention). Subgroup analysis was used so that we could 

answer an overall question about social norm interventions in general, while also looking at 

which of our social norm packages appeared most effective.

I then extended this to a network meta-analysis. This allowed us to add in trials that 

compared two different social norm interventions. It also allowed us to rank the ‘social 

norm packages’ in order of effectiveness.

In addition I also decided to use meta-regression to answer question 2, with the caveat that 

we had to approach the results very cautiously. 

44..44..22 CCoommppaarriissoonnss iinn tthhee SSOOCCIIAALL rreevviieeww

A challenging aspect of the SOCIAL review was trying to establish what exactly each trial or 

comparison within a trial was trying to test. The control arm would quite often contain 

either a subset of the BCTs in the intervention arm or alternative BCTs. I identified that 

simply grouping together all similar ‘social norm interventions’ and comparing them to any 

‘control’ was not going to work. At the data extraction stage I asked the team to try to 

identify which of the following definitions best fit each trial

(a) Social norm intervention  v control

(b) Social norm intervention + X v X

(c) Social norm A v Social norm B

However, this proved difficult. Partly because the team were struggling to identify 

multifaceted concomitant interventions (X), and partly because of the large number of 

multi-arm studies, including factorial trials.
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In order to work out exactly what was being tested in each trial we adopted a ‘subtraction’ 
approach, subtracting the BCTs in the control arm from those in the intervention arm to 
see what the trial was testing (
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Table 4-2 Examples of trials in the SOCIAL systematic review, and how we established what 

the trial was testing using subtraction). This assumes there is no interaction between BCTs 

(i.e. that type (a) and type (b) trials are both estimating the same treatment effect); 

perhaps this is a strong assumption. When looking for ‘social norm packages’ it was the set 

of BCTs left after the subtraction that we used in order to define the social norm package 

that the trial was aiming to test.

In addition, I suggested that our database needed to have one row per ‘useful trial 

comparison’ so we could utilise all available information. This meant that some trials had 

multiple rows. To avoid any double counting, adjustments were made when necessary (e.g. 

halving numbers in the control group if the same control group was used in two different 

comparisons) (72). Note that this method was chosen (rather than combining groups) as it 

allowed two different interventions to belong to two subgroups in meta-analysis however 

it ignores correlation between two results from the same study.
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Table 4-2 Examples of trials in the SOCIAL systematic review, and how we established what the trial was testing 

using subtraction

Trial BCTs in 

Intervention 

arm

(A)

BCTs in control 

arm

(B)

Difference

(A-B)

Description of 

package being 

tested

Boet 2018 (144) 4.1 instruction 

on how to 

perform the 

behaviour

6.2 social 

comparison

4.1 instruction 

on how to 

perform the 

behaviour

6.2 social 

comparison

Social 

comparison 

alone

Lakshiminarayan 

(145)

1.3 Goal setting

2.2 Feedback 

on behaviour

9.1 Credible 

source

No identified 

BCTs

1.3 Goal 

setting

2.2 Feedback 

on behaviour

9.1 Credible 

source

Credible 

source with 

other  BCTs

Factorial trials had to be considered separately because wherever possible I wanted to use 

the estimated effect of the social norm intervention, rather than considering each arm of 

the factorial trial separately. Meeker 2016 (146) is a 2x2x2 factorial trial in the SOCIAL 

systematic review, which is testing the effect of 3 behavioural interventions 

simultaneously. One of the interventions is an example of social comparison, with emails 

sent to clinicians comparing their antibiotic prescribing rates with others. The social 

comparison intervention is present in 3 arms of the trial but rather than considering each of 

the arms and the BCTs within them separately, I utilised the effect size and confidence 

interval relating to the effect of the social comparison intervention that was presented in 

the trial report. This had been obtained via a covariate in a multilevel linear model. In the 

analysis, I treated this as though it were the results from a single comparison comparing 

social comparison to an inactive control. 
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44..44..33 LLeevveellss ooff cclluusstteerriinngg

As described in Chapter 2, CRTs can be combined with individually RCTs using standard 

errors that have been adjusted for clustering. Other cluster randomised designs, including 

stepped wedge CRTs (89) can also be included in this way.  This method was used 

throughout the SOCIAL review which included individually RCTs, CRTs and stepped wedge 

trials. Where the outcomes of interest were not already adjusted I adjusted them myself 

using an estimated ICC as described in Chapter 3.

When trying to identify CRTs in the SOCIAL review, discussions between the team revealed 

that this was by no means clear. A common definition of a CRT is ‘randomisation of groups 

(clusters) of individuals to control or intervention conditions’ (2). In health research, the 

‘individuals’ are usually patients or members of the public; a common design would be 

randomising groups of patients served by a particular general Practitioner (GP) or in a 

particular hospital ward. 

The target of inference in the SOCIAL review was health care professionals rather than 

patients (147). A trial looking at GP behaviour may randomise GPs, but then collect data on 

patients treated by the GP to assess whether or not the GP has changed his or her 

behaviour in the way that they have been treating them. This trial could be analysed at the 

level of the GP (e.g. taking in average over all patients, no clustering adjustment required) 

or at the level of patient (adjustment for clustering by GP). When analysed at the GP level, 

is a trial like this a CRT? Some of our team felt yes because groups of patients were being 

randomised and some felt no because there was individual randomisation of members of 

the population of interest. Regardless of nomenclature, the patients here are still subjects 

of the research and are clustered at a group level and therefore all the special 

considerations of ethics, bias, analysis and reporting relating to CRTs apply. 

Additional complexity came from the fact that many trials randomised groups of healthcare 

professionals (e.g. GPs in a surgery, nurses on a ward). In these trials the unit of analysis

could be patient, healthcare professional or group of healthcare professionals.  For each 

trial I tried to identify the unit of randomisation and unit of analysis. Table 4-3 shows the 

unit of randomisation and analysis for 16 of the trials in the review that used Credible 

Source interventions.
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Table 4-3 Units of randomisation and analysis for trial that included credible source in their 

intervention

Number of 

studies

Unit of randomisation

Patient

Health care professional

Site (ward, hospital, surgery etc.)

0

2

14

Unit of analysis

Patient

Health care professional

Site (ward, hospital, surgery etc.)

8

4

4

These mixed levels of randomisation and analysis made it quite difficult to interpret 

combined results of these trials because they did not apply to a consistent population. 

Their differing designs were also likely to add to the heterogeneity. After consideration we 

decided, on my recommendation to use adjusted standard errors. Other authors (148) have 

used an alternative approach, weighting the trials in the meta-analysis by the number of 

healthcare professionals in the study. This approach may be useful when a trial has not 

reported standard errors from an appropriate model that adjusts for clustering however 

this approach has a number of issues. Weighting by the number of healthcare 

professionals ignores precision/variability and does not taking into account the level of 

randomisation. In paper 7 (17) I discussed this issue in further detail and compared the 

utility of the two approaches by applying them both to the same set of data from the 

SOCIAL review.   
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44..44..44 SSttaannddaarrddiisseedd mmeeaann ddiiffffeerreenncceess

The SOCIAL systematic review looked at interventions to change health professional 

behaviour; the target behaviours were very diverse and include handwashing, test 

ordering, antibiotic prescribing etc.; and the aim of the intervention could be to increase or 

decrease the number of times the behaviour is performed. The outcome measurement in 

the trial could be something binary (e.g. whether the behaviour was performed or not) or 

scale (the number of times the behaviour was performed, the proportion of times the 

behaviour was performed). Both the type of behaviours and the format of reporting varied 

greatly across trials. As we wanted to answer a broad review question about behaviour in 

general, I suggested the use of standardised mean differences (149), and this is the 

approach we took. A comparison with other methods (17) suggests that conclusions were 

reasonably robust when alternative methods were applied to the same set of data.   

44..55 RREEFFLLEECCTTIIOONNSS

I had worked on a number of systematic reviews before I started working on the SOCIAL 

project, and peer reviewed many more as a Statistical Editor for Cochrane. The SOCIAL 

systematic review was by far the most challenging. One of the members of the steering 

committee once said to me something along the lines of  ‘Wow, you’ve really got it all in 

this review – a mixture of complex interventions, a mixture of outcome measures, a 

mixture of trial designs and lots of other heterogeneity too’. I worried at times about 

whether or not we should have been attempting meta-analysis in this review. It certainly 

seems unlikely that the assumptions of a common underlying treatment effect that is 

expected for a fixed effects meta-analysis would have been met. However, we were clear 

from the start that in this review we were using meta-analysis as a weighted average of the 

observed data rather than trying to make inferences about the future; and I made sure that 

our conclusions were cautious and hypothesis generating. 

I think that a ‘one size fits all approach’ for systematic reviews can be unhelpful; while the 

level of heterogeneity seen here would not be acceptable in a systematic review trying to 

estimate the precise treatment effect for a drug, it seems better in this exploratory work to 

attempt to combine the data rather than conduct multiple separate analyses. I feel that our 

conclusions were robust; on average, in the trials we found, there was a small beneficial 

effect of social norms in general, and of the social norm interventions tested, those that 

included credible source tended to have the largest treatment effect. Reassuringly, when I 
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attempted alternative methods of data synthesis, the overall conclusions on the 

effectiveness of social norms and the specific conclusion for credible source remained 

robust. 

I am disappointed that I did not have the opportunity to use components based meta-

analysis in this project; I think this technique really has merit when trying to evaluate 

complex interventions. I am pleased that I undertook training on network meta-analysis 

through the project and apply this for the first time. This knowledge has already been 

invaluable as collaborator on a suite of Cochrane Reviews and an overview looking at 

measures to prevent pressure ulcers (150).

This review chose a ‘fixed effects meta-analysis’ to be primary and we have had a lot of 

questions about this given that it is such a heterogeneous review. When writing the 

protocol, this point caused huge debate amongst collaborators and colleagues and the 

decision was not taken lightly. A commonly held point of view is that a random effects 

meta-analysis is a more conservative approach and that it accounts for heterogeneity by 

allowing the estimated treatment effect to vary between trials according to a common 

variance (exchangeability) (151). However there are contra-arguments against using 

random-effects with suggestions that the underlying assumption of exchangeability may 

be implausible in many cases (152) and that there are situations where a random effects 

meta-analysis is actually less conservative (overly narrow confidence intervals) (153) . The 

fixed effects is known to give more weight to the largest/most precise trials (154) and we’d 

expect these to be less prone to bias. In our case, we expected systematic differences 

between trials and therefore were using meta-analysis as a statistical summary of the 

available evidence (155) rather than expecting to fully parameterise the variability and

make precise inference. We were also careful to report both fixed and random effects 

throughout to show whether or not results were robust to our decision.

Overall, I’m really proud of my work on the SOCIAL review. I was part of it from the 

beginning, my first success as co-applicant on an NIHR grant, and I had a large role in 

making sure that this project was delivered on time and to a high quality.  

44..66 MMEETTRRIICCSS
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Paper 4 is published in the journal ‘Systematic Reviews’ which publishes high quality 

systematic review protocols and reviews related to health and has a 5 year impact factor of 

5.08 . Paper 4 has 2 citations and over 9500 accesses.  Paper 5 is published in 

‘Implementation Science; it has 1 citation and an Altmetric Attention score of 18. 

Implementation science publishes research about methods relevant to healthcare in 

clinical, organisational, or policy contexts; it has a 5 year impact factor of 8.71. Paper 6 is 

published as a report by the project funders, the NIHR Health Services and Delivery

Research. Paper 7 is a pre-print published by Authorea with 59 views. 

A summary of the recommendations from the SOCIAL systematic review have been 

published by the Audit and Feedback Meta-Lab as part of their recommendations on 

designing audit & feedback interventions. http://www.ohri.ca/auditfeedback/resources-a-

f-recommendations/

In 2021 I was co-applicant on an application for a Wellcome Trust Institutional Translational 

Partnership Award (TPA) Projects for Translation (P4T) about the use of a credible source 

feedback intervention to change the behaviour of GP practice staff to reduce the ordering 

of blood tests for fatigue. Although this was unsuccessful we plan to submit this to a 

suitable funder in future.

http://www.ohri.ca/auditfeedback/resources-a-f-recommendations/
http://www.ohri.ca/auditfeedback/resources-a-f-recommendations/
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Abstract

Background: Stroke often results in chronic disability, with partners and family members taking on the role of
informal caregiver. There is considerable uncertainty regarding how best to identify and address carers’ needs. The
Carer Support Needs Assessment Tool (CSNAT) is a carer-led approach to individualised assessment and support for
caregiving that may be beneficial in palliative care contexts. CSNAT includes an implementation toolkit. Through
collaboration, including with service users, we adapted CSNAT for stroke and for use in a UK stroke specialist organisation
providing long-term support. The main aims of OSCARSS are to investigate the clinical and cost-effectiveness
of CSNAT-Stroke relative to current practice. This paper focuses on the trial protocol, with the embedded
process evaluation reported separately.

Methods: Longitudinal, multi-site, pragmatic, cluster randomised controlled trial with a health economic analysis.
Clusters are UK services randomised to CSNAT-Stroke intervention or usual care, stratified by size of service. Eligible
carer participants are: adults aged > 18 years; able to communicate in English; referred to participating clusters; and
seen face-to-face at least once by the provider, for support. The ‘date seen’ for initial support denotes the start of
intervention (or control) and carers are referred to the research team after this for study recruitment. Primary outcome
is caregiver strain (FACQ - Strain) at three months after ‘date seen’. Secondary outcomes include: caregiver distress;
positive caregiving appraisals (both FACQ subscales); Pound Carer Satisfaction with Services; mood (HADs); and health
(EQ-5D5L) at three months. All outcomes are followed up at six months. Health economic analyses will use additional
data on caregiver health service utilisation and informal care provision.
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Discussion: OSCARSS is open to recruitment at the time of article submission. Study findings will allow us to evaluate
the clinical and cost-effectiveness of the CSNAT-Stroke intervention, directed at improving outcomes for informal carers
of stroke survivors. Trial findings will be interpreted in the context of our embedded process evaluation including
qualitative interviews with those who received and provided services as well as data on treatment fidelity.
OSCARSS will contribute to knowledge of the unmet needs of informal stroke caregivers and inform future
stroke service development.

Trial registration: ISRCTN Registry, ISRCTN58414120. Registered on 26 July 2016.

Keywords: Cluster randomised controlled trial, Informal caregivers, Carers, Stroke, Complex intervention, Health
service; service user involvement; health economics; qualitative interviews

Background
Stroke causes a greater range of disabilities than any
other chronic condition in the UK [1]. Stroke survi-
vors experience loss of abilities and independence and
express concerns about how their condition impacts
their partners and family members, who often take on
the role of informal caregiver to support personal
care and daily living [2, 3]. In the UK alone, informal
caregivers for stroke provide care worth up to £2.5
billion per year [4, 5]. This can come at a great per-
sonal cost to informal carers, threatening their phys-
ical health, connection with family and social
networks, finances and emotional wellbeing [6–9].
Identifying and addressing the needs of informal

caregivers is a priority at a national level [10–12].
However, several Cochrane reviews highlight consider-
able uncertainty regarding how best to support stroke
caregivers [13–15]. Research suggests that a ‘one-size
fits all’ approach to assessment and support is not as
beneficial as support that is most closely matched to
individuals’ current and specific needs, priorities and
preferences [16, 17].
The Carer Support Needs Assessment Tool

(CSNAT) intervention [18] is a comprehensive
carer-led approach to individualised assessment and
support that was developed in the context of pallia-
tive care. It includes a staff training package and im-
plementation toolkit. The CSNAT intervention
appeared to reduce carer strain in a community pal-
liative care context, when compared to a control of
usual care in a before / after stepped wedge design
[19]. It also appeared to improve carer psychological
and physical health in bereavement in a UK stepped
wedge trial [20]. In these pragmatic studies, no
changes were made to other support services avail-
able for carers between control and intervention pe-
riods. Qualitative work with carers [21] and
practitioners [22] suggested that CSNAT was highly
valued by both groups and made best use of avail-
able resources and time when identifying and priori-
tising needs and supporting carers.

We adapted the original CSNAT intervention and
training package for implementation in stroke prac-
tice, collectively named CSNAT-Stroke. The adapta-
tion was carried out through close collaboration with
carers and a UK stroke service provider organisation.
A study-specific Research User Group (RUG) of indi-
viduals with experience of caring for a stroke sur-
vivor, was set up for OSCARSS and they support
study development through regular meetings and
representation on the Trial Management Group
(TMG). They continue to input to study manage-
ment while the trial is open to recruitment and
thereafter will contribute to interpretation and dis-
semination of the findings.
In terms of service provider collaborators, a work-

ing group of senior Stroke Association staff and their
Training and Development department collaborated
in development of the staff training and implementa-
tion approach used in OSCARSS. The Stroke Associ-
ation is a stroke specialist provider service with over
200 stroke support services throughout the UK. Ser-
vices are organised flexibly to meet requirements of
the local population; practice therefore varies across
different services according to availability and prefer-
ences. Many services are embedded in hospitals and
referrals for support are primarily received from the
National Health Service (NHS) soon after the stroke
event; although individuals can be referred – or
self-refer – at any time after stroke. All OSCARSS re-
search sites/clusters are drawn from Stroke Associ-
ation services.

Trial aim and research questions
The primary aim of OSCARSS is to determine the ef-
fectiveness of the CSNAT-Stroke intervention for carers
of stroke survivors, when compared to a usual care con-
trol. The primary research question is: does the inter-
vention reduce caregiver strain (as measured by the
strain subscale of the Family Appraisal of Caregiving
Questionnaire (FACQ) [23]), when compared to control?
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Secondary research questions address whether the
intervention:

� reduces perceived caregiver distress (subscale of
FACQ) [23];

� improves: carer perceptions of their health (EQ-
5D-5 L) [24] and wellbeing (Hospital Anxiety and
Depression Scale (HADS) [25]; positive caregiving
appraisals (subscale of FACQ) [23]; and
satisfaction with services (Pound Scale) [26];

� leads to less economic burden for carers and society
(as measured by an adapted version of the Service
Receipt Inventory [27] that records use of health
services and informal care provision).

Methods
OSCARSS is a longitudinal, pragmatic multi-site cluster
randomised controlled trial (cRCT) with a health eco-
nomic analysis and nested process evaluation. Cluster
randomisation is essential to avoid contamination as we

are evaluating delivery of an intervention within a ser-
vice, sometimes by a team.
Not described in detail in this protocol is an em-

bedded process evaluation that includes survey data,
service delivery records and qualitative data. In brief,
data collected from service providers (staff and man-
agers) will explore intervention implementation and
workforce behaviour change. Interviews with service
recipients (carer research participants) will explore
their experiences of support (intervention or control)
and the types of support inputs identified and priori-
tised by them. Figure 1 shows these parallel compo-
nents of OSCARSS but the cRCT and health
economics are the focus of this paper. The process
evaluation, which will be invaluable in providing the
context for interpretation of the trial findings, will be
described elsewhere.
A Standard Protocol Items: Recommendations for

Interventional Trials (SPIRIT) checklist is provided as
Additional file 1.

Fig. 1 Outline of the OSCARSS study process. For contextual information, this figure includes cRCT processes (middle) as well as components of
the embedded process evaluation: carer interviews (dotted line boxes within middle figure); staff and manager surveys and interviews (left)
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Trial clusters: inclusion criteria and randomisation
Eligible clusters are defined as UK stroke specialist pro-
vider services that:

� include face-to-face contact with carers (excluded
are services that only provide telephone support);

� have capacity to engage in OSCARSS (excluded are
services participating in any other stroke carer-related
research);

� are likely to have at least five new client referrals per
month. Clients include both stroke survivors (who
are likely to have associated carers) and carers
directly. This ensures that a new system of working
can be operationalised and well-established and that
research resources required for training and
monitoring sites are justified;

� are independent of other clusters. If staff across
services shared client caseloads, they would be
aggregated to form one cluster to avoid the risk
of between-group contamination. Conversely,
individual staff within services could form
independent clusters if they work independently,
without sharing caseloads.

Clusters are recruited by the CLAHRC GM research
team before randomisation, to ensure allocation conceal-
ment. Clusters are block randomised to intervention or
control at the ‘site’ level with dichotomised stratification
for ‘size of service’ (high / low -based on historic data
about client caseloads) using random blocks. Neither the
clusters nor the researchers know the block sizes when
recruiting sites. The trial statistician is provided with an
anonymised list of recruited clusters and randomises them
using STATA programme, including the ‘ralloc’ add-on.

The research team is blinded to allocation as far as
possible, but front-line team members could become
unblinded when observing staff training (delivered
after randomisation) or when supporting sites to en-
gage in the study.
Carer research participants are blind to allocation;

they receive support by the provider organisation in
both arms of the trial, but the nature of support is
different according to allocation to research interven-
tion or control. Carers are not consenting to random-
isation but to follow-up.

Intervention
The CSNAT-Stroke is the research intervention, de-
scribed briefly here. All intervention materials, including
training handbook and instructional videos, will be made
available after the trial when treatment fidelity and ad-
herence will be reported.
CSNAT-Stroke provides a structured, standardised ap-

proach to offering an evidence-based needs assessment
for carers, which is distinct from the stroke survivor. It
involves the use of a single-page assessment tool orga-
nised into broad domains of need and a written action
plan for review. CSNAT-Stroke is predicated on staff be-
haviour change and follows a general process that can be
flexibly applied whenever the staff member has contact
with a carer. It is facilitated by a staff training and imple-
mentation package. CSNAT-Stroke promotes a carer-led,
practitioner-facilitated approach to identifying and
implementing support inputs that are directly derived
from the needs assessment. Table 1 summarises the
intervention process with Fig. 2 as a basic visual repre-
sentation of the intervention. As described in our dis-
semination plan, we will report using the Template for

Table 1 Summary of CSNAT-Stroke intervention

Step Description Timing and duration Mode

Introduction Carers identified and assured that support is
available

Point of referral to service; ≈ 5 min
duration

Telephone or face-to-face
(inpatient settings or
home), depending on
referral

Carers consider
needs

CSNAT-Stroke needs assessment tool introduced.
Carers encouraged to take independent time to
consider and complete, indicating domains in which
they need more support

At the point of contact; ≈ 5 min duration Face-to-face (may be sent
by post for follow-ups)

Assessment
conversation

Using the CSNAT-Stroke tool as a ‘conversation
ramp’, carers supported to prioritise the domains
most important to them currently: to identify their
individual needs within those domains and the type
of supportive input they would find helpful. Support
may be directly delivered by practitioner at this time
(e.g. reassurance and information) but family
support, signposting or referral to other agencies
may also be included

During support contact. Duration dictated
by time available; ≈ minimum 10min, with
‘set up’ regarding time available to manage
expectations

Typically face-to-face but
possible by phone for
follow-up contact

Shared action and
review plan

Actions to address needs are recorded on a paper
tool and, if appropriate, a plan is agreed regarding
review / update on actions carried out

Following assessment conversation Carers given hard copy
action plan. Staff records in
service database
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Intervention Description and Replication (TIDieR)
guidelines [28].

Carer research participants: inclusion criteria and
recruitment processes
Adult (aged > 18 years) informal carers of stroke survi-
vors are eligible if they:

� are referred to participating clusters;
� receive at least one face-to-face support contact

(regardless of the resultant level of support / need,
e.g. support may be a single face-to-face visit, with
follow-up support by telephone);

� are able to communicate in English (facilitated by
supportive communication techniques); and

� are ‘active’ in their caring role at the time of study
entry, i.e. the stroke survivor being cared for is alive.

Following the first face-to-face contact, i.e. after sup-
port has been delivered according to intervention or
control, staff provide a brief OSCARSS information leaf-
let and ask carers if they would like to be referred to the
research team to find out more about potential study
participation. Carers are told that the service is being
evaluated, but they are not told about the randomised
trial (blinding). The opportunity for study referral is of-
fered, even if a carer does not go on to receive further
support from the service. Carers can be given up to six
weeks to decide about study referral.
If carers accept referral, their details are securely passed

to the research team who make first contact by phone,
introducing the study and providing full study information

by post to seek consent. This process ensures a clear separ-
ation between the research and the provision of support (ei-
ther research intervention or control).
Informed consent is sought by researchers trained in

Good Clinical Practice (GCP) and using approved docu-
ments for information and consent, which were
co-designed with carers via the OSCARSS RUG. Partici-
pant information and consent materials are available on
request from the authors and will be published at trial
end. The right to refuse participation without giving rea-
sons is respected and research participants remain free
to withdraw at any time from the study without giving
reasons and without prejudicing further support.

Data collection
The schedule of data collection and the outcome mea-
sures to be collected are shown in Fig. 3, the SPIRIT
figure, with more detail below.

Carer self-report measures
Demographic and clinical characteristics, related to the
carers and their cared-for stroke survivors, are collected
at study entry, along with EQ-5D-5 L [24]. These data
are not strictly speaking baseline, as support (either
intervention or control) has already been initiated at the
point of study referral. Staff provide a ‘date first seen’
when referring carers to the study and this is considered
the ‘start date’ for intervention or control.
Initial and follow-up outcomes are sought three and

six months after ‘start date’, respectively. The time dif-
ference between study entry and outcomes collection
will not necessarily be exactly three and six months,

Fig. 2 Basic visual representation of the CSNAT-Stroke intervention
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since the recruitment process takes some time after
referral (and, as above, referrals can be received up to
six weeks from ‘start date’). In cases where carers re-
quest more time to make a decision about consent,
study entry data and three-month outcomes can be
collected simultaneously. To allow sufficient time for
reminders and return post, initial outcomes can be
returned any time up to 4.5 months from ‘start date’.

Follow-up outcome data are sought at six months
and can be returned any time up to 7.5 months from
‘start date’. Due to the study end date, we can only
collect six-month (secondary) outcomes up to month
27. A study database auto-generates all prompts for
data collection and, to improve retention, phone calls
engage participants before any postal packs are sent.
Thank you notes also advise when participation is

noitacollAtnemlornE
through 
cluster 
random-
isation 

Post-
enrolment 

Carer recruitment and data collection 
period (months) 

TIMEPOINT -10 to 0 
months 

0 Month 3 Recruit
18 months 
(4 to 22) 

3 month 
outcomes 
(7 to 25) 

6 month 
outcomes 
(10 to 27#)

 CLUSTER ENROLMENT: 
Cluster identification and 
eligibility screen  

X  

Cluster Randomisation   X 
Cluster training   X
CARER ENROLMENT  

INTERVENTIONS: 

CSNAT-Stroke for carer support 

Standard practice carer support 

ASSESSMENTS (postal 
questionnaire): 

Demographic & clinical info    X   

EQ-5D 5L†    X X X 

Caregiver Strain subscale of 
FACQ

X* X 

Caregiver distress subscale of 
FACQ

    X X 

Positive caregiving appraisals 
subscale of FACQ 

    X X 

Pound Satisfaction with Stroke 
Services  

    X X 

HADS     X X 

Service Receipt Inventory  
(& time spent caring)†

    X X 

*Primary outcome (caregiver strain subscale of FACQ at 3 month outcomes collection)
† Health Economics related 

# Due to overall study duration, data collection for six month (secondary) outcomes will end in month 27

Fig. 3 SPIRIT figure
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complete and that a final report on results will be
sent at study close (see ‘Dissemination plan’).
All measures are described below and are completed

by carers via self-report postal questionnaire. Carers are
given the option to complete over the phone with tele-
phone support from a researcher:

� FACQ [23]: the caregiver strain (primary outcome
at the three-month collection point) and caregiver
distress subscales assess the negative impact of
caring, while the positive appraisals subscale assess
the positive impact of caring. The strain subscale of
FACQ was used to successfully evaluate the
effectiveness of the original CSNAT in a palliative
care context [19] and is chosen as the primary clinical
endpoint as it directly addresses the primary research
aims. In addition, the OSCARSS RUG agreed that
caregiver strain was most likely to be alleviated
through this intervention and felt that, when compared
to other candidate caregiver strain or burden scales,
FACQ was more relatable and more likely to be
completed through postal questionnaire;

� caregiver’s perceived quality of support and satisfaction
with services will be assessed using the Pound Carer
Satisfaction with Stroke Services Scale [26];

� carer wellbeing and health will be assessed using the
HADS [25] and EQ-5D-5 L [24], respectively;

� for health economic analysis, an adapted version of
the Service Receipt Inventory [27] will record use of
health, social care and third sector services, as well as
the amount and nature of informal care provision.

Service delivery records
Staff with access to the clusters’ in-house data management
systems will securely provide study-specific data to the re-
search team for consented carers. This will include: the
dates, types and durations of support contacts delivered; and
standardised entries from staff pertaining to needs identified
and actions taken during support contacts. Support contacts
include both direct and non-direct contact (e.g. liaison with
external agents). Health economics analysis will include ‘ser-
vice delivery costs’ for each consented carer, based on these
data, by valuing support time using service provider full
costs. As well as data specific to consented carers, the re-
search team will be securely provided with fully anonymised
service delivery records for all clients in participating ser-
vices / clusters (intervention and control). These records will
contain no personal client data but will include: the number,
duration and type of contacts completed by coordinators;
and categories of needs identified and actions completed.
These data will support an economic understanding of
whole service delivery across participating clusters (compar-
ing intervention to control) and an exploration of how rep-
resentative OSCARSS participants are of all cluster clients.

Sample size
The primary outcome is the Caregiver Strain subscale
of the FACQ [23] at three months after intervention /
control (see also Fig. 3). This subscale scale consists of
eight questions, each worth a maximum of 5 points,
and can be reported as a mean score per question
(maximum score = 5.0) or total number of points (max-
imum score = 40 points). Cooper et al. [23] reported a
mean (SD) of 3.13 (0.87) on this subscale on a study of
160 participants. In their trial to assess the impact of
the CSNAT intervention in the palliative care setting,
Aoun [19] reported a standardised effect size on the
FACQ caregiver strain subscale of 0.348 which corre-
sponds to a difference of 0.31 on the mean score. Based
on empirical data from similar settings, we do not ex-
pect the intraclass correlation coefficient (ICC) to be >
0.05 (https://www.abdn.ac.uk/hsru/what-we-do/tools).
In fact, TRACS, a cluster randomised trial which
trained carers to provide care to stroke survivors [27],
reported ICCs of 0.013 for caregiver burden.
Table 2 shows the sample sizes to achieve 80%

power, assuming at least 16 active clusters per arm
and SD = 0.9.
Our minimum target is 320 carers providing pri-

mary outcomes at three months. This would allow
us 80% power to detect effect sizes of 0.31 or more
for ICCs ≤ 0.01, and effect sizes of ≥ 0.375 for ICCs
of ≤ 0.05. We assume a retention rate of 80% be-
tween consent and primary outcomes, which means
we require a minimum of 400 consented carers.
An optimum sample size of 512 (640 consented carers)

would allow us 80% power to detect effect sizes of ≥ 0.31
for ICCs ≤ 0.05 and would allow us to detect effect sizes of
≤ 0.25 for an ICC of 0.01. We would cease recruitment if
we hit this figure before the planned recruitment end date.
Sample size calculations were carried out using the

clsampsi function in STATA.

Statistical analysis
Adverse events
This study’s intervention is low risk, primarily involving
staff behaviour change when supporting carers within
their role. Serious adverse events (SAEs) are an inherent

Table 2 Sample size projections

ICC Effect size = 0.31 unit change
in mean score (2.5 points
change on total score)

0 288

0.01 320

0.025 384

0.05 512

0.075 800
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part of an active caregiving role (e.g. musculoskeletal in-
jury; new medical problems or deterioration of existing
medical problems, including depression). It is possible
that these could lead to hospitalisation, prolongation of
existing hospitalisation, disability / incapacity or death.
As such, they are expected SAEs; there are no SAEs that
we predict will be related to the research intervention.
All adverse events (AEs) will be recorded. SAEs will be
reported to the Research Ethics Committee (REC) within
15 days if the Chief Investigator believes they might be
related to the research and unexpected.

Analysis, including economic evaluation
A full and detailed statistical analysis plan (SAP), includ-
ing information on how any missing data will be man-
aged, is included as an Additional file 2.
Analysis of the primary outcome comparing interven-

tion and control at three months will be carried out on
the basis of intervention to treat (ITT) and performed
using a multilevel regression model, with a random
intercept for ‘site’ to take into account clustering and a
fixed covariate for ‘intervention’ along with adjustment
using the following fixed individual level covariates:
stroke severity of cared-for person (as rated by carer),
time post-stroke, age of carer, health of carer at study
entry (as indicated by self-reported pre-existing
long-term health conditions) and the following cluster
level covariates; size of service, pre-existing knowledge/
experience of staff delivering support. By the design of
this cluster randomised trial, recruitment of individual
carers takes place after randomisation and therefore we
are at risk of selection bias. We plan to adjust for base-
line covariates in an attempt to control for any baseline
imbalance. Similar analysis will be used for all numeric
secondary outcome measures.
The mean number of carers per cluster, the mean num-

ber of support contacts per carer per cluster and the mean
duration of contacts per carer per cluster will be compared
between control and intervention groups using t-tests. We
would not expect these variables to have appropriate distri-
butions for analysis using a linear mixed model.
Sensitivity analyses will explore any potential bias in

the analysis of the primary outcome measure and exam-
ine how robust the findings are:

i. without adjustment for covariates;
ii. per protocol;
iii. combining three-month and six-month month data:

using ‘time’ and ‘time by group interaction’ as fixed
covariates, all available three-month and six-month
data will be combined for the Caregiver Strain
subscale of the FACQ. This will allow us to
explore how caregiver strain changes over time

and whether any effect of the intervention
changes over time;

iv. multiple imputation: using multiple imputation to
replace missing values on the primary outcome
measure using the following covariates: stroke
severity of cared-for’s stroke; time after stroke;
age of carer; pre-stroke health of carer (as per
Royston [29]);

v. excluding delayed responses: excluding any data
from individuals who return their three-month
outcome data later than 4.5 months after ‘date seen’
or six-month outcome data later than 7.5 months
after ‘date seen’;

vi. removing carer dyads: where multiple carers of the
same stroke survivor have provided outcome data;
excluding data from the second and subsequent
carers linked to the same stroke survivor.

Data relevant to the Health Economics analysis will in-
clude the Service Receipt Inventory, number of support
contacts delivered per carer, informal care provision esti-
mates and EQ-5D-5 L. Trial health economists will at-
tach costs to questionnaire items and support contacts
to allow a comparison across research intervention and
control arms of the trial. Prognostically important vari-
ables such as carer health and demographics will be fac-
tored into an analysis comparing use of healthcare
services, with severity of stroke survivor factored in to
an analysis comparing time spent caring.

Data management and monitoring
All information collected is kept strictly confidential. In-
formation will be held securely on paper in locked filing
cabinets and electronically on encrypted servers. All data
are anonymised as early as possible, with carers assigned
a unique identifier as soon as they are entered into the
database. If a participant withdraws consent at any time,
their research data will remain on file and will be in-
cluded in the final study analysis, unless otherwise re-
quested. If a withdrawing participant agrees to receive a
final report summarising the results of the study, their
contact information will be held on file for these pur-
poses and will be deleted once the final report is sent.
Standard Operating Procedures (SOP) for data entry

processes ensure consensus in interpreting ambiguous
data. The SOP also outlines data checking for quality
and is available on request. Delegation logs determine
which study staff are trained and assured to carry out
specific tasks, including data entry.
The Research Team will form a Trial Management

Group (TMG) and a Trial Steering Committee (TSC).
The TSC will be chaired by and include independent
members as well as key trial personnel. Data to be regu-
larly monitored will include: individual level study-entry
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demographic and clinical variables; and cluster level data
related to referrals and recruitment. The TMG and TSC
will consider recruitment and balance across the inter-
vention and control arms throughout the study. After
four months of carer recruitment, the TSC met to con-
sider these data to make a recommendation as to
whether the trial should be allowed to continue, con-
tinue with modification or be discontinued (they decided
on the former). A TSC charter outlining roles and re-
sponsibilities is available on request.

Discussion
This paper describes the protocol for a novel trial ex-
ploring clinical and cost-effectiveness of a pragmatic
intervention to support and empower informal carers of
stroke survivors. It differs from TRACS [27] in that
OSCARSS trains staff to support carers’ own needs
whereas the focus of TRACS was to train carers to per-
form the caring role. The OSCARSS intervention has
been adapted from an existing approach used success-
fully in palliative care settings.
All aspects of the study have been designed in collab-

oration with key stakeholders, including carers them-
selves who form our study specific RUG, and stroke
professionals who deliver the support. We believe this
collaboration strengthens the study, including optimising
recruitment processes and outcome measurement.
There are also some challenges to address, including the

lack of baseline measures to explore change in outcomes,
which the randomised design helps overcome. In terms of
outcomes, the majority of our clinical endpoint data will
be based on carer self-report, using measures that have
been carefully selected through consultation with litera-
ture and co-development with service users. The interven-
tion aims to provide individualised carer support and
reduce the negative impact of caregiving, but our carer eli-
gibility criteria are extremely inclusive and do not require
diagnosis of depression, anxiety or similar. As such, hard
clinical endpoints requiring professional assessment would
be inappropriate in this pragmatic trial.
The decision to widen the time window for returning

the postal questionnaire is a pragmatic one but may in-
crease variability in when we measure outcomes. This
will be adjusted for, as needed, with sensitivity analysis.
Cluster randomisation is essential to avoid contamin-
ation as we are evaluating delivery of an intervention
within a service but leads to potential for differential re-
cruitment as allocation is known in advance of consent.
Methods to overcome this have been outlined above and
in the SAP but in addition, all cluster staff are given simi-
lar training with regards to recruitment and record keep-
ing and are regularly engaged with by the research team
and service managers to encourage consistent referrals to
the study. Generalisability will be explored through

comparing characteristics of our sample to anonymised
data related to national caseloads of the service provider.
This paper has focused on the cRCT and health econom-

ics, but it is strengthened by an embedded mixed-methods
process evaluation to ensure a contextualised interpretation
of our findings. The process evaluation will be described
fully elsewhere but includes: implementation of the re-
search into practice; sustainability of the research interven-
tion; and the effect of research team on staff behaviour.
The research intervention requires staff behaviour change
and the pragmatic design leads to anticipated challenges ex-
ploring intervention fidelity, which the process evaluation
will also help overcome. Semi-structured qualitative inter-
views will explore staff and carer experiences of delivering
and receiving support, respectively. Interviews are com-
pleted with purposively sampled participants, considering
demographic variables, arm allocation and geographical lo-
cation. Interviews and focus groups will also be completed
with service provider managers and senior leadership
teams. The process evaluation is overseen by expert imple-
mentation and qualitative researchers who were not in-
volved in the trial design.
Overall, OSCARSS will provide pragmatic data on fu-

ture healthcare development for supporting carers of
stroke survivors. Health economics components will
allow exploration of costs with a view to providing a
costed service specification to directly inform service im-
provements. The model for adapting and implementing
the research intervention through collaboration could be
applied to other health conditions and settings.

Dissemination plan
The findings from OSCARSS will be published in
scientific journals using the following guidelines: Consoli-
dated Standards of Reporting Trials (CONSORT) guide-
lines for cRCTs [30]; Template for Intervention
Description and Replication (TIDieR) guidelines for inter-
vention description [28]; and Consolidated criteria for
reporting qualitative research (COREQ) guidance for
qualitative research [31]. Trial findings will also be written
up in accessible, lay-friendly language and disseminated to
research participants and on the NIHR CLAHRC Greater
Manchester website. A study-specific event to disseminate
to all stakeholders will be held and we will disseminate to
wider audiences through local, national and international
conferences. Implementation activities will be finalised
once the results are known.

Trial status
Clusters were randomised in September 2016 and
trained in January 2017, when carer participant recruit-
ment began. The first carer was enrolled on 17 January
2017. Recruitment is ongoing (at the time of journal
submission) and will be completed by 31 July 2018.
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ABSTRACT
Objective Investigated clinical effectiveness and cost-
effectiveness of a person-centred intervention for informal 
carers/caregivers of stroke survivors.
Design Pragmatic cluster randomised controlled trial 
(cRCT) with economic and process evaluation.
Setting Clusters were services, from a UK voluntary 
sector specialist provider, delivering support primarily in 
the homes of stroke survivors and informal carers.
Participants Adult carers in participating clusters were 
referred to the study by cluster staff following initial 
support contact.
Interventions Intervention was the Carer Support Needs 
Assessment Tool for Stroke: a staff-facilitated, carer-
led approach to help identify, prioritise and address the 
speci�c support needs of carers. It required at least 
one face-to-face support contact dedicated to carers, 
with reviews as required. Control was usual care, which 
included carer support (unstructured and variable).
Outcome measures Participants provided study entry 
and self-reported outcome data by postal questionnaires, 
3 and 6 months after �rst contact by cluster staff. Primary 
outcome: 3-month caregiver strain (Family Appraisal of 
Caregiving Questionnaire, FACQ). Secondary outcomes: 
FACQ subscales of caregiver distress and positive 
appraisals of caregiving, mood (Hospital Anxiety and 
Depression Scale) and satisfaction with stroke services 
(Pound). The economic evaluation included self-reported 
healthcare utilisation, intervention costs and EQ-5D-5L.
Randomisation and masking Clusters were recruited 
before randomisation to intervention or control, with 
strati�cation for size of service. Cluster staff could not be 
masked as training was required for participation. Carer 
research participants provided self-reported outcome data 
unaware of allocation; they consented to follow-up data 
collection only.
Results Between 1 February 2017 and 31 July 2018, 35 
randomised clusters (18 intervention; 17 control) recruited 
414 cRCT carers (208 intervention; 206 control). Study 
entry characteristics were well balanced. Primary outcome 
measure: intention-to-treat analysis for 84% retained 
participants (175 intervention; 174 control) found mean 
(SD) FACQ carer strain at 3 months to be 3.11 (0.87) 
in the control group compared with 3.03 (0.90) in the 
intervention group, adjusted mean difference of −0.04 

(95% CI −0.20 to 0.13). Secondary outcomes had similarly 
small differences and tight CIs. Sensitivity analyses 
suggested robust �ndings. Intervention �delity was not 
achieved. Intervention-related group costs were marginally 
higher with no additional health bene�t observed on EQ-
5D-5L. No adverse events were related to the intervention.
Conclusions The intervention was not fully implemented 
in this pragmatic trial. As delivered, it conferred no clinical 
bene�ts and is unlikely to be cost-effective compared with 
usual care from a stroke specialist provider organisation. 
It remains unclear how best to support carers of stroke 
survivors. To overcome the implementation challenges 
of person-centred care in carers’ research and service 
development, staff training and organisational support 
would need to be enhanced.
Trial registration number ISRCTN58414120.

INTRODUCTION
Informal carers, providing unpaid support 
to family and friends with long-term health 
conditions, make an invaluable societal and 

Strengths and limitations of this study

► We successfully conducted the �rst adequately 
powered cluster randomised controlled trial of an 
approach to support informal carers of stroke sur-
vivors, but may have bene�ted from a feasibility trial 
to maximise intervention �delity.

► We collaborated closely with service providers and 
previous service users to pragmatically tailor the 
intervention for implementation, including a staff-
training package.

► The demographic pro�le of the sample was as ex-
pected for carers of stroke survivors but the sample 
lacked ethnic diversity and we may have bene�ted 
from seeking data beyond 6 months after support 
had been initiated.

► We highlight the feasibility of robust research with 
this population and signpost to suggestions from our 
nested process evaluation for improved implemen-
tation of person-centred care.

 on January 31, 2022 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-038777 on 12 January 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/
ISRCTN58414120
http://dx.doi.org/10.1136/bmjopen-2020-038129
http://dx.doi.org/10.1136/bmjopen-2020-038129
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-038777&domain=pdf&date_stamp=2021-01-12
http://orcid.org/0000-0003-4075-1215
http://orcid.org/0000-0001-9547-7247
http://orcid.org/0000-0003-2200-1680
http://orcid.org/0000-0001-5420-6774
http://orcid.org/0000-0001-9574-7710
http://orcid.org/0000-0002-4198-5761
http://bmjopen.bmj.com/


2 Patchwood E, et al. BMJ Open 2021;11:e038777. doi:10.1136/bmjopen-2020-038777

Open access

economic contribution. BMJ published the ‘unremitting 
burden on carers’ over 30 years ago,1 but sadly carers’ 
own support needs are still often overlooked and being 
a caregiver often adversely affects health and well-being.2

Although countries such as the UK now mandate for the 
identification of carers’ support needs through the 2014 
Care Act,3 less than one-third report receiving a statutory 
assessment.2 One possible approach for comprehensive 
support is the Carer Support Needs Assessment Tool 
(CSNAT) intervention.4 The CSNAT intervention has 
multiple components including a comprehensive assess-
ment tool integrated within a staged carer-led approach 
to individualised support. It was developed, implemented 
and tested in the context of palliative care with positive 
outcomes, including a significant reduction in caregiver 
strain as measured on the Family Appraisal of Care-
giving Questionnaire (FACQ).5–9 We hypothesised that 
this intervention had the potential to support informal 
carers of people with long-term health conditions such as 
stroke, that causes a greater range of disabilities than any 
other in the UK.10 Recent systematic reviews and trials of 
carers of stroke survivors have highlighted the absence of 
a robustly proven support intervention.11–15

In close collaboration with a study-specific carer advisory 
research group (see the Patient and public involvement 
section) and a UK stroke service provider organisation, 
we adapted the CSNAT intervention including a staff 
training and implementation package tailored to the 
provider organisation (see the Interventions and proce-
dures section, and figure 1, table 1 and online supple-
mental table S1). This partnership was facilitated by the 
former National Institute for Health Research Collabora-
tion for Leadership in Applied Health Research and Care 
Greater Manchester (NIHR CLAHRC GM, https://www.
clahrc-gm.nihr.ac.uk/, now Applied Research Collabora-
tions). The aim of the Organising Support for Carers of 
Stroke Survivors (OSCARSS) study was to determine the 
clinical and cost-effectiveness of the CSNAT-Stroke inter-
vention for carers of stroke survivors, when compared 
with usual care. The primary hypothesis was that the 

adapted intervention would reduce caregiver strain 
when compared with usual care. Secondary hypotheses 
explored the impact on other aspects of the carer experi-
ence (eg, well-being and satisfaction with services), as well 
as its economic impact.

METHODS
Study design
OSCARSS was a longitudinal, pragmatic, national cluster 
randomised controlled trial (cRCT), underpinned by 
patient and public involvement from our study-specific 
carer advisory research group.16 Cluster randomisation 
was essential to avoid contamination. Clusters were drawn 
from services commissioned by the National Health 
Service (NHS) or local authorities, delivered by a UK 
voluntary sector stroke specialist organisation providing 
long-term support to stroke survivors and carers, including 
hospital and home visits. Eligible clusters were those with 
capacity for research participation and delivering support 
to carers in their own homes and a minimum of five new 
client (survivor or carer) referrals per month, based on 
historical service delivery records from a 9-month period 
before the study began.

This paper focuses on the RCT to explore the inter-
vention’s clinical and cost-effectiveness. OSCARSS also 
included a mixed-methods embedded process evaluation 
to help understand intervention implementation and 
workforce adoption, described in detail elsewhere.17

Ethics approvals were obtained (see Ethics approval 
section) and the lead author (EP) affirms that this manu-
script is an honest, accurate and transparent account of 
the study being reported. The study methods and design 
have been described in detail, with no major changes 
made to protocol.18

Figure 1 The adapted CSNAT-Stroke intervention as 
intended. CSNAT-Stroke, Carer Support Needs Assessment 
Tool for Stroke.

Table 1 Summary of key differences between intervention 
and usual care

Usual care CSNAT-Stroke intervention

Focus primarily on stroke 
survivor

Focus speci�cally on carer

No formal process with 
carers: varies across 
services

A standardised assessment and 
support process for carers

Support carer if present Make appointment to include 
carer

Usually see together with 
stroke survivor

Normalise seeing carer 
separately

If carer present: prompt 
question from practitioner 
about carer’s own needs

Carer-led assessment and 
prioritisation of needs using 
evidence-based assessment 
tool and staged person-centred 
approach

Review times vary Carer-speci�c action and review 
plan

CSNAT-Stroke, Carer Support Needs Assessment Tool for Stroke.
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Patient and public involvement
A study-specific Research User Group (RUG) of 10 indi-
viduals with experience of caring for a stroke survivor 
was set up in December 2015, at the planning stages 
of OSCARSS. Through regular meetings (2015–2019) 
and representation on the Trial Management Group, 
the priorities, experiences and preferences of the RUG 
informed development of the research questions and the 
design, analysis/interpretation and dissemination of all 
components of the OSCARSS Study. The RUG supported 
authorship of an easy access report on the results of this 
study that has been sent to study participants (Dissemina-
tion Declaration).

The RUG advised on participant recruitment and were 
central in limiting the burden of participation for carers. 
The RUG also were key in supporting adaptation of the 
research intervention (CSNAT-Stroke) and staff training 
package, including role-playing videos of the intervention 
in practice. A video summarising their role in OSCARSS 
is available on the study website: https://www.arc-gm.
nihr.ac.uk/projects/oscarss, and following GRIPP2 
framework19 we have published a separate paper on the 
working practices and experiences of RUG members and 
the researchers who facilitated the group meetings.16

Participants
English-speaking informal carers of stroke survivors were 
eligible if they were over 18 years old and received at 
least one face-to-face support contact from participating 
cluster staff. Carers could be included at any time post-
stroke event with any level of need or support require-
ments. We focused on those newly referred to the service 
as opposed to those using services for some time as 
core parts of the intervention included identification of 
carers. We aimed to recruit those individuals identified 
as ‘primary caregiver’, even when there may have been 
other informal carers involved.

Following the first face-to-face support contact (either 
intervention or control), eligible carers were invited 
by cluster staff to find out more about potential study 
participation and given up to 6weeks to make a deci-
sion. Carers were assured that their decision on study 
participation would have no impact on the provision 
of ongoing support (either intervention or control). If 
carers accepted, their details were passed securely to the 
research team who provided full study information by 
post and sought informed written consent to participate. 
Procedures were also in place for consent to be taken by 
telephone. Researchers were in regular contact with all 
cluster staff and senior leadership to encourage fidelity 
with research procedures, including the consistent invita-
tion to participate for all eligible carers.

Randomisation and masking
Details of the randomisation and masking were described 
in the protocol.18 Briefly, clusters were recruited (with 
consent of senior leadership and frontline staff within 
the provider organisation) by research staff before 

randomisation to ensure allocation concealment at a 
cluster level. Clusters were block randomised to interven-
tion or control, with stratification for size of service using 
random blocks of two (to ensure similar numbers of carers 
and clusters in each arm). The trial statistician performed 
the randomisation of all recruited clusters simultaneously 
using an anonymised list of cluster ID numbers and size 
of service data. The initial randomisation list produced 
allocations for 36 clusters, with a second randomisation 
list produced to allocate up to 16 clusters in the event of 
needing to replace clusters that dropped out or failed to 
recruit.

Cluster staff could not be masked as training was 
required to equip them to participate in the study. 
Training included participant recruitment and trial proce-
dures (control and intervention arms of the trial) and the 
intervention (intervention arm only). The research team 
were masked to allocation as far as possible, although 
some team members could become unmasked during 
cluster staff training or support activities. Carer research 
participants provided self-report primary and secondary 
outcomes unaware of allocation; they received support 
from their local randomised cluster and consented to 
follow-up data collection only. Carers were told that 
the service was being evaluated but not told about the 
randomised clusters.

Interventions and procedures
The intervention is a person-centred, structured process of 
assessment and support that is practitioner facilitated, but 
carer led. It enables carers to identify and prioritise their 
unmet needs during routine support contacts by staff; 
and then collaboratively put in place tailored support to 
meet identified needs. The intervention includes: a needs 
assessment tool; an action plan; and a multistage person-
centred framework for introducing and using them both. 
The intervention is delivered typically at home visits that 
also include stroke survivors being supported by the same 
staff member. Staff in all clusters were trained in the study 
processes but only those in intervention clusters were 
trained to implement this individualised approach, using 
instructional videos, role-play and workbooks. Implemen-
tation does not include change to local, external support 
services available to carers—although staff were encour-
aged to create service directories, in case signposting or 
referral was required. The intended intervention is illus-
trated in figure 1, summarised in table 1 which highlights 
differences to usual care and described in detail in online 
supplemental table S1, adapted Template for Interven-
tion Description and Replication checklist.20

We compared the intervention to usual care within clus-
ters (also summarised in table 1 and described in online 
supplemental table S1). Although the service delivery 
organisation had well-defined practices for supporting 
stroke survivors, support for carers was typically offered 
but variable across services.

Study entry data included demographic and clin-
ical characteristics of carers and their cared-for stroke 
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survivors, along with EQ-5D-5L.21 These were collected 
through carer self-report postal questionnaires at the same 
time as consent. As support (intervention or control) was 
implemented at a cluster level and designed to begin at 
the first point of contact with a carer, study entry data 
could not be considered truly ‘baseline’ as it was collected 
after support had been initiated, although data such as 
age, gender and date of stroke could be assumed to be 
constant. Initial and follow-up outcomes were sought 
by carer self-report postal questionnaire 3 and 6months 
after support was initiated. In addition, service delivery 
records for all consented carers were extracted by the 
service provider at the end-of-study data collection.

Outcomes
Primary outcome was the strain subscale from the FACQ9

3months after the start of intervention. Three-month and 
6-month outcomes postal questionnaire packs were iden-
tical in content. Carers were provided with the option to 
complete them over the telephone with support from a 
researcher. Packs included:
► The FACQ9 with subscales for strain, distress and 

positive appraisals of the impact of caring. Each item 
was scored from 1 to 5 and each subscale produced a 
mean score out of 5, with a score of 3 as neutral, and 
higher scores indicating a greater amount of the vari-
able being measured.

► The Pound Carer Satisfaction with Stroke Services 
Scale,22 with higher scores indicating more satisfac-
tion with services (composite score maximum of 44; 
standalone ‘smiley faces’ overall score maximum of 
7).

► The Hospital Anxiety and Depression Scale23 for carer 
anxiety and depression, with higher scores indicating 
higher mood disturbance and clinical cut-offs of: non-
cases (0–7); mild (8–10); moderate (11–14); severe 
(15–21).

► An adapted version of the Service Receipt Inventory11

to collect information on carers’ use of NHS and 
social care services and the EQ-5D-5L21 as the measure 
of health benefit used in the economic evaluation.

Routinely collected service delivery records for 
consented carers (described in Interventions and Proce-
dures) included: the dates, types and duration of direct 
and non-direct support activities provided; standardised 
entries from staff pertaining to needs identified and 
actions taken during support contacts. Needs and action 
categories were pre-existing within the service provider 
records management system and not altered for the 
purpose of the trial.

We collected data on how often staff used the interven-
tion’s needs assessment tool and action plan but primarily 
evaluated implementation using qualitative methods in 
our separately reported process evaluation.17

No serious adverse events (SAEs) were expected to be 
related to the intervention. All known AEs were typically 
collected via outcomes postal packs or during routine 

study follow-up calls with participants or cluster staff. SAEs 
were reported if they were deemed related and unex-
pected. Protocol deviations were recorded, for example, 
return of 3-month outcome measures more than 6weeks 
late.

Statistical and economic analysis
A full Statistical Analysis Plan was published with the study 
protocol.18 We explored a range of projected sample sizes 
in our protocol. A minimum of 400 carers recruited from 
32 clusters (200 per trial arm) would provide 80% power 
to detect standardised effect sizes on the primary outcome 
of 0.31 or more (FACQ Strain mean score), assuming an 
intraclass correlation coefficient (ICC) of 0.01 with a 20% 
loss to follow-up, at the 5% significance level. Power was 
calculated using the Stata clsampsi function.24 We did not 
expect the cluster ICC to be >0.05.25

The primary analysis was intention to treat (ITT), 
comparing intervention and control at 3months using 
a multilevel regression model with adjustment for clus-
tering and using the following fixed individual level 
covariates: time post-stroke; age of carer; health of carer 
at study entry; stroke severity (as rated by carer); and 
the following cluster level covariates: size of service and 
experience of staff delivering support. Missing covariate 
data were imputed using multiple imputation via the ‘mi 
impute’ function in Stata. Sequential imputation using 
chained equations was used to create 10 datasets. At least 
6 of the 8 items on the primary outcome (FACQ Strain 
subscale at 3months) had to be completed for inclu-
sion in primary analysis. Similar analysis was used for all 
numerical secondary outcome measures. Sensitivity anal-
yses were prespecified in the Statistical Analysis Plan to 
explore any potential bias and examine the robustness of 
findings.

An analysis plan for the economic evaluation was also 
published as part of the study protocol. The economic 
evaluation compared the intervention with usual care over 
the 6-month follow-up period using an ITT approach and 
from the NHS and social care perspective. The measure 
of health benefit was utility, derived from EQ-5D-5L at 
each assessment using the crosswalk methods as currently 
recommended by the National Institute for Health and 
Care Excellence.26 Quality-adjusted life years (QALYs) 
were calculated from these utility values using an area 
under the curve approach. The costs for the economic 
evaluation include the costs associated with NHS and 
social care resources used by carers during the study and 
the direct costs associated with delivering the interven-
tion/control. The intervention-related costs included 
training for staff and time spent providing support 
(extracted from service delivery records). Further details 
of the economic methods are reported in online supple-
mental material.

Regression models, based on multiple imputed data-
sets, were used to estimate net costs (generalised linear 
model with gamma family and log link) and QALYs 
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(linear model) for the intervention arm compared 
with the control arm. Models allowed for clustering 
by adjusting for the same cluster-level covariates as the 
clinical-effectiveness analysis (see above) and the models 
were specified so that the CIs allowed for intragroup 
correlation. Net costs were divided by net QALYs to calcu-
late an Incremental Cost-Effectiveness Ratio (ICER). The 
net costs and QALYs were bootstrapped 2000 times to esti-
mate robust 95% CIs and plotted on a cost-effectiveness 
plane. Prespecified sensitivity analyses were conducted, 
including complete case analyses.

Role of the funding source
The NIHR CLAHRC had no role in study design, data 
collection, data analysis, data interpretation or writing 
of the paper. Stroke Association partnered with NIHR 
in funding this study and was the specialist stroke service 
provider in OSCARSS. They did provide some data (eg, 
service delivery records) and contributed to discussions 
about data interpretation and dissemination of find-
ings. The corresponding author had full access to all the 

study data and had final responsibility for the decision to 
submit for publication.

RESULTS
In September 2016 we randomised 36 clusters (18 inter-
vention; 18 control). Three control and one intervention 
cluster withdrew soon after due to decommissioning or 
all staff long-term sickness (see figure 2) so 32 clusters 
were trained in January 2017. Three replacement clus-
ters were recruited, randomised and trained between 
February and April 2017 (one intervention; two control). 
This gave a total of 35 recruiting clusters (18 interven-
tion; 17 control). Cluster and staff baseline characteristics 
are included in online supplemental table S2.

Between January 2017 and July 2018, 628 eligible carers 
(334 intervention; 294 control) were referred for poten-
tial participation across 35 participating clusters (18 inter-
vention; 17 control) in England and Northern Ireland. Of 
those eligible, 414 (66%) carers consented (208 interven-
tion; 206 control) and were followed up between March 

Figure 2 CONSORT diagram showing cluster recruitment and patient �ow. All numbers correspond to number of carers 
unless otherwise stated. All percentages are out of number of consented carers. *Postal packs had not been returned after 13 
weeks/21 weeks/26 weeks for demographic/3-month/6-month data. CONSORT, Consolidated Standards of Reporting Trials; 
OSCARSS, Organising Support for Carers of Stroke Survivors.
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2017 and December 2018. Participant flow is shown in 
figure 2 and consented carer study entry characteristics 
are shown in table 2.

Of the 414 consented participants, 319 (77%) were 
women and 315 (76%) were partners/spouses of the 
stroke survivor they cared for and 399 (97%) were ethni-
cally white. The mean age of carers was 62 years old when 
they joined the study and the median time from the 
stroke event to support being initiated was 2.3 months 
across the whole sample (IQR=1.1–2.3). All measured 
variables related to consented carers were well balanced 
across intervention and control groups, including the 
level of independence of the cared-for stroke survivor, as 
perceived by carers.

Primary outcomes were available for 175 (84%) of 
consented carers in the intervention group and 174 (84%) 
in the control group. Follow-up (secondary) outcomes 
were available for 124 (60%) of consented carers in the 
intervention group and 142 (69%) in the control group.

Primary analysis of all outcomes is shown in table 3. 
Clustering for the primary outcome was low (ICC=0.02) 
and negligible after adjustment for covariates. For our 
primary outcome measure we found the mean (SD) 
FACQ carer strain at 3 months to be 3.11 (0.87) in the 
control group compared with 3.03 (0.90) in the inter-
vention group, adjusted mean difference −0.04 (95% CI 
−0.20 to 0.13). Note that this CI excludes the minimal 
important difference of 0.31 used in our sample size 
calculation and therefore the data are not consistent with 
a clinically relevant difference between intervention and 
control groups. Similarly when we looked at the longer 
term FACQ carer strain at 6 months we observed a mean 
control measure of 3.10 (0.88) compared with 3.07 (0.87), 
adjusted mean difference −0.04 (95% CI −0.22 to 0.14). 
All other secondary outcome measures had small differ-
ences and tight CIs (see table 3) and therefore are not 
consistent with meaningful differences between control 
and intervention. Both unadjusted and adjusted estimates 
of intervention effect were similar, providing no evidence 
of any confounding due to demographic or clinical vari-
ables. These findings were consistent across all sensi-
tivity analyses including: excluding delayed responders; 
removing carer dyads; imputing missing outcome data; 
and combining 3-month and 6-month data, suggesting 
that the results are robust to assumptions made in the 
analysis.

The clinical interpretation of selected findings was 
that for the primary outcome, carer strain, both groups 
reported an average of around 3 out of 5 that is, a neutral 
level. For secondary outcomes, average levels of anxiety 
and depression were around 8 and 6/7 out of 21 (mild 
and non-case, respectively). Both groups tended to ‘agree’ 
with the positive appraisal of the impact of caregiving that 
is, average scores 4 out of 5. Satisfaction ratings for both 
groups were towards the higher end of the composite 
scale, an average of around 30 out of 44.

For the economic evaluation, there was a high propor-
tion of missing data but economic analysis was still 

Table 2 Carer study entry characteristics

Control Intervention

N=206 N=208

Sex, n (%)

Male 42 (20.4) 51 (24.5)

Female 164 (79.6) 155 (74.5)

Missing data – 2 (1)

Age, mean (range) 62.5 (24–86) 62.3 (21–88)

Relationship with stroke survivor, n (%)

Husband/wife or 
partner

160 (77.7) 155 (74.5)

Parent 2 (1.0) 6 (2.9)

Son/daughter 39 (18.9) 41 (19.7)

Other 5 (2.5) 5 (2.5)

Missing data – 1 (0.5)

Lives relative to stroke survivor, n (%)

In the same household 179 (86.9) 172 (82.7)

Within walking 
distance

8 (3.9) 12 (5.8)

Within 30 min drive/
public transport

16 (7.8) 16 (7.7)

More than 30min 
drive/public transport

3 (1.5) 8 (3.8)

Marital status, n (%)

Single 18 (9) 9 (4)

Married/living as 
married

177 (85) 178 (87)

Other 13 (6) 18 (8)

Missing data 1 (0) –

Ethnicity, n (%)

White 200 (97.1) 199 (96.7)

Mixed/multiple ethnic 
groups

– 4 (1.9)

Asian/Asian British 6 (2.9) 5 (2.4)

Employment status, n (%)

Employed full-time 30 (14.6) 25 (12.0)

Employed part-time 23 (11.2) 25 (12.0)

Self-employed 13 (6.3) 9 (4.3)

Retired 102 (49.5) 111 (53.4)

Unemployed 11 (5.3) 12 (5.8)

Full-time education – 1 (0.5)

Other, including 
homemaker

27 (13.1) 25 (12)

Highest level of education, n (%)

None 47 (22.8) 49 (23.6)

Examinations at 16 72 (35.0) 75 (36.1)

A/AS level or 
equivalent

41 (19.9) 29 (13.9)

University 42 (20.4) 50 (24.0)

Continued
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feasible. We found similar neutral findings between 
groups in terms of health benefits (see table 4). Resource 
use is summarised in online supplemental tables S3–S8. 
Costs associated with the intervention were slightly higher 
(around £40 per person) than the control, primarily due 
to:
► Additional staff training required for the interven-

tion, calculated at £15 per consented carer supported 
in intervention-allocated clusters.

► Additional support provided to consented carers in 
intervention-allocated clusters, according to extracted 
service delivery records. Carers in intervention-
allocated versus control-allocated clusters had 15 vs 
12 support activities recorded, on average, totalling 
4.7hours vs 4.2hours, respectively.

► Carers in intervention-allocated clusters self-reported 
accessing more primary care services, specifically 
general practice nurses.

These slightly higher costs without measurable health 
benefits over usual care suggest that the intervention 
as delivered is unlikely to be cost-effective (see table 5). 
This remained the case in all sensitivity analyses. Figure 3
shows the cost-effectiveness plane for the primary anal-
ysis; the clustering around the vertical axis demonstrates 
that we can be relatively certain there is no additional 
health benefit from the intervention compared with the 
control group.

No SAEs were reported that were judged to be related 
to the research. There were 12 SAEs in total (seven inter-
vention; five control). Ten involved hospitalisation and 
two related to Accident and Emergency visits with possible 
long-term incapacity.

Service delivery records indicate that more carers 
received an individual case record in the intervention 
arm (92/208, 44%) than control arm (65/206, 32%); 
other carers had service delivery data captured along-
side a stroke survivor record. In addition, intervention 
arm carers versus control arm carers had more needs 
reported (146 vs 80) and more actions agreed (278 vs 
148), according to service delivery records.

Indicative findings from the quantitative data on the 
implementation of the intervention suggest the inter-
vention was not implemented as intended. Overall, 
of the 334 eligible carers referred to the study from 
intervention-allocated clusters, the CSNAT-Stroke needs 
assessment tool and action plan were recorded as used in 
278 (83%) and 121 (36%) cases, respectively. Similarly, 
for the 208/334 carers who went on to join the study from 
intervention-allocated clusters, they were used in 172 
(83%) and 66 (32%) cases, respectively.

DISCUSSION
In terms of clinical effectiveness and cost-effectiveness 
OSCARSS’ findings were conclusive. We found no mean-
ingful difference in the level of self-reported caregiver 
strain between those allocated to an adapted support 
intervention or to usual care. Findings were robust and 
consistent across all outcomes, time points and sensi-
tivity analyses. The economic evaluation demonstrated 
neutral findings on health benefits and slightly increased 
costs making the intervention unlikely to be cost-effective 
compared with usual care. There are several possible 
explanations for our neutral finding explored in detail 
below. In brief, carers in both groups received support 
from the same national service provider organisation, 
and at the primary outcome time point both groups had 
a level of strain categorised as neutral on average. Carers 
seen by intervention-allocated clusters received slightly 
more support and accessed more primary care services 
than carers in the control group. However, the interven-
tion was not fully delivered as intended.

Comparison with other studies
A review of multifaceted support interventions for 
stroke survivors and carers found no evidence of effec-
tiveness for carers’ subjective health status nor mental 
health (15 interventions, 1775 carers).14 A review of non-
pharmacological interventions for carers of stroke survi-
vors also found no strong evidence to inform best practice 
for supporting carers (8 studies, 1007 carers).13 Recent 
important randomised trials of structured training for 
carers to provide care11 or deliver rehabilitation12 show 
the feasibility of carer trials but an absence of evidence of 
effectiveness.

Control Intervention

N=206 N=208

Other 1 (0.5) 2 (1.0)

Missing data 3 (1.5) 3 (1.4)

Carer has long-term health condition, n (%)

Yes 124 (60.2) 130 (62.5)

No 82 (39.8) 78 (37.5)

Carer provided care to stroke survivor prior to stroke, n (%)

Yes 81 (39.3) 79 (38.0)

No 124 (60.2) 122 (58.7)

Cared-for stroke survivor characteristics (as reported by 
carer)

Months post-stroke (at date seen)

Mean (SD) 5.93 (15.47) 6.46 (16.38)

Median (IQR) 2.2 (1.1–4.6) 2.37 (1.2–4.8)

Missing data, n (%) 3 (1.5) 8 (3.8)

Independence*

Mean (SD) 10.99 (3.67) 11.14 (3.69)

Median (IQR) 11 (8–14) 11 (8–14)

*Mean score for carer perceived independence calculated over 
6 domains: personal care, toilet, cooking, walking, transport 
and �nances/legal issues. Each domain scored 1–3 (total max 
score=18) with low scores equating to greater independence.

Table 2 Continued
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Prior to OSCARSS there was no robust RCT evidence of 
the CSNAT, or any other approach, to guide the support 
of carers of stroke survivors. A non-randomised study 
of CSNAT with a non-stroke population concluded that 
the CSNAT was associated with small to moderate reduc-
tions in carer strain compared with pre-intervention.6 8

Several UK studies by the CSNAT team showed similar 
outcomes and good acceptability, but also reported 
implementation challenges similar to those found in 
OSCARSS5 7 and discussed in our sister process evalua-
tion paper.17

Strengths and limitations, with consideration of clinical 
implications
To understand the clinical implications of these find-
ings, we consider the study’s strengths and limitations, 
and explore possible explanatory factors: the choice 
of comparator; intervention delivered; the timing and 
choice of outcomes and characteristics of the sample.

Features of the study design and conduct ensured good 
internal validity. For example, clusters were recruited 
prior to stratified randomisation and carer research 
participants—who completed self-reported outcome 

Table 3 Primary analysis of all outcomes

Control Intervention Difference (95% CI)

Mean (SD) Mean (SD)

Adjusted for 
clustering and 
demographic 
variables

Primary outcome: FACQ carer strain at 3 months N=174 N=175 −0.04 (−0.20 to 0.13)

3.11 (0.87) 3.03 (0.90)

Secondary outcomes collected at 3 months after support initiated:

FACQ carer distress N=173 N=176 0.04 (−0.13 to 0.21)

2.88 (0.83) 2.91 (0.85)

FACQ positive caregiving appraisal N=175 N=176 0.05 (−0.06 to 0.17)

3.99 (0.61) 4.05 (0.54)

Pound Satisfaction with stroke services (composite) N=177 N=171 −1.06 (−3.35 to 1.23)

31.14 (8.85) 30.51 (10.36)

Pound overall Satisfaction with stroke services (smiley faces) N=174 N=167 0.00 (−0.30 to 0.31)

5.10 (1.51) 5.10 (1.49)

HADS anxiety N=174 N=172 0.04 (−0.89 to 0.97)

8.34 (4.51) 8.20 (4.73)

HADS depression N=174 N=172 −0.06 (−0.86 to 0.73)

6.30 (4.17) 6.12 (4.07)

Follow-up outcomes collected at 6 months after support initiated:

FACQ carer strain N=140 N=121 −0.04 (−0.22 to 0.14)

3.10 (0.88) 3.07 (0.87)

FACQ carer distress N=140 N=121 −0.03 (−0.23 to 0.16)

2.93 (0.84) 2.92 (0.84)

FACQ positive caregiving appraisal N=140 N=121 0.12 (−0.02 to 0.26)

3.91 (0.64) 4.04 (0.54)

Pound Satisfaction with stroke services (composite) N=136 N=121 −1.48 (−3.40 to 0.44)

32.12 (5.88) 30.58 (9.81)

Pound overall Satisfaction with stroke services (smiley faces) N=138 N=120 −0.21 (−0.61 to 0.20)

5.17 (1.51) 4.99 (1.54)

HADS anxiety N=141 N=123 0.13 (−0.98 to 1.23)

8.90 (4.66) 8.95 (5.10)

HADS depression N=141 N=123 −0.43 (−1.36 to 0.51)

7.06 (4.56) 6.65 (4.06)

FACQ, Family Appraisal of Caregiving Questionnaire; HADS, Hospital Anxiety and Depression Scale.
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measures—were unaware of allocation. Cluster trials risk 
imbalance across trial groups27 but in OSCARSS, steps 
were taken to minimise this and all measured variables 
related to consented carers appeared well-balanced 
across arms. The intervention was implemented at 
cluster level and began the moment a carer came into 

contact with the service provider so it was not possible 
to explore change from baseline in individual outcomes, 
however the randomised design, coupled with balanced 
cluster and carer characteristics, helps overcome this. 
OSCARSS achieved its target, powered sample size with 
minimal missing clinical data and low attrition (16% in 
both groups) at the primary outcome time point. We have 
confidence in our findings which were consistent across 

Table 4 EQ-5D utility values at each time point and QALYs 
for whole follow-up, by treatment arm

Control Intervention

Mean (95%CI)

Study entry utility 0.78 (0.75 to 0.81) 0.76 (0.74 to 0.79)

n=204 n=199

3-month utility 0.73 (0.71 to 0.76) 0.73 (0.70 to 0.76)

n=177 n=165

6-month utility 0.72 (0.69 to 0.75) 0.73 (0.69 to 0.76)

n=136 n=118

QALYs (over 6 
months)

0.37 (0.36 to 0.38) 0.38 (0.36 to 0.39)

n=135 n=103

Net QALYs* 0.009 (−0.016 to 0.033) n=238

Adjusted net 
QALYs†

0.004 (−0.018 to 0.026) n=227

*Unadjusted but allowing for intracluster correlation in SEs.
†Net QALYs calculated using linear regression model adjusted for 
age, time since stroke, stroke severity, whether or not the carer 
had any long-term health conditions, cluster size and years of 
experience of the cluster staff.
QALYs, quality-adjusted life years.

Table 5 Results of primary and sensitivity economic analyses comparing CSNAT intervention with usual care

Net costs (95%CI) Net QALYs (95%CI) ICER (£/QALY)

Primary analysis

Multiple imputed datasets 
(n=410)*

£39.05 (−69.61 to 147.71) −0.004 (−0.020 to 0.012) Intervention is dominated

Sensitivity analyses

Complete cases (n=131) £41.24 (−29.01 to 111.49) −0.0001 (−0.026 to 0.026) Intervention is dominated

Per-protocol analysis† 
(n=374)

£42.55 (−71.77 to 156.88) −0.0002 (−0.016 to 0.016) Intervention is dominated

Exclude training and 
intervention costs (n=410)*

£23.33 (−98.21 to 144.87) −0.004 (−0.020 to 0.012) Intervention is dominated

Alternative outcome measure

Net costs (95%CI) Net change (95%CI) ICER: (£/1 point 
improvement)

FACQ strain, complete 
cases (n=139)

£57.32 (−15.77 to 130.41) −0.02 (ie, lower score in 
intervention group) (−0.30 to 0.26)

Intervention is dominated

All analyses adjusted for covariates: carer’s age, time since stroke, stroke severity, whether or not carer has long-term health conditions, 
length of experience of cluster staff, size of cluster and cluster ID.
CIs for all analyses calculated following bootstrapping: 2000 times for imputed datasets, 10000 times for complete case datasets.
*Four participants with no baseline EQ-5D data were excluded from the imputation, leaving 410 participants.
†Thirty-six participants in the imputed dataset excluded who violated protocol conditions (multiple carers per stroke survivor or 
questionnaires returned late).
CSNAT, Carer Support Needs Assessment Tool; FACQ, Family Appraisal of Caregiving Questionnaire; ICER, incremental cost-effectiveness 
ratio; QALYs, quality-adjusted life years.

Figure 3 Cost-effectiveness plane for primary analysis. 
The cost-effectiveness plane shows the ICER (large square) 
and 2000 bootstrapped estimates of net costs and QALYs. 
The narrow, even, horizontal spread of the points indicates 
low uncertainty regarding the indifferent health bene�t. The 
broader vertical spread of the points shows that there is 
more uncertainty around the costs. ICER, incremental cost-
effectiveness ratio; QALYs, quality-adjusted life years.
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all sensitivity analyses including for protocol deviations 
such as the late return of postal questionnaires.

The demographic profile of the sample was as expected 
for carers of stroke survivors and in keeping with other 
trials.11 However, as is so often the case in UK-based 
stroke trials, the sample lacked ethnic diversity (<3% 
non-white group). This does not reflect the diversity in 
the UK general population. Stroke trials need strategies 
to achieve equity of access, given that a large portion of 
UK stroke admissions are from Black, Asian and minority 
ethnic communities.28 We aimed to recruit the primary 
caregiver but did not collect additional data on whether 
they were caring alone or with support. All other measured 
carer variables were balanced across randomised groups.

Neutral findings must consider the context that carers 
in both groups received support, from the same stroke 
specialist provider organisation, and reported high 
satisfaction with stroke services on average. This and 
the outcomes achieved suggest it is plausible that both 
methods of support delivered in OSCARSS were benefi-
cial to carers.

We collaborated closely with our service provider to 
pragmatically tailor the intervention for implementa-
tion, which improved buy-in by the organisation and 
cluster staff. However, our data show that the interven-
tion’s assessment tool and action plan were underused. 
Implementation was explored in greater depth in the 
embedded process evaluation and is consistent with these 
quantitative indicators; namely, that the intervention as 
intended was not fully implemented.17

We have no data beyond 6months after support had 
been initiated, and while our inclusion criteria aimed to 
recruit carers at varying stages, our sample was predomi-
nantly early post-stroke. Previous stroke research suggests 
caregivers may take months to adjust to their role as 
caregivers, become aware of and prioritise their own 
needs.29 The OSCARSS process evaluation and opinions 
of members of our study-specific carer advisory research 
group endorse this and suggest that, while informal care-
givers need support early after stroke, they may struggle 
to participate fully in a ‘carer-led’ intervention that 
encourages self-management, such as the CSNAT inter-
vention, which could have contributed to the implemen-
tation issues noted above. In addition, our relatively short 
follow-up period of 6months may have been too early 
to detect any impact of carers in the intervention group 
receiving more support and accessing more primary 
healthcare services, as observed in our economic evalua-
tion. While our choice of primary outcome was informed 
by past research using the CSNAT intervention6 8 and the 
preferences of our service user group of stroke carers, our 
measure may not have been adequate to detect a differ-
ence in our population of stroke carers.

CONCLUSIONS
In summary, OSCARSS found that the CSNAT-Stroke 
intervention was not measurably clinically effective or 

cost-effective compared with usual care from a stroke 
specialist provider organisation, although we have 
substantial evidence that the intervention was not fully 
implemented in this pragmatic trial. OSCARSS demon-
strated that methodologically rigorous research evalu-
ations for carers of stroke survivors can be successfully 
delivered by voluntary sector organisations. However, the 
challenges of fully implementing person-centred care in 
research and service development need to be addressed 
through enhanced and ongoing staff training as well as 
organisational mechanisms to support and champion 
new approaches becoming embedded into practice. 
There remains a high priority for research to determine 
how best to support carers of stroke survivors.
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A B S T R A C T

Background

Hospital-acquired infection is a frequent adverse event in patient care; it can lead to longer stays in the intensive care unit (ICU), additional
medical complications, permanent disability or death. Whilst all hospital-based patients are susceptible to infections, prevalence is
particularly high in the ICU, where people who are critically ill have suppressed immunity and are subject to increased invasive monitoring.
People who are mechanically-ventilated are at infection risk due to tracheostomy and reintubation and use of multiple central venous
catheters, where lines and tubes may act as vectors for the transmission of bacteria and may increase bloodstream infections and
ventilator-associated pneumonia (VAP). Chlorhexidine is a low-cost product, widely used as a disinfectant and antiseptic, which may be
used to bathe people who are critically ill with the aim of killing bacteria and reducing the spread of hospital-acquired infections.

Objectives

To assess the e�ects of chlorhexidine bathing on the number of hospital-acquired infections in people who are critically ill.

Search methods

In December 2018 we searched the Cochrane Wounds Specialised Register; the Cochrane Central Register of Controlled Trials (CENTRAL);
Ovid MEDLINE; Ovid Embase and EBSCO CINAHL Plus. We also searched clinical trial registries for ongoing and unpublished studies, and
checked reference lists of relevant included studies as well as reviews, meta-analyses and health technology reports to identify additional
studies. There were no restrictions with respect to language, date of publication or study setting.

Selection criteria

We included randomised controlled trials (RCTs) that compared chlorhexidine bathing with soap-and-water bathing of patients in the ICU.

Data collection and analysis

Two review authors independently assessed study eligibility, extracted data and undertook risk of bias and GRADE assessment of the
certainty of the evidence .

Main results

We included eight studies in this review. Four RCTs included a total of 1537 individually randomised participants, and four cluster-
randomised cross-over studies included 23 randomised ICUs with 22,935 participants. We identified one study awaiting classification, for
which we were unable to assess eligibility.
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The studies compared bathing using 2% chlorhexidine-impregnated washcloths or dilute solutions of 4% chlorhexidine versus soap-and-
water bathing or bathing with non-antimicrobial washcloths.

Eight studies reported data for participants who had a hospital-acquired infection during the ICU stay. We are uncertain whether using
chlorhexidine for bathing of critically ill people reduces the rate of hospital-acquired infection, because the certainty of the evidence is
very low (rate di�erence 1.70, 95% confidence interval (CI) 0.12 to 3.29; 21,924 participants). Six studies reported mortality (in hospital, in
the ICU, and at 48 hours). We cannot be sure whether using chlorhexidine for bathing of critically-ill people reduces mortality, because the
certainty of the evidence is very low (odds ratio 0.87, 95% CI 0.76 to 0.99; 15,798 participants). Six studies reported length of stay in the
ICU. We noted that individual studies found no evidence of a di�erence in length of stay; we did not conduct meta-analysis because data
were skewed. It is not clear whether using chlorhexidine for bathing of critically ill people reduced length of stay in the ICU, because the
certainty of the evidence is very low. Seven studies reported skin reactions as an adverse event, and five of these reported skin reactions
which were thought to be attributable to the bathing solution. Data in these studies were reported inconsistently and we were unable to
conduct meta-analysis; we cannot tell whether using chlorhexidine for bathing of critically ill people reduced adverse events, because the
certainty of the evidence is very low.

We used the GRADE approach to downgrade the certainty of the evidence of each outcome to very low. For all outcomes, we downgraded
evidence because of study limitations (most studies had a high risk of performance bias, and we noted high risks of other bias in some
studies). We downgraded evidence due to indirectness, because some participants in studies may have had hospital-acquired infections
before recruitment. We noted that one small study had a large influence on the e�ect for hospital-acquired infections, and we assessed
decisions made in analysis of some cluster-randomised cross-over studies on the e�ect for hospital-acquired infections and for mortality;
we downgraded the evidence for these outcomes due to inconsistency. We also downgraded the evidence on length of stay in the ICU,
because of imprecision. Data for adverse events were limited by few events and so we downgraded for imprecision.

Authors' conclusions

Due to the very low-certainty evidence available, it is not clear whether bathing with chlorhexidine reduces hospital-acquired infections,
mortality, or length of stay in the ICU, or whether the use of chlorhexidine results in more skin reactions.

P L A I N   L A N G U A G E   S U M M A R Y

Bathing critically ill patients with chlorhexidine to prevent hospital-acquired infections

What is the aim of this review?

The aim of this review was to find out whether people who are critically ill in hospital should be bathed with the antiseptic chlorhexidine,
in order to prevent them from developing infections. Researchers from Cochrane collected and analysed all relevant studies to answer
this question and found eight relevant randomised trials. Randomised trials are medical studies where people are chosen at random to
receive di�erent treatments. This study design provides the most reliable evidence on whether treatments have a relationship with desired
or undesired health outcomes.

Key messages

This review assesses whether using chlorhexidine (instead of soap and water) to bathe patients in an intensive care unit (ICU), or a high-
dependency or critical care unit reduces the number of hospital-acquired infections. The evidence available from the studies we analysed
was very low quality, meaning that we cannot be certain whether bathing with chlorhexidine reduces the likelihood of critically-ill patients
developing an infection, or dying. We are also uncertain whether bathing critically ill patients with chlorhexidine shortens the length of
time people spend in hospital, or lowers their risk of developing skin reactions.

What was studied in the review?

People who are critically ill (in an ICU, or a high-dependency or critical care unit) o�en catch infections during their time in hospital. These
infections can lead to longer hospital stays, additional medical complications, permanent disability or even death. Patients in ICUs are
particularly vulnerable to infections because the body's ability to fight infection is reduced by illness or trauma. Surgical tubes and lines
(for example to help with feeding or breathing) may enable bacteria to enter the body. Chlorhexidine is a low-cost product which is used
as an antiseptic and disinfectant in hospitals.

What are the main results of the review?

In December 2018 we searched for studies looking at the use of chlorhexidine for bathing critically ill patients. We found eight studies
dating from 2005 to 2018, involving a total of 24,472 people across more than 20 ICUs. Seven studies included people who were adults, and
one study included only children. All studies included both males and females. All studies compared bathing with chlorhexidine versus
bathing with soap and water or non-antimicrobial washcloths. Four studies received funding from independent funders (government
organisations, or from hospital or university departments) or reported no external funding, and four studies received funding from
companies that manufactured chlorhexidine products.
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The evidence from all eight studies combined is not su�icient to allow us to be certain whether patients bathed in chlorhexidine are less
likely to catch an infection during their stay in the ICU. We are also uncertain whether patients bathed in chlorhexidine are less likely to
die, because the certainty of the evidence from the six studies that reported on this is very low. We did not pool the evidence from the six
studies that reported how long patients had stayed in the ICU, because the results di�ered widely. We are also uncertain whether patients
bathed in chlorhexidine are likely to be in the ICU for less time, because the certainty of the evidence is very low. Reports from five studies
provided di�erent evidence about whether chlorhexidine led to more or less skin reactions; we are uncertain whether patients bathed in
chlorhexidine are likely to have more or less skin reactions, because the certainty of the evidence is very low.

Quality of evidence

Most studies did not use methods to conceal the type of bathing solution that sta� were using, which increases the risk that sta� may
have treated patients di�erently depending on whether patients were in the chlorhexidine study group or the soap-and-water study group.
Participants in some studies may have already caught an infection before the start of the study and we were concerned that this might have
a�ected our results. We also noticed wide di�erences in some results, and some outcomes had few reported events. These were reasons
to judge the quality of the evidence to be very low.

How up to date is this review?

We searched for studies that had been published up to December 2018.
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Summary of findings for the main comparison.   Bathing of the critically ill with chlorhexidine versus bathing with soap and water or non-
antimicrobial washcloths for the prevention of hospital acquired infections

Bathing of the critically ill with chlorhexidine versus bathing with soap and water or non-antimicrobial washcloths for the prevention of hospital acquired infec-
tions

Population: people who are critically ill
Settings: ICUs in France, Italy, Thailand, and USA; studies included single-centre or multicentre settings
Intervention: bathing with a solution of chlorhexidine versus bathing with a solution of soap and water or non-antimicrobial washcloths

Illustrative comparative risks* (95% CI)Outcomes

Assumed risk with
soap and water
bathing

Assumed risk with
chlorhexidine
bathing

Relative
effect
(95%
CI)

Num-
ber of
partici-
pants
(stud-
ies)

Certain-
ty of
the evi-
dence
(GRADE)

Comments

Study populationHospital-ac-
quired infec-
tions

Data collect-
ed during ICU
stay

9.5 infections per
1000 patient days

7.8 infections per 1000
patient days (6.2 to
9.4)

Rate dif-
ference
1.70
(0.12 to
3.29)

21,924
(8 stud-
ies)

⊕⊝⊝⊝
Very
lowa

We are uncertain whether using chlorhexidine for bathing of criti-
cally-ill people reduced the rate of hospital-acquired infection.

We used data from cluster-randomised cross-over studies in which
appropriate adjustments were made for study design. We calcu-
lated rate difference using generic inverse variance in order to ac-
count for studies that reported data as number of events or rates.

Study populationMortality

Data collect-
ed (where
reported) in
hospital, in
the ICU, and
at 48 hours

9.7 deaths per 100
patients

8.5 deaths per 100 pa-
tients (7.6 to 9.6)

OR 0.87
(0.76 to
0.99)

15,798
(6 stud-
ies)

⊕⊝⊝⊝
Very
lowb

We are uncertain whether using chlorhexidine for bathing of criti-
cally-ill people reduced mortality.

We used standard errors imputed using an estimated design effect
for 2 cluster-randomised cross-over studies. We calculated OR us-
ing generic inverse variance.

Study populationLength of
stay in the
ICU 7 days (median) Not estimable

Not es-
timable

18,570

(6 stud-
ies)

⊕⊝⊝⊝
Very
lowc

We are uncertain whether using chlorhexidine for bathing of criti-
cally-ill people reduced length of stay in the ICU.

We did not conduct meta-analysis because data were skewed. We
noted no evidence of any difference in effect in each study.

Adverse ef-
fects: skin re-
actions. Re-

Of participants bathed with chlorhexidine, 1
study reported 5 mild skin reaction, 1 study
reported 1 mild skin reaction, 1 study report-

Not es-
timable

6365

(5 stud-
ies)

⊕⊝⊝⊝
Very
lowd

We are uncertain whether using chlorhexidine for bathing of criti-
cally-ill people reduced adverse events.
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ported as at-
tributable to
chlorhexidine
or soap and
water.

Data collect-
ed during ICU
stay

ed 12 skin reactions, and 1 study reported 21
skin reactions. Comparative data for the con-
trol was not clearly reported in 2 studies and
1 study reported 23 skin reactions, respective-
ly. In 1 multi-armed study, 6 participants in 2
chlorhexidine groups and 6 participants in 2
control groups had skin reactions

We did not combine data due to insufficient information from
study authors or incomparable data. Two additional studies re-
ported skin reactions but believed that these were not attributable
to the bathing solution.

*The basis for the assumed risk is the median control group risk across studies. The corresponding risk (and its 95% CI) is based on the assumed risk in the comparison
group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; OR: odds ratio; ICU: intensive care unit

GRADE Working Group grades of evidence
High certainty: further research is very unlikely to change our confidence in the estimate of effect.
Moderate certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low certainty: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low certainty: we are very uncertain about the estimate.

aDowngraded by three levels: one level for study limitations (high risk of performance bias in most studies, high risks of other bias in individual studies); one level for inconsistency
(sensitivity analysis showed that one small study had a large influence on result, and use of an alternative design e�ect in one cluster-randomised cross-over study changed the
e�ect); one level for indirectness (participants in some studies may have had infections before randomisation)
bDowngraded by three levels: one level for study limitations (high risk of performance bias in most studies, high risks of other bias in individual studies); one level for inconsistency
(sensitivity analysis showed that use of an alternative design e�ect in two cluster-randomised cross-over studies changed the e�ect); one level for indirectness (participants in
some studies may have had infections before randomisation)
c Downgraded by three levels: one level for study limitations (high risk of performance bias in most studies, high risks of other bias in individual studies; one level for imprecision
(visual inspection of data showed skewed data); one level for indirectness (participants in some studies may have had infections before randomisation)
d Downgraded by three levels: one level for study limitations (high risk of performance bias in most studies, high risks of other bias in individual studies); one level for imprecision
(events are very few); one level for indirectness (participants in some studies may have had infections before randomisation)
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B A C K G R O U N D

Description of the condition

Hospital-acquired infection is one of the most frequent types of
adverse event to a�ect patient care, and can lead not only to
discomfort and increased length of stay in hospital, but also to
permanent disability and even death. The prevalence of such
infections varies internationally, and there are limited data from
low-income countries, where the rates are greater than in high-
income countries. Examples of prevalence include up to 6% of
patients in the UK (Health Protection Agency 2016), and 4% of
patients in the USA (Magill 2014), whilst reports of prevalence in
settings with limited resources vary, for example 5.4% in Mongolia
(Ider 2010), 14.5% in Tunisia (Mahjoub 2015) and 19.1% in Albania
(Faria 2007).

Whilst all people staying in hospital are susceptible to infections,
prevalence in the intensive care unit (ICU) is particularly high. A one-
day prospective, multi-centre, international study reported 51% of
adult patients were classified as infected, and the rate of infection
increased to more than 70% for people whose ICU stay was seven
days or longer (Vincent 2009). Patients in ICUs are critically ill; they
have suppressed immunity as a result of trauma, injury or blood
loss (or a combination of these), which increases their susceptibility
to infection (Volk 2002). In addition, people who are mechanically-
ventilated in the ICU are at risk due to tracheostomy, reintubation
and the use of multiple central venous catheters (Ibrahim 2001),
where lines and tubes may act as a vector for the transmission of
bacteria and lead to ventilator-associated pneumonia (VAP).

Common pathogens in hospital-acquired infection include
Staphylococcus aureus, Clostridium di�icile and Enterococci; and
the overuse of broad spectrum antibiotics has promoted bacteria
which are drug-resistant and di�icult to treat (Bereket 2012).
Methicillin-resistant S. aureus (MRSA) causes a range of infections
including abscesses, surgical site infections, gastroenteritis,
pneumonia, urinary tract infections and endocarditis. It is
transmitted by direct contact with an infected person or their
environment (or both), and colonises the skin or nostrils.
Similarly transmitted, vancomycin-resistant Enterococci (VRE) leads
to urinary tract infections, skin/wound infections, and intra-
abdominal infections. C. di�icile causes diarrhoea following
administration of antibiotics, and is transmitted through the faecal-
oral route by an infected person or environment (Kelly 2012).

In 2009, Vincent and colleagues reported the most common
sites of infection in the ICU as the respiratory tract, abdominal,
bloodstream and renal/urinary tract, with respiratory tract
infections representing 63.5% of these (Vincent 2009). Healthcare
packages and guidelines are now being established to reduce
hospital-acquired infections and subsequent morbidity and
mortality rates, for example, a 'central line bundle' of care is being
used to try to reduce central line-associated bloodstream infections
(CLABSI), which  includes  interventions such as education
programmes for personnel, hand hygiene and daily review of the
need for catheters (Sacks 2014).

Description of the intervention

Chlorhexidine is a biocide on the World Health Organization's
List of Essential Medicines (WHO 2017). It has a broad spectrum
of action, destabilising the cell walls of gram positive and gram

negative bacteria and fungi (Puig Silla 2008; WHO 2011). It can
kill most bacteria within 30 seconds of contact (Genuit 2001). In
binding to proteins in human tissue, such as skin and mucous
membranes, chlorhexidine can also have a slow-release action,
with prolonged activity up to 48 hours a�er the initial application
(Hibbard 2005), and this residual antibacterial activity suggests that
organisms that come into contact a�er chlorhexidine use may not
be able to grow (Wade 1991). Chlorhexidine is known to be e�ective
against organisms present in hospital-acquired infections including
S. aureus and Enterococcus (McDonnell 1999).

Chlorhexidine is widely used as a disinfectant and antiseptic
in applications such as oral hygiene mouthwashes, hand
disinfectants, wound cleansers and preoperative skin preparation
(McDonnell 1999). Concentrations range from 0.004% to 4%, in
alcohol or aqueous pharmaceutical solution, and it is available in
these di�erent dose forms as gels, lotions, solutions, and liquids,
and in pads, dressings and sponges.

Chlorhexidine is a low-cost product. Cochrane systematic reviews
have demonstrated that it is e�ective in particular situations, for
example in the reduction of neonatal mortality when used for skin
and umbilical cord care in the community setting (Sinha 2015), and
in the reduction in rates of ventilator-acquired pneumonia when
used in dental hygiene care of people in the ICU (Shi 2013).

How the intervention might work

People in ICUs are subject to increased invasive monitoring by
healthcare personnel. They may be mechanically-ventilated, have
central venous catheters, arterial lines, intravenous catheters,
urinary catheters and/or chest tubes, as well as having wounds
(both surgical and trauma). All these factors increase the risk
of transmission of infection in people who also have reduced
immunity (Inweregbu 2005).

Using an antibacterial solution that disinfects the whole skin area
during bathing of part or all of the body, may quickly begin to
kill existing bacteria. However, chlorhexidine may also form a
'protective coating' to further reduce the risk of hospital-acquired
infections, such as VAP, CLABSI, catheter-related blood stream
infections (CRBSI) and catheter-associated urinary tract infection
(CAUTI) in this high-risk population.

Although chlorhexidine is known to be a low-risk skin irritant, the
risk of irritation, such as contact dermatitis, may di�er between
chlorhexidine products with di�ering concentrations (Calogiuri
2013; McDonnell 1999).

Why it is important to do this review

Hospital-acquired infections are estimated to lead to 37,000 deaths
in Europe, with additional financial burdens (for example through
prolonged hospital stay) of EUR 7 billion a year, and up to 99,000
annual deaths in the USA and costs of USD 6.5 billion (WHO 2011).

Morbidity and mortality related to such infections is preventable.
People in the ICU are inevitably at high risk, and establishing
strategies to reduce rates of infection (in this case, establishing
the e�ectiveness of bathing with a suitable solution) would be
beneficial to healthcare systems worldwide, improving outcomes
for people who stay in hospital and reducing the length of hospital
and ICU stay.

Chlorhexidine bathing of the critically ill for the prevention of hospital-acquired infection (Review)
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As yet, there are no reports of chlorhexidine-resistant bacteria.
However, chlorhexidine is a widely used product and there are
reports of reduced susceptibility of MRSA to chlorhexidine (Horner
2012).

It is important to assess the potential benefits and harms of
chlorhexidine for bathing people who stay in the ICU.

O B J E C T I V E S

To assess the e�ects of chlorhexidine bathing on the number of
hospital-acquired infections in people who are critically ill.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs). We included both
parallel and cross-over designs, as well as cluster and non-cluster
designs. We only included cross-over designs if data was available
for the participants or clusters randomised to the initial treatment
group.

Types of participants

We included adult and child participants with any condition that
required admission to the intensive care unit (ICU). We included
admission to high-dependency or critical care units or other
hospital wards specifically designed to cater for people who are
critically ill. We did not include studies of neonates.

We had intended to exclude studies in which participants
were diagnosed with a hospital-acquired infection prior to
randomisation, but we found that this was not clearly reported in
studies. We therefore noted how this was reported in each included
study and considered it during the 'Risk of bias' assessment. See
Di�erences between protocol and review.

Types of interventions

We included studies that compared bathing with a solution of
chlorhexidine by any means (e.g. impregnated washcloths or
chlorhexidine gel) to bathing using an alternative solution (e.g.
soap and water) or no bathing. We defined bathing as the
washing of all body areas either at the bedside (e.g. wipe with an
impregnated cloth) or in a bath or shower; we excluded studies
in which only one body area was washed with a solution of
chlorhexidine. We included studies of bathing interventions at
di�erent frequencies, for example daily washing or weekly washing.

Types of outcome measures

Our primary interest was whether bathing with chlorhexidine
reduced the risk of any hospital-acquired infection and we
therefore recorded the number of participants who acquired an
infection since the introduction of the intervention. We included
data that were collected from appropriate clinical evaluation of
symptoms, or physical signs of infection, or laboratory test results.
We collected mortality data from any cause. We collected data
for the length of stay in the ICU as number of days. We recorded
the number of participants who had any reaction that may be
attributable to the intervention or comparison (to include known
adverse e�ects such as skin irritation, rash, contact dermatitis,

redness, blistering, swelling of face, hands or feet, or di�iculty
breathing).

Primary outcomes

1. Hospital-acquired infections, including bloodstream
infections; central-line associated bloodstream infections;
ventilator-associated pneumonia; catheter-associated urinary
tract infections; multidrug-resistant organisms (MDROs),
e.g. Methicillin-resistant Staphylococcus aureus (MRSA),
vancomycin-resistant Enterococci (VRE).

Secondary outcomes

1. Mortality.
2. Length of stay in the ICU.
3. Adverse e�ects, including skin irritation, or responses such as

swelling of face, hands or feet, or breathing di�iculties (as
defined by the study authors).

Search methods for identification of studies

Electronic searches

We searched the following electronic databases to identify reports
of RCTs:

• The Cochrane Wounds Specialised Register (searched 10
December 2018);

• The Cochrane Central Register of Controlled Trials (CENTRAL;
2018, Issue 11) in the Cochrane Library (searched 10 December
2018);

• Ovid MEDLINE (1946 to 10 December 2018);
• Ovid Embase (1974 to 10 December 2018);
• EBSCO CINAHL Plus (Cumulative Index to Nursing and Allied

Health Literature; 1937 to 10 December 2018).

The search strategies for the Cochrane Wounds Specialised
Register, CENTRAL, Ovid MEDLINE, Ovid Embase and EBSCO
CINAHL Plus can be found in Appendix 1. We combined the
Ovid MEDLINE search with the Cochrane Highly Sensitive Search
Strategy for identifying randomised trials in MEDLINE: sensitivity-
and precision-maximising version (2008 revision) (Lefebvre 2011).
We combined the Embase search with the Ovid Embase filter
terms developed by the UK Cochrane Centre (Lefebvre 2011). We
combined the CINAHL Plus searches with the trial filters developed
by the Scottish Intercollegiate Guidelines Network (SIGN 2018).
There were no restrictions with respect to language, date of
publication or study setting.

We also searched the following clinical trial registries:

• ClinicalTrials.gov (www.ClinicalTrials.gov/) (searched 10
December 2018)(Appendix 2);

• World Health Organization (WHO) International Clinical Trials
Registry Platform (www.who.int/ictrp/search/en/) (searched 10
December 2018)(Appendix 3).

Searching other resources

We carried out backward citation searching of key reviews
identified from the searches. We carried out forward citation
searching of included studies.

Chlorhexidine bathing of the critically ill for the prevention of hospital-acquired infection (Review)
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We also carried out grey literature searching through
'Opengrey' (www.opengrey.eu/).

Data collection and analysis

We carried out data collection and analysis according to the
methods stated in the published protocol (Lewis 2016), which
were based on the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011).

Two review authors (Sharon Lewis (SL) and Oliver Schofield-
Robinson (OSR)) independently carried out all initial data collection
and analysis, before comparing results and reaching consensus.
A third author was available to resolve conflicts if required. An
additional author (Sarah Rhodes (SR)) was introduced a�er data
extraction to help incorporate cluster-randomised cross-over trials
into the analysis.

Selection of studies

We used reference management so�ware to collate the results of
the searches and to remove duplicates (Endnote 2011).

Two review authors (SL and OSR) used Covidence 2017 so�ware
to screen the results of the search from the titles and abstracts
and identify any potentially relevant studies from this information
alone. Two review authors (SL and OSR) sourced the full texts of
all those potentially relevant studies and considered whether they
met the inclusion criteria (see Criteria for considering studies for
this review). We planned to include abstracts at this stage if they
contained su�icient information and relevant results that included
denominator figures for each intervention/comparison group.

We recorded the number of papers retrieved at each stage and
reported this using a PRISMA flow chart (Liberati 2009). We
collected brief details of closely related but excluded papers.

Data extraction and management

Two review authors (SL and OSR) used Covidence 2017 to
extract data from individual studies. We extracted the following
information.

1. Methods: type of study design; setting; dates of study; funding
sources.

2. Participants: number of participants randomised to each
group; baseline characteristics (including Acute Physiology and
Chronic Health Evaluation II (APACHE II) scores).

3. Interventions: details of intervention and comparison, including
concentration of chlorhexidine.

4. Outcomes: review outcomes measured and reported by study
authors.

5. Outcome data: results of outcome measures.

We considered the applicability of information from individual
studies and generalisability of the data to our intended study
population (i.e. the potential for indirectness in our review).

There were multiple publications of some studies. In this case, we
created a composite data set from all the eligible publications.

Assessment of risk of bias in included studies

We assessed study quality, study limitations and the extent of
potential bias using the Cochrane 'Risk of bias' tool (Higgins 2017).
See Appendix 4. We considered the following domains.

1. Sequence generation (selection bias);
2. Allocation concealment (selection bias);
3. Blinding of participants, personnel and outcome assessors

(performance and detection bias);
4. Incomplete outcome data (attrition bias);
5. Selective outcome reporting (reporting bias);
6. Other potential risks of bias: use of concomitant methods to

reduce infection.

We anticipated that there would be a risk of performance bias in
the methodology of the studies included in this review, and we
noted any methods used by study authors to minimise this risk. We
expected that robust study methodology would include blinding
of outcome assessors as some outcomes could be measured at a
later stage and by personnel not involved with the bathing routine.
We anticipated that di�erent hospital units were likely to follow
di�erent practices for infection prevention and control in addition
to bathing, e.g. use of antiseptic or antibiotic-coated catheters.
We collected available data of any additional infection prevention
strategies and noted whether these were likely to be equivalent
between groups.

For cluster-randomised cross-over study designs, we referred to
particular guidance on assessing risk of bias in cluster-randomised
studies and in cross-over studies (Higgins 2011) (see Appendix
5). In particular, we assessed: recruitment bias; loss of clusters;
baseline imbalances between clusters; and whether analysis was
appropriate for the cluster design.

For each domain, we judged whether study authors had made
su�icient attempts to reduce bias. We made our judgements using
one of three measures (low risk, high risk, unclear). We recorded
this in 'Risk of bias' tables and present a summary 'Risk of bias'
figures.

Measures of treatment e�ect

We recorded the number of hospital-acquired infections as rate
di�erences; this was a change from the original protocol (see
Di�erences between protocol and review). Mortality was recorded
as dichotomous data in order to calculate odds ratios (OR), and we
reported the number of adverse events as dichotomous data.

We recorded length of stay as continuous data.

Unit of analysis issues

We identified one study which had a 2x2 factorial design (Camus
2005). Only one arm included chlorhexidine and we selected this
intervention arm (which also included mupirocin as a treatment
agent) and compared it to the group with no active agent. We did
not include any multi-armed studies comparing more than one type
of chlorhexidine bathing.

In this review, we encountered studies that were randomised by
cluster and also included a cross-over design. For studies that
used analysis methods to take account of both the clustering e�ect
and the cross-over design, we extracted appropriately adjusted

Chlorhexidine bathing of the critically ill for the prevention of hospital-acquired infection (Review)
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standard errors (SEs) for meta-analysis using the generic inverse-
variance method. For studies in which appropriate adjusted SEs
were not reported, we applied appropriate adjustment using an
estimate of the design e�ect for each study (Higgins 2011).

The standard formulae to calculate the design e�ect of cluster-
randomised studies only takes into account the e�ect of clustering
(which we would expect to increase the SE), but not the e�ect
of the cross-over design (which we would expect to reduce the
SE) (Higgins 2011). We aimed to estimate the square root of
the design e�ect for cluster-randomised cross-over studies as
(unadjusted SE)/(adjusted SE) when we could obtain crude SEs
and SEs that adjusted for clustering and cross-over design. This
estimation method assumes that the design e�ect is consistent
across each outcome in the same study; therefore, when this
estimation method was used, we interpreted the results with
caution.

Please see Di�erences between protocol and review for details of
changes to this section.

Dealing with missing data

We contacted study authors to clarify missing data. We used
available reported data if necessary, rather than imputing values.

Assessment of heterogeneity

We assessed whether there was evidence of inconsistency
within our results through consideration of heterogeneity. We
assessed clinical heterogeneity by comparing similarities between
the participants, interventions and outcomes in the included
studies. We assessed statistical heterogeneity by calculation of
the Chi2 (with an associated P value) or I2 measure (with
an associated percentage). We used the following values as
a guide to interpretation: I2 at 0% to 40% is not considered
important, 30% to 60% suggests moderate heterogeneity, 50%
to 90% suggests substantial heterogeneity, and 75% to 100%
represents considerable heterogeneity (Higgins 2011). When
assessing heterogeneity, we also considered the point estimates
and the overlap of confidence intervals (CIs). If the CIs overlapped
then we considered the results to be more consistent. However,
it is possible for combined studies to show a large consistent
e�ect but with significant heterogeneity. We therefore interpreted
heterogeneity with caution (Guyatt 2011b).

Assessment of reporting biases

We attempted to source published protocols for each of our
included studies using clinical trial registers. We compared
published protocols with published study results, to assess the risk
of selective reporting bias.

We did not have su�icient studies, i.e. more than 10 (Sterne 2017),
to generate a funnel plot to assess the risk of publication bias in the
review. An asymmetric funnel plot may indicate the publication of
only positive results (Egger 1997).

Data synthesis

We completed meta-analysis for outcomes where comparable
e�ect measures were available from more than one study, and
where measures of heterogeneity indicated that pooling of results
was appropriate.

For hospital-acquired infections, we analysed rate di�erences
by entering the rate di�erence and the associated SE into the
generic inverse variance function in Review Manager 2014. This
method accounted for the inclusion of cluster-randomised cross-
over studies. For mortality, we used generic inverse variance to
calculate the log OR, which also accounted for the inclusion of
cluster-randomised cross-over studies. We used a random-e�ects
model in all analyses to account for the anticipated di�erences in
illness severity or participant conditions. For length of stay in the
ICU we planned to use mean di�erence, and for adverse events
we planned to use the OR. See Di�erences between protocol and
review.

We calculated CIs at 95% and used a P value of 0.05 or less to judge
whether a result was statistically significant.

We considered whether there was imprecision in the results of
analyses by assessing the CI around an e�ects measure; a wide CI
would suggest a higher level of imprecision in the results. A small
number of studies may also reduce the precision (Guyatt 2011a).

Subgroup analysis and investigation of heterogeneity

We did not identify su�icient studies to explore di�erences between
them using subgroup analysis. If there had been more than 10
studies (Deeks 2017), we would have conducted subgroup analyses
for the following:

1. illness severity (e.g. based on APACHE II scores);
2. age of participants (e.g. infants, adults, older adults);
3. invasive device use (e.g. intravascular devices, mechanical

ventilation, feeding lines).

Sensitivity analysis

We explored the potential e�ects of decisions made as part of the
review process as follows:

1. we excluded all studies that we judged to be at high or unclear
risk of selection bias;

2. we excluded studies in which participant outcome data were
missing, for which we used available reported data;

3. we conducted meta-analysis using the alternate meta-analytic
e�ects model (fixed-e�ect versus random-e�ects).

We compared e�ect estimates from the analysis of our primary
outcome with e�ect estimates calculated during the above
sensitivity analyses. We reported di�erences that altered our
interpretation of the e�ect.

In addition to planned sensitivity analyses, we considered the
e�ect of including cluster-randomised cross-over study designs
in the review. We imputed more conservative SEs using standard
adjustment for clustering, but ignored the e�ect of the cross-over
design. See Di�erences between protocol and review.

'Summary of findings' tables

The GRADE approach incorporates assessment of indirectness,
study limitations, inconsistency, publication bias and imprecision
(GRADE 2013). We used the assessments made during our
analysis to inform the GRADE process (see Data extraction and
management, Assessment of risk of bias in included studies,
Assessment of heterogeneity, Assessment of reporting biases

Chlorhexidine bathing of the critically ill for the prevention of hospital-acquired infection (Review)
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

9



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health. Cochrane Database of Systematic Reviews

and Data synthesis, respectively). This approach gives an overall
measure of how confident we can be that our estimate of e�ect is
correct (Guyatt 2008).

We used the principles of the GRADE system to give an overall
assessment of the evidence relating to each of the following
outcomes:

1. hospital-acquired infections;
2. mortality;
3. length of stay;
4. adverse event: skin irritation.

Two authors (SL and OSR) independently used the GRADEpro
Guideline Development Tool so�ware to create a 'Summary
of findings' table (GRADEpro 2015). We assessed the evidence
for limitations, inconsistency, indirectness, publication bias and
imprecision using the following ratings of certainty: high;
moderate; low and very low. We reached consensus and resolved
disagreements through informal discussion, with a third review
author available if further consultation had been required.

R E S U L T S

Description of studies

Results of the search

We screened 532 titles and abstracts from database searches, and
sourced the full text of 56 potentially eligible studies. Of these, we
identified 12 records of 8 studies that were eligible for inclusion in
our review. There were multiple publications of some studies and
we combined these into eight unique studies.

We identified ten reviews from the database searches (Afonso
2013; Afonso 2016; Chen 2015; Choi 2015; Derde 2012; Frost 2016;
Huang 2016; Kim 2016; O'Horo 2012; Shah 2016). We carried out
backward citation searching on these and did not identify any
additional studies for inclusion. We carried out forward citation
tracking on our eight included studies using Google Scholar and
Web of Science, and identified no additional studies eligible for
inclusion.

We also carried out searches of clinical trial registers and identified
clinical trial reports for seven of our included studies. From this
search, we found one completed study without published results,
and two ongoing studies. We carried out a grey literature search and
found no studies that matched our criteria. See Figure 1.

Chlorhexidine bathing of the critically ill for the prevention of hospital-acquired infection (Review)
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Figure 1.   Flow diagram
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Figure 1.   (Continued)

Included studies

See Characteristics of included studies.

Types of studies

We included eight studies (Bleasdale 2007; Boonyasiri 2016; Camus
2005; Climo 2013; Milstone 2013; Noto 2015; Pallotto 2018; Swan
2016). Four studies were randomised controlled trials (RCTs) and
included 1537 individually randomised participants (Boonyasiri
2016; Camus 2005; Pallotto 2018; Swan 2016); four studies were
cluster-randomised cross-over studies with the ICU as the unit
of randomisation, and they included 23 randomised ICUs with
22,935 participants (Bleasdale 2007; Climo 2013; Milstone 2013;
Noto 2015).

Types of participants and setting

Four studies were conducted within a single centre (Bleasdale 2007;
Noto 2015; Pallotto 2018; Swan 2016), and four were conducted
in multiple centres (Boonyasiri 2016; Camus 2005; Climo 2013;
Milstone 2013). The ICUs in which the studies were conducted
were general, medical, surgical, trauma, neurological, cardiac care,
and respiratory care. All studies included adult participants except
Milstone 2013, which included only paediatric participants.

Five studies did not report whether any participants had a hospital-
acquired infection at enrolment (Bleasdale 2007; Climo 2013;
Milstone 2013; Noto 2015; Pallotto 2018). Two studies reported that
some participants had infections prior to randomisation (Camus
2005; Swan 2016); we have reported the number of infections
with the respective study baseline characteristics (Characteristics
of included studies) One study did not report hospital-acquired
infections at baseline but reported multi-drug-resistant bacteria
colonisation, which was balanced between groups (Boonyasiri
2016).

Types of interventions and comparisons

Five studies compared daily bathing using 2% chlorhexidine-
impregnated washcloths, with daily or twice daily soap-and-water
bathing or bathing with non-antimicrobial washcloths (Bleasdale
2007; Boonyasiri 2016; Climo 2013; Milstone 2013; Noto 2015).
One study compared alternate-day bathing using washcloths
submerged in a solution of 4% chlorhexidine, diluted with warm
water to 2%, with soap-and-water bathing or bathing with
washcloths (Swan 2016). One study compared once-daily bathing
with 4% chlorhexidine using washcloths followed by water rinsing
(Pallotto 2018). Another study used 4% chlorhexidine at a 12-
hourly rate, compared with liquid soap; there were no further
details of dilution or bathing methods in this study (Camus
2005). Camus and colleagues employed a 2 x 2 factorial design
in which chlorhexidine was combined with mupirocin to form
one intervention, which was compared with another intervention
group (polymyxin and tobramycin) and two control groups (Camus
2005); we included data for the chlorhexidine and mupirocin
group, compared to a control group that did not have any active

intervention. Impregnated washcloths were pre-manufactured by
pharmaceutical companies in four studies (Bleasdale 2007; Climo
2013; Milstone 2013; Noto 2015) and prepared by the hospital
pharmacy in one study (Boonyasiri 2016); this information was not
reported in one study (Pallotto 2018).

Outcomes

We collected data for hospital-acquired infections from eight
studies (Bleasdale 2007; Boonyasiri 2016; Camus 2005; Climo 2013;
Milstone 2013 Noto 2015; Pallotto 2018; Swan 2016). Six studies
reported mortality data (Boonyasiri 2016; Camus 2005; Milstone
2013; Noto 2015; Pallotto 2018; Swan 2016), and six studies reported
the length of stay in ICU (Boonyasiri 2016; Camus 2005; Climo
2013; Noto 2015; Pallotto 2018; Swan 2016). Adverse e�ects of
skin irritation were reported in seven studies (Bleasdale 2007;
Boonyasiri 2016; Camus 2005; Climo 2013; Milstone 2013; Pallotto
2018; Swan 2016). Other adverse e�ects were not reported.

Funding sources

Three studies received institutional funding (Boonyasiri 2016; Noto
2015; Swan 2016) and one study reported that no external funding
was received (Pallotto 2018); and four studies reported full or
partial funding from companies which manufacture chlorhexidine
products (Bleasdale 2007; Camus 2005; Milstone 2013; Noto 2015).

Excluded studies

We excluded 41 (44 reports) studies at the stage of full-text review
(see Figure 1). We excluded 32 studies (with 32 reports) that were
the wrong study design (i.e. editorials, letters/comments, reviews,
and study designs that were not RCTs. See Appendix 6). We did
not report details of these 32 studies in the review. In addition,
we excluded nine RCTs (with 12 reports) and we report details of
these key studies in Characteristics of excluded studies. Two studies
had used chlorhexidine bathing with newborn infants and we
believed that these were not comparable with studies of a general
ICU population (Cunha 2008; Sankar 2009). One study randomised
participants specifically for bathing of the perineal area to prevent
catheter-associated urinary tract infections (CAUTIs), and was
not comparable with studies of general bathing (Choi 2012).
One study compared solutions used to cleanse the periurethral
area prior to urinary catheter placement (Duzkaya 2017). One
study randomised participants to receive screening for Methicillin-
resistant Staphylococcus aureus (MRSA) and only administered
chlorhexidine bathing to those within the intervention group who
were MRSA-positive (Camus 2011). We excluded one study which
was both an interrupted-time series and an RCT, however the focus
of randomisation was on screening, rather than chlorhexidine use
(Derde 2014); we identified two associated conference abstract
references for this study. One RCT included a relevant intervention
group of chlorhexidine bathing, however the comparison was
screening, isolation and decolonization strategies, not soap-and-
water bathing or no bathing (Huang 2013; we identified one
associated reference to this study. Another study compared two
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di�erent methods of chlorhexidine bathing, and did not employ
comparison groups of soap-and-water bathing or no bathing (Dean
2011). One study compared chlorhexidine bathing with soap and
water, in a prospective cross-over study, but it was not randomised
(Lowe 2017). See Characteristics of excluded studies.

Studies awaiting classification

We identified one study that was registered with a clinical
trial register and described as having completed participant
recruitment (ChiCTR-TRC-13004164). We have been unable to
source a report of this study and have contacted the authors to
request information. We are awaiting any relevant information. See
Characteristics of studies awaiting classification.

Ongoing studies

We identified two ongoing studies (IRCT2017030932293N1;
NCT02870062). Both RCTs include use of daily chlorhexidine
bathing with adults in the ICU. The anticipated recruitment
is 80 participants (IRCT2017030932293N1), and 40 participants
(NCT02870062).

Risk of bias in included studies

For a summary of the 'Risk of bias' assessments, see Figure 2 and
Figure 3.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

Allocation

All eight included studies were described as randomised trials. We
judged four RCTs to be at low risk of selection bias (Boonyasiri
2016; Camus 2005; Pallotto 2018; Swan 2016): all had reported
adequate methods of randomisation. For the cluster-randomised
cross-over studies, each study used a separate ICU for each cluster,
and randomisation was completed at cluster level. Two studies
reported adequate methods of randomisation; we judged these
studies to have low risk of bias (Milstone 2013; Noto 2015). We could
not be certain of the risk of bias in two studies because methods
were not described (Bleasdale 2007; Climo 2013).

One study reported adequate methods to conceal allocation
(Boonyasiri 2016). Four studies reported no methods to conceal
allocation and we assessed the risk of bias as unclear (Camus
2005; Climo 2013; Noto 2015; Pallotto 2018). Two studies did not
provide adequate information for allocation concealment and we
judged these to also have an unclear risk of bias (Milstone 2013;
Swan 2016). One study had only two clusters; we believed that
allocation concealment was not feasible and the risk of bias was
high (Bleasdale 2007).

Blinding

Blinding of participants and hospital personnel was not undertaken
in seven studies and we judged these to have a high risk of
performance bias (Bleasdale 2007; Boonyasiri 2016; Climo 2013;
Milstone 2013; Noto 2015; Pallotto 2018; Swan 2016). Only one study
described adequate methods to blind both the participants and the
personnel to the intervention (Camus 2005), and we judged this
to have a low risk of performance bias. Six studies reported that
outcome assessors were blinded to group allocation (Bleasdale
2007; Boonyasiri 2016; Milstone 2013; Noto 2015; Pallotto 2018;

Swan 2016). Two studies did not provide su�icient detail of whether
outcome assessors were blinded and we judged the detection bias
as representing an unclear risk (Camus 2005; Climo 2013).

Incomplete outcome data

We assessed studies that reported no losses or few losses as
having low risk of attrition bias (Bleasdale 2007; Camus 2005; Noto
2015; Pallotto 2018; Swan 2016). One study had a large number
of losses in one group because of lack of consent; study authors
used an intention-to-treat (ITT) analysis and reported that this was
comparable to a per-protocol analysis(Milstone 2013); we assessed
this study as having unclear risk of attrition bias. We noted a large
of number of losses in Boonyasiri 2016, which may have influenced
the results of this study. In Climo 2013, study authors reported no
losses and had used an ITT analysis but we noted discrepancies in
the reported number of randomised participants. We judged two
studies to have a high risk of attrition bias (Boonyasiri 2016; Climo
2013).

Selective reporting

Five studies were prospectively registered with clinical trial
registers (Bleasdale 2007; Boonyasiri 2016; Climo 2013; Milstone
2013; Swan 2016); three of these had reported outcomes in the
final report which matched those in the clinical trial register
documents and we judged these studies to have low risk of
reporting bias (Bleasdale 2007; Boonyasiri 2016; Swan 2016). Two
had inconsistencies between outcomes listed in the clinical trial
register documents and the final report, and we were unclear
if this introduced bias (Climo 2013; Milstone 2013). Two studies
were retrospectively registered with a clinical trial register (Noto
2015; Pallotto 2018), and we were unable to identify clinical trial
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registration for the remaining study (Camus 2005). It was therefore
not feasible to judge any risks of reporting bias for these studies.

Other potential sources of bias

We identified no additional sources of bias in six studies (Bleasdale
2007; Boonyasiri 2016; Milstone 2013; Noto 2015; Pallotto 2018;
Swan 2016). We noted a lack of wash-out period in Climo 2013,
but we judged that the study investigators had addressed this
risk e�ectively. We judged the study by Camus and colleagues
to have a high risk of bias because the chlorhexidine group also
included treatment with mupirocin, which was not given to the
participants in the control group (Camus 2005). We also noted that
more participants in the control group in this study had a hospital-
acquired infection prior to randomisation, which introduced a high
risk of bias.

Recruitment bias (cluster trials only)

We judged the risk of recruitment bias to be unclear in three cluster-
randomised cross-over studies (Climo 2013; Milstone 2013; Noto
2015); some or all of the clusters in these studies were within the
same hospital, which could influence recruitment to a particular
ICU according to the current bathing regime. In Bleasdale 2007, the
clusters were geographically separate which reduced this risk of
recruitment bias; we judged this study to be at low risk.

Baseline imbalances (cluster trials only)

We judged one study to have low risk of bias because characteristics
were reported, and were comparable, for each cluster (Bleasdale
2007). Three studies did not report baseline characteristics for each
cluster, or we noted some di�erences between characteristics, and
judged these to have an unclear risk of bias (Climo 2013; Milstone
2013; Noto 2015).

Loss of clusters (cluster trials only)

One study reported a loss of clusters (one unit withdrew, and
two units were withdrawn from analysis by the study investigators
because of low compliance with the protocol), and we judged this
to introduce high risk of bias (Climo 2013).

Incorrect analysis (cluster trials only)

All cluster-randomised cross-over studies used appropriate
analysis to account for the study design, and we judged them to
have a low risk of bias for this domain (Bleasdale 2007; Climo 2013;
Milstone 2013; Noto 2015).

E�ects of interventions

See: Summary of findings for the main comparison Bathing of the
critically ill with chlorhexidine versus bathing with soap and water
or non-antimicrobial washcloths for the prevention of hospital
acquired infections

We found data from eight studies, with a total of 24,472
participants, that compared bathing with a solution of
chlorhexidine versus bathing with a solution of soap and water
or non-antimicrobial washcloths. Study authors measured data
for our primary outcome (hospital-acquired infections) and our
secondary outcomes (mortality, and length of stay). We contacted
study authors to provide clarification on missing data, and we
included these data in the analysis where appropriate.

Chlorhexidine bathing versus bathing with soap and water
or non-antimicrobial washcloths (seven studies; 24,023
participants)

Primary outcome: hospital-acquired infections

All studies collected and reported hospital-acquired infections
during the intensive care unit (ICU) stay, and in the analysis we used
data for bloodstream infections (BSI) (Bleasdale 2007; Climo 2013);
hospital-acquired infections (Camus 2005); central line-associated
bloodstream infections (CLABSI) (Milstone 2013); and composite
infections of ventilator-associated pneumonia (VAP), CLABSI, and
catheter-associated urinary tract infection (CAUTI) (Boonyasiri
2016); CLABSI, CAUTI, VAP, and clostridium di�icile (Noto 2015);
composite infections of BSI, CLABSI, urinary tract infection (UTI),
CAUTI, and VAP (Pallotto 2018); and CAUTI, VAP, surgical site
infection (SSI) and BSI (Swan 2016). Rates of bacteraemia were also
reported in Milstone 2013; we did not include these data in analysis.

Details of the rate data, event data, and analysis process for this
outcome are included in Appendix 7 and Appendix 8.

Despite a rate di�erence which indicated fewer hospital-acquired
infections with chlorhexidine use, we are unsure whether using
chlorhexidine for bathing critically ill people reduces hospital-
acquired infections because the certainty of the evidence is very
low (rate di�erence 1.70, 95% confidence interval (CI) 0.12 to 3.29;
21, 924 participants). See Analysis 1.1.

We noted that one small study had a large influence on the rate
di�erence for this outcome (Bleasdale 2007). We explored this in
a sensitivity analysis, and we also explored the e�ect of using
alternative design e�ects for one cluster-randomised cross-over
study (Milstone 2013). See 'sensitivity analysis' below. Because
of the results of the sensitivity analysis, we used the GRADE
approach to downgrade the certainty of the evidence by one level
for inconsistency. Most studies had a high risk of performance
bias because personnel were aware of which product they were
using to bathe participants, and we were concerned by other high
risks of bias in individual studies; we downgraded by one level
for study limitations. Participants in some studies may have had
infections before randomisation; we downgraded by one level for
indirectness. See Summary of findings for the main comparison.

Secondary outcome: mortality

Six studies collected and reported data for mortality (Boonyasiri
2016; Camus 2005; Milstone 2013; Noto 2015; Pallotto 2018; Swan
2016). One study had excluded participants who died within 48
hours of randomisation (Boonyasiri 2016); we included these
participants in the mortality data. Time points for data collection
in other studies were: in-hospital mortality (Noto 2015; Swan 2016),
and in-ICU mortality (Camus 2005; Pallotto 2018). The remaining
study did not report a time point for data collection (Milstone 2013).

We analysed data for RCTs and cluster-randomised cross-over
studies with generic inverse variance, and used standard errors
imputed using an estimated design e�ect for two cluster-
randomised cross-over studies (Milstone 2013; Noto 2015). We
reported event data and details of the analysis process for these
studies in Appendix 9.

It is not clear whether using chlorhexidine for bathing critically ill
people reduces mortality because the certainty of the evidence is
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very low (OR 0.87, 95% CI 0.76 to 0.99; 15,798 participants). See
Analysis 1.2.

In a sensitivity analysis, we explored the e�ect of analysis decisions
for the inclusion of two cluster-randomised cross-over studies
(Milstone 2013; Noto 2015). Consequently, we believe that the e�ect
for mortality should be interpreted cautiously, and we used the
GRADE approach to downgrade the certainty of the evidence by one
level for inconsistency. Most studies had a high risk of performance
bias because personnel were aware of which product they were
using to bathe participants, and we were concerned by other high
risks of bias in individual studies; we downgraded by one level
for study limitations. Participants in some studies may have had
infections before randomisation; we downgraded by one level for
indirectness. See Summary of findings for the main comparison.

Secondary outcome: length of stay in the intensive care unit

Six studies collected and reported length of stay in the ICU
(Boonyasiri 2016; Camus 2005; Climo 2013; Noto 2015; Pallotto
2018; Swan 2016).

We noted from visual inspection of the data,that reported ranges,
SDs, and CIs in these studies were skewed; we decided it was not
appropriate to combine data in analysis because of this. Individual
study data are reported in Table 1. We noted no evidence of
any di�erence in length of stay in the ICU according to whether
participants were bathed with chlorhexidine or soap and water.

It is unclear whether using chlorhexidine for bathing critically ill
people reduces the length of stay in the ICU because the certainty
of the evidence is very low.

We used the GRADE approach to downgrade the evidence by
one level for imprecision because of skewed data reported by
study authors. Most studies had a high risk of performance bias
because personnel were aware of which product they were using
to bathe participants, and we were concerned by other high
risks of bias in individual studies: we downgraded by one level
for study limitations. Participants in some studies may have had
infections before randomisation; we downgraded by one level for
indirectness. See Summary of findings for the main comparison.

Secondary outcome: adverse e�ects

Seven studies reported participants who had skin irritation
(Bleasdale 2007; Boonyasiri 2016; Camus 2005; Climo 2013;
Milstone 2013; Pallotto 2018; Swan 2016). Two studies reported
adverse events of skin irritation but perceived these as not
attributable to bathing (Bleasdale 2007; Climo 2013); we have
reported these data in Characteristics of included studies.

It was not possible to combine data in meta-analysis for the
remaining four studies. One study reported five participants with a
mild skin reaction attributable to chlorhexidine (Boonyasiri 2016),
but did not report whether data were collected for the control
group. Another study reported 12 participants with a skin reaction
attributable to chlorhexidine (Milstone 2013); skin reactions for
the control group in this study were not reported according to
whether they were attributable to the control. In Pallotto 2018, one
participant who was bathed with chlorhexidine had a mild skin
reaction and chlorhexidine was discontinued in this participant.

In Camus 2005, six participants in the control group had a skin
reaction and six participants who had used chlorhexidine had a skin
reaction. However, study authors had not reported how many of
these were in the chlorhexidine with mupirocin group, which we
had used as the intervention in the review. In Swan 2016, there
were 21 participants who were bathed with chlorhexidine, and 23
participants in the control group, who had skin reactions that were
perceived as possibly or probably related to bathing.

We used the GRADE approach to downgrade the certainty of
evidence for adverse events to very low. We downgraded by one
level for study limitations; we judged some studies to have a high
risk of performance bias, and some studies had high risks of other
bias. Participants in some studies may have had infections before
randomisation; we downgraded by one level for indirectness. We
found few adverse events and we downgraded by one level for
imprecision. See Summary of findings for the main comparison.

Sensitivity analysis

1. Risk of bias

We assessed five of the eight studies included in our primary
outcome to have unclear or high risk of selection bias (Bleasdale
2007; Camus 2005; Climo 2013; Milstone 2013; Noto 2015).

Hospital-acquired infection

Analysis using only the remaining three parallel design studies
showed little or no di�erence in infections according to bathing
regime (rate di�erence 5.12, 95% CI -3.83 to 14.06).

Mortality

Analysis using only the remaining three parallel design studies did
not alter interpretation of the e�ect.

2. Missing outcome data

All study authors reported losses and provided reasons. Four
studies had reported the data as intention-to-treat and we had used
these data in our meta-analyses (Camus 2005; Climo 2013; Milstone
2013; Noto 2015). The remaining studies had reported data only for
those who were not lost during follow-up and we removed these
studies from each of our meta-analyses. This did not alter direction
or interpretation of the results.

3. E�ects model for meta-analysis

When all available studies were included in the primary analysis,
the conclusions remained the same regardless of whether a fixed-
e�ect or random-e�ects model was used in meta-analysis.

4. Study design

Hospital-acquired infection

We included one cluster-randomised cross-over trial with only
two clusters in the primary analysis (Bleasdale 2007). In our
sensitivity analysis, we removed this study and found that the
rate di�erence was reduced to indicate little or no di�erence in
infections according to bathing regime (rate di�erence 1.26, 95% CI
-.21 to 2.72).

We included one study in which we imputed a SE using an estimated
design e�ect (Milstone 2013). In our sensitivity analysis, we re-
analysed the data by imputing an extremely conservative design
e�ect of 5.06 (obtained by ignoring the cross-over e�ect and using
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the formula DE = 1 + (M - 1) ICC with ICC = 0.05 and M = 495, where DE
= design e�ect, M = mean cluster size, ICC = intracluster correlation
coe�icient). We found that the rate di�erence was reduced in the
sensitivity analysis, to indicate little or no di�erence in infections
according to bathing regime when an extremely conservative
design e�ect was used (rate di�erence 1.97, 95% CI -0.06 to 4.00).

Mortality

We included two cluster-randomised cross-over studies and used
SE imputed using an estimated design e�ect (Milstone 2013; Noto
2015). In the sensitivity analysis, we re-analysed the data by
imputing an extremely conservative design e�ect. We found little or
no di�erence in mortality between di�erent bathing regimes when
extreme conservative design e�ects were used (OR 0.87, 95% CI 0.69
to 1.20).

D I S C U S S I O N

Summary of main results

We identified eight studies: four randomised controlled trials
(RCTs), which included 1537 randomised participants; and
four cluster-randomised cross-over studies, which included 23
randomised intensive care units (ICUs) with a total of 22,935
participants. We identified one study awaiting classification, which
was listed as completed in a clinical trial register but was not
published.

Eight studies reported data for participants who had a hospital-
acquired infection during their stay in the intensive care unit
(ICU). Although the e�ect estimate showed fewer hospital-acquired
infections with chlorhexidine bathing of critically ill people, the
certainty of the evidence is very low. Six studies reported mortality
(in hospital, in the ICU, and at 48 hours). Although the e�ect
estimate showed reduced mortality with chlorhexidine bathing of
critically ill people, the certainty of the evidence is very low. Six
studies reported length of stay in the ICU. We noted that individual
studies found no evidence of a di�erence in length of stay, and we
did not conduct meta-analysis because data were skewed. We are
uncertain whether using chlorhexidine for bathing of critically ill
people reduced length of stay in the ICU because the certainty of
the evidence is very low. Seven studies reported skin reactions as an
adverse event, and five of these reported skin reactions which were
thought to be attributable to the bathing solution. In these studies,
data for skin irritation were reported inconsistently and we were
unable to conduct meta-analysis; we are uncertain whether using
chlorhexidine for bathing of critically ill people reduced adverse
events, because the certainty of the evidence is very low. No other
adverse events were reported in studies.

Overall completeness and applicability of evidence

We conducted a thorough search, including forward citation
tracking of included studies, backward citation tracking of relevant
reviews, and searches of grey literature. Included studies all
compared chlorhexidine bathing with soap-and-water bathing or
bathing with non-microbial washcloths, and included participants
who were critically ill. We noted that participants in two studies had
hospital-acquired infections before randomisation (Camus 2005;
Swan 2016), and study authors in five studies did not report
whether participants had hospital-acquired infections at baseline
(Bleasdale 2007; Climo 2013; Milstone 2013; Noto 2015; Pallotto
2018). We believe that this introduces indirectness, and reduces the

applicability of the evidence for this review. Studies were published
from 2005 to 2018, with five studies based in the USA, one in France,
one in Italy, and one in Thailand.

Quality of the evidence

We used the GRADE approach to judge the evidence for each
outcome to be of very low quality.

We considered study limitations identified during the 'Risk of bias'
assessment. We noted some inconsistency in reporting between
studies such that it was not possible to e�ectively judge all domains
for each study. It was feasible to design a study so that personnel
could be masked to the treatment allocation, yet only one study
had e�ectively blinded personnel to the intervention and control,
leading to a high risk of performance of bias across studies. Six
studies did, however, make an e�ort to blind outcome assessors.
We noted high participant attrition in some studies. We judged
four studies with a cluster-randomised design to have an unclear
risk of bias; these studies may have had di�erences at the unit-
level of randomisation (i.e. between randomised ICUs). We noted
di�erences in one study in which the chlorhexidine group received
an additional treatment. We downgraded our assessment of the
quality of the evidence, due to study limitations.

We noted some inconsistencies between results, and we used
sensitivity analyses to explore this. We found that one small
study had a large influence on the e�ect for hospital-acquired
infections, and we found that decisions taken when estimating
a design e�ect for some cluster-randomised cross-over studies
may also have influenced results; therefore, we downgraded the
evidence due to inconsistency. We also noted imprecision in
individual study data for length of stay in the ICU, which were
skewed. We were unable to explore potential di�erences between
study participants (for example di�erences in illness severity or
di�erences between adult and paediatric participants) because
we had insu�icient studies to conduct subgroup analysis. Whilst
study participants were mostly applicable to our review question,
we noted some indirectness because participants in some studies
may have had hospital-acquired infections before randomisation.
Because studies reported few adverse events, we downgraded
our assessment of the evidence for this outcome because of
imprecision. We were unable to assess the risk of publication bias
because of lack of available data for this review.

Potential biases in the review process

We included four cluster-randomised cross-over studies in this
review. We believe that this is an appropriate design for the study
of infection practices. However, we did not anticipate this study
design during preparation of the protocol, and so the methods used
to analyse data from these studies were decided post-hoc. We used
data reported by study authors if they were appropriately adjusted
for both the clustering e�ect and the cross-over design; when we
used estimation methods to calculate a design e�ect for the cluster
studies, we assessed these decisions in sensitivity analysis.

We also used sensitivity analysis to explore the decisions to use a
random-e�ects model for meta-analysis, and to use data reported
only for participants who were not lost to follow-up in three of
our included studies, neither of which influenced interpretation
of our results. There were insu�icient studies to explore risks of
selection bias in our analyses. We did not attempt to consider other
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factors that may have impacted on our data. The decision of which
treatment and control group to include in one study meant that
participants in the chlorhexidine group for this study were also
treated with mupirocin, which the control group did not receive
(Camus 2005); this may have acted as a confounder for these data,
which we did not explore. We included three studies in which it was
noted that some participants had a hospital-acquired infection and
we did not assess whether this influenced our results, nor did we
explore the impact of two large multi-centre studies on our data
(Milstone 2013; Noto 2015).

We conducted the review according to the protocol, with two
reviewers independently assessing studies for eligibility, extracting
data and carrying out the 'Risk of bias' assessment.

Agreements and disagreements with other studies or
reviews

There have been several systematic reviews that have assessed
the e�ect of chlorhexidine bathing on the critically ill. Reviews
have previously concluded that chlorhexidine bathing reduces
risk of infection in the ICU (Chen 2015; Choi 2015; Huang
2016; Kim 2016; O'Horo 2012). These reviews have collected
event data for specific infections (bloodstream infections, central
line-associated bloodstream infections, ventilator-associated
pneumonia, Methicillin-resistant Staphylococcus aureus (MRSA)
and vancomycin-resistant Enterococci) rather than a composite
outcome for the number of participants with any hospital-acquired
infection.

Most notably, these systematic reviews include both RCTs and non-
randomised study designs; and one review noted that this e�ect
was not consistent when non-randomised studies were excluded
from analysis (Chen 2015). A review that had only included RCTs,
did not exclude Huang 2013; this study had a large sample size but
did not compare chlorhexidine with soap and water. It is possible
that the results of our analyses are dependent on our restriction to
RCTs.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

It is not clear whether bathing with chlorhexidine reduces hospital-
acquired infections, mortality or length of stay in the intensive care
unit, or whether chlorhexidine use results in more skin reactions,
because the certainty of the evidence is very low. One study is
awaiting classification and two studies are ongoing; we do not
know if inclusion of these studies in future updates of this Cochrane
Review will increase our certainty in the results of the review.

Implications for research

Additional research is needed to evaluate whether chlorhexidine
bathing may reduce hospital-acquired infections in the intensive
care unit. We recommend that studies are su�iciently powered and
methodologically robust, and that attention is paid to reduce the
risk of performance bias through blinding of personnel. Cluster-
randomised studies and cross-over trials would benefit from
reporting data in more detail, including important parameters
such as the intracluster correlation coe�icient and interperiod
correlation. Some consensus on the reporting of hospital-acquired
infection rates, for example through the adoption of a core outcome
set for trials of infection prevention, would also be helpful.
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C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [ordered by study ID]

Methods Cluster-randomised cross-over study; single centre

Setting: 2 MICUs, USA

Unit of randomisation: MICU

28-week initial phase followed by alternative bathing routine for 24 weeks

2-week washout period

Participants Total number of randomised participants: 836

Inclusion criteria: all people who attended one of 2 MICUs

Exclusion criteria: not reported

Number of participants with an HAI before randomisation: not reported

Baseline characteristics

Chlorhexidine gluconate (n = 391; 3 excluded due to skin rash, but use of ITT, therefore number
analysed = 391)

1. Age, mean (SD): 53 (± 16) years
2. Gender, M/F: 234/157
3. APACHE II, mean (SD): 22.4 (± 7)

Soap and water (n = 445; no losses)

1. Age, mean (SD): 52 (± 15) years
2. Gender M/F: 266 /179
3. APACHE II, mean (SD): 21.5 (± 7)

Interventions Chlorhexidine gluconate (2%)

1. Administration: 8 CHG-impregnated washcloths, daily cleaning everywhere except face, cloths
warmed for participant comfort, 2 non-medicated cloths to clean the participants' faces

Soap and water

1. Administration: daily bathing in warm water, with 10 terry cloth washcloths and soap

Concurrent decolonisation strategies: use of sterile catheter insertion policy (without CHG coating), full
barrier drapes and insertion site disinfection with CHG

Bleasdale 2007
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1.1 Parallel studies 4 1418 Rate Difference (Random, 95% CI) 4.00 [-3.14, 11.14]

1.2 Cluster randomised crossover tri-
als

4 20506 Rate Difference (Random, 95% CI) 1.41 [-0.00, 2.83]

2 Mortality using adjusted data 6 15798 Odds Ratio (Random, 95% CI) 0.87 [0.76, 0.99]

2.1 Parallel group studies 4 1511 Odds Ratio (Random, 95% CI) 0.87 [0.64, 1.19]

2.2 Cluster randomised crossover tri-
als

2 14287 Odds Ratio (Random, 95% CI) 0.87 [0.76, 1.00]

Analysis 1.1.   Comparison 1 Chlorhexidine bathing versus soap-
and-water bathing, Outcome 1 Hospital-acquired infection.

Study or subgroup Chlorhex-
idine

Soap and
water

Rate Dif-
ference

Rate Difference Weight Rate Difference

N N (SE) IV, Random, 95% CI IV, Random, 95% CI

1.1.1 Parallel studies

Boonyasiri 2016 199 189 -2 (2.531) 7.65% -1.98[-6.94,2.98]

Camus 2005 130 126 0.7 (6.67) 1.4% 0.67[-12.4,13.74]

Pallotto 2018 226 223 17.7 (8.349) 0.91% 17.7[1.34,34.06]

Swan 2016 161 164 6.8 (3.05) 5.71% 6.77[0.79,12.75]

Subtotal (95% CI) 15.66% 4[-3.14,11.14]

Heterogeneity: Tau2=30.63; Chi2=8.47, df=3(P=0.04); I2=64.57%

Test for overall effect: Z=1.1(P=0.27)

1.1.2 Cluster randomised crossover trials

Bleasdale 2007 445 391 6.3 (2.5) 7.79% 6.3[1.4,11.2]

Climo 2013 3970 3842 1.8 (0.675) 25.44% 1.82[0.5,3.14]

Milstone 2013 1319 1199 1.4 (0.745) 24.49% 1.37[-0.09,2.83]

Noto 2015 4488 4852 0 (0.586) 26.61% 0.04[-1.11,1.19]

Subtotal (95% CI) 84.34% 1.41[-0,2.83]

Heterogeneity: Tau2=1.24; Chi2=8.86, df=3(P=0.03); I2=66.15%

Test for overall effect: Z=1.95(P=0.05)

Total (95% CI) 100% 1.7[0.12,3.29]

Heterogeneity: Tau2=2.1; Chi2=17.76, df=7(P=0.01); I2=60.58%

Test for overall effect: Z=2.11(P=0.03)

Test for subgroup differences: Chi2=0.48, df=1 (P=0.49), I2=0%

Favours soap and water 105-10 -5 0 Favours chlorhexidine
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Analysis 1.2.   Comparison 1 Chlorhexidine bathing versus soap-
and-water bathing, Outcome 2 Mortality using adjusted data.

Study or subgroup Chlorhex-
idine

Soap and
water

log[Odds
Ratio]

Odds Ratio Weight Odds Ratio

N N (SE) IV, Random, 95% CI IV, Random, 95% CI

1.2.1 Parallel group studies

Boonyasiri 2016 240 241 0.3 (0.474) 1.95% 1.4[0.55,3.54]

Camus 2005 130 126 -0.2 (0.273) 5.87% 0.79[0.46,1.36]

Pallotto 2018 226 223 -0.1 (0.276) 5.76% 0.88[0.51,1.51]

Swan 2016 161 164 -0.3 (0.336) 3.87% 0.77[0.4,1.49]

Subtotal (95% CI) 17.45% 0.87[0.64,1.19]

Heterogeneity: Tau2=0; Chi2=1.25, df=3(P=0.74); I2=0%

Test for overall effect: Z=0.89(P=0.38)

1.2.2 Cluster randomised crossover trials

Milstone 2013 2422 2525 -0.2 (0.174) 14.45% 0.86[0.61,1.21]

Noto 2015 4488 4852 -0.1 (0.08) 68.09% 0.87[0.75,1.02]

Subtotal (95% CI) 82.55% 0.87[0.76,1]

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.94); I2=0%

Test for overall effect: Z=1.9(P=0.06)

Total (95% CI) 100% 0.87[0.76,0.99]

Heterogeneity: Tau2=0; Chi2=1.25, df=5(P=0.94); I2=0%

Test for overall effect: Z=2.09(P=0.04)

Test for subgroup differences: Chi2=0, df=1 (P=0.99), I2=0%

Favours chlorhexidine 1000.01 100.1 1 Favours soap and water

A D D I T I O N A L   T A B L E S

Study ID Study design Data reported by study authors Chorhexi-
dine group

Control
group

Inference

Boonyasiri
2016

Parallel Median (range) length of ICU stay, in days 9 (3 to 212) 10 (3 to
136)

P = 0.42

Camus
2005

Parallel Median (range) length of ICU stay, in days 15 (3 to
132)

16 (3 to 83) "Not significantly differ-
ent"

Climo
2013

Cluster-ran-
domised
cross-over

Mean length of ICU stay, in days 6.4 6.4 P = 0.53 (unadjusted)

Noto 2015 Cluster-ran-
domised
cross-over

Mean (95% CI) length of ICU stay, in days 2.56 (1.24
to 5.09)

2.39 (1.21
to 4.95)

Difference (95% CI) =
0.169 (-0.01 to 0.321) (un-
adjusted using Mann-
Whitney U)

Pallotto
2018

Parallel Median (IQR) length of ICU stay, in days 4 (2 to 8) 4 (2 to 7) P > 0.05

Table 1.   Data for length of stay
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Warren DK, Prager M, Munigala S, Wallace MA, Kennedy CR, Bommarito KM, et al. Prevalence of qacA/B genes and mupirocin resistance
among methicillin-resistant staphylococcus aureus (MRSA) isolates in the setting of chlorhexidine bathing without mupirocin. Infection
Control and Hospital Epidemiology 2016;37(5):590-7

Appendix 7. Statistical analysis details: hospital-acquired infections

Study ID Study design Analysis re-
ported by
study au-
thor

Defini-
tion of out-
come used
in the re-
view for
‘hospital
acquired
infection’

Data reported by study authors Manipulation by review
authors

Bleas-
dale
2007

Cluster-randomised
cross-over trial with
2 clusters and 836
participants

Multivariate
models that
include a
term for ge-
ographical
unit

BSI Rate (per 1000 patient days) 10.4
vs 4.1, 95% CI for rate difference
1.2 to 11

SE for rate difference calcu-
lated from CI

Boonyasiri
2016

Parallel group trial
of 481 participants

Individual in-
cidence

VAP,
CLABSI,
and CAUTI

28 infections during 3284 patient
days vs 29 infections during 2759
patient days (adding up infections
and using mean ICU stay to calcu-
late patient days)

Rate difference and asso-
ciated SE calculated using
section 9.4.8 Higgins 2011

Camus
2005

2x2 factorial trial
with 256 partici-
pants in two rele-
vant arms

Number of
infections
and patient
days

Acquired
infections

87 infections during 1961 patient
days vs 87 infections during 1991
patient days

Rate difference and asso-
ciated SE calculated using
section 9.4.8 Higgins 2011

Climo
2013

Cluster-randomised
cross-over trial with
9 clusters and 7727
participants

GEE (accord-
ing to SAP)

Hospital
acquired
BSI

Rate (per 1000 patient days) 6.60
vs 4.78, P = 0.007

P value used to calculate Z-
value, and rate difference/ Z
gives estimate of SE

Milstone
2013

Cluster-randomised
cross-over trial with
10 clusters and
4947 participants

Poisson re-
gression ad-
justed for
cluster and
time

CLABSI Rate (per 1000 patient days) 3 vs
1.63, rate ratio 0.52 (95% CI 0.26 to
1.08), adjusted CI 0.25 to 1.08

Unadjusted and adjusted CI
used to calculate SE for log
rate ratio: from these design
effect = 1.032 applied to in-
flate SE of rate difference

Noto
2015

Cluster-randomised
cross-over trial with
5 clusters and 9340
participants

Supplemen-
tary materi-
als present
group level
analysis of
clusters

Composite
outcome
including
CLABSI,
CAUTI,
VAP and
Clostridium
difficile

Rate (per 1000 patient days) 3.35
vs 3.31, 95% CI for rate difference
(-1.19 to 1.11)

SE for rate difference calcu-
lated from CI

Pallotto
2018

Parallel group trial
of 449 participants

Number of
infections
per patient
days

Compos-
ite out-
come in-
cluding BSI,
CLABSI,

Rate (per 1000 patient days) 40.9
vs 23.2, P = 0.034

P value used to calculate Z-
value, and rate difference/ Z
gives estimate of SE
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UTI, CAUTI,
and VAP

Swan
2016

Parallel group trial
of 350 participants

Hazard ra-
tios and risk
difference

Composite
outcome of
CAUTI, VAP,
SSI, BSI

35 infections during 2416 patient
days vs 18 infections during 2332
patient days (supplementary digi-
tal content)

Rate difference and asso-
ciated SE calculated using
section 9.4.8 Higgins 2011

 (Continued)

BSI: blood stream infection; CAUTI: catheter associated urinary tract infection; CI: confidence interval; CLABSI: central line associated blood
stream infection; GEE: general estimating equation; ICU: intensive care unit; SAP: statistical analysis plan; SE: standard error; UTI: urinary
tract infection; VAP: ventilator-acquired pneumonia

Appendix 8. Analysis of rate di�erences: hospital-acquired infections

Study ID Rate difference (control –
treatment)

95% CI SE

Bleasdale 2007 6.3 1.2 to 11 2.5

Boonyasiri 2016 -1.984 2.53

Camus 2005 0.668 6.68

Climo 2013 1.82 0.43 to 3.13 0.675

Milstone 2013 1.37 -0.24 to 2.25 0.756

Noto 2015 0.04 -1.11 to 1.19 0.586

Pallotto 2018 17.7 1.34 to 34.06 8.349

Swan 2016 6.768 3.050

CI: confidence interval; SE: standard error

Appendix 9. Statistical analysis details: mortality

Study ID Data reported by study authors Manipulation by review authors

Milstone 2013 88/2525 vs 73/2422 with unadjusted RD
-0.48(95% CI -01.47 to 0.51)

Design effect = 1.032 calculated for primary outcome. This was
applied to inflate standard error of log OR

Noto 2015 449/4852 vs 367/4488 with unadjusted CIl
for RD -1.07(95% CI-2.22 to 0.07)

Adjusted and unadjusted CI presented for RD for primary out-
come: these were used to estimate design effect = 1.092 which
was applied to inflate SE of log OR

CI: confidence interval; OR: odds ratio; RD: risk di�erence; SE: standard error
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We made the following changes from the protocol (Lewis 2016).

1. New author: we added an additional author to the review (Sarah Rhodes).
2. Criteria for considering studies in this review: we did not exclude studies in which participants were diagnosed with a hospital-acquired

infection (HAI) prior to randomisation. This was not reported in four studies (Bleasdale 2007; Climo 2013; Milstone 2013; Noto 2015),
such that we could not be certain whether participants in these studies had been monitored for an HAI at enrolment; and two included
studies reported a small number of participants with some infections at baseline (Camus 2005; Swan 2016). We included all studies,
but collected baseline data on HAI as reported by study authors. However, we believe this indicated indirectness, and we downgraded
the certainty of the evidence for this reason. We excluded studies of neonates because these participants have a di�erent set of critical
care needs. We specified the exclusion of studies in which only one body part was bathed; our intention was to look at the e�ect of
chlorhexidine when used for bathing of all body areas.

3. The original protocol stated 'For studies with a cross-over design, we will only include data from the first intervention period, i.e. before
cross-over to the alternative treatment'. We did not anticipate that we would identify any cluster-randomised crossover trials; however it
was felt that the cluster-randomised cross-over trial was a valid design to answer the research question, given that the same participants
were unlikely to be included in both the intervention and control period. We decided post-hoc to include, where possible, both periods
of cluster-randomised cross-over trials, using methods described in Unit of analysis issues.

4. Data synthesis: in the protocol we stated that the primary outcome (hospital-acquired infections) would be analysed using odds ratios.
Most of the trials reported infections using number of events and rates rather than number of people having at least one infection;
this included several cluster-randomised cross-over trials that analysed infections using rate di�erences with appropriately adjusted
confidence intervals. In order to utilise data from as many trials as possible, and to incorporate the cluster-randomised cross-over trials,
we chose to use rate di�erences as the summary statistic for the primary outcome.

5. Sensitivity analysis: because of the inclusion of cluster-randomised cross-over studies, and subsequent changes to analysis of data, we
used sensitivity analysis to assess the inclusion of such studies. We expanded the sensitivity analysis to include analysis of a secondary
outcome (mortality) because we also included cluster-randomised cross-over studies in this analysis.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Critical Illness;  Anti-Infective Agents, Local  [*therapeutic use];  Baths;  Central Venous Catheters  [adverse e�ects];  Chlorhexidine
 [*therapeutic use];  Cross Infection  [*prevention & control];  Pneumonia, Ventilator-Associated  [prevention & control];  Randomized
Controlled Trials as Topic;  Sepsis  [prevention & control]

MeSH check words

Humans
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Abstract

Background: Health workers routinely carry out clinical behaviours, such as prescribing, test-ordering or hand-
washing, which impact on patient diagnoses, care, treatment and recovery. Social norms are the implicit or explicit
rules that a group uses to determine values, beliefs, attitudes and behaviours. A social norms intervention seeks to
change the clinical behaviour of a target health worker by exposing them to the values, beliefs, attitudes or
behaviours of a reference group or person. This study aims to find out whether or not social norms interventions
are effective ways of encouraging health workers to carry out desired behaviours and to identify which types of
social norms intervention, if any, are most effective.

Methods: A systematic review will be conducted. The inclusion criteria are a population of health professionals, a
social norms intervention that seeks to change a clinical behaviour, and randomised controlled trials. Searches will
be undertaken in MEDLINE, EMBASE, CINAHL, British Nursing Index, ISI Web of Science, PsycINFO and Cochrane
trials. Titles and abstracts will be reviewed against the inclusion criteria to exclude any that are clearly ineligible.
Two reviewers will independently screen all the remaining full texts to identify relevant papers. For studies which
meet our inclusion criteria, two reviewers will extract data independently, code for behaviour change techniques
and assess quality using the Cochrane risk of bias tool. The primary outcome measure will be compliance with
desired behaviour. To assess the effect of social norms on the behaviour of health workers, we will perform fixed
effects meta-analysis and present forest plots, stratified by behaviour change technique. We will explore sources of
variation using meta-regression and may use multi-component-based network meta-analysis to explore which forms
of social norms are more likely to be effective, if our data meet the necessary requirements.

Discussion: The study will provide evidence regarding the effectiveness of different methods of applying social norms
to change the clinical behaviour of health professionals. We will disseminate the research to academics, health workers
and members of the public and use the findings from the review to plan future research on the use of social norms
with health workers.

Systematic review registration: PROSPERO CRD42016045718. Future protocol changes will be clearly stated in
PROSPERO.
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Background
Health workers routinely carry out behaviours which
impact on patient diagnoses, care, treatment and recovery.
Many of these behaviours have clear guidelines for best
practice. Examples include appropriate ordering of diag-
nostic tests [1, 2], appropriate prescription of antibiotics [3,
4], regular recall of patients with long-term conditions [5],
hand-washing [6] and choice of wound dressings [7].
Health workers face many challenges in following
evidence-based professional practice. There is evidence that
social influences are important in clinical practice [8, 9].
One proposed solution has been to implement be-

haviour change interventions based on social or peer
norms. Social norms are the implicit or explicit rules that
a group uses to determine values, beliefs, attitudes and
behaviours. A social norms intervention seeks to change
the clinical behaviour of a target health worker by expo-
sing them to the values, beliefs, attitudes or behaviours of
a reference group or person. These social norms interven-
tions can form part of an audit and feedback initiative
[10–12] or may be developed as another behaviour change
intervention [13]. These are interventions with reach that
can be implemented routinely across multiple health
workers and settings at low cost, so the absolute gain can
be very large. We use the term target to refer to a health
worker who is targeted by social norms interventions,
with a view to changing their clinical behaviour. We use
the term reference group or reference person to mean a
person or group of people used as a reference category in
a social norms intervention. For the purposes of our
review, we anticipate that reference categories will include
people with the same profession or occupation as the
target; people employed by the same organisation as the
target; people who deliver, administer, manage, com-
mission or make policy on health services; or professional
bodies such as royal colleges and trade unions. It is pos-
sible that some studies will use social norms approaches
where the reference group is not taken from the above list
(such as credible source from a celebrity or exposing the
target’s behaviour to patients). We will include in the
review papers with any type of reference group.
The ability of social norms to affect behaviour has been

considered within several behaviour change theories and
theoretical frameworks. For example, ‘subjective norm’ is a
construct within the Theory of Planned Behaviour [14],
which describes an individual’s perceptions of whether val-
ued others think one should perform a behaviour, combined
with one’s motivation to comply with others’ beliefs. The
Theory of Normative Social Behaviour [15] proposes that
behaviour can be changed through normative mechanisms
and has made distinctions between descriptive norms (be-
liefs concerning the prevalence of a behaviour) and
injunctive norms (beliefs concerning what one feels they
ought to do based on others’ expectations—social approval).

Further, the ‘social influences’ domain of the Theoretical
Domains Framework [16] also includes several normative
constructs: social norms, social comparisons and group
norms. We will include studies based on either descriptive
norms or injunctive norms messages. A descriptive norms
message provides the target with information about the be-
haviour of others in the reference group. Examples of de-
scriptive norms interventions include giving the target
information about the behaviour of a reference person or
group or comparing the target’s behaviour with the behav-
iours of a reference person or group. An injunctive norms
message provides the target with information about the
values, beliefs or attitudes of the reference group, conveying
social approval or disapproval. Examples of injunctive
norms interventions include providing the target with infor-
mation about whether the behaviour has the approval/dis-
approval of the reference group or person, exposure (actual
or promised) of the target’s behaviour to a reference group
and praise, commendation, applause or thanks (actual or
promised) from a reference group or person.
The behaviour change technique taxonomy v1 is a list of

93 distinct behaviour change techniques (BCTs) which are
used in behaviour change interventions [17]. The BCT Tax-
onomy includes five BCTs which we believe involve social
norms: social comparison, information about others’ ap-
proval, credible source, social reward and social incentive
[17]. We have chosen to define social norms in terms of the
BCT taxonomy v1 because, based on international consen-
sus, it aims to define and label all active ingredients of inter-
ventions, including social norms. It incorporates previous
behaviour change taxonomies and has involved significant
effort from leaders in the field and considerable investment
from the MRC and NIHR in developing the taxonomy. We
believe this to be the most reliable tool currently available
that can define BCTs. We have selected the five BCTs that
we consider have a social norms element to them, and we
have discussed this selection carefully, both within the re-
search team and with our steering group of international
experts. We are open to the possibility that studies may be
eligible for the review that test social norms interventions
but do not incorporate one of these five identified BCTs.
Health workers frequently receive audit and feedback

(A&F), which involves ‘providing a recipient with a sum-
mary of their performance over a specified period of time’
([10] p. 1). Social norms interventions are sometimes in-
cluded as one component of A&F, such as when the health
worker is shown information about their own performance
and also a comparison with their peers [11, 12]. A&F has
already been shown to be effective in changing health
worker behaviour, but with large variation in outcomes de-
pending on the context and the intervention design [18].
There is a need to understand the ingredients for successful
A&F [10, 19], and the effects or mechanisms of the social
norms constituents of A&F have been identified in a recent
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systematic review as topics for further research [10]. Our
review will contribute to this important research agenda by
systematically examining the evidence for using social
norms BCTs with health workers.

Aims
The overall aim is to conduct a systematic review to
assess, among health workers, the impact of social
norms BCTs, compared to alternative interventions, no
intervention or comparison of one or more social norms
BCTs on compliance with evidence-based professional
practice. The review will address two research questions:

1. What is the effect of social norms interventions on
the clinical behaviour of health workers and
resulting patient outcomes?

2. Which contexts, modes of delivery and behaviour
change techniques are associated with the
effectiveness of social norms interventions on
health worker clinical behaviour change?

Methods
This protocol follows the PRISMA-P reporting guide-
lines for systematic reviews [20] (PRISMA-P checklist
included as Additional file 1).

Eligibility criteria
The inclusion criteria for the review are a population of
health professionals, a social norms intervention that
seeks to change a clinical behaviour, and the study type
is a randomised controlled trial.

Population
The population of interest is health workers and managers.
Student health workers will be included, but only if the
study is in a healthcare setting. Any healthcare setting will
be eligible, including care homes, nursing homes and
patients’ own homes. Interventions in educational estab-
lishments or simulated environments will not be eligible.

Interventions
The systematic review will focus on social norms inter-
ventions, defined as interventions seeking to change the
clinical behaviour of a target health worker by exposing
them to the values, beliefs, attitudes or behaviours of a
reference group or person. We have selected five BCTs
(from the BCT taxonomy v1) that we consider have a
social norms element to them (6.2. Social comparison; 6.3.
Information about others’ approval; 9.1 Credible source;
10.4 Social reward; 10.5 Social incentive), but we are open
to the possibility that studies may be eligible for the review
that test social norms interventions without using one of
the five BCTs. Three BCTs are used unchanged in this
review (social comparison, information about others’

approval and credible source). Two BCTs have been
adapted slightly for clarity: the definitions of social reward
as ‘verbal or non-verbal reward’ and social incentive as
‘verbal or non-verbal incentive’ are insufficient to dis-
tinguish a ‘social’ reward incentive from other types of
reward or incentive. Further, in the present study, we are
interested in only those social rewards or incentives that
rely on social norms. We define social reward and in-
centive as involving praise, commendation, applause or
thanks, all of which are injunctive norms messages, pro-
viding the target with information about the values, beliefs
or attitudes of the reference group, conveying social
approval or disapproval (Table 1).
Included studies must state a behaviour that is being

targeted for change. By definition, BCTs relate to be-
haviour(s): ‘a single action or sequence of actions’. Either
the ‘performance of wanted behaviour(s) and/or inhibition
(non-performance) of unwanted behaviour(s)’ might be
addressed by a BCT [17] (detail/quotes are from elec-
tronic supplementary materials, p1.). We will report the
number of studies which would otherwise meet our
inclusion criteria but do not mention a target behaviour.
The format of the behaviour change intervention may be

letter, electronic or verbal. It may be delivered once only, re-
peated over time or delivered in a timely fashion on occasions
when the behaviour is expected to be performed. For ex-
ample, an intervention to reduce prescribing of antibiotics by
family doctors might be delivered once only, by regular
weekly email, or by a computerised reminder when a relevant
disease code is entered into the practice computer system.

Comparators
We anticipate finding a range of comparators, including
alternative intervention, no intervention or comparison
of one or more social norms BCTs (Table 2).

Study designs
The systematic review will only include randomised con-
trolled trials (RCTs) of any design (cluster, factorial,
parallel, cross-over and stepped wedge). The justification
for restricting the review to RCTs is that the review is
concerned with the effectiveness of social norms, and
randomised controlled trials are the best method for
assessing the effectiveness of an intervention. We will
include both published and unpublished research. Studies
must be reported in English because the research team
has no resource for translation from other languages.

Information Sources and search strategy
The search strategy was developed collaboratively between
the researchers and the information specialist in our review
team. The search targeted databases relevant to health, so-
cial and behavioural science, without restriction on dates:
MEDLINE, Ovid; EMBASE, Ovid; CINAHL, Ebsco; British
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Nursing Index; ISI Web of Science; PsycINFO and
Cochrane trials. The search was structured to find the pop-
ulations (health workers), interventions (social norms) and
study types (RCTs) of interest. The population search terms
were based on health worker search terms from previous
reviews, supplemented by a list of health worker roles from
a local NHS trust and review by the study team. Interven-
tion search terms were based on the descriptions of social
norms BCTs in the BCT taxonomy v1, audit and feedback
search terms, and theories relevant to social norms. RCT
search filters are those described in Chapter 6.4,11 of the
Cochrane Handbook for Systematic Reviews of

Table 1 Social norms BCTs for inclusion in the review

Name and Definition from BCT Taxonomy [17] SOCIAL review name and definition

6.2. Social Comparison
Draw attention to others’ performance to allow comparison with the
person’s own performance. Note: being in a group setting does not
necessarily mean that social comparison is actually taking place.
Example: Show the doctor the proportion of patients who were
prescribed antibiotics for a common cold by other doctors and
compare with their own data.

6.2. Social Comparison—unchanged

6.3. Information about others’ approval
Provide information about what other people think about the
behaviour. The information clarifies whether others will like, approve
or disapprove of what the person is doing or will do.
Example: Tell the staff at the hospital ward that staff at all other
wards approve of washing their hands according to the guidelines.

6.3. Information about others’ approval—unchanged

9.1. Credible source
Present verbal or visual communication from a credible source in
favour of or against the behaviour. Note: code this BCT if source
generally agreed on as credible, e.g. health professionals, celebrities or
words used to indicate expertise or leader in field and if the
communication has the aim of persuading.
Example: Present a speech given by a high status professional to
emphasise the importance of not exposing patients to unnecessary
radiation by ordering X-rays for back pain.

9.1. Credible source—unchanged

10.4. Social reward
Arrange verbal or non-verbal reward if and only if there has been
effort and/or progress in performing the behaviour (includes ‘Positive
reinforcement’).
Example: Congratulate the person for each day they eat a reduced fat diet.

10.4. Social reward—changed
Arrange praise, commendation, applause or thanks if and only if there has
been effort and/or progress in performing the behaviour (includes ‘Positive
reinforcement’).
Example: Arrange for a family doctor to be sent a thank you note for each
week that they reduce their level of antibiotic prescribing.
Reason for change: the definition of social reward as ‘verbal or non-verbal
reward’ is insufficient to distinguish a ‘social’ reward from other types of
reward. Further, in the present study, we are interested in only those social
rewards that rely on social norms. Praise, commendation, applause or
thanks are all injunctive norms messages, providing the target with
information about the values, beliefs or attitudes of the reference group,
conveying social approval or disapproval.

10.5 Social incentive
Inform that a verbal or non-verbal reward will be delivered if and only
if there has been effort and/or progress in performing the behaviour
(includes ‘Positive reinforcement’).
Example: Inform that they will be congratulated for each day that they
eat a reduced fat diet.

10.5 Social incentive—changed
Inform that praise, commendation, applause or thanks will be delivered if
and only if there has been effort and/or progress in performing the
behaviour (includes ‘Positive reinforcement’).
Example: Promise a family doctor in advance that they will be sent a thank you
note for each week that they reduce their level of antibiotic prescribing.
Reason for change: the definition of social reward as ‘verbal or non-verbal
reward’ is insufficient to distinguish a ‘social’ reward from other types of
reward. Further, in the present study, we are interested in only those social
rewards that rely on social norms. Praise, commendation, applause or
thanks are all injunctive norms messages, providing the target with
information about the values, beliefs or attitudes of the reference group,
conveying social approval or disapproval.

Table 2 Types of comparison

Interventions Controls

1 Social norm intervention vs Any control

2 Social norm intervention + X vs X

3 Social norm intervention + X vs Any control

4 Social norm intervention + X vs Social norm intervention

5 Social norm intervention A vs Social norm intervention B

Where X is any other intervention and A and B are two different types of
social norm behaviour change technique.
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Interventions [21]. The search terms were developed by the
study team and used to develop searches in MEDLINE.
They were then reviewed by the project team and trans-
lated into the other databases using the appropriate con-
trolled vocabulary as applicable. The final search strategy
was reviewed by the Management Group and Steering
Group. Searches were completed between 4 and 19 July
2018. The MEDLINE search is available within our
PROSPERO registration [22] and as Additional file 2.

Data collection
Data management
Covidence will be utilised as a management tool for the
review (https://www.covidence.org/).

Study selection process
One reviewer will independently screen the titles and
abstracts and exclude studies which obviously do not meet
inclusion criteria. A second reviewer will independently
screen a sample of 20% of records. If there is any difference
of opinion at the title/abstract stage, the reviewers will err
on the side of inclusion. The number of cases of disagree-
ment will be reported. If the level of disagreement is over
10%, all the records will be double screened. Two reviewers
will independently screen the full texts and apply the eligi-
bility criteria. If there is any difference of opinion, the two
screeners will discuss, and if they cannot agree, the text will
be reviewed by a third member of the research team or re-
solved at a project team meeting if required.

Data collection process
Data from included studies will be extracted indepen-
dently by two researchers. A data collection template,
based on the Cochrane EPOC data collection form [23]
has been developed [22], which will ensure that (where
available) information on population and setting, methods,
participants, interventions, controls, outcomes, results
and applicability is collected. Discrepancies between re-
viewers will be resolved through discussion between the
two researchers, by involving a third member of the
research team, or discussion within the full project team
meeting where necessary. Interventions will be described
using relevant items from the TIDieR checklist [24] and
specific behaviour change techniques will be classified
using the behaviour change technique taxonomy v1 [17].

Unit of analysis issues
If any of the studies in the review are cluster randomised
trials, summary measures (e.g. means, odds ratios) and ad-
justed standard errors will be extracted from appropriately
analysed trials. Where necessary, adjustments for clustering
will be made, using the ICC (intra-class correlation
coefficient). If more than one comparison from a study with
more than two arms is eligible for the same comparison,

the number of health workers in the shared arm will be ad-
justed to avoid double counting. The adjustment will be
done by dividing the number of health workers in the
shared arm approximately evenly among the comparisons.

Missing data
The research team will search for companion papers (by
author searching and citation searching) and/or contact
trial authors once to obtain missing information under
the following circumstances:

1. Where there is insufficient information in the full
trial report to establish whether or not the trial
meets our inclusion criteria

2. Where it is clear that our primary outcome
measure was measured but insufficient information
was reported to establish the number of
participants and/or summary measures

3. Where the intervention descriptions are insufficiently
clear to determine whether or not the trial meets our
inclusion criteria

The research team will impute estimates of standard de-
viations where necessary (after contacting authors) using
standard deviations from other similar studies (same target
behaviour, same setting) that use the same type of outcome.
Where necessary, for cluster randomised trials, a value of
the ICC from similar studies (same target behaviour, same
outcome measure, same setting) will be imputed.

Piloting
All processes for screening, extraction, BCT coding and
assessment of bias will be piloted within the team prior
to implementation.

Coding of Behaviour Change Techniques
Specific behaviour change techniques will be coded
independently by two researchers, using the behaviour
change technique taxonomy v1 [17]. The reliability of identi-
fying and coding behaviour change techniques from inter-
vention descriptions has been assessed [25]. This research
assessed the reliability of judgements between different
coders and across time using the prevalence and bias-
adjusted kappa (PABAK) statistic. Overall, there were high
rates of reliability between coders. Of the five BCTs relevant
to this review, three of the techniques (social comparison,
information about others’ approval, social incentive) were
assessed in a high number of studies (6 to 20 studies) and
were found to have high inter-rater reliability (over 0.7). So-
cial reward was assessed in only one study but the reliability
was high (1.0). Credible source was found in a high number
of studies but found to have lower reliability (0.4) (Table 3).
All coders will be trained in coding of behaviour change

techniques, using the on-line training provided by the
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authors of the BCT taxonomy (http://www.bct-taxonomy.
com/), which is required to meet acceptable standards of
competence. The online training has been shown to
improve agreement with expert consensus, confidence for
BCTs assessed and coding competence [26]. Additionally,
they have attended a workshop facilitated by co-applicant
RP and steering group member MJ. The level of agree-
ment on the coding of BCTs between two coders will be
reported, using a PABAK statistic.

Outcomes and prioritisation
The primary outcome for this review is compliance of the
health worker with the desired clinical behaviour (e.g. rate of
antibiotic use) at 6months post randomisation. Six months
post randomisation was chosen to identify a common time
point from randomisation, and there is the potential for in-
terventions to run over several months. Researchers will ex-
tract details of the outcome closest to 6months post
randomisation (e.g. mean and standard deviation or propor-
tion). Other time points will be noted for inclusion in the
description of studies and the team may consider conduct-
ing analysis using earlier/later time points, where reported.
It is likely that different studies will use different outcome

measures as they will be measuring different behaviours and
using different methods to assess those behaviours. The re-
search team will convert any observed measure of health
worker behaviour into a standardised mean difference be-
tween groups in terms of compliance with the desired be-
haviour. Examples include the mean number of times the
behaviour was performed per worker or the mean rate of
behaviour (e.g. rate of antibiotic items dispensed per 1000
population). It is possible that compliance will be reported
as a binary outcome, for example compliance vs non-
compliance on a single occasion, e.g. attendance a training
session. The methods of Chin 2000 will be adopted to
convert binary outcomes to standardised mean differences
with associated standard errors using the formula [27]:

SMD ¼
ffiffiffi
3

p

π
lnOR

If several measures of compliance are reported in a trial,
the following criteria will be used to select the outcome for

the primary analysis, in decreasing order of importance: (a)
observed measure rather than self-report, (b) continuous
measure, (c) final score rather than change from baseline or
percentage change, (d) described as the primary outcome,
(e) used to calculate the sample size, and (f) reported first.
A secondary outcome for the review is any patient

outcomes which are likely to result from targeting the
health worker behaviour.

Risk of bias in individual studies
Two reviewers will independently assess the risk of bias of
each study; discrepancies will be resolved by discussion be-
tween the two reviewers, by involving a third reviewer, or
by discussion within the project team, if needed. The risk of
bias for each main outcome in all studies included in the
review will be assessed using the tool described in Chapter
8 of the Cochrane Handbook for Systematic Reviews of In-
terventions [28]. An assessment of the risk of bias (high,
low or unclear risk of bias) on each domain (random se-
quence generation, allocation concealment, blinding of par-
ticipants and personnel, blinding of outcome assessment,
incomplete outcome data, selective outcome reporting and
other bias) will be assigned to each of the included studies
and will be reported and utilised in sensitivity analysis.

Data synthesis
Criteria for study data to be meta-analysed
The meta-analysis will only include those studies that
report a relevant outcome measure (clinical behaviour of
a health worker or patient health outcome) that can be
converted into a standardised mean difference.

Planned approach for meta-analysis
To address the first research question (What is the effect of
social norms interventions on the clinical behaviour of
health workers, and resulting patient outcomes?) estimates
from the individual studies will be combined using a fixed
effects meta-analysis on the standardised mean difference,
stratified by the 5 social norms BCTs. The research team
prefers a fixed effects approach to a random effects
approach in this case, since a key assumption of the latter,
exchangeability, is not anticipated to hold in these trials [29].
The fixed effects analysis will yield a summary of the evi-
dence in these trials, rather than an estimate of a com-
mon underlying treatment effect, as advocated by
Higgins et al. [30]. Statistical heterogeneity will be ex-
plored and reported visually by preparing forest plots
and reporting I2.
To address the second research question (Which con-

texts, modes of delivery and behaviour change tech-
niques are associated with the effectiveness of social
norms interventions on health worker clinical behaviour

Table 3 Inter-rater reliability of coding of social norms BCTs

Behaviour change
technique

Number of studies in
which the BCT was present

Inter-rater
reliability
(PABAK)

6.2 Social comparison 13 0.76

6.3 Information about others’
approval

6 0.94

9.1 Credible source 32 0.4

10.4 Social incentive 7 0.9

10.5 Social reward 1 1.0

Source: [24]
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change?), if there are sufficient studies with comparable
outcomes, the research team will follow steps 1 to 3:
Step 1: Explore sources of variation, using forest plots

and narrative description.
Step 2: Undertake an exploratory analysis, using multi-

variable meta-regression to investigate sources of heterogen-
eity and explain variation in the results. Meta-regression is
an appropriate method in which appropriate weights are
assigned to studies/sub-groups. Prior to undertaking this
analysis, a detailed analysis plan will be written, making ex-
plicit the sources of variation that will be investigated and
our hypotheses, following the recommendations of Thomp-
son [31]. Our categorisation of the sources of variation was
informed by a meta-synthesis of audit and feedback inter-
ventions [32]. Sources of variation may include the items

1. Context

� Type of health worker (such as a family doctor, nurse,
secondary care doctor or allied health professional).

� Type of behaviour (such as prescribing,
hand-washing or surgical technique).

� Any targeting of participants based on baseline
performance of behaviour (such as below or above
average).

� Concomitant behaviour change techniques
delivered alongside the social norms intervention

� Choice of reference group (such as health worker,
professional body, patient or other)

� Direction of change expected (increase, decrease
or maintenance of behaviour)

2. Mode of delivery

� Who delivers the intervention (such as health worker,
non-health worker, patient or researcher) and whether
they are internal or external to the target’s organisation.

� Frequency and intensity
� Delivery method (such as email, letter, computerised

or face-to-face)

3. Social norm behaviour change technique

Step 3: Explore whether social norms interventions with
particular components and concomitant behaviour change
techniques are more likely to be effective. For this, the re-
search team will consider using a multi-component-based
network meta-analysis [33]. This analysis will be reliant on
2 conditions: (1) being able to identify distinct compo-
nents/techniques from the published literature (2) a con-
nected network of components/techniques. The research
team will only proceed with this analysis if these two
conditions hold and a pre-specified analysis plan is ap-
proved by the Study Steering Committee.

Additional analyses
Sensitivity analyses for the primary outcome (a) include
only studies with a low risk of bias (for each separate
domain and all domains), (b) include only studies where
the primary outcome was reported on a continuous
scale, (c) using methods of Ma et al. [34] to impute
missing standard deviations, and (d) include only studies
where the standard error was not imputed.

Planned summary if meta-analysis is not possible
If meta-analysis is not possible because of inconsistency
and incomplete reporting of outcome measures, an
Albatross plot, as proposed by Harrison, will be pro-
duced [35]. In an albatross plot, p values, ordered from
extreme negative trend to extreme positive trend, are
plotted against study size. Effect contours will be added
to show a range of effect sizes.

Meta-bias
The impact of reporting bias will be minimised by
performing a comprehensive search for eligible studies.
Publication bias in the reported studies will be investi-
gated using a funnel plot.

Confidence in cumulative evidence
The strength of the body of evidence will be assessed for
the primary outcome using GRADE for each of the five
BCTs and for social norms overall.

Discussion
There are many implementation research contexts in
which modification of the behaviour of health workers
may have a beneficial effect on patient diagnosis, care,
treatment, and on the costs of healthcare. These con-
texts include situations where health workers are ex-
pected to follow evidence-based professional practice
such as prescribing, ordering tests, choosing treatments
and adhering to guidelines. A systematic review of the
evidence is needed to establish whether these interven-
tions are effective and what factors influence their effect-
iveness. Limitations of the review include the following:
the search strategy may not pick up every healthcare
profession and could miss social norms interventions
that are described using bespoke terminology, the
context in which clinical behaviour takes place and the
factors that influence it are complex and it is unlikely
the individual studies will report these fully and con-
sistently, the review will synthesize the results of trials
with different outcome measures, by restricting the
studies to those written in English, we may miss im-
portant evidence, and authors will not be contacted for
intervention manuals which could lead to the omission
or misclassification of some BCTs. All this could have a
potential impact on interpretation of the results and
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recommendations for future research. This is the first
systematic review, to our knowledge, that will investigate
the effect of social norms interventions on health worker
behaviour and resulting patient outcomes.

Additional files

Additional file 1: PRISMA-P Checklist. (DOCX 34 kb)

Additional file 2: Final search strategies. (DOCX 31 kb)
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Chapter 2 Methods

Parts of this chapter have been reproduced from our review protocol.1,2 This is an Open Access
article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0)

license, which permits others to distribute, remix, adapt and build upon this work, for commercial use,
provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/. The text
below includes minor additions and formatting changes to the original text.

Changes to the protocol

The published protocol differs from the funding proposal in the ways listed below, and these changes
were approved by NIHR during the early months of the project:

l Change in terminology – ‘social norms’ replaces ‘social influence’. The justification for this was
twofold. First, the term ‘social influence’ is a domain within the Theoretical Domains Framework23

and encompasses a broad range of social concepts, such as emotional and practical support,
demonstrating a behaviour and changing the social environment, as well as social norms; it is not
specific enough for the purpose of this review. Second, ‘social norms’ better captures the core
mechanism by which we expected the interventions to have an effect.

l We added to our inclusion criteria a requirement that included studies must state a behaviour that
is being targeted for change. This was not a fundamental change from the earlier version, but was
stated more clearly than previously.

l Change from ‘health professional’ to ‘health worker’. This is a clarification rather than a change to the
original inclusion criteria. It was always our intention to include all staff providing health care, and
this change of terminology makes clear that not all health workers have professional qualifications.

Inclusion criteria

The inclusion criteria for the review were based on the population, types of intervention and study
designs, as follows.

Population
The population of interest was health workers (including managers) responsible for patient care in a
health-care setting. Health workers in training were included, but only if they were in a health-care
setting (i.e. not in campus or laboratory environments). Any health-care setting was eligible, including
primary care, secondary care, care homes, nursing homes and patients’ own homes. Interventions
taking place in simulated environments were not eligible for inclusion.

Interventions
A social norms intervention seeks to change the clinical behaviour of a target health worker by exposing
them to the values, beliefs, attitudes or behaviours of a reference person or group. We looked for
the five BCTs that we considered to have a social norms element to them: 6.2. social comparison, 6.3.
information about others’ approval, 9.1. credible source, 10.4. social reward and 10.5. social incentive.
However, we were open to including studies that met all other inclusion criteria and had a social norms
element, even if they did not include any of these five BCTs.

Included studies must have stated a clinical behaviour of health workers that was targeted for change
through the use of social norms. If the behaviour was not specified, it was not possible to determine
which aspects of an intervention were relevant to the anticipated behaviour change. Indeed, the BCT
taxonomy v1 coding guidance states that the target behaviour needs to be specified and BCTs must
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target that behaviour for BCTs to be coded.28 Clinical behaviour here is defined as any behaviour that
is performed within a (non-simulated) environment that affects patient diagnosis, care, treatment or
recovery. We have reported the number of studies identified by our search that met all other inclusion
criteria but did not mention a target behaviour.

Comparators
All comparators were eligible for inclusion, including alternative interventions, no intervention or
comparison of one social norms BCT with one or more other social norms BCTs.

Study designs
Only randomised controlled trials (RCTs) were included in the review. All designs of RCTs (cluster,
factorial, parallel, cross over and stepped wedge) were eligible for inclusion. The justification for
restricting the review to RCTs was that the review is concerned with the effectiveness of social norms,
and RCTs are the best method for assessing the effectiveness of an intervention.

We included both published and unpublished research. Studies had to be reported in English because
the research team had no resource for translation from other languages.

Search strategy

The search strategy was developed using an extensive iterative scoping process, involving the whole team
including an information specialist (Jane Roberts). Lists of possible search terms were suggested by team
members; these were developed into search strategies by Jane Roberts, who then ran preliminary searches.
A sample of the titles and abstracts were reviewed closely by Sarah Cotterill and Mei Yee Tang and
discussed by the wider team. This review involved consideration of whether searches were too inclusive
or too restrictive, and examination of resulting abstracts to look for potential additional search terms.

The searches were based on three groups of terms: population, interventions and study design.

Population
A list of population terms was developed by looking at Cochrane reviews25,29 that included a similar
population of health workers, augmented by job roles included in the UK national workforce data set
produced by NHS Digital.30

Interventions
Social norms interventions are not described consistently in the literature, and different terms are
used in various academic disciplines. This presented us with the challenge of finding appropriate search
terms to make sure that we would discover the full range of literature on this topic. We were aware
that many studies involving A&F contain a social comparison element;25 therefore, we looked at the
search terms that were used in a previous systematic review of A&F.25 We omitted anything relating
solely to ‘audit’, as this was not relevant for this review.

During the scoping phase, various feedback terms were tried out. The use of ‘feedback’ alone
produced many irrelevant papers, such as those relating to educational feedback and electronic
feedback. The final search, following extensive trial and error in the piloting phase, included ‘feedback’
when used alongside other relevant terms (audit, monitoring, peer, performance, data, individualised,
web, personalised, comparative, team, practitioner, practice and clinical or social). We also included
‘benchmark’. We included some overall terms that are used in the literature on social norms: ‘norm’

used close to ‘social’, ‘descriptive’, ‘peer’ or ‘subjective’; ‘social influence’; ‘benchmarking’; ‘social or peer
comparison’; and ‘social competition’. Terms that appeared in behavioural economics literature were
included: ‘social proof’, ‘image motivation’ and ‘warm glow’.

METHODS
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Additional search terms were developed for each of the five social norms BCTs by looking at the text
used to describe them in the BCT taxonomy v1,24,31 extensive discussion in the team and examining
relevant articles. Additional terms for information about others’ approval and credible source included
‘positive reinforcement’, ‘congratulate’, ‘praise’ and ‘commendation’. Terms for social reward and social
incentive included ‘social’, ‘verbal’ and ‘non-verbal’ alongside ‘incentive’ or ‘reward’. Finally, the search
included terms to describe theories that are used to explain interventions based on social norms:
the Theory of Planned Behaviour,32 the Theory of Reasoned Action,33 the Theoretical Domains
Framework,34 Social Cognitive Theory,35 and the Theory of Normative Social Behaviour.22

Study design
The search for RCTs was taken directly from the Cochrane RCT search described in the Cochrane
Handbook for Systematic Reviews of Interventions.36 This was translated into other relevant databases.

The search was developed in MEDLINE and then adapted for other databases. Terms relating to the
same concept (e.g. different types of health workers) were combined using the Boolean operator ‘OR’
and different concepts (e.g. health workers and social norms) were combined using ‘AND’. The search
strategy was tailored for the different electronic databases using medical subject headings (MeSH)
where appropriate, wildcard symbols and truncations (see Appendix 1). Backward- and forward-citation
searching was not conducted owing to time and resource constraints.

Published literature was systematically searched on 24 July 2018 in electronic databases relevant to
health and social care: Ovid MEDLINE, Ovid EMBASE, Healthcare Databases Advanced Search (HDAS)
– Cumulative Index to Nursing and Allied Health Literature (CINAHL), HDAS British Nursing Index
(BNI), Cochrane Central Register of Controlled Trials (CENTRAL), Ovid PsycINFO and Web of Science
(see Appendix 1 for search strategies and Appendix 1, Table 15, for the results).

Data collection

Study selection
The process for identifying studies for review followed the stages of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement.37

All references generated from the search were managed in Covidence (Melbourne, VIC, Australia):
an online screening and data extraction tool for systematic reviews. All reviewers were provided with
instructions for both the title and the abstract, and full-text screening stages (see Appendix 2). At the
title and abstract screening stage there was an initial learning phase (305 studies), during which the
coders worked steadily through the task, applying the inclusion criteria to the papers and stopping
after small batches to discuss any discrepancies as they went along. Disagreements and uncertainties
were discussed with the wider research team. This process enabled the main coder to build up a high
level of consistency. For the remaining studies, one reviewer (MYT) independently screened all of
the titles and abstracts against the inclusion criteria, and another researcher (SC, SR or JW) screened
a sample of 20% of the records. These were randomly selected using a random integer generator
(www.random.org; accessed 1 September 2020). By the time that 20% of the records (493 studies) had
been screened, there was very little difference between the decisions of the two coders, and we were
confident that the main coder could make the exclusion decisions with reliability. Inter-rater reliability
on these 493 studies was good38 (kappa = 0.68). Where there was any hesitation on her part about
whether to include or exclude, she erred on the side of inclusion and continued to discuss any uncertainties
with the wider team.

All of the studies at the full-text stage were independently screened by two researchers from
the screening team (MYT, SC or SR). The two reviewers screened the papers concurrently using
Covidence, and were not aware of the other person’s recommendation until after they had entered
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their own. The screening involved reading the full-text paper and deciding whether or not the paper
met the eligibility criteria (a population of health workers in a health-care setting, a social norms
intervention targeted at clinical behaviour change and a RCT). If the study was excluded, the reviewer
entered a reason for exclusion. Any disagreements over the recommendation to exclude or the reason
for exclusion were flagged up by Covidence and the two reviewers met to discuss. If they were unable
to come to a consensus, there was moderation by a third researcher or discussion at a team meeting.

Data extraction and management
For efficiency, data extraction was conducted in three stages: stage 1 involved extraction of all data
apart from the details of the intervention, stage 2 was the BCT coding (carried out by a different
team concurrently with stage 1) and stage 3 was carried out later, because it relied on data collected
during the BCT coding (e.g. we needed to identify which aspects of the intervention were based on
social norms to assess the frequency or format of the social norms intervention). Data from included
studies were extracted using data extraction forms derived from the Cochrane Effective Practice and
Organisation of Care data collection form.39

Stage 1 data extraction
See extraction form in Appendix 3, Tables 16 and 17.

Data were independently extracted by two researchers from the data extraction team (MYT, LH, SR
and SC). Any disagreements were referred to a third researcher for consideration or discussed at a
research team meeting.

Data extracted were:

l setting of the trial (e.g. primary)
l country in which trial was conducted
l design of trial
l aim of the trial
l unit of allocation
l primary outcome
l secondary outcomes
l time points
l statistical analysis
l inclusion/exclusion criteria (and whether or not the inclusion criteria targeted participants based on

low target performance)
l methods of recruitment
l number of randomised clusters, if randomised RCT
l subgroups measured (both health workers and patients)
l target behaviour
l total number of patients and health workers randomised
l type of health worker targeted by the intervention
l withdrawals and exclusions (after randomisation)
l number of participants (both patients and health workers) randomised to group
l number of clusters randomised to group, if cluster RCT
l type of control
l outcomes
l quality assessment (risk of bias).

Stage 2 data extraction: coding of behaviour change techniques
See the BCT extraction form in Appendix 5, Table 19.

METHODS
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The processes of the third stage of data extraction, along with the accompanied instructions, were
refined through piloting (see Appendix 4 for the final version). Six studies were independently extracted
by Sarah Cotterill and Mei Yee Tang. The instructions were refined during this pilot phase and some
categories were added to ensure that extraction was as consistent as possible. The piloting process was
repeated until a high level of agreement was reached between the two coders.

In the protocol, we had envisaged that we would contact authors for additional information if the data
needed to calculate effect sizes were not adequately reported in the paper. We were not able to do
this owing to time constraints, but we made efforts to search for additional papers, including process
evaluations and protocols. Once all of the data were extracted, they were transferred to Stata for analysis.

Assessment of risk of bias
As part of the first stage of data extraction, risk of bias for each included study was independently
assessed by the data extractors (LH, MYT, SC and SR) using The Cochrane Collaboration tool for
assessing risk of bias36 across a range of criteria: selection bias, performance bias, detection bias,
attrition bias, reporting bias, selective outcome reporting and other biases. Included studies were
classified as having a high, low or unclear risk of bias for each criterion. All risk-of-bias criteria were
added as part of the data extraction form in Covidence. Where disagreements occurred, a discussion
between the two extractors took place to resolve the disagreement or a third data extractor would
be brought in when an agreement could not be reached. Percentages of high/low/unclear judgements
for each risk-of-bias criterion across included studies were calculated and reported as a bar chart to
provide a summary of the risk of bias across criteria domains (see Figure 2). Text summaries across
each criteria of bias were produced in line with The Cochrane Collaboration’s guidance for large
reviews.36 Judgements for each risk-of-bias criterion for all included studies were reported
(see Appendix 15, Figure 20).

Data analysis

Outcomes and prioritisation
The primary outcome for the review was compliance of the health worker with the desired behaviour
at the time point closest to 6 months post intervention. We expected studies to report different
behaviours (e.g. prescribing, hand-washing and test ordering) and we expected studies to measure
those behaviours in different ways. We converted any observed measure of health worker behaviour
into a standardised mean difference (SMD) between groups in terms of compliance with the desired
behaviour. Common examples included the mean number of times a behaviour was performed per
health worker or the mean rate of behaviour (e.g. percentage of the population for whom antibiotic
items were dispensed). At times, compliance was reported as a binary outcome, such as compliance
versus non-compliance on a single occasion, and was expressed either in a binary format or using an
odds ratio.

We used the methods of Chinn44 to convert binary outcomes to a SMD with associated standard errors
(see Appendix 8 for the formula).

If several measures of compliance were reported in sufficient detail to enable the analysis of a trial,
we used the following criteria to select the outcome for the primary analysis, in decreasing order of
importance: (1) observed measure rather than self-report, (2) appropriate adjustment for clustering,
(3) continuous measure, (4) final score rather than percentage change or change from baseline,
(5) described as the primary outcome, (6) used to calculate the sample size and (7) reported first.

The secondary outcome for the review was patient health-related outcomes that were likely to result
from targeting the health worker behaviour. These were converted to a SMD using a similar approach.

METHODS
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Specific BCTs were independently double coded using the BCT taxonomy v124 by at least two
researchers. A BCT extraction form was produced to guide the process. Each study’s intervention
descriptions from all of the relevant papers (e.g. protocol, process evaluation and main findings)
were collated by Mei Yee Tang and transposed to the BCT extraction form so that the second coder
(RP, SC or JR) could have the information required for BCT coding available in the one document
for each study. All coders had access to the full papers on Covidence, so that they were able to find
further relevant information that could help them with the coding task. Following coding, for each
study Mei Yee Tang transferred the BCT codes and information extracted by both coders onto a single
final BCT extraction form. As part of this process, any discrepancies were highlighted by Mei Yee Tang
and the disagreements were resolved through discussion or by the moderation of another coder.

For each study, BCTs were separately coded for all arms (i.e. the control arm and all intervention arms).
Mei Yee Tang coded BCTs for all studies, which were then independently double coded by another
trained coder within the research team (SC, RP or JR). BCT coders also recorded the target population,
target behaviour, whether or not guidelines were provided as part of the intervention and the direction
of change in the behaviour that was desired.

Training
All coders completed online training on the coding of BCTs (www.bct-taxonomy.com/; accessed
1 September 2020) and attended a workshop facilitated by co-applicant Rachael Powell and study
steering committee member Marie Johnson prior to starting the coding process. To ensure that all
coders were familiar with the BCT coding process and coded consistently, a random sample (using
www.random.org; accessed 1 September 2020) of three studies was selected for coding by all coders
(MYT, RP, SC and JR). All coders coded the three intervention descriptions independently before
meeting to discuss any issues that arose. This practice exercise with all BCT coders was repeated again
on another four randomly selected studies. The two practice sessions helped to refine the coding
process and revise the BCT extraction form (see Appendix 5, Table 19). A decision log was kept
throughout the BCT coding process to record any decisions that were made to ensure the consistency
of coding. Details are provided in Appendix 6.

Behaviour change techniques inter-rater reliability
Inter-rater reliability for each of the BCTs that were present at least once across all intervention arms
was assessed using the prevalence-adjusted and bias-adjusted kappa (PABAK) statistic (see Appendix 7,
Table 20), which adjusts for both the prevalence and the occurrence of BCTs.40 In circumstances in
which prevalence is low, the widely used chance-corrected kappa statistic is likely to underestimate
reliability as it is highly dependent on prevalence.41 To calculate the PABAK, the kappaetc module in
Stata® I/C 14.0 (StataCorp LP, College Station, TX, USA) was used to produce the Brennan–Prediger
statistic.42,43

Stage 3 data extraction: trial and intervention characteristics
See the stage 3 data extraction form in Appendix 4, Table 18.

Information relating to trial and intervention characteristics [focused on the social norms element(s)
only] was extracted during stage three of data extraction using Microsoft Excel® (Microsoft Corporation,
Redmond, WA, USA) by Sarah Cotterill and Mei Yee Tang:

l Did the inclusion criteria target participants based on low target performance?
l Frequency and intensity of intervention.
l Format of intervention.
l Source of the intervention (i.e. the person delivering the intervention).
l Was this person delivering the intervention internal or external to the target person’s organisation?
l Reference group/person used as the comparison/source of approval.
l Type of comparison.
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Some trials incorporated baseline measurements into their analyses. This was carried out either by
adjusting for baseline values of the outcome measure or of other prognostic variables in an analysis of
covariance (ANCOVA), or by reporting outcomes as changes from baseline.We have prioritised ANCOVA-
adjusted estimates of the treatment effect where relevant or those from logistic regression, given that
these are generally more precise. Change scores cannot be pooled through conversion to SMDs.

Missing data
Our preferred approach to dealing with missing data was to take steps to try to obtain them.We
searched for companion papers by author searching and citation searching. Contacting trial authors
was not possible owing to limited resources and the large number of studies. We imputed estimates of
standard deviations where necessary by using any available information, such as p-values, confidence
intervals (CIs), ranges or standard errors of baseline data, by pooling standard deviations from other
similar studies that use the same type of outcome or by searching for trials that used the same outcome.
Where necessary, for cluster randomised trials we imputed a value of the intraclass correlation coefficient
(ICC) by pooling across similar studies.

Unit of analysis issues
Where any of the studies in the review were cluster randomised trials, we extracted both raw
summary measures (e.g. means and numbers having had the event) and adjusted standard errors from
appropriately analysed trials. Where it was not possible to obtain the adjusted SMD and its standard
error directly, the methods that were used to calculate the SMD and standard error are shown in
Appendix 9, Table 21.

Several studies had more than two relevant arms (e.g. two different social norms interventions and a
control group). In each case, we extracted data on any comparison that was relevant to our primary
research question, while avoiding double counting where possible. Where relevant, we combined
study arms that contained identical BCTs. In cases with two different social norms interventions and
a single control arm, where possible we divided the number of health-care workers in the control arm
approximately evenly between the comparisons to avoid double counting, while retaining the correct
intervention effect. In studies with more than one candidate control arm, we chose the comparison
that provided the more pure test of social norms (e.g. social norms intervention + X vs. X is a more
pure test of social norms than social norms intervention + X vs. usual care).

Where a study was a factorial trial analysed appropriately using linear or logistic regression, we
extracted the covariate and standard error that best assessed the effect of social norms BCTs, for
example a covariate comparing all arms containing a social norms BCT with all arms without.

Analysis of skewed data
If the primary outcome data were heavily skewed, meta-analyses based on SMDs of the untransformed
data would be expected to produce biased estimates. In some cases, compliance was reported as ‘mean
per cent compliance’ or similar, and there is a likelihood that this outcome is skewed when close to 0%
or 100% owing to it being bounded. We removed data likely to be skewed (where mean compliance
was close to 0% or 100%) in a sensitivity analysis.

Utilising the behaviour change technique coding in the analysis
The approach we took to utilising the BCTs in the meta-analysis was to create an Excel file of all the
trials, listing the intervention and control BCTs on separate rows. We subtracted the control arm BCTs
from the intervention arm BCTs to identify the BCTs that would be expected to be responsible for the
differences between the two arms.
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Using the five types of comparison (extracted during the BCT coding process), listed in Box 1, allowed
us to separate out three different tests of social norms:

1. ‘Pure’ test of social norms intervention alone (comparisons 1 and 2, see Box 1).
This involved trials with social norms BCT(s) in the intervention arm and no BCTs in the control
arm (comparison 1). These trials were the purest test of social norms interventions: the BCTs being
tested were those found in the intervention arm. For trials in which an intervention arm including a
social norms BCT combined with other BCTs was tested against a control arm containing the same
other BCTs (comparison type 2), the control arm BCTs were subtracted from the intervention arm
to reveal the BCTs that would be expected to account for differences in outcome. For example, if
the study tested social comparison and instructions on how to perform the behaviour (intervention
arm) against instructions on how to perform the behaviour (control arm), the comparison type
would be ‘social comparison’.

2. ‘Complex’ test of a social norms intervention alongside one or more other BCTs (comparison 3, see Box 1)
This involved trials in which an intervention arm including a social norms BCT combined with other
BCTs was tested against a control arm containing none of the same BCTs (comparison 3). The control
arm was deducted from the intervention arm to reveal the test involved in the comparison. For
example, if the study tested a complex intervention such as credible source, feedback on behaviour,
social support unspecified and behavioural practice/rehearsal (intervention arm) against social
support unspecified and behavioural practice/rehearsal (control group), the comparison would be
‘credible source’ and ‘feedback on behaviour’ versus control.

3. Social norms intervention occurring in both arms (comparisons 4 and 5; see Box 1)
In some studies, two different social norms interventions were compared (comparison 4) or the
same social norms intervention appeared in both arms (comparison 5). Where social norms
interventions occurred in both arms of a trial, the study did not provide useful information for the
meta-analysis, because these trials do not test the effect of social norms interventions, but they
were potentially useful to the review as follows:

l Any study that directly compared one social norms BCT against another (e.g. social comparison
vs. credible source) could potentially be included in the network meta-analysis.

l Any study that compared the same social norms BCT in both arms, with the addition of other
BCTs (e.g. with the addition of social support in one of the arms) or comparing differing modes
of delivery (e.g. social comparison delivered in person or by e-mail) could potentially be included
in the metaregression.

l Any study where social norms BCT(s) were delivered in both arms as a control intervention, for
the purpose of testing a separate intervention, in which the social norm was a minor part were
not included in any analysis.

BOX 1 Types of comparison

Comparison

Comparison 1: social norms BCT vs. any control.

Comparison 2: social norms BCT + X vs. X.

Comparison 3: social norms BCT + X vs. any control.

Comparison 4: social norms BCT type A vs. social norms BCT type B.

Comparison 5: social norms BCT + X vs. social norms BCT + Y.

METHODS
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In summary, the information extracted for the analysis describes the BCTs that were tested in the study
rather than all of the BCTs that make up the intervention. In some cases (comparison 1) the content
of the comparison is the same as the content of the intervention arm, but in most cases (comparison 2
and 3) the content of the comparison is what is left of the intervention when the control arm is taken
away. We regard this as the part of the intervention that was actively tested in the trial. A limitation of
this approach is that we may have missed some interaction effects.

Feedback on behaviour
Early on in our coding, we observed that the BCT ‘feedback on behaviour’ was often found to be
presented alongside a social norms BCT. The implementation of three social norms BCTs (social
comparison, social incentive and social reward) would seem to be greatly facilitated by combination
with ‘feedback on behaviour’. Social comparison, defined as ‘draw attention to others’ performance to
allow comparison with the person’s own performance’,24 does not by definition require feedback on
the target’s own behaviour to be provided, but providing such feedback (e.g. performance data) would
be expected to facilitate comparison. Social reward, ‘arrange verbal or non-verbal reward if and only if
there has been effort and/or progress in performing the behaviour’,24 and social incentive, ‘inform that
a verbal or non-verbal reward will be delivered if and only if there has been effort and/or progress in
performing the behaviour’,24 similarly do not require feedback on the target’s behaviour to be provided
(e.g. the behaviour could be monitored by others without feedback to make the reward/incentive
process clear to a target), but feedback on the behaviour fits very well with these social norms BCTs
and might be expected to facilitate the action of these BCTs.

Because of the high prevalence of feedback on behaviour (present in 88/100 comparisons), we combined
‘feedback on behaviour’ with the social norms BCTwith which it appeared for the purpose of primary
analyses: in the forest plots we have listed each social norm with or without feedback. However, it was
important to unpick the separate effects of feedback on behaviour: this was examined as part of the
metaregression. As a sensitivity analysis, we examined the overall effects of social norms interventions
with and without feedback on behaviour.

Data synthesis

Criteria for study data to be meta-analysed
We included in a meta-analysis those studies that report a primary outcome measure (clinical behaviour
of a health worker) or secondary outcome (patient outcome) that can be converted into a SMD.

Planned approach for meta-analysis
Research question (RQ) 1: what is the effect of social norms interventions on the clinical behaviour of
health workers, and the resulting patient outcomes?

The comparisons used in the analysis to answer RQ1 are shown in Appendix 10, Table 22. We stratified
the studies in the forest plot according to the type of comparison (see Utilising the behaviour change
technique coding in the analysis) and the type of target behaviour, and pooled estimates across strata.
The aim of this was to provide some initial insight into whether or not, and how, treatment effects vary
systematically in trials using different social norms techniques, while remaining aware of the likely
confounding by other trial characteristics. We considered I2 and tau when interpreting heterogeneity,
but did not use it as the basis for analytic decisions. We preferred a fixed-effects approach rather than
a random-effects approach to meta-analysis, which we consider to yield a summary of the evidence in
these trials (i.e. the average effect), rather than an estimate of a common underlying treatment effect.
However, we also reported a random-effects analysis.
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Research question 2: which contexts, modes of delivery and BCTs are associated with health worker
clinical behaviour change? To address this research question, we followed steps 1 to 3.

Step 1 – we explored sources of variation using forest plots and narrative description. In addition
to those comparisons used in RQ1, we included the following types of comparison in a narrative
description: (1) social norms intervention A versus social norms intervention B and (2) social norms
intervention + X versus social norms intervention + Y, where X and Y are any BCT or combination
of BCTs, and A and B are either two different types of social norms BCT or the same social norms BCT
delivered by two different methods.

Step 2 – we undertook an exploratory analysis using multivariable metaregression to investigate
sources of heterogeneity and explain variation in the results. Metaregression is an appropriate
regression method in which weights are assigned to studies/subgroups based on the standard
error of the treatment effect. Appendix 11, Table 23, shows the predictor variables together with
anticipated parameterisations that we included in the metaregression analyses. Although controlling
for multiple predictors at once is desirable, in practice this was governed by the number of trials and
the observed distributions of the variables. We allowed for trials from the different comparisons
to enter into a single metaregression given that we anticipated we would be able to control for
comparators and co-interventions in the regression. We had intended to categorise the control
conditions, but were unable to do this robustly.

Step 3 – we used network meta-analysis to explore which social norms BCT, combination of social
norms BCTs or combination of social norms BCT with other BCTs, if any, appears most effective.
We considered two broad approaches for network meta-analysis, and made the decision to employ
type (a) after consultation with our SSC.

l Network meta-analysis
We examined data from all trials to look at the most commonly occurring combinations of social
norms BCTs, either alone or alongside other BCTs. We built and examined a network diagram
including social norms BCTs and commonly occurring combinations of social norms BCTs with other
BCTs, plus control. Decisions about whether or not to ‘lump together’ BCTs or combinations of BCTs
into categories were made after careful discussion by the project team. The justifications were
recorded. The geometry of the network diagram was evaluated and no revisions were required to
achieve a connected network. Fixed-effects and random-effects network meta-analyses were fitted
in Stata.

l Multi-components-based network meta-analysis.45

Each intervention in the review would have been considered as a combination of BCT components.
We would include all social norms BCTs along with other commonly found BCTs in a components-
based network plot. This type of analysis ideally requires all available trials that test the BCT
components of interest; our search strategy was not appropriate for this as we were focusing on the
social norms components only. We therefore decided not to pursue this approach.

The results from direct and indirect evidence were compared to check for consistency. Trials grouped
by comparison were examined to assess transitivity. Metaregression did not identify any clear potential
effect modifiers; therefore, although we planned in the protocol to include these in the model, this did
not happen.

Additional analyses
We carried out the following sensitivity analyses for the primary outcome:

l include only studies with a low risk of bias (for the key domains of allocation concealment, sequence
generation, attrition, selective outcome reporting and other sources of bias)

METHODS
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l exclude continuous outcomes reported as ‘mean percentage’ that were < 20% or > 80%, as these
are unlikely to come from a normal distribution

l include only studies in which the standard deviation was not imputed
l using alternative values of imputed ICC
l studies with and without feedback on behaviour.

Publication bias

We aimed to minimise the impact of reporting biases by performing a comprehensive search for eligible
studies. We investigated the impact of publication bias in the reported studies using a funnel plot.

Patient and public involvement

We recruited members of the public from two sources: (1) PRIMER (Primary Care Research in Manchester
Engagement Resource: https://sites.manchester.ac.uk/primer/about-primer/; accessed 1 September 2020), a
public involvement group in the Centre for Primary Care, University of Manchester, and (2) an advertisement
on Citizen Scientist, which is based at Salford Royal NHS Foundation Trust and promotes research and
patient and public involvement (PPI) opportunities for members of the public.We advertised for anyone aged
> 18 years who had used any type of NHS service: we were not looking for people with any particular
condition or experiences.

Mr Manoj Mistry has been involved in the review from the start. He has a wealth of past experience
of involvement in research and was an invaluable part of the review. He had input into the proposal
before we submitted the funding bid and he was a member of the SSC, bringing a patient and carer
perspective to the meetings. He attended all three SSCs and played a full and active role in the
committee’s discussions.

Two PPI events were planned for this study. The first event took place in August 2018 at the University
of Manchester. The aim of the first event was to discuss how the review would be relevant to members
of the public, and to get feedback on the overall design of the review. Six members of the public (two
female, four male), including Mr Manoj Mistry, participated in the workshop, and they discussed with us
the relevance of the review for patients and carers. They felt that patients can have a role in changing
health worker behaviour, for example by reminding health workers to wash their hands or telling the
GP that they do not expect to be prescribed antibiotics for a cold, although they were cynical about
whether or not doctors would listen to patients when they present potential best practice (example
given of a relative who had better care in Australia, but the doctor in the UK did not want to hear
about it). In response to this observation, we made sure to record whether or not any studies in the
review considered patients’ role in social norms interventions (e.g. use of the information about others’
approval BCT, where the approval came from patients) (see Appendix 12, Table 24, for a short report of
the meeting).

We had feedback from four public contributors on the Plain English summary, and Mr Manoj Mistry has
reviewed this description and account of our PPI activity.

A second PPI workshop took place in October 2019 at the University of Manchester to discuss how best
to disseminate the findings to a wider audience. Four of the original group members (including Mr Manoj
Mistry) attended. We presented the preliminary findings from the SOCIAL study and asked the group
what they considered to be the most important messages from a public perspective. We also asked the
group to suggest suitable language for presenting the findings to a lay audience. They suggested that
the main messages should be that the study provides evidence that social norms interventions can
encourage the medical community to change behaviour, leading to better outcomes for patients.

DOI: 10.3310/hsdr08410 Health Services and Delivery Research 2020 Vol. 8 No. 41

© Queen’s Printer and Controller of HMSO 2020. This work was produced by Cotterill et al. under the terms of a commissioning contract issued by the Secretary of State
for Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in
professional journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial
reproduction should be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House,
University of Southampton Science Park, Southampton SO16 7NS, UK.

17

https://sites.manchester.ac.uk/primer/about-primer/


One or two things make social norms interventions even more effective:

l right message (i.e. the use of different social norms BCTs)
l right place (i.e. context)
l right method (i.e. mode of delivery).

Authority of the message sender is crucial.

Messages from all sources are important, including those from patients.

We plan to follow this approach when we write summary materials for a lay audience. There was
concern (from some) about the term ‘behaviour change’. Alternatives were ‘influence’ or ‘improve’,
but they did not all agree. The group wanted us to avoid being preachy or patronising or using a
telling-off approach to health workers: they talked about health workers being ‘encouraged’ by social
norms interventions, rather than ‘directed’. The group felt that social norms messages would also be
useful with people who teach and mentor students and young professionals. The lack of effect for
face-to-face delivery of social norms interventions was viewed as surprising.

METHODS
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TABLE 1 Characteristics of included studies

Study characteristic (n= 106) Frequency %

Country

Australia 8 7.5

Canada 15 14.2

Denmark 4 3.8

UK 13 12.3

Netherlands 6 5.7

USA 45 42.5

Other/multiple 15 14.2

Setting

Primary (GP/general practice nurses) 57 53.8

Hospital (inpatient and outpatient) 31 29.3

Community 4 3.8

Care/nursing home 4 3.8

Mixed 7 6.6

Other 3 2.8

Type of health worker

Doctor (primary care) 45 42.5

Doctor (secondary care) 19 17.9

Other (nurse/dentist/AHP/pharmacist) 7 6.6

Mixture/whole team 35 33.0

Target behaviour

Prescribing (including vaccinations) 40 37.7

Hand-washing/hygiene 4 3.8

Tests/assessments 21 19.8

Referrals 3 2.8

Management communications 25 23.6

Other 2 1.9

Multiple behaviours 11 10.4

Type of trial

Cluster RCT 69 65.1

Factorial 4 3.8

RCT 28 26.4

Stepped wedge 4 3.8

Matched pairs, cluster RCT 1 0.9

Targeted at low baseline performance?a

No 103 97.2

Yes 2 1.9

Unclear 1 0.9

RESULTS
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Chapter 3 Results

Identification of included studies

Of the 7980 studies identified using database searches, 3552 were identified as duplicates leaving 4428
separate studies to be screened. Of these, 3951 were discarded as irrelevant to the research questions
under consideration, leaving 477 to be assessed for eligibility by full-text review of publications. Of
these, 361 were excluded as ineligible for various reasons, as described in Figure 1. There were 116
studies that met the inclusion criteria, and 106 of these contributed findings to the review. Some of
the 106 studies had more than one trial arm, and there were a total of 117 comparisons that tested
the effect of social norms on the clinical behaviour of health workers. The remaining 10 studies met all
of the inclusion criteria but did not provide usable outcome data: two reported the overall effect but
did not compare the results between groups,46,47 six reported results unclearly or incompletely,48–53 one
trial was discontinued before completion54 and one did not report results on our primary or secondary
outcomes.55 Searches for companion papers were unsuccessful and authors were not contacted owing
to limited time. A brief description of the studies is provided in Appendix 13, Table 25.

Characteristics of included studies

Study characteristics
A detailed summary of study characteristics is shown in Table 1. Over half of the included trials were
conducted in North America (Canada: n = 15, 14.2%; USA: n = 45, 42.5%) and the most common
settings were primary care (n = 57, 53.8%) and hospitals (including both inpatient and outpatient:
n = 31, 29.3%). GPs were the most frequently targeted type of health worker (n = 45, 42.5%), with

Studies identified from
database searches

(n=7980)
Duplicates removed

(n=3552)

Studies screened
(n=4428)

Discarded as irrelevant
(n=3951)

Studies assessed for eligibility via
full-text article review

(n=477)
Excluded as ineligible

(n=361)
• Wrong intervention, n=228
• Wrong study design, n=47
• No target behaviour, n=31
• No full text, n=17
• Wrong population, n=17
• Protocol only, n=8
• Non-English language, n=6
• Wrong setting, n=2
• No published results, n=2
• Miscellaneous, n=3

Unique trials included
(n=116)

Of which
• Contributed to the review, n=106
• Useful comparisons, n=117

FIGURE 1 The PRISMA flow chart of the SOCIAL review.
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many studies also targeting a mixture of health workers (n = 35, 33.0%). In terms of target behaviour,
40 studies (37.7%) aimed to change prescribing behaviours (including vaccinations), with 25 (23.6%)
concerned with the overall management of conditions/communications (e.g. being friendly during
consultations) and 21 (19.8%) focusing on arranging, conducting or administering tests/assessments
(e.g. performing HbA1c testing). Of the 106 trials that contributed findings to the review, the majority
(n = 70, 66%) were cluster RCTs, with 31 RCTs (29.2%), four stepped-wedge designs (3.8%) and one
two-arm matched-cluster RCT. The majority of trials (n = 103, 97.2%) did not explicitly target participants
with a low target performance. This is surprising, because the literature on social norms strongly suggests
that social comparison is more likely to be successful if it is addressed to low performers: telling a high
performer that they are already doing more than their peers does not motivate them to improve.56,57

It is possible that some of the trials took place in contexts where the performance of all the health
professionals was generally low at baseline, so they did not need to specifically seek out low performers
to target, but no information was provided to support such an assumption. A complete list of all trials and
their characteristics is included in Appendix 14, Table 26.

Intervention characteristics
Details of intervention characteristics are shown in Table 1. Of the 117 comparisons, many were
delivered using a written (paper) format (n = 29, 24.8%) or utilised a mixed format (e.g. face to face
and written) (n = 18, 15.4%). Participants in 45 (38.5%) interventions received the intervention more
than twice, whereas 10 comparisons delivered the intervention twice (8.5%) and 35 (29.9%) delivered
the intervention only once. In the majority of comparisons, the investigators were the source of the
intervention (k = 83, 70.9%) and the intervention was delivered by someone external to the target health
worker’s organisation (k = 81, 69.2%). In 97 (82.9%) of the comparisons, the reference group/person was
the target health worker’s peer. In terms of the desired direction of change, 85 (72.6%) studies aimed to
increase the behaviour. There was a lack of clarity in reporting across many intervention characteristics
within the included studies. For example, in 34 (29.1%) interventions, the format was unclear or not
reported and the frequency of the intervention was unclear or not reported in 27 (23.1%) comparisons.

Description of the behaviour change techniques
The frequency of specific social norms BCTs occurring within the 100 comparisons that tested social
norms interventions against a control are shown in Table 2. We found tests of social comparison (n = 79),
credible source (n = 7) and social reward (n = 2) against control. Some studies tested more than one social
norms BCT together: social comparison and credible source (n = 6), social comparison and social reward
(n = 2) and multiple social norms BCTs (more than two) together (n = 4). The social norms interventions
often occurred alongside other BCTs, and 22 different techniques were identified (see Table 2).

TABLE 2 Frequency of behaviour change techniques occurring in comparisons

Behaviour change technique n

Social norms BCTs

6.2 Social comparison 90

9.1 Credible source 18

10.4 Social reward 5

6.3 Information about others’ approval 4

10.5 Social incentive 1

Other BCTs

2.2 Feedback on behaviour 88

3.1 Social support (unspecified) 25

RESULTS
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The 117 comparisons belonged to the three comparison categories as follows (Table 3):

l Pure comparisons. There were 36 comparisons that offered a ‘pure’ test of social norms interventions.
Most of these tested social comparison (33 comparisons). There were far fewer comparisons testing
credible source (n = 3), social reward (n = 1), social comparison and credible source together (n = 2),
or social comparison and social reward together (n = 2).

l Comparisons involving other BCTs. Social comparison was combined with social support (unspecified)
(n = 7), prompts and cues (n = 5), information about health consequences (n = 4) and instruction
on how to perform the behaviour and prompts/cues (combined) (n = 5). Combined interventions
involving social comparison with more than two other BCTs or where the combination occurred
only once in the study were combined into one group: social comparison and other BCTs (n = 25).
Credible source did not occur more than once with any one particular BCT, so there is one category
of credible source with other BCTs (n = 4) and another of social comparison and credible source
with other BCTs (n = 4). There was one example of social reward with other BCTs (n = 1). Where
more than two social norms BCTs occurred together, they were combined in a category (n = 4).

l Social norms BCTs in both arms. There were 17 comparisons in which both arms involved social
norms interventions (Table 4).

TABLE 2 Frequency of behaviour change techniques occurring in
comparisons (continued )

Behaviour change technique n

4.1 Instruction on how to perform the behaviour 20

7.1 Prompts/cues 19

5.1 Information about health consequences 18

1.2 Problem-solving 12

1.1 Goal-setting (behaviour) 9

8.1 Behavioural practice/rehearsal 5

1.4 Action planning 4

6.1 Demonstration of the behaviour 4

1.3 Goal-setting (outcome) 3

2.3 Self-monitoring of behaviour 2

2.7 Feedback on outcome(s) of behaviour 2

12.5 Adding objects to the environment 2

1.7 Review outcome goals 1

2.1 Monitoring of behaviour by others without feedback 1

5.3 Information about social and environmental consequences 1

8.2 Behaviour substitution 1

9.2 Pros and cons, final 1

10.3 Non-specific reward, final 1

12.1 Restructuring the physical environment 1

10.1 Material incentive (behaviour) 1

The table totals more than 100 because some interventions included multiple
BCTs. There are 100 eligible comparisons.
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TABLE 3 Social norms comparison types

Social norms interventions comparison types n (%)

Pure comparisons

Social comparison 33 (28)

Credible source 3 (3)

Social reward 1 (1)

Social comparison and credible source 2 (2)

Social comparison and social reward 2 (2)

Comparisons involving other BCTs

Social comparison and social support (unspecified) 7 (6)

Social comparison and prompts/cues 5 (4)

Social comparison and information about on health consequences 4 (3)

Social comparison and instruction on how to perform the behaviour & prompts/cues 5 (4)

Social comparison and other BCTs 23 (21)

Credible source and other BCTs 4 (3)

Social comparison and credible source and other BCTs 6 (3)

Social reward and other BCTs 1 (1)

Multiple social norms BCTs and other BCTs 4 (3)

Social norms BCTs in both arms

Social norms BCTs both arms 17 (15)

Total (n) 117

TABLE 4 Comparisons that involve social norms interventions in both arms

Comparison type Frequency

Same social norms intervention in both arms, testing some other intervention (n = 11)

Credible source and feedback on behaviour vs. credible source and feedback on behaviour with
other BCTs

1

Social comparison vs. social comparison and goal-setting 1

Social comparison and feedback vs. social comparison and feedback plus information about others’
approval and other BCTs

1

Social comparison and feedback vs. social comparison and feedback with other BCTs 7

Social comparison and feedback vs. social comparison and feedback with a patient-level intervention 1

Comparison of two social norms interventions (n = 2)

Credible source and social comparison and feedback on behaviour and other BCTs vs. social
comparison and feedback on behaviour

1

Social comparison and credible source and feedback on behaviour vs. credible source 1

Testing different variants of the same social norms intervention (n= 4)

Social comparison vs. social comparison, no other BCTs 2

Credible source vs. credible source 1

Social comparison and feedback and social support (unspecified) vs. social comparison and Feedback
plus social support (unspecified)

1

Total 17

RESULTS
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Variation in trial characteristics by type of social norms intervention
Table 5 shows the key trial characteristics by the type of comparison. In total, 33 different comparisons
were a pure test of ‘social comparison’ and these were quite varied in terms of type of target behaviour,
type of health-care worker and type of setting; similarly, those trials that tested social comparison
alongside other BCTs were also quite varied. There were 13 comparisons that tested ‘credible source’
alone or with other BCTs and four that included social reward, and again these were spread over a range
of behaviours, contexts and settings. Reassuringly, there is no clear pattern to suggest that the use of
BCTs was restricted to particular behaviours, contexts or settings, and this is consistent with the
regression results, which suggested that the results were consistent after adjustment.

Outcome measures

Using the criteria described in Chapter 2, Outcomes and prioritisation, we selected a single primary
outcome measure of compliance with desired behaviour for each relevant comparison. Of the 117
comparisons used in the review, 32 (27%) provided an odds ratio, 42 (35%) provided raw binary data and
43 (37%) provided mean with standard deviation (standard deviations were imputed where necessary).

Risk of bias

A summary of each risk-of-bias item across the included studies (n = 106) is shown in Figure 2. Individual
risk-of-bias assessments for all of the included studies can be found in Appendix 15, Figure 20.

Allocation
In terms of random sequence generation, methods were deemed sufficient to produce comparable groups
for the majority of studies (n = 78, 73.6%) and were, therefore, considered to be at low risk of bias. Only
one study was rated to be at high risk of bias, and this was because of the original randomisation being
rejected because of a perceived lack of balance between groups. All other studies (n = 27) were rated as
unclear because of insufficient information to permit a judgement. The majority of studies were also rated
to be at low risk of bias for allocation concealment (n = 78, 73.6%), primarily because of recruitment and
consent being conducted before randomisation took place. Three studies were rated to be at high risk
of bias because randomisation took place before recruitment and/or obtaining consent. The remaining
studies (n = 25) were considered unclear because there was insufficient information available, or because
recruitment/consent had occurred post randomisation and it was unclear whether or not participants
were aware of their allocation at the time of enrolment/consent.

Blinding
Many of the studies were cluster trials, randomised at the hospital or clinic level, making the blinding of
participants and personnel impractical. Owing to this clustering, most studies were rated to be at high
risk of bias (n = 85). Fourteen studies were considered to be at low risk of bias owing to participants/
personnel being unaware of the study aims and hypothesis, intervention content and existence of other
groups/interventions, or being unaware that they were taking part in a trial. Studies rated as unclear
(n = 7) lacked clarity in reporting the blinding of participants and whether or not participants were
aware of the intervention or study aims and outcomes. For blinding of outcome assessment, most
studies (n = 80) obtained data from electronic health records, online reports or databases or routinely
collected data, in which the outcome assessors were blind to group allocations and were, therefore,
rated to be at low risk of bias. Eight studies were judged to be at high risk of bias where participants
selected consecutive patient records to contribute to the outcome assessment (so could have selected
groups based on good practice), where participants selected the patients and collected the data or
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where outcome measures were recorded by participants. The remaining studies (n = 18) were judged
to be unclear because of a lack of information or lack of clarity in terms of whether or not outcome
assessors were blinded to allocation.

Incomplete outcome data
Over half of the included studies (n= 61) were considered to be at low risk of bias for incomplete outcome
data for the following reasons: no drop-outs/low attrition, attrition evenly distributed across groups,
drop-out reasons unlikely to be connected to interventions, analysis conducted on intention-to-treat basis
and different patients before and after. Seventeen studies were rated to be at high risk of bias as they
had large numbers of drop-outs, a lack of discussion of drop-out reasons, unequal (or unreported) attrition
across groups or reasons for drop-outs being related to the intervention. The remaining studies (n = 28)
were judged to be unclear as a result of insufficient or unclear reporting of attrition.

Selective reporting
Where outcomes appeared to have been reported as stated in the protocol (or where there was only one
outcome and this was adequately reported), studies were judged to be at low risk of bias for selective
outcome reporting (n = 42). Five studies had made changes from the planned outcomes in the protocol,
or had ambiguously reported the primary outcome at registration (enabling multiple interpretations),
and were, therefore, considered to be at high risk of bias. Studies that had no available protocol and had
multiple outcomes, or several ways of reporting outcomes, were categorised as being unclear (n = 59).

Other potential sources of bias
No potential other sources of bias were identified for over half of the included studies (n = 58). A small
number of studies (n = 7) were rated as unclear for reasons including a lack of clarity in whether or not
adjustments were made for clustering in the analysis, an unclear unit of analysis for some statistical
tests and only summary trial methods and data reported. The remaining studies (n = 41) were judged
to be at high risk of bias for the following reasons: no adjustment for clustering in analyses; poor
reporting (particularly of outcome data, therefore making interpretation difficult); potential problems
with the study design (e.g. stepped-wedge, step-wise regression); concerns over analysis processes
(e.g. extreme values replaced or excluded); important baseline differences between groups or large
differences in participant numbers across arms; and analysis within rather than between groups.

Other sources of bias

Selective outcome reporting (reporting bias)

Incomplete outcome data (attrition bias)

Blinding of outcome assessment (detection bias)

Blinding of participants and personnel (performance bias)

Allocation concealment (selection bias)

Random sequence generation (selection bias)

Low
Unclear
High

0 10 20 30 40 50 60 70 80 90 100

Risk of bias (%)

FIGURE 2 Review authors’ judgements about each risk-of-bias item presented as percentages across all included
studies (n= 106).
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TABLE 5 Key trial characteristics by social norm comparison type

Trial
characteristic

Social norm comparison category, n (%)

Social
comparison

Credible
source

Social
reward

Social
comparison
and credible
source

Social
comparison
and social
reward

Social
comparison
and social
support
(unspecified)

Social
comparison
and prompts
and cues

Social comparison
and information
on health
consequences

Social
comparison and
instructions and
prompts/cues

Social
comparison
and others
BCTs

Credible
source and
other BCTs

Social
comparison
and credible
source and
other BCTs

Social
reward and
other BCTs

Multiple
social
norms and
other BCTs

Comparisons
with primary
outcome data (n)

33 3 1 2 2 7 5 4 5 25 4 4 1 4

Target behaviour

Prescribing 15 (45) 1 (100) 1 (50) 2 (100) 2 (29) 1 (20) 3 (75) 1 (20) 11 (44) 1 (25) 1 (25) 1 (25)

Hand/hygiene 1 (25) 1 (100) 1 (25)

Tests 7 (21) 1 (14) 3 (60) 1 (25) 3 (60) 4 (16) 1 (25) 1 (25)

Referrals 2 (8) 1 (25)

Manage
conditions

5 (15) 3 (100) 1 (50) 2 (29) 1 (20) 5 (20) 2 (50) 2 (50)

Other 12 (14) 1 (4)

Multiple 6 (18) 1 (14) 1 (20) 2 (8)

Type of HCP

Doctor: GP 16 (48) 1 (50) 2 (100) 4 (57) 2 (40) 1 (25) 4 (80) 11 (44) 2 (50) 1 (25) 1 (25)

Doctor:
secondary

4 (12) 3 (100) 1 (14) 1 (20) 1 (20) 2 (12) 1 (25) 1 (25) 1 (25)

Other HCP 4 (12) 1 (100) 1 (4) 0 (0) 1 (25)

Mixed/team 9 (27) 1 (50) 2 (29) 2 (40) 2 (40) 1 (20) 10 (40) 2 (50) 2 (50) 1 (100) 1 (25)

Setting

Primary 18 (55) 1 (50) 2 (100) 4 (57) 4 (80) 1 (25) 5 (100) 17 (68) 2 (50) 1 (25) 1 (25)

Hospital 6 (18) 3 (100) 2 (29) 1 (20) 2 (50) 6 (24) 2 (50) 2 (50) 1 (100) 2 (50)

Community 1 (3) 1 (100) 1 (50) 1 (25)

Care/nursing 0 (0) 1 (14) 1 (25) 1 (4) 1 (25)

Mixed 7 (21)

Other 1 (3)

HCP, health-care professional.
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where outcome measures were recorded by participants. The remaining studies (n = 18) were judged
to be unclear because of a lack of information or lack of clarity in terms of whether or not outcome
assessors were blinded to allocation.

Incomplete outcome data
Over half of the included studies (n= 61) were considered to be at low risk of bias for incomplete outcome
data for the following reasons: no drop-outs/low attrition, attrition evenly distributed across groups,
drop-out reasons unlikely to be connected to interventions, analysis conducted on intention-to-treat basis
and different patients before and after. Seventeen studies were rated to be at high risk of bias as they
had large numbers of drop-outs, a lack of discussion of drop-out reasons, unequal (or unreported) attrition
across groups or reasons for drop-outs being related to the intervention. The remaining studies (n = 28)
were judged to be unclear as a result of insufficient or unclear reporting of attrition.

Selective reporting
Where outcomes appeared to have been reported as stated in the protocol (or where there was only one
outcome and this was adequately reported), studies were judged to be at low risk of bias for selective
outcome reporting (n = 42). Five studies had made changes from the planned outcomes in the protocol,
or had ambiguously reported the primary outcome at registration (enabling multiple interpretations),
and were, therefore, considered to be at high risk of bias. Studies that had no available protocol and had
multiple outcomes, or several ways of reporting outcomes, were categorised as being unclear (n = 59).

Other potential sources of bias
No potential other sources of bias were identified for over half of the included studies (n = 58). A small
number of studies (n = 7) were rated as unclear for reasons including a lack of clarity in whether or not
adjustments were made for clustering in the analysis, an unclear unit of analysis for some statistical
tests and only summary trial methods and data reported. The remaining studies (n = 41) were judged
to be at high risk of bias for the following reasons: no adjustment for clustering in analyses; poor
reporting (particularly of outcome data, therefore making interpretation difficult); potential problems
with the study design (e.g. stepped-wedge, step-wise regression); concerns over analysis processes
(e.g. extreme values replaced or excluded); important baseline differences between groups or large
differences in participant numbers across arms; and analysis within rather than between groups.

Other sources of bias

Selective outcome reporting (reporting bias)

Incomplete outcome data (attrition bias)

Blinding of outcome assessment (detection bias)

Blinding of participants and personnel (performance bias)

Allocation concealment (selection bias)

Random sequence generation (selection bias)

Low
Unclear
High

0 10 20 30 40 50 60 70 80 90 100

Risk of bias (%)

FIGURE 2 Review authors’ judgements about each risk-of-bias item presented as percentages across all included
studies (n= 106).
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Effects of interventions: health worker behaviour (primary outcome)

Overall effect
There were 100 comparisons suitable for meta-analysis. Figure 3 shows the SMD summarised by type
of BCT comparison in a fixed-effects meta-analysis. From this plot we can see that, as expected, there
is a large amount of heterogeneity with an overall I2-value of 85.4%. Overall, combined data suggest
that, on average, interventions that include social norms components were associated with a modest
improvement of 0.08 SMD (95% CI 0.07 to 0.10). Forest plots showing each individual study in the
review, by the social norm BCT used in the study, are in Appendix 17, Figures 22–26.

SC and SR (2)

Subtotal (I2 = 0.0%; p=0.833) 0.39 (0.15 to 0.64) 0.46

SC and CS (2)

Subtotal (I2 = 0.0%; p=0.465) 0.06 (0.02 to 0.11) 12.28

SR with/without other BCTs (2)

Subtotal (I2 = 52.5%; p=0.147)

SC (33)

Subtotal (I2 = 56.4%; p=0.000)

Study

CS (3)

Subtotal (I2 = 74.3%; p=0.020)

0.03 (–0.08 to 0.13)

0.24 (–0.01 to 0.49)

0.05 (0.03 to 0.08)

SMD (95% CI)

2.47

0.42

Weight (%)

37.19

–1 0 1

SC and social support (7)

Subtotal (I2 = 73.5%; p=0.001) 0.10 (0.04 to 0.16) 8.33

2.39

SC and prompts cues (5)

Subtotal (I2 = 79.2%; p=0.001) 0.33 (0.22 to 0.44)

0.76

SC and info on health consequences (4)

Subtotal (I2 = 77.8%; p=0.004) –0.14 (–0.33 to 0.05)

CS and other BCTs (4)

Subtotal (I2 = 39.8%; p=0.173) 0.35 (0.12 to 0.59) 0.49

SC and other BCTs (23)

Subtotal (I2 = 81.5%; p=0.000) 0.04 (–0.00 to 0.08) 16.21

SC and instructions and prompts cues (5)

Subtotal (I2 = 36.7%; p=0.177) 0.01 (–0.10 to 0.11) 2.39

SC and CS and other BCTs (6)

Subtotal (I2 = 98.3%; p=0.000) 0.40 (0.32 to 0.47) 4.65

11.97

Multiple SN and other BCTs (4)

Subtotal (I2 = 0.0%; p=0.841) 0.07 (0.03 to 0.12)

100.00

Heterogeneity between groups: p=0.000

Overall (I2 = 85.4%; p=0.000) 0.08 (0.07 to 0.10)

FIGURE 3 Fixed-effects forest plot summarised by type of comparison. CS, credible source; SC, social comparison;
SR, social reward. Note that SR (one comparison) and SR and other BCTs (one comparison) have been combined in this
graph to improve presentation.
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The I2 is interpreted as a measure of the proportion of variability owing to heterogeneity between
studies. This can be calculated only when two or more studies are included in the same subgroup/
meta-analysis, as can the p-value alongside I2 that tests the null hypothesis that I2 = 0. Note that
I2 is related to precision and rapidly approaches 100% when the number of studies is large.58 τ2 is an
alternative measure of heterogeneity, calculated only during a random-effects meta-analysis, and can
be interpreted as the between-study variance.

Note that most trials in this review were randomised at a cluster level and the unit of analysis may be
patient, health-care worker or a larger unit, such as clinic or hospital. With that in mind, it is impossible
to report ‘N’ for each trial in any consistent way. In the meta-analysis, the weights were calculated
based on the standard error of the SMD extracted from the individual trials, which has been adjusted
for clustering where necessary. The number of comparisons is reported for each subgroup in brackets
on all forest plots. Forest plots showing the effect in every individual study, summarised by social
norms intervention, are included in Appendix 1 (see Figures 22–26).

Figure 4 shows the SMD, summarised by the type of BCT comparison in a random-effects meta-analysis.
Similar conclusions can be drawn when looking at the random-effects result compared with the fixed-
effects result; however, using weights from a random-effects meta-analysis suggests a larger overall
SMD (0.16, 95% CI 0.11 to 0.21, I2 = 85.4%, τ2 = 0.043) and a wider CI, because the random-effects
meta-analysis attributes more weight to smaller trials.

Illustration of standardised mean differences
For this review, we converted all measures of the effectiveness of health worker behaviour into
a common scale: the SMD (standardised effect size). SMDs can be difficult to interpret. To illustrate
how the observed average standardised effect sizes translate into real health-care scenarios, we
have converted the SMD into a risk difference (difference in percentage points) for a range of typical
baseline compliance rates (Table 6). This was carried out in two steps: (1) transforming the SMD into an
odds ratio using a method suggested in the Cochrane handbook36 section 12.6.3, and (2) transforming
the odds ratio into a risk difference, using a method proposed by Grant.59

Investigation of social norms behaviour change techniques
Note that owing to the high prevalence of the BCT feedback on behaviour (present in 88/100
comparisons), in the forest plots we have combined feedback on behaviour with the social norms
BCT with which it appeared; that is we have listed each social norms BCT with or without feedback.
Later we examine the separate effect of feedback on behaviour as part of the metaregression and
as a sensitivity analysis.

We summarised the SMDs by the type of social norms comparison (see Figure 3). There is little
consistency in SMDs when looking at the different types of social norms interventions being tested,
with subgroup CIs that do not overlap each other and that are inconsistent with the overall effect.
Interventions including credible source appear to have larger effect sizes on average than other social
norms interventions, and this is true for both credible source on its own (n = 3) (SMD 0.24, 95% CI
–0.01 to 0.49) and credible source combined with other BCTs (n = 4) (SMD 0.35, 95% CI 0.12 to 0.59),
although the CIs are wide. Credible source combined with social comparison (n = 2) had an average
effect of 0.06 SMD (95% CI 0.02 to 0.11), and credible source combined with social comparison and
various other BCTs (n = 6) appeared to be the most effective of all, with a SMD of 0.40 (95% CI 0.32
to 0.47). Comparisons that were a ‘pure’ test of social comparison (with or without feedback, n = 33)
appeared to have a small effect (SMD 0.05, 95% CI 0.03 to 0.08), and the size of the effect is similar
when social comparison is combined with various other BCTs (n = 23) (SMD 0.04, 95% CI –0.00 to 0.08).
Social comparison appeared to be very effective when combined with prompts/cues (n = 5) (SMD 0.33,
95% CI 0.22 to 0.44), but ineffective when combined with both prompts/cues and instruction on how to
perform the behaviour (n = 5) (SMD 0.01, 95% CI –0.10 to 0.11). Social reward appeared to be very
effective when combined with social comparison (n = 2) (SMD 0.39, 95% CI 0.15 to 0.64), but only
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one study looked at social reward on its own and found a negative effect. We need to interpret these
observations cautiously owing to the large amount of heterogeneity and the differences in contexts
and settings.

In an attempt to ease interpretation, Figure 5 shows a re-categorisation of Figure 3. In this plot, all
comparisons that test each of the social norms BCTs (social comparison, credible source and social
reward), whether alone or alongside other BCTs, have been combined. Trials that combine two or more
social norms BCTs have been put together in one group. As before, comparisons that test credible
source (n = 7), either alone or in combination with other BCTs, appear to be the most effective on
average (SMD 0.30, 95% CI 0.13 to 0.47). The effect of social comparison (n = 77) appears to be very
small (SMD 0.06, 95% CI 0.04 to 0.8). There is little evidence to suggest that social reward is effective

SC and SR (2)

Subtotal (I2 = 0.0%; p=0.833) 0.39 (0.15 to 0.64) 1.91

SC and CS (2)

Subtotal (I2 = 0.0%; p=0.465) 0.06 (0.02 to 0.11) 3.36

SR with/without other BCTs (2)

Subtotal (I2 = 52.5%; p=0.147)

SC (33)

Subtotal (I2 = 56.4%; p=0.000)

Study

CS (3)

Subtotal (I2 = 74.3%; p=0.020)

–0.27 (–1.26 to 0.72)

0.36 (–0.20 to 0.92)

0.03 (–0.02 to 0.09)

SMD (95% CI)

1.78

2.25

Weight (%)

35.02

–1 0 1

SC and social support (7)

Subtotal (I2 = 73.5%; p=0.001) 0.17 (–0.00 to 0.34) 6.81

5.87

SC and prompts cues (5)

Subtotal (I2 = 79.2%; p=0.001) 0.34 (0.09 to 0.60)

2.45

SC and info on health consequences (4)

Subtotal (I2 = 77.8%; p=0.004) 0.17 (–0.50 to 0.84)

CS and other BCTs (4)

Subtotal (I2 = 39.8%; p=0.173) 0.41 (0.04 to 0.77) 2.50

SC and other BCTs (23)

Subtotal (I2 = 81.5%; p=0.000) 0.23 (0.08 to 0.37) 20.60

SC and instructions and prompts cues (5)

Subtotal (I2 = 36.7%; p=0.177) 0.03 (–0.15 to 0.22) 4.65

SC and CS and other BCTs (6)

Subtotal (I2 = 98.3%; p=0.000) 0.45 (–0.22 to 1.13) 7.69

5.11

Multiple SN and other BCTs (4)

Subtotal (I2 = 0.0%; p=0.841) 0.07 (0.03 to 0.12)

100.00Overall (I2 =85.4%; p=0.000) 0.16 (0.11 to 0.21)

Note: weights are from random-effects analysis

FIGURE 4 Random-effects forest plot summarised by type of comparison. CS, credible source; SC, social comparison;
SR, social reward.
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Heterogeneity between groups: p=0.000

Overall (I2 = 85.4%; p=0.000) 0.08 (0.07 to 0.10) 100.00

Multiple social norms (14)

Subtotal (I2 = 96.3%; p=0.000) 0.13 (0.10 to 0.16) 29.34

Social reward with/without other BCTs (2)

Subtotal (I2 = 52.5%; p=0.147)

Social comparison with/without other BCTs (77)

Subtotal (I2 = 73.6%; p=0.000)

Study

Credible source with/without other BCTs (7)

Subtotal (I2 = 54.5%; p=0.040)

0.03 (–0.08 to 0.13)

0.30 (0.13 to 0.47)

0.06 (0.04 to 0.08)

SMD (95% CI)

2.47

0.91

Weight (%)

67.28

–1 0 1

FIGURE 5 Fixed-effects forest plot summarised by alternative categorisation of BCTs.

TABLE 6 Illustration of SMDs

Typical
baseline
compliance

Expected improvement
(percentage points)

Illustration

Social norms
interventions on
average O.08 SMD

Credible source
interventions on
average 0.3 SMD

20% 2 10 In a population in which the appropriate tests are ordered 20%
of the time, we would expect a social norms intervention, on
average, to increase the rate of compliance by 2 percentage
points to 22%

40% 4 13 In a population in which prescribing guidelines are being
adhered to 40% of the time, we would expect a credible source
intervention, on average, to increase the rate of compliance by
13 percentage points to 53%

60% 3 12 In a population in which recommended referrals are being
made 60% of the time, we would expect a social norms
intervention, on average, to increase the rate of referral by 3
percentage points to 63%

80% 2 10 In a population in which the rate of antibiotic prescribing is
80%, we would expect a credible source intervention, on
average, to reduce the rate of prescribing by 10 percentage
points to 70%

Note that these values were chosen for illustrative purposes only.
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(SMD 0.03, 95% CI –0.08 to 0.13), but this is based on only two trials. Trials involving a mixture of
more than one social norms BCT (n = 14) have a larger than average effect (SMD 0.13, 95% CI
0.10 to 0.16).

Illustrative case studies
The purpose of this review is to offer a structured summary across all of the 106 studies, but we have
included some illustrative case studies (Table 7) to provide a concrete example of each of the three
intervention types that were found to be the most effective (credible source and social comparison,
social comparison with prompts/cues, social comparison and social reward).

Variation in context and mode of delivery
We have summarised the SMD in various contexts and modes of delivery to examine where, how and
with whom social norms interventions are most likely to be effective.

Type of health-care worker
Figure 6 shows the SMD summarised by the type of health-care worker in a fixed-effects meta-analysis.
The effect of social norms interventions appears to be quite consistent when comparing GPs with
doctors in secondary care as the type of health-care worker targeted (not shown), with an overall
effect with doctors (n = 68) of 0.08 SMD (95% CI 0.07 to 0.10). We found no evidence that social
norms interventions were effective with nurses or allied health professionals (AHPs) (SMD –0.01,
95% CI –0.12 to 0.11), although the number of comparisons was small (n = 5). The effect with other
health workers, many of which were mixed groups such as doctors/nurses or nurses/AHPs (n = 27),
was 0.08 SMD (95% CI 0.07 to 0.10).

Target behaviour
Figure 7 shows the SMD summarised by the type of target behaviour in a fixed-effects meta-analysis.
Interventions targeting prescribing behaviour (n = 40) appeared to be the most effective, on average
(SMD 0.11, 95% CI 0.09 to 0.13). The effect of social norms interventions appeared to be reasonably
consistent across other types of target behaviour, including test ordering (n = 21) and management
of/communication about conditions (n = 23). Social norms interventions appear to be less effective
with hand-washing (n = 3, SMD 0.04, 95% CI –0.05 to 0.13) and referrals (n = 3, SMD –0.08, 95% CI
–0.23 to 0.07), but the number of studies is small.

We have not presented a forest plot summarising the SMD by whether or not the participants were
targeted based on low baseline performance, because there were only two trials that did this.

Health-care setting
Figure 8 shows the SMD summarised by health-care setting in a fixed-effects meta-analysis. The effect
of social norms interventions appeared to be slightly lower in primary care settings (SMD 0.07, 95% CI
0.05 to 0.09) (n = 56) than in hospital settings (SMD 0.12, 95% CI 0.07 to 0.18) (n = 27), but both are
consistent with the overall effect. Trials taking place in community settings (n = 4) and care/nursing
home settings (n = 4) appear to be less effective on average; however, both CIs do overlap with the
overall effect. Trials conducted in mixed settings (n = 9) appear to be more effective on average
(SMD 0.35, 95% CI 0.27 to 0.42).

Reference group
The reference group is the person or persons that the target is compared with or receives approval
from. Figure 9 shows the SMD summarised by the type of reference group within the trials. The effect
of social norms interventions appeared to be reasonably consistent across different types of reference
group, with most CIs overlapping, and there was general consistency of each group with the overall
effect. Most trials (n = 84, 82.9%) had peers as the reference group (SMD 0.08, 95% CI 0.06 to 0.10).
Only one trial had patients as the reference group; the effect was consistent with other studies
(SMD 0.10, 95% CI –0.17 to 0.37) but the CI was wide because of the low weight in the review.
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TABLE 7 Case studies: summary descriptions of interventions, for example studies of the three intervention types found to be the most effective

Details of study
Outcome measure,
SMD (95% CI) Control arm Intervention description (BCTs coded)

Credible source and social comparison

Hallsworth et al. (2016)60

RCT

Doctor (primary care)

Aim: to reduce the number of
unnecessary prescriptions of
antibiotics by GPs in England

The rate of antibiotic items
dispensed per 1000 population

0.13 (0.03 to 0.29)

Delayed intervention (after the end of
the trial)

No BCTs were coded

A letter was sent to GPs from the Chief Medical Officer. The letter
stated that the practice was prescribing antibiotics at a rate higher
than 80% of practices in its NHS local area team, and used three
concepts from the behavioural sciences. The first was social norms
information about how the recipient’s practice’s prescribing rate
compared with other practices in the local area. Second, the letter
was addressed from a high-profile figure, with the assumption that
this would increase the credibility of its content. Finally, the letter
presented three specific, feasible actions that the recipient could do
to reduce unnecessary prescriptions of antibiotics: giving patients
advice on self-care, offering a delayed prescription and talking about
the issue with other prescribers in his or her practice. The letter
was accompanied by a copy of the patient-focused ‘Treating your
infection’ leaflet, which acted to reinforce the message of the letter
by supporting delayed or reduced prescribing

(9.1 credible source, 6.2 social comparison, 2.2 feedback on
behaviour, 4.1 instruction on how to perform the behaviour)

Social comparison and prompts/cues

Vellinga et al. (2016)61

Arm A

Cluster RCT

Doctor (GP)

Aim: to increase the number
of first-line antimicrobial
prescriptions for suspected
UTIs in adult patients

Adherence to guidelines for
antimicrobial prescribing in
primary care

0.55 (0.32 to 0.77)

Phase 1: a coding workshop – routine coding
for UTIs using standardised codes were
demonstrated. The purpose of this was to
facilitate the generation of electronic A&F
reports (not available to control until after
the trial). Control practices then provided
‘usual care’ for the remainder of the
intervention

No BCTs were coded

Arm A: phase 1 – a coding workshop (same as control). Phase 2:
interactive workshops were designed to promote changes in
antimicrobial prescribing for the treatment of UTIs by presenting
an overview of prescribing and antimicrobial resistance, discussing
the role of the GP in the spread of AMR. A computer prompt was
developed for use within the selected general practice management
software system. This prompt summarised the recommendations for
first-line antimicrobial treatment and appeared on the computer
screen when the GP entered the International Classification of
Primary Care code (U71) for ‘cystitis, urinary infection, other’. This
prompt also reminded the GP to collect patients’ mobile telephone
numbers. Electronic A&F reports were available to download by GPs.
These reports provided the practice with information on antimicrobial
prescribing for UTIs in comparison with the aggregated information
from the other practices participating in the intervention

(7.1 prompts/cues, 2.2 feedback on behaviour, 6.2 social comparison)
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TABLE 7 Case studies: summary descriptions of interventions, for example studies of the three intervention types found to be the most effective (continued )

Details of study
Outcome measure,
SMD (95% CI) Control arm Intervention description (BCTs coded)

Social comparison and social reward

Persell et al. (2016)62

2 × 2 × 2 factorial

Doctor (GP)

Aim: to reduce inappropriate
antibiotic prescribing
for ARIs

Physician rate of oral antibiotic
prescribing for non-antibiotic-
appropriate ARIs, acute
sinusitis/pharyngitis and all
other diagnoses of respiratory
infection

0.44 (–0.06 to 0.94)

Intervention 1 (accountable justifications):
clinicians received electronic health record
alerts summarising the treatment guidelines
corresponding to the ARI diagnosis for which
the antibiotic was being written, prompted the
clinician to enter a free-text justification for
prescribing an antibiotic, and informed the
clinician that the free-text justification
provided would be included in the patient’s
medical record in which it would be visible to
other clinicians. Clinicians were also informed
that if no free-text justification was entered,
a default statement ‘No justification for
prescribing antibiotics was given’ would appear
in the record. If the antibiotic order was
cancelled, no justification was required, and no
default text appeared. Alerts were suppressed
for patients with comorbid chronic conditions
that exempted these patients from clinical
guidelines (4.1 instruction on how to perform
the behaviour, 7.1 prompts/cues). Intervention
2 (suggested alternatives): when entering an
ARI diagnosis for a patient, clinicians received
a computerised alert containing multiple non-
antibiotic prescription and non-prescription
medication choices as well as educational
materials that could be printed and given to
the patient (7.1 prompts/cues)

Intervention 3 (peer comparison): clinicians received e-mailed
monthly performance feedback reports that included the clinician’s
individual antibiotic prescribing rates for non-antibiotic-appropriate
ARIs and, as a benchmark, the antibiotic prescribing rate for clinicians
who were in the 10th percentile within the clinic (i.e. the lowest rates
of inappropriate antibiotic prescribing). If clinicians were among the
10% of their peers with the lowest prescribing rates, the e-mailed
reports told clinicians ‘You are a top performer.’ If clinicians were
not among the 10% best, the e-mailed report told clinicians ‘You
are not a top performer. You are prescribing too many unnecessary
antibiotics.’ The proportion of ‘Top Performers’ could be > 10% of
clinicians if > 10% of clinicians had an inappropriate antibiotic
prescribing rate of zero

(2.2 feedback on behaviour, 6.2 social comparison, 10.4 social reward)

AMR, antimicrobial resistance; ARI, acute respiratory infection; UTI, urinary tract infection.
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Heterogeneity between groups: p=0.289

Overall (I2 =85.4%; p=0.000) 0.08 (0.07 to 0.10) 100.00

Other (mostly mixed) (12)

Subtotal (I2 = 77.0%; p=0.000)

Doctors and dentists (68)

Subtotal (I2 = 87.9%; p=0.000)

Study

Nurses and AHPs (5)

Subtotal (I2 = 28.3%; p=0.233)

0.08 (0.04 to 0.12)

–0.01 (–0.12 to 0.11)

0.08 (0.07 to 0.10)

SMD (95% CI)

16.53

2.04

Weight (%)

81.43

–1 0 1

FIGURE 6 Fixed-effects forest plot summarised by type of health-care worker.

Management/communication regarding condition (23)

Subtotal (I2 = 72.4%; p=0.000) 0.06 (0.01 to 0.12) 8.25

Referrals (3)

Subtotal (I2 = 0.0%; p=0.567) –0.08 (–0.23 to 0.07) 1.24

Tests (21)

Subtotal (I2 = 48.9%; p=0.006)

Prescribing (40)

Subtotal (I2 = 92.0%; p=0.000)

Study

Handwashing/hygiene (3)

Subtotal (I2 = 0.0%; p=0.908)

0.10 (0.06 to 0.13)

0.04 (–0.05 to 0.13)

0.11 (0.09 to 0.13)

SMD (95% CI)

22.35

3.18

Weight (%)

51.32

–1 0 1

Multiple (10)

Subtotal (I2 = 79.2%; p=0.000) –0.01 (–0.05 to 0.04) 13.65

100.00

Heterogeneity between groups: p=0.000

Overall (I2 = 85.4%; p=0.000) 0.08 (0.07 to 0.10)

FIGURE 7 Fixed-effects forest plot summarised by target behaviour.
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Mixed (9)

Subtotal (I2 = 97.5%; p=0.000) 0.35 (0.27 to 0.42) 4.77

Care/nursing home (4)

Subtotal (I2 = 44.8%; p=0.143) 0.03 (–0.05 to 0.10) 4.69

Community (4)

Subtotal (I2 = 0.0%; p=0.548)

Primary (56)

Subtotal (I2 = 74.8%; p=0.000)

Study

Hospital (27)

Subtotal (I2 = 66.9%; p=0.000)

0.02 (–0.05 to 0.10)

0.12 (0.07 to 0.18)

0.07 (0.05 to 0.09)

SMD (95% CI)

5.23

8.60

Weight (%)

76.72

–1 0 1

Heterogeneity between groups: p=0.000

Overall (I2 =85.4%; p=0.000) 0.08 (0.07 to 0.10) 100.00

FIGURE 8 Fixed-effects forest plot summarised by health-care setting.

Unclear/not reported (5)

Subtotal (I2 = 78.4%; p=0.001) 0.07 (–0.01 to 0.16) 3.99

Multiple (4)

Subtotal (I2 = 0.0%; p=0.975) 0.08 (0.04 to 0.11) 20.19

Patient(s) (1)

Subtotal (I2 = .%; p=.)

Peer (84)

Subtotal (I2 = 87.3%; p=0.000)

Study

Senior person (6)

Subtotal (I2 = 0.0%; p=0.516)

0.10 (–0.17 to 0.37)

0.11 (–0.03 to 0.26)

0.08 (0.06 to 0.10)

SMD (95% CI)

0.37

1.25

Weight (%)

74.19

–1 0 1

Heterogeneity between groups: p=0.988

Overall (I2 = 85.4%; p=0.000) 0.08 (0.07 to 0.10) 100.00

FIGURE 9 Fixed-effects forest plot summarised by reference group.
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Benchmarks
When social comparison interventions are delivered, they sometimes include a benchmark: this may
be a peer-related benchmark, such as the top 10% or 20% of performers among their peer group, or it
may be an external benchmark, such as a performance target set by a royal college. If no benchmark is
set, the social comparison usually reports the average performance among peers. The downside of the
average approach is that the above-average performers will receive feedback suggesting that they are
already performing better than their peers, which may lead them to reduce their effort.56 Figure 10
shows the SMD summarised by the type of benchmark that was used. Only trials involving social
comparison have been included, because benchmarking is not relevant to the other social norms
interventions. The effect of social norms interventions appeared to be reasonably consistent, regardless
of whether a peer benchmark (13 studies: SMD 0.06, 95% CI 0.02 to.011) or the average performance
(67 studies: SMD 0.11, 95% CI 0.09 to 0.13) was included: the CIs overlap and there is general
consistency of each group with the overall effect.

Source of the intervention
Figure 11 shows the SMD summarised by the source of the intervention (i.e. the person delivering the
intervention) in a fixed-effects meta-analysis. The effect of social norms interventions appeared to be
consistent across the different sources, with the exception of supervisor/senior colleague (n = 2), which
appeared to be, on average, less effective (SMD –0.28, 95% CI –0.56 to 0.01). In most trials, the source
of the intervention was the investigator (n = 72) (SMD 0.08, 95% CI 0.06 to 0.10) or a respected source
(n = 11) (SMD 0.09, 95% CI 0.03 to 0.16). The credible sources that were found in the literature included:

l nurses in management positions who encouraged change in various behaviours to improve hospital
stroke care63

l a ‘highly respected senior clinician’ who persuaded doctors of the harms and limited diagnostic
benefit of X-ray for lower back pain64

l maternal–fetal medicine specialists, perinatologists or obstetricians who were influential with
colleagues, who championed the use of corticosteroids to colleagues in antenatal care65

l nurse facilitators with master’s degrees and specialist training who promoted changes in
preventative care in general practices66

l opinion leaders nominated by a peer for their expertise in obstetric care67 or breast cancer surgery68

l a clinical co-ordinator regarded as a ‘credible role model’ in managing patients with congestive
heart failure69

l a letter to poorly performing GPs from the Chief Medical Officer about their rates of
antibiotic prescribing.60

The other categories occurred infrequently and we should interpret these results with caution owing
to some wide CIs.

Direction of change targeted
Figure 12 shows the SMD summarised by the intended direction of change in the behaviour in a fixed-
effects meta-analysis. The social norms intervention appeared to be, on average, slightly less effective
when the intervention was aimed at increasing a behaviour (n = 70) (e.g. more hand-washing) (SMD
0.06, 95% CI 0.04 to 0.09) than when it was aimed at decreasing a behaviour (n = 28) (e.g. prescription
of antibiotics) (SMD 0.10, 95% CI 0.08 to 0.12), but both CIs are consistent with the overall effect.

Frequency of the intervention
Figure 13 shows the SMD summarised by the frequency/intensity of the interventions in a fixed-effects
meta-analysis. The effect of the social norms interventions appeared to be, on average, most effective
when the intervention was delivered only once (n = 28) (SMD 0.25, 95% CI 0.21 to 0.30). It appeared
to be less effective, on average, when delivered more frequently (n = 47) (SMD 0.06, 95% CI 0.04
to 0.08).
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Credible source (11)

Subtotal (I2 = 0.0%; p=0.950) 0.09 (0.03 to 0.16) 6.52

Patient (1)

Subtotal (I2 = .%; p=.) 0.10 (–0.17 to 0.37) 0.37

Supervisor or senior colleague (2)

Subtotal (I2 = 13.6%; p=0.282)

Peer (6)

Subtotal (I2 = 88.8%; p=0.000)

Study

Investigator (72)

Subtotal (I2 = 87.8%; p=0.000)

–0.28 (–0.56 to 0.01)

0.08 (0.06 to 0.10)

0.13 (0.01 to 0.24)

SMD (95% CI)

0.33

87.97

Weight (%)

2.03

–1 0 1

Other (1)

Subtotal (I2 = .%; p=.) 0.12 (–0.29 to 0.52) 0.17

2.61

Unclear/not reported (7)

Subtotal (I2 = 83.6%; p=0.000) 0.07 (–0.03 to 0.17)

100.00

Heterogeneity between groups: p=0.324

Overall (I2 = 85.4%; p=0.000) 0.08 (0.07 to 0.10)

FIGURE 11 Fixed-effects forest plot summarised by source of intervention.

Heterogeneity between groups: p=0.000

Overall (I2 =86.4%; p=0.000) 0.08 (0.06 to 0.10) 100.00

Unclear (7)

Subtotal (I2 = 87.7%; p=0.000) –0.02 (–0.06 to 0.03) 14.15

Peer top benchmark (13)

Subtotal (I2 = 64.6%; p=0.001)

Average (67)

Subtotal (I2 = 88.4%; p=0.000)

Study

External benchmark (6)

Subtotal (I2 = 0.0%; p=0.744)

0.06 (0.02 to 0.11)

0.03 (–0.11 to 0.18)

0.11 (0.09 to 0.13)

SMD (95% CI)

18.12

1.40

Weight (%)

66.33

–1 0 1

FIGURE 10 Fixed-effects forest plot summarised by benchmark.
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Format of the intervention
Figure 14 shows the SMD summarised by the format of the intervention. Trials delivered via computerised
methods whereby the intervention was posted on a website or other computerised format that was not
integrated into the health-care worker’s workflow (n = 8) appeared to be more effective than average
(SMD 0.23, 95% CI 0.15 to 0.31). By contrast, interventions delivered face to face (n = 14) appeared to
be ineffective, on average, with a SMD of –0.01 (95% CI –0.06 to 0.03). Trials with an e-mailed (n = 9),
written (n = 25) or a mixed format (n = 14) appeared to be reasonably consistent with each other and
with the overall effect.

Person delivering the intervention
Figure 15 shows the SMD summarised by whether the person who delivered the intervention
was internal or external to the target’s organisation in a fixed-effects meta-analysis. Most (n = 68)
interventions were delivered by an external person, often the investigator. The effect of social norms
interventions, on average, seemed to be consistent across internal sources (n = 17) (SMD 0.11, 95% CI
0.05 to 0.17) and external sources (n = 68) (SMD 0.08, 95% CI 0.06 to 0.10). However, this should be
interpreted cautiously given the wide CIs for internal sources.

Heterogeneity between groups: p=0.026

Overall (I2 =85.4%; p=0.000)

Increase

Subtotal (I2 = 74.2%; p=0.000)

Study

Decrease

Subtotal (I2 = 92.1%; p=0.000)

0.08 (0.07 to 0.10)

0.10 (0.08 to 0.12)

0.06 (0.04 to 0.09)

SMD (95% CI)

100.00

57.12

Weight (%)

42.88

–1 0 1

FIGURE 12 Fixed-effects forest plot summarised by the direction of change targeted.

Heterogeneity between groups: p=0.000

Overall (I2 =85.4%; p=0.000) 0.08 (0.07 to 0.10) 100.00

Unclear (25)

Subtotal (I2 = 76.4%; p=0.000)

Once only (28)

Subtotal (I2 = 92.9%; p=0.000)

Study

Twice or more (47)

Subtotal (I2 = 64.9%; p=0.000)

0.05 (0.02 to 0.09)

0.06 (0.04 to 0.08)

0.25 (0.21 to 0.30)

SMD (95% CI)

24.30

63.42

Weight (%)

12.28

–1 0 1

FIGURE 13 Fixed-effects forest plot summarised by frequency of the intervention.
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Studies with social norms behaviour change techniques in both arms
There were 17 comparisons in which both arms involved social norms interventions. These are
summarised in Appendix 16, Figure 21. Most of these involved social comparison in both arms, with
feedback on behaviour20,70–77 or without feedback18 (n = 10), and typically they were studies that tested
some other combination of BCTs in the intervention arm, but had A&F offered as part of usual care in
both arms. One study tested a combination of BCTs in the intervention arm, but had credible source in
both arms as part of usual care.78 None of these studies offered any interesting insights for the review
because they were designed to test the effect of other interventions.

Mixed (14)

Subtotal (I2 = 47.1%; p=0.026) 0.08 (0.03 to 0.13) 10.82

Separate computerised (8)

Subtotal (I2 = 86.8%; p=0.000) 0.23 (0.15 to 0.31) 3.94

Written (25)

Subtotal (I2 = 94.1%; p=0.000)

Face to face (14)

Subtotal (I2 = 67.7%; p=0.000)

Study

E-mail (9)

Subtotal (I2 = 16.1%; p=0.299)

0.09 (0.06 to 0.11)

0.08 (0.05 to 0.12)

–0.01 (–0.06 to 0.03)

SMD (95% CI)

41.39

20.46

Weight (%)

14.21

–1 0 1

Unclear/not reported (30)

Subtotal (I2 = 73.3%; p=0.000) 0.14 (0.09 to 0.19) 9.19

100.00

Heterogeneity between groups: p=0.000

Overall (I2 =85.4%; p=0.000) 0.08 (0.07 to 0.10)

FIGURE 14 Fixed-effects forest plot summarised by format of intervention.

Heterogeneity between groups: p=0.493

Overall (I2 =85.4%; p=0.000) 0.08 (0.07 to 0.10) 100.00

Unclear/not reported (15)

Subtotal (I2 = 70.5%; p=0.000)

Internal (17)

Subtotal (I2 = 68.8%; p=0.000)

Study

External (68)

Subtotal (I2 = 88.4%; p=0.000)

0.07 (0.04 to 0.10)

0.08 (0.06 to 0.10)

0.11 (0.05 to 0.17)

SMD (95% CI)

29.02

64.03

Weight (%)

6.95

–1 0 1

FIGURE 15 Fixed-effects forest plot summarised by person delivering the intervention.
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Only two studies had a different social norms BCT in each arm, which offered a head-to-head
comparison. One study tested the effect of credible source, social comparison and feedback on
behaviour and other BCTs against social comparison and feedback, with an estimated SMD of 1.30
(95% CI 0.50 to 2.10),79 suggesting that credible source with other BCTs has a high effect compared
with social comparison and feedback. Another study found no evidence of a difference between social
comparison, credible source and feedback, and credible source alone, with an estimated SMD of 0.29
(95% CI –0.39 to 0.98).80

There were four studies that examined the effect of different variants of social comparison (n = 3)
or credible source (n = 1). Wright et al.81 offered formal educational sessions led by a highly regarded
surgeon (credible source) to both arms of the trial, and offered one-to-one ‘academic detailing’ by
the highly regarded surgeon to a local opinion leader. The addition of academic detailing was effective
compared with the educational sessions alone (SMD 0.32, 95% CI 0.08 to 0.56). Kiefe et al.82 found
that providing social comparison where the average performance for the top 10% of the physicians
was reported was more effective than social comparison reporting the mean performance of other
physicians (SMD 0.25, 95%CI 0.13 to 1.37). Schneider et al.83 similarly tested benchmarked social
comparison (best 10% of GPs) with the median performance, and found no evidence of an effect
(SMD 0.03, 95% CI –0.05 to 0.56). There was no evidence of a difference in outcome when a similar
social comparison intervention was provided to each arm, where the intervention arm was given the
information in a work book and the control arm received a graphical computer slide show (SMD –0.04,
95% CI –0.52 to 0.44).84

Investigation of behaviour change techniques, settings and contexts, using metaregression

Metaregression: social norms behaviour change techniques and other behaviour
change techniques (with feedback on behaviour behaviour change techniques)
For metaregression, we used all of the 100 comparisons that tested the effect of social norms BCTs
with two additional comparisons79,80 that had different social norms BCTs in each arm. Metaregression
allows us to examine the effect of all social norms BCTs plus other common BCTs simultaneously in
the same analysis, by using binary covariates for the presence/absence of each BCT in the intervention
being tested. When all of the social norms BCTs and other commonly used BCTs are included together
in a metaregression (Table 8), only credible source stands out as being clearly effective, which suggests
that using credible source in an intervention improves compliance with the desired behaviour by
an average SMD of 0.29 (95% CI 0.08 to 0.50). Note that there is a large amount of heterogeneity,
and that after taking into account the effect of BCTs the residual variation owing to heterogeneity
is 85.4%.

Metaregression: social norms and other behaviour change techniques (without
feedback on behaviour behaviour change techniques)
Social comparison and feedback on behaviour commonly appear together in the same intervention;
therefore, including both of these in the same metaregression would probably cause multicollinearity
problems. Repeating the regression reported in Table 8 but excluding feedback on behaviour gives
similar results (Table 9), but suggests that social comparison may also have an effect, improving
compliance with desired behaviour by an average SMD of 0.12 (95% CI 0.00 to 0.23). The effect of
credible source remains fairly consistent (SMD 0.31, 95% CI 0.10 to 0.52). This result is similar to that
seen in the forest plots. There is no evidence from this metaregression to suggest that adding other
BCTs alongside social comparison or credible source offers any additional improvement once the effect
of the social norms BCTs has been taken into account; however, these BCTs were seen only in a small
number of trials and the heterogeneity is substantial (residual I2 = 85%; τ2= 0.10), so we must interpret
this observation cautiously.
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Metaregression: contexts and settings
When including the chosen regression coefficients for factors connected to context and settings, either
independently or simultaneously with a constant term, there is no clear evidence that any of these
factors are related to treatment effect (Table 10). Very little variability has been explained by the
inclusion of these covariates (residual I2 = 85.6%; τ2 = 0.11). The metaregression conducted was a
random-effects metaregression, whereas earlier exploratory forest plots were fixed effect; fixed-effect
metaregression is not recommended as a valid method85 because it assumes that all heterogeneity can
be explained by the regression covariates, and it leads to a high risk of type 1 errors. The difference
between random-effect and fixed-effect analyses explains, in part, why subgroups that appeared quite
separate on forest plots do not lead to statistically significant covariates in the metaregression.
Metaregression is also subject to low power and overfitting, and although we have 102 comparisons
included, this may not be sufficient to lead to stable covariate estimates.

TABLE 9 Results of the metaregression of SMDs for compliance in the desired behaviour using social norm BCTs plus
other commonly used BCTs, excluding feedback on behaviour (2.2)

Covariate (BCT code) Effect, SMD (95% CI) p-value

Social norm BCTs

Social comparison (6.2) 0.12 (0.00 to 0.23) 0.06

Credible source (9.1) 0.31 (0.10 to 0.52) 0.01

Social reward (10.4) 0.15 (–0.26 to 0.55) 0.48

Information about others’ approval (6.3) –0.17 (–0.71 to 0.37) 0.54

Social incentive (10.5) –0.06 (–0.95 to 0.83) 0.90

Other BCTs

Information about health consequences (5.1) –0.10 (–0.35 to 0.15) 0.43

Prompts/cues (7.1) 0.07 (–0.14 to 0.28) 0.50

Social support (unspecified) (3.1) 0.10 (–0.10 to 0.30) 0.34

Instruction on how to perform the behaviour (4.1) –0.05 (–0.27 to 0.18) 0.69

TABLE 8 Results of the metaregression of SMDs for compliance in the desired behaviour using all social norms BCTs
plus other commonly used BCTs

Covariate (BCT code) Effect, SMD (95% CI) p-value

Social norm BCTs

Social comparison (6.2) 0.01 (–0.25 to 0.26) 0.96

Credible source (9.1) 0.29 (0.08 to 0.51) 0.01

Social reward (10.4) 0.06 (–0.38 to 0.51) 0.77

Information about others’ approval (6.3) –0.07 (–0.65 to 0.50) 0.80

Social incentive (10.5) –0.27 (–1.28 to 0.73) 0.59

Other BCTs

Feedback on behaviour (2.2) 0.14 (–0.15 to 0.42) 0.35

Information about health consequences (5.1) –0.10 (–0.35 to 0.15) 0.42

Prompts/cues (7.1) 0.05 (–0.17 to 0.27) 0.67

Social support (unspecified) (3.1) 0.07 (–0.14 to 0.28) 0.52

Instruction on how to perform the behaviour (4.1) –0.05 (–0.27 to 0.17) 0.65
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Investigation of behaviour change techniques, settings and contexts, using
network meta-analysis
Network meta-analysis is a suitable method to rank the social norm BCTs from most effective to least
effective. For the network meta-analysis, we used all of the 100 comparisons that tested the effect of
social norm BCTs with two additional comparisons79,80 that had different social norm BCTs in each arm.
Some regrouping was carried out to the social norm categories to reduce the number of categories and
avoid small groups: all comparisons testing social reward with or without other BCTs were combined,
all comparisons testing credible source with or without other BCTs were combined and all comparisons
testing social comparison and credible source with or without other BCTs were combined. The number
of comparisons available for each of the social norm BCTs is shown in Table 11, and the diagram of how
they are networked in shown in Figure 16.

Network meta-analysis gives similar effect sizes and CIs to those seen in the meta-analysis (see
Figure 3), but also allows us to rank the social norms interventions from best to worst (Table 12). The
evidence from 102 tests of social norm BCTs suggests that the most effective interventions contain
social comparison and social reward (SMD 0.39, 95% CI 0.15 to 0.64), social comparison and prompts/
cues (SMD 0.33, 95% CI 0.22 to 0.44) or credible source (SMD 0.30, 95% CI 0.13 to 0.47). Social
comparison on its own (SMD 0.05, 95% CI 0.03 to 0.08) or combined with social support (unspecified)
(SMD 0.10, 95% CI 0.04 to 0.16) or other BCTs (SMD 0.04, 95% CI 0.00 to 0.08) all appear to be
more effective than control, on average, in improving compliance with the desired behaviour; however,
they were associated with a very modest effect size. The use of credible source and social comparison
together (SMD 0.16, 95% CI 0.12 to 0.20), and other combinations of two or more social norm BCTs
together (SMD 0.07 95% CI 0.03 to 0.12), similarly have a modest effect on behavioural outcomes.
There is no evidence to suggest that social reward (SMD 0.03, 95% CI –0.08 to 0.13), social comparison,
instruction on how to perform the behaviour and prompts/cues (SMD 0.01, 95% CI –0.10 to 0.11), or
social comparison and information about health consequences (SMD –0.14, 95% CI –0.33 to 0.05) offer
benefit above control; however, in all cases the CIs were wide and we cannot rule out a modest effect.

TABLE 10 Results of metaregression of SMDs for compliance in the desired behaviour using context, format and settings

Setting/context
Single variable regression,
SMD (95% CI)

Multivariable regression,
SMD (95% CI)

Health-care worker

Doctor vs. other –0.02 (–0.21 to 0.16) –0.04 (–0.24 to 0.16)

Behaviour

Prescribing vs. tests 0.10 (–0.12 to 0.33) 0.12 (–0.12 to 0.36)

Management/communication vs. tests 0.08 (–0.18 to 0.34) 0.08 (–0.21 to 0.38)

Other vs. tests –0.10 (–0.36 to 0.17) –0.11 (–0.42 to 0.20)

Setting

Secondary care vs. primary care 0.03 (–0.17 to 0.23) 0.02 (–0.20 to 0.25)

Other vs. primary care –0.01 (–0.24 to 0.22) –0.05 (–0.30 to 0.20)

Direction of change required

Increase vs. decrease –0.01 (–0.19 to 0.18) 0.00 (–0.23 to 0.23)

Format

Face to face vs. written 0.04 (–0.23 to 0.32) 0.07 (–0.24 to 0.37)

Computer (including e-mails) vs. written 0.07 (–0.19 to 0.33) 0.07 (–0.21 to 0.34)

Mixed/unclear vs. written 0.09 (–0.12 to 0.30) 0.10 (–0.13 to 0.34)
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TABLE 11 Number of comparisons for each social norm BCT used in network meta-analysis

Intervention group

Type of control group

Total0. Control
1. Social
comparison

1. Social comparison 33 N/A 33

2. Credible source 7 0 7

3. Social reward 2 0 2

4. Social comparison and credible source 8 2 10

5. Social comparison and social reward 2 0 2

6. Social comparison and social support (unspecified) 7 0 7

7. Social comparison and prompts/cues 5 0 5

8. Social comparison and information about health consequences 4 0 4

9. Social comparison and instruction on how to perform the behaviour and
prompts/cues

5 0 5

10. Social comparison and other BCTs 23 0 23

11. Other multiple social norm BCTs 4 0 4

Total 100 2 102

N/A, not applicable.
Note that numbering follows that used in Figure 16.
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FIGURE 16 Network diagram to showing the available comparisons. 0, any control; 1, social comparison; 2 credible
source; 3, social reward; 4, social comparison and credible source; 5, social comparison and social reward; 6, social
comparison and social support (unspecified); 7, social comparison and prompts/cues; 8, social comparison and information
about health consequences; 9, social comparison and instruction on how to perform the behaviour and prompts/cues;
10, social comparison and other BCTs; 11, other multiple social norm BCTs.
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Sensitivity analyses

Tables 13 and 14 show that our main conclusion is robust: there is little change in our average
SMD when we impute alternative values for the ICC when required, exclude trials in which the
standard deviation was imputed, remove trials reporting mean per cent compliance in which the mean
compliance was close to 0% or 100%, or include trials at only low risk of bias on each domain. Note
that we decided before analysis not do a sensitivity analysis on ‘risk of bias due to blinding’, as we
believe blinding to be difficult/impossible in social norm interventions and, as expected, it was rarely
seen; however, we must bear in mind that our review is at risk of bias owing to this lack of blinding.

TABLE 12 Intervention effects calculated from network meta-analysis, ordered by effect size

Effect Effect, SMD (95% CI)
Probability of being
the best intervention (%)

Social comparison and social reward vs. control 0.39 (0.15 to 0.64) 59.2

Social comparison and prompts/cues vs. control 0.33 (0.22 to 0.44) 22.2

Credible source vs. control 0.30 (0.13 to 0.47) 18.6

Social comparison and credible source vs. control 0.16 (0.12 to 0.20) 0.0

Social comparison and social support (unspecified) vs. control 0.10 (0.04 to 0.16) 0.0

Other multiple social norm BCTs vs. control 0.07 (0.03 to 0.12) 0.0

Social comparison vs. control 0.05 (0.03 to 0.08) 0.0

Social comparison and other BCTs vs. control 0.04 (0.00 to 0.08) 0.0

Social reward vs. control 0.03 (–0.08 to 0.13) 0.0

Social comparison, instructiona and prompts/cues vs. control 0.01 (–0.10 to 0.11) 0.0

Social comparison and information on health consequences
vs. control

–0.14 (–0.33 to 0.05) 0.0

a Instruction on how to perform the behaviour.

TABLE 13 Sensitivity analysis for overall result, fixed effects

Analysis Effect, SMD (95% CI)
Number of
comparisons

Full data set 0.08 (0.07 to 0.10) 100

Using imputed ICC= 0.2 instead of 0.1 0.08 (0.06 to 0.10) 100

Using imputed ICC= 0.05 instead of 0.1 0.09 (0.07 to 0.10) 100

Removing trials with imputed SDs 0.09 (0.07 to 0.10) 94

Removing trials reporting mean per cent compliance close to 0% or 100%a 0.07 (0.05 to 0.08) 77

Keeping only trials at low risk of bias owing to allocation concealment 0.11 (0.09 to 0.13) 72

Keeping only trials at low risk of bias owing to sequence generation 0.08 (0.06 to 0.10) 74

Keeping only trials at low risk of bias owing to selective outcome reporting 0.09 (0.07 to 0.11) 41

Keeping only trials at low risk of bias owing to attrition 0.10 (0.08 to 0.12) 57

Keeping only trials at low risk of bias owing to other biases 0.09 (0.07 to 0.11) 59

Removing trials in which ‘feedback on desired behaviour’ was not part of the
tested intervention

0.08 (0.07 to 0.10) 88

SD, standard deviation.
a Trials using mean per cent compliance and reporting mean per cent compliance < 20% or > 80%.
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In an additional unplanned sensitivity analysis, we excluded comparisons that did not include feedback
on behaviour alongside the social norm BCT being tested. Conclusions would be similar whether or not
comparisons that included feedback on behaviour were included.

Publication bias

There is some evidence of funnel plot asymmetry, with several SMDs lying on the right-hand side
outside the predicted funnels (Figure 17). This means that the review may be missing some unpublished
negative trials, or may include more positive trials than justified owing to selective outcome reporting.
We should review the results cautiously in the light of the risk of outcome reporting bias, especially
when we look at the magnitude of the extreme positive trials in relation to the overall treatment effect.

TABLE 14 Sensitivity analysis for overall result, random effects

Analysis
Effect, SMD
(95% CI)

Number of
comparisons

Full data set 0.16 (0.11 to 0.22) 100

Using imputed ICC = 0.2 instead of 0.1 0.16 (0.10 to 0.21) 100

Using imputed ICC = 0.05 instead of 0.1 0.16 (0.11 to 0.21) 100

Removing trials with imputed SDs 0.18 (0.12 to 0.23) 94

Removing trials reporting mean per cent compliance close to 0% or 100%a 0.12 (0.07 to 0.16) 77

Keeping only trials at low risk of bias owing to allocation concealment 0.18 (0.12 to 0.25) 72

Keeping only trials at low risk of bias owing to sequence generation 0.17 (0.10 to 0.23) 74

Keeping only trials at low risk of bias owing to selective outcome reporting 0.22 (0.13 to 0.31) 41

Keeping only trials at low risk of bias owing to attrition 0.18 (0.13 to 0.24) 57

Keeping only trials at low risk of bias owing to other biases 0.13 (0.09 to 0.18) 59

Removing trials in which ‘feedback on desired behaviour’ was not part of the
tested intervention

0.17 (0.12 to 0.23) 88

SD, standard deviation.
a Trials using mean per cent compliance and reporting mean per cent compliance < 20% or > 80%.
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FIGURE 17 Funnel plot: the intervention effect estimates from individual studies against the standard error.
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Effects of interventions: patient health outcomes (secondary)

Figure 18 shows the SMD among patient outcomes (14 comparisons), grouped by type of BCT
comparison, in a fixed-effects meta-analysis. Only a subset of comparison types is represented
compared with the results for primary (health worker behaviour) outcomes, given that not all studies
reported a patient outcome. As for health worker behaviour outcomes, heterogeneity is high with an
overall I2 = 91.5%. Combined data from these 14 comparisons suggest that interventions with a social
norm component were associated with an improvement in patient outcomes of 0.17 SMD (95% CI 0.14
to 0.20), on average. However, this is strongly influenced by those studies testing social comparison,
in particular Bentz et al.87 (weight 46%) with an estimated SMD of 0.36 (95% CI 0.32 to 0.40) and
Beck et al.86 (weight 31%) with an estimated SMD of 0.00 (95% CI –0.05 to 0.05). Estimates consistent
with a null effect were found for all studies testing social comparison combined with social support
(unspecified), prompts/cues, instruction on the behaviour plus prompts/cues or other BCTs. A larger
positive effect of 0.86 SMD (95% CI 0.29 to 1.44) is found for the test of a credible source intervention,
but this is from one small study (weight 0.3%).67 These results for patient outcomes should be interpreted
cautiously owing to a large amount of heterogeneity among studies, and to the small number of studies
in some groups.

Heterogeneity between groups: p=0.000
Overall (I2 = 91.5%; p=0.000)

Subtotal (I2 = 9.0%; p=0.348)

Lomas 199167

Pope 201091

Bentz 200787

Morrison 201596

SC and social support

Katz 200494

Cheater 200689

SC and other BCTs

Subtotal (I2 = 0.0%; p=0.592)

SC and prompts cues
Raja 201592

SC and instructions and prompts cues

Subtotal (I2 = 97.6%; p=0.000)

Kim 199990

CS

Aspy 200895

Guldberg 201193

Billue 201298

Subtotal (I2 = 0.0%; p=0.645)

Study

Boet 201888

Beck 200586
SC

Van Bruggen 200897

0.17 (0.14 to 0.20)

0.11 (–0.03 to 0.26)

0.86 (0.29 to 1.44)

0.00 (–0.12 to 0.12)

0.36 (0.32 to 0.40)

–0.02 (–0.25 to 0.21)

0.15 (–0.35 to 0.66)

0.00 (–0.34 to 0.35)

0.00 (–0.12 to 0.12)

0.10 (–0.28 to 0.47)

0.20 (0.17 to 0.23)

0.06 (–0.16 to 0.28)

0.38 (–0.01 to 0.78)

–0.01 (–0.13 to 0.11)

0.14 (–0.09 to 0.37)

0.01 (–0.09 to 0.12)

SMD (95% CI)

–0.10 (–0.26 to 0.06)

0.00 (–0.05 to 0.05)

0.18 (–0.24 to 0.61)

100.00

4.20

0.26

5.56

46.33

1.62

0.34

0.71

6.28

0.60

81.56

1.81

0.55

5.67

1.56

7.37

Weight (%)

3.34

31.18

0.47

–1.44 0 1.44

FIGURE 18 Patient outcomes: fixed effects summarised by type of comparison (15 comparisons). CS, credible source;
SC, social comparison; SR, social reward.
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Both the patient outcomes and the target behaviours varied across the studies. To illustrate the
findings, we offer some examples of studies included in the review. Ivers et al.18 targeted GP behaviour
in arranging testing and prescribing for people with diabetes, and the patient outcome was mean
systolic blood pressure. Aspy et al.95 targeted primary care physicians, encouraging them to offer a
mammogram to appropriate women patients, and the patient outcome was the proportion of eligible
patients who had a mammogram. Lomas et al.67 targeted secondary care doctors, encouraging them to
reduce the offer of caesareans to women who had previously had caesareans, and the patient outcome
was the proportion of vaginal births. Billue et al.98 targeted GP behaviour in intensifying medication for
a range of health conditions, and the patient outcome was the proportion of patients with controlled
diabetes. In studies in which there was more than one health outcome, we chose the study’s primary
outcome, and if that was not clear, we chose the first outcome that was reported.

Figure 19 shows the SMD among patient outcomes (14 comparisons), grouped by type of BCT
comparison, using a random-effects meta-analysis. As for the fixed-effects analysis, only a subset of
comparison types is represented compared with the results for primary outcomes, given that not all
studies reported a patient outcome.

Study SMD (95% CI) Weight (%)

–1.44

Note: weights are from random-effects analysis

Overall (I2 = 91.5%; p=0.000)

SC

Van Bruggen 200897

Boet 201888

Morrison 201596
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Kim 199990

Beck 200586

SC and social support

Subtotal (I2 = 0.0%; p=0.645)

Raja 201592

Subtotal (I2 = 97.6%; p=0.000)

Bentz 200787

CS

Billue 201298

SC and instructions and prompts cues

Subtotal (I2 = 0.0%; p=0.592)

Cheater 200689

Pope 201091

SC and prompts cues

Lomas 199167

Katz 200494

Guldberg 201193

Subtotal (I2 = 9.0%; p=0.348)

Aspy 200895

0.11 (–0.02 to 0.24)

0.18 (–0.24 to 0.61)

–0.10 (–0.26 to 0.06)

–0.02 (–0.25 to 0.21)

0.06 (–0.16 to 0.28)

0.00 (–0.05 to 0.05)

0.01 (–0.09 to 0.12)

0.10 (–0.28 to 0.47)

0.08 (–0.18 to 0.34)

0.36 (0.32 to 0.40)

0.14 (–0.09 to 0.37)

0.00 (–0.12 to 0.12)

0.00 (–0.34 to 0.35)

0.00 (–0.12 to 0.12)

0.86 (0.29 to 1.44)

0.15 (–0.35 to 0.66)

–0.01 (–0.13 to 0.11)

0.12 (–0.03 to 0.27)

0.38 (–0.01 to 0.78)

100.00

4.96

8.78

7.74

7.93

9.90

17.18

5.58
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9.95

7.67

14.85

5.99

9.25

3.50
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9.27

25.72
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0 1.44

FIGURE 19 Patient outcomes: random effects grouped by type of comparison (14 comparisons). CS, credible source;
SC, social comparison; instructions, instruction on how to perform the behaviour; social support, social support
(unspecified).
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The overall estimate of effect is less precise and slightly attenuated compared with the corresponding
fixed-effects analysis, with an overall estimated SMD of 0.11 (95% CI –0.02 to 0.24). The results for
12 out of the 14 comparisons are consistent with no effect, exceptions were Lomas et al.’s67 (weight
3.5%) test of a credible source intervention, with an estimated SMD of 0.86 (95% CI 0.29 to 1.44) and
Bentz et al.’s87 (weight 10%) test of a pure social comparison intervention, with an estimated SMD of
0.36 (95% CI 0.32 to 0.40). However, the overall estimated group SMD for pure social comparison
interventions is 0.08 (95% CI –0.18 to 0.34), consistent with no effect. As for the corresponding fixed-
effects analysis, the results should be interpreted cautiously owing to a high amount of heterogeneity
and relatively few comparisons in each group.
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Abstract

Background: Healthcare workers perform clinical behaviours which impact on patient diagnoses, care, treatment
and recovery. Some methods of supporting healthcare workers in changing their behaviour make use of social
norms by exposing healthcare workers to the beliefs, values, attitudes or behaviours of a reference group or person.
This review aimed to evaluate evidence on (i) the effect of social norms interventions on healthcare worker clinical
behaviour change and (ii) the contexts, modes of delivery and behaviour change techniques (BCTs) associated with
effectiveness.

Methods: Systematic review and meta-analysis of randomised controlled trials. Searches were undertaken in seven
databases. The primary outcome was compliance with a desired healthcare worker clinical behaviour and the
secondary outcome was patient health outcomes. Outcomes were converted into standardised mean differences
(SMDs). We performed meta-analyses and presented forest plots, stratified by five social norms BCTs (social
comparison, credible source, social reward, social incentive and information about others’ approval). Sources of
variation in social norms BCTs, context and mode of delivery were explored using forest plots, meta-regression and
network meta-analysis.
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(Continued from previous page)

Results: Combined data from 116 trials suggested that social norms interventions were associated with an
improvement in healthcare worker clinical behaviour outcomes of 0.08 SMDs (95%CI 0.07 to 0.10) (n = 100
comparisons), and an improvement in patient health outcomes of 0.17 SMDs (95%CI 0.14 to 0.20) (n = 14), on
average. Heterogeneity was high, with an overall I2 of 85.4% (healthcare worker clinical behaviour) and 91.5%
(patient health outcomes). Credible source was more effective on average, compared to control conditions (SMD
0.30, 95%CI 0.13 to 0.47, n = 7). Social comparison also appeared effective, both on its own (SMD 0.05, 95%CI 0.03 to
0.08, n = 33) and with other BCTs, and seemed particularly effective when combined with prompts/cues (0.33, 95%CI
0.22 to 0.44, n = 5).

Conclusions: Social norms interventions appeared to be an effective method of changing the clinical behaviour of
healthcare workers and have a positive effect on patient health outcomes in a variety of health service contexts.
Although the overall result is modest and variable, there is the potential for social norms interventions to be
applied at large scale.

Trial registration: PROSPERO CRD42016045718.

Keywords: Systematic review, Meta-analysis, Health professional behaviour, Social norm, Social comparison,
Information about others’ approval, Credible source, Social reward, Social incentive, Audit and feedback

Contributions to the literature

� This is the first systematic review and meta-analysis on the

use of social norms interventions to change the clinical be-

haviour of healthcare workers, and the results suggest that,

on average, these interventions are effective.

� Social norms interventions may be effective across a range

of health service contexts and modes of delivery, but the

effects are variable.

� These findings contribute to a recognised gap in the

literature, by highlighting which social norms interventions

may be most effective: this can inform the design of future

interventions aimed at improving health professional

practice.

Background
Healthcare workers routinely perform behaviours in
clinical settings which impact all aspects of patient care
including diagnoses, treatment and recovery. There are
best-practice guidelines for many of these clinical behav-
iours. For example, regular blood glucose testing for dia-
betic patients. Healthcare workers face many challenges
in following evidence-based professional practice such as
lack of time, competing demands and requests from pa-
tients. Although there are no reliable published esti-
mates of how well healthcare workers follow best
clinical practices, 1 in 20 hospital admissions is caused
by adverse drug events [1], and approximately half of
these globally are believed to be due to lapses in best
practice in terms of prescribing or monitoring behav-
iours by clinicians [2].
Social influences are important in clinical practice:

prescribers of antibiotics have reported that pressure

from patients and other prescribers in their networks in-
fluence their prescribing behaviours [3]. Social norms
can be broadly considered as the perceived implicit or
explicit behavioural rules that one uses to determine the
appropriate and/or typical expectations, beliefs, attitudes
and behaviours of a social reference person or group [4].
We have defined a social norms intervention as one
which seeks to change the clinical behaviour of a target
healthcare worker by exposing them to the values, be-
liefs, attitudes or behaviours of a reference group or per-
son. The target healthcare worker is the person at whom
a social norms intervention is aimed, with a view to
changing their clinical behaviour. The reference person
or group describes a person or group whose values, be-
liefs or behaviours are exposed to the target. Social
norms interventions sometimes report a peer bench-
mark, such as the top 10% of the reference group or the
average performance: the downside of the average ap-
proach is that the above-average performers will receive
feedback suggesting that they are already performing
better than their peers, and this may lead them to reduce
their effort [5].
Behaviour change interventions based on social norms

may help overcome barriers to healthcare workers
implementing recommended practice through: persua-
sion, encouraging collaboration to achieve change, ob-
serving good practice from elsewhere and support from
management [6]. There are various explanations of the
processes through which social norms impact on behav-
iour according to social and health psychology theories.
Social comparison theory [7] proposes that individuals
draw on social comparisons to evaluate one’s abilities
and perform behaviours which will bring one's abilities
in line with those of others in the group. According to
the social identity perspective [8], people make
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evaluations about their own group (‘in group norms’)
against other groups (‘out group norms’). They are moti-
vated to preserve their social identity (as part of their ‘in
group’) by behaving in similar ways to the group’s nor-
mative behaviour. ‘Subjective norm’ is a construct within
the Theory of Planned Behaviour [9], which describes an
individual’s perception of whether valued others think
they should perform a behaviour, combined with a mo-
tivation to comply with others’ beliefs.
A social norms intervention with a descriptive norms

[10] message provides the target with information about
the behaviour of others in the reference group (such as
providing a nurse with information about the behaviours
of nurses regarding wound dressing). An injunctive
norms message provides the target worker with informa-
tion about the values, beliefs or attitudes of the reference
group towards a particular behaviour, conveying social
approval or disapproval (e.g. saying that colleagues dis-
approve of ordering unnecessary tests). This includes ap-
proval, praise, commendation, applause or thanks.
Audit and feedback (A&F) is a quality improvement

technique used by health services, where data is col-
lected on healthcare worker performance and then a
summary is reported back to the individual [11]. Social
norms interventions are sometimes included as one
component of A&F, usually by providing descriptive
norms of others’ behaviour [12, 13]. A&F has already
been shown to be effective in changing healthcare
worker behaviour, but with large variation in outcomes
depending on the context and the intervention design
[14]. There is a need to understand the ingredients for
successful A&F [11, 15], and the effects or mechanisms
of the ‘social influence’ constituents of A&F have been
identified as topics for further research [11]. Our review
contributes to this important research agenda by system-
atically examining the evidence for using social norms
interventions with healthcare workers.
Identification of the individual components within so-

cial norms interventions can aid understanding of the
precise aspects that influence behaviour. The Behaviour
Change Techniques Taxonomy v1 (BCTTv1) [16] is a
framework for classifying BCTs, which are the ‘active in-
gredients’ of behaviour change interventions. The tax-
onomy defines 93 distinct BCTs, grouped into
categories. There is no explicit category that relates to
social norms. For this review, five BCTs were considered
to involve social norms: ‘6.2. Social Comparison’, ‘6.3. In-
formation about Others’ Approval’, ‘9.1. Credible Source’,
’10.4. Social Reward’, and ’10.5. Social Incentive’. The
numbers follow the BCTTv1 labelling and definitions
are listed in Table 1.
The aim was to conduct a systematic review to assess

the impact on healthcare workers’ compliance with pro-
fessional practice recommendations of interventions

delivering social norms BCTs, compared to controls.
Two research questions were addressed:

1. What is the effect of interventions containing social
norms BCTs on (a) the clinical behaviour of
healthcare workers, and (b) resulting patient health
outcomes?

2. Which contexts, modes of delivery and behaviour
change techniques are associated with the
effectiveness of social norms interventions on
healthcare worker clinical behaviour change?

Methods
The study design was a systematic review with meta-
analysis [18], meta-regression [19] and network meta-
analysis [20]. This paper follows the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRIS
MA) statement [21]. Six members of the public attended
workshops to discuss the relevance of the review to pa-
tients and carers, study design and dissemination. The
group felt that patients can potentially have a role in
changing healthcare worker behaviour, for example by
reminding healthcare workers to wash their hands; or
telling the General Practitioner (GP) they do not want
antibiotics for a cold, although they were cynical about
whether doctors would listen. In response, we changed
our data collection to record whether any studies con-
sidered patients’ role in social norms interventions.
Their advice on how to interpret our results to a broad
audience will influence our future dissemination plans.
An independent study steering committee, including a
member of the public, provided encouragement and
counsel throughout the project.

Protocol and registration
The study was registered on PROSPERO
(CRD42016045718) and a protocol is available [17].

Searches
A search strategy was developed, following an iterative
process of scoping searches. In July 2018, searches were
undertaken in MEDLINE, PsycINFO, EMBASE, CINA
HL, BNI, Cochrane CENTRAL and Web of Science (see
Appendix 1). Backward and forward citation searching
was not conducted, as per the protocol, due to time
constraints.

Study inclusion criteria
Studies were included if they met the criteria in Table 2.

Screening
Covidence was used to facilitate screening and data ex-
traction [22]. One reviewer screened all titles and ab-
stracts against the inclusion criteria; a second reviewer
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screened a 20% random sample to assess reliability.
Studies included to the full-text stage were independ-
ently screened by two researchers. Any disagreements
were resolved through discussion, moderation of a third
researcher or team review.

Data extraction
Data from included studies were extracted using a tai-
lored data extraction form (Appendix 2) [23]. Informa-
tion relating to the population and setting, methods,
participant characteristics, intervention characteristics
(delivery and BCT content), comparators, outcomes and
results were extracted.
For the primary outcome (healthcare worker clinical

behaviour), we extracted all available summary data
on compliance of the healthcare worker with the de-
sired behaviour at the time point closest to 6 months
post-randomisation. Where multiple measures of
compliance were reported we followed this list of pri-
orities: (a) reported in sufficient detail to calculate
standardised mean difference, (b) observed rather than
self-report, (c) appropriate adjustment for clustering,
(d) continuous measure, (e) final score rather than
change from baseline, (f) described as primary out-
come, (g) used to calculate sample size and (h) re-
ported first. A similar approach was followed for
patient health outcomes.
All identified BCTs (including both social norms and

non-social norms) in all control and intervention arms
of included studies were independently coded by two
trained researchers using the BCTTv1 [16] and recorded
on a BCT extraction form (Appendix 3). The interven-
tion descriptions from all relevant papers (including pro-
tocols, process evaluations or additional sources cited in
the included studies) were coded to capture the BCTs as
closely as possible. Inter-rater reliability for each of the
BCTs that were present at least once across all arms was
assessed using the prevalence and bias-adjusted kappa
(PABAK) statistic (see Appendix 4), which adjusts for
both the prevalence and occurrence of BCTs [24]. In cir-
cumstances where prevalence is low, the widely used
chance-corrected kappa statistic is likely to

underestimate reliability as it is highly dependent on
prevalence [25].

Study quality assessment
Risk of bias was independently assessed by two re-
searchers using the Cochrane Collaboration risk of bias
tool. The percentages of high/low/unclear judgements
for each criterion across included studies were
calculated.

Data analysis/synthesis
Any observed measure of healthcare worker behaviour
was converted into a standardised mean difference
(SMD, Cohen’s D) comparing intervention and control
groups [26]. Odds ratios were converted to SMDs [27].
Where necessary, the sign of the SMD was changed to
ensure that a positive SMD represented an improvement
in compliance with the desired behaviour.
Where data were from appropriately analysed cluster

randomised trials or stepped wedge trials the reported
adjusted standard errors were used. Where adjusted
standard errors were not reported, we inflated them our-
selves to account for clustering [28].
Where data were missing, we searched for companion

papers. Missing standard deviations were estimated
using any available information (e.g. p values, confidence
intervals, range, interquartile range) or by searching for
trials with similar outcome measures. For cluster rando-
mised trials, we estimated the intracluster correlation co-
efficient (ICC) where necessary by taking the average of
results from similar studies.
Where studies, including factorial trials, assessed more

than one intervention, data were extracted for any com-
parisons that were relevant to the review, avoiding
double-counting by dividing the number of participants
in the control arm evenly between comparisons. Where
there was more than one control arm, the comparison
that was the purest test of a social norms intervention
was utilised. Where a study was an appropriately ana-
lysed factorial trial the covariate and standard error that
best estimated the effect of a social norms intervention
was extracted.

Table 2 Inclusion criteria

PICOS criterion Description

Population Healthcare workers, including managers and those in training.

Intervention A social norms intervention in a (non-simulated) healthcare setting that seeks to change the clinical behaviour
of target population by exposing them to the values, beliefs, attitudes, or behaviours of a reference group or
person.

Comparison/control No restrictions on the comparators.

Outcomes Primary outcome of interest was compliance with the desired clinical behaviour. Secondary outcomes were
patient health-related outcomes.

Study design Randomised controlled trials published in peer-reviewed journals, in English Language. Grey literature was not
eligible for inclusion.
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All studies that reported a primary or secondary out-
come measure that could be converted into an SMD
were included in meta-analyses. The approach to utilis-
ing the five social norms BCTs in the analysis was to
subtract the control arm BCTs from those in the inter-
vention arm, to identify those BCTs that were the active
ingredients being tested in the trial. The BCT feedback
on behaviour was present alongside a social norm BCT
in 88 of 100 comparisons and so we combined feedback
on behaviour with the social norm BCT with which it
appeared for the purpose of primary meta-analyses.
Fixed effects meta-analysis [29] and forest plots, strati-

fied by BCT were used to assess the effect of social
norms on the clinical behaviour of healthcare workers
and patient health outcomes. Sources of variation in the
type of social norm, context and mode of delivery were
explored using both exploratory subgroup analysis and
meta-regression [30]. Network meta-analysis [20] was
used to (a) utilise all available data and therefore
maximise power by including trials that compared
two or more different types of social norms (in
addition to those that compared a social norm

intervention to a control) and (b) rank the different
types of social norms intervention in order of effect-
iveness. A fixed effects approach to meta-analysis was
adopted to yield a summary of the evidence in these
trials (i.e. the average effect), rather than an estimate
of a common underlying treatment effect. Random
effects analyses are also reported.
Pre-planned sensitivity analyses assessed the robust-

ness of the conclusions by excluding studies: at high risk
of bias on key domains (allocation concealment, se-
quence generation, selective outcome reporting, attri-
tion, other biases); with ‘mean percentage’ < 20% or >
80% (due to expected skewed distribution)’ with imputed
standard deviations; using estimated ICCs; with and
without feedback on desired behaviour.

Results
Study characteristics
There were 4428 citations screened at the title and
abstract stage; 477 full-text papers were screened, of
which 116 unique trials met the inclusion criteria.
Ten of these trials did not report usable outcome

Fig. 1 PRISMA diagram
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data; therefore, a total of 106 trials contributed find-
ings to the review (Fig. 1, Appendix 5). Some studies
had more than one trial arm, resulting in 117 in-
cluded comparisons. The trial and intervention char-
acteristics are summarised in Table 3, and
characteristics of each individual comparison are pro-
vided in Appendix 6. There were 100 comparisons
suitable for meta-analysis. These included studies test-
ing social comparison (n = 79) credible source (n = 7)
and social reward (n = 2) against control. Other stud-
ies tested more than one social norm together: social
comparison and credible source (n = 6), social com-
parison and social reward (n = 2), multiple social
norms (more than two) together (n = 4). Over half of

the included trials were conducted in North America;
most studies were set in primary care and hospitals,
targeting doctors. A broad range of behaviours were
targeted including prescribing, management of condi-
tions and test ordering. Two thirds of the trials were
cluster RCTs. The interventions were delivered in a
variety of formats; a third was delivered on one occa-
sion and the rest on multiple occasions. Most were
delivered by someone outside of the target organisa-
tion, often an investigator, and three quarters aimed
to increase, rather than decrease the behaviour. Some
intervention characteristics were poorly reported; for-
mat and frequency of delivery were missing in a third
of studies (Table 3).

Table 3 Characteristics of included studies

Study characteristic (n = 106) No. % Study characteristic (n = 106) No. % Intervention characteristic
(n = 117)

No. %

Country Type of trial Source

Australia 8 7.5 Cluster RCT 69 65.1 Peer 6 5.1

Canada 15 14.2 Factorial 4 3.8 Investigators 83 70.9

Denmark 4 3.8 Randomised controlled trial 28 26.4 Supervisor or senior colleague 2 1.7

UK 13 12.3 Stepped wedge 4 3.8 Patient 1 0.9

Netherlands 6 5.7 Matched pairs, cluster RCT 1 0.9 Credible source 15 12.8

USA 45 42.5 Low baseline performance?a Other 1 0.9

Other/multiple 15 14.2 No 103 97.2 Not reported 9 7.7

Setting Yes 2 1.9 Internal/external delivery b

Primary (GP/GP practice nurses) 57 53.8 Unclear 1 0.9 Internal 17 14.5

Hospital (inpatient and outpatient) 31 29.3 External 81 69.2

Community 4 3.8 Unclear/not reported 19 16.2

Care/nursing home 4 3.8 Reference group

Mixed 7 6.6 Peer 97 82.9

Other 3 2.8 Intervention characteristic (n = 117) No. % Professional body 1 0.9

Type of HCP Format Senior person 9 7.7

Doctor (primary care) 45 42.5 Face-to-face meeting 16 13.7 Patient(s) 1 0.9

Doctor (secondary) 19 17.9 Email 10 8.5 Multiple 4 3.4

Other (nurse/dentist/AHP/pharmacist) 7 6.6 Written (paper) 29 24.8 Unclear/not reported 5 4.3

Mixture/whole team 35 33.0 Separate computerised 10 8.5 Direction of change

Target behaviour Mixed 18 15.4 Increase 85 72.6

Prescribing (incl. vaccinations) 40 37.7 Unclear/not reported 34 29.1 Decrease 30 25.6

Handwashing/hygiene 4 3.8 Frequency Maintenance 0 0.0

Tests/assessments 21 19.8 Only once 35 29.9 Unclear 2 1.7

Referrals 3 2.8 Twice 10 8.5 Comparator

Management communications 25 23.6 More than twice 45 38.5 Alternative intervention 15 12.8

Other 2 1.9 Unclear/not reported 27 23.1 Usual practice 59 50.4

Multiple 11 10.4 Attention or waitlist control 18 15.4

Concomitant interventionc 25 21.4
aDoes the inclusion criteria target participants based on low target performance?
bThe person delivering the intervention internal or external to the target person’s organisation?
cIntervention that appears in both arms
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Effects of interventions
Overall effects on clinical behaviours and patient outcomes
Combined data from fixed effects meta-analysis suggested
that social norms interventions were associated with an
improvement in healthcare worker clinical behaviour of
0.08 SMDs (95%CI 0.07 to 0.10, n = 100 comparisons),
and an improvement in patient health outcomes of 0.17
SMD (95%CI 0.14 to 0.20), on average. There was a large
amount of heterogeneity with an overall I2 value of 85.4%
(primary) and 91.5% (secondary) suggesting that some
studies reported substantially higher or lower effects than
the average. However, I2 is related to precision and rapidly
approaches 100% when the number of studies is high [31].
Similar conclusions were drawn from random effects
meta-analysis an overall improvement in healthcare
worker clinical behaviour of 0.16 SMD (95%CI 0.11 to
0.21, I2 = 85.4%, τ2 = 0.043). Note that the random effects
analysis was associated with a larger effect size and wider
confidence interval because more weight is given to
smaller trials. These results remained robust after all of
our pre-planned sensitivity analyses (Appendix 7).

Social norms behaviour change techniques
Meta-analysis, stratified by social norms BCTs indicated
that two of the social norms BCTs had a positive effect
on healthcare worker clinical behaviour (Fig. 2): credible
source (with or without other BCTs) (SMD 0.30, 95%CI
0.13 to 0.47, n = 7) and social comparison (with or with-
out other BCTs) (SMD 0.06, 95%CI 0.04 to 0.08, n =
77). Social reward may not be effective (SMD 0.03,
95%CI − 0.08 to 0.13, n = 2), based on a small sample.
We did not find sufficient evidence to examine the effect
of the other two social norm BCTs (information about
others’ approval and social incentive). Multiple social
norms delivered together were also effective on average
(SMD 0.13, 95%CI 0.10 to 0.16). When we looked at the
most common combinations of social norms BCTs
alongside other BCTs, three types of social norms inter-
vention were most effective, on average, compared to
control (Table 4): credible source (0.30, 95%CI 0.13 to
0.47); social comparison combined with social reward
(0.39, 95%CI 0.15 to 0.64); and social comparison com-
bined with prompts and cues (0.33, 95%CI 0.22 to 0.44).

Fig. 2 Fixed effects forest plot summarised by alternative categorisation of BCTs
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Social comparison delivered with credible source (0.16,
95%CI 0.12 to 0.19), on its own (0.05, 95%CI 0.03 to
0.08) or with social support (unspecified) (SMD 0.10,
95%CI 0.04 to 0.16) were all effective, on average, com-
pared to control. This was confirmed by network meta-
analysis. Table 5 shows the different contexts and set-
tings for the social norms BCTs and there does not ap-
pear to be any obvious patterns of use of the BCTs in
particular contexts: social comparison, credible source
and social reward are each used in multiple different
contexts either alone or alongside other BCTs. Regres-
sion analysis suggests that results were consistent even
after adjustment for context and setting. Illustrative case
studies providing examples of the three intervention
types found to be most effective (credible source, social
comparison with prompts/cues, social comparison and
social reward) are shown in Table 6.

Context and mode of delivery
Meta-analysis suggested that social norms interven-
tions were effective in a variety of different contexts.
The effect was seen with doctors on average (SMD
0.08, 95%CI 0.07 to 0.10, n = 68) and other health-
care workers (SMD 0.08, 95%CI 0.04 to 0.12, n = 12),
but not with nurses and allied healthcare workers
(SMD − 0.01, 95%CI − .012 to 0.11, n = 5). They ap-
peared successful across a range of clinical behav-
iours, including prescribing (SMD 0.11, 95%CI 0.09 to
0.13, n = 21), arranging, conducting or administering
tests/assessments (SMD 0.10, 95%CI 0.06 to 0.13, n =
21), and management and communication around
health conditions (SMD 0.06, 95%CI 0.01 to 0.12, n =
23), but may be less effective with handwashing

(SMD 0.04, 95%CI − 0.05 to 0.13, n = 3) and referrals
to other health services (SMD − 0.08, 95%CI − 0.23
to 0.07, n = 3). The effects were similar in primary
(SMD 0.07, 95%CI 0.05 to 0.09, n = 56) and second-
ary care (SMD 0.12, 95%CI 0.07 to 0.18, n = 27) but
may be less effective in community (SMD 0.02,
95%CI − 0.05 to 0.10, n = 4) and care home (SMD
0.03, 95%CI − 0.05 to 0.10, n = 4) settings. The effect
appears to be consistent, regardless of whether a peer
benchmark (0.06, 95%CI 0.02 to .011, n = 13) or the
average (0.11, 95%CI 0.09 to 0.13, n = 67) is included.
On average, they were slightly less effective in in-
creasing behaviours (e.g. increasing diabetes testing)
than at reducing behaviours (e.g. reducing antibiotic
prescriptions). The effect was similar regardless of
who delivered the intervention and whether it came
from within the organisation or from an external
source. Interventions that were delivered once (0.25,
95%CI 0.21 to 0.30, n = 28) were more effective than
those delivered more frequently (0.06, 95%CI 0.04 to
0.08, n = 47). Delivery by website was most effective
(0.23, 95%CI 0.15 to 0.31, n = 8); delivery by email,
in writing, and in mixed format were all consistent
with the average effect, but face-to-face appeared to
be ineffective (− 0.01, 95%CI − 0.06 to 0.03, n = 14).
The number of studies in some of these categories
was low (nurses and allied healthcare workers, hand-
washing, referrals to other services, community and
care homes), and none of the pre-planned covariates
for context and setting appeared to explain much of
the heterogeneity in meta-regression, suggesting that
any conclusions about context and mode of delivery
should remain cautious.

Table 4 Intervention effects calculated from meta-analysis and network meta-analysis, ordered by effect size (intervention v control)

Type of social norms intervention Number of comparisons
for meta-analysis
(network meta-analysis)

SMD meta-analysis
(95%CI)
n = 100

SMD network meta-
analysis (95%CI)
n = 102

Probability of being the
best intervention (%)

Social comparison + social reward 2 0.39(0.15 to 0.64) 0.39 (0.15 to 0.64) 59.2

Social comparison + prompts/cues 5 0.33(0.22 to 0.24) 0.33 (0.22 to 0.44) 22.2

Credible sourcea 7 0.30(0.13 to 0.47) 0.30 (0.13 to 0.47) 18.6

Social comparison + credible sourcea 8(10) 0.16(0.12 to 0.19) 0.16(0.12 to 0.20) 0.0

Social comparison + social support (unspecified) 7 0.10(0.04 to 0.16) 0.10 (0.04 to 0.16) 0.0

Other multiple social norms BCTs 4 0.07(0.03 to 0.12) 0.07(0.03 to 0.12) 0.0

Social comparison 33(35) 0.05(0.03 to 0.08) 0.05(0.03 to 0.08) 0.0

Social comparison + other BCTs 23 0.04(0.00 to 0.08) 0.04(0.00 to 0.08) 0.0

Social reward 2 0.03(− 0.08 to 0.13) 0.03(− 0.08 to 0.13) 0.0

Social comparison + instructions on how
to perform the behaviour + prompts/cues

5 0.01(− 0.10 to 0.11) 0.01(− 0.10 to 0.11) 0.0

Social comparison + info on health
consequences

4 − 0.14
(− 0.33 to 0.05)

− 0.14(− 0.33 to 0.05) 0.0

aWith/without other BCTs
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Risk of bias
A summary of each risk of bias item across the studies is
shown in Fig. 3. Risk of bias was high in 80% of trials for
the blinding of participants and personnel domain and
so we cannot rule out the possibility of response bias.
This high risk of bias was mainly due to the nature of
the interventions (i.e. many of the studies were cluster
trials, randomised at the hospital or clinic level, making
blinding impractical). In a sensitivity analysis restricting
the meta-analysis to trials at low risk of bias for each key
domain, the overall treatment effect changed little, sug-
gesting the results were robust. There were five studies
at high risk of bias for outcome reporting and 59 with

unclear risk of bias. A funnel plot (Fig. 4) identified that
the review may be missing some unpublished negative
trials, or including more positive trials than expected,
suggesting selective outcome reporting.

Discussion
Summary of evidence
Social norms interventions can be an effective approach
to changing the clinical behaviours of healthcare
workers. Meta-analysis showed social norms interven-
tions were associated with an improvement in healthcare
worker clinical behaviour outcomes of 0.08 SMDs
(95%CI 0.07 to 0.010, n = 100 comparison) and an

Fig. 3 Review authors’ judgements about each risk of bias item (%)

Fig. 4 Funnel plot
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improvement in patient health outcomes of 0.17 SMD
(95%CI 0.14 to 0.20, n = 14 comparisons), on average.
There was a large amount of heterogeneity, with some

studies reporting substantially higher or lower effects.
There was strong evidence from multiple studies that in-
terventions involving social comparison or credible
source, with and without other BCTs, were effective on
average, both separately and together. Social comparison
is effective when combined with various other BCTs in-
cluding social support (unspecified) but it appears to be
most effective when combined with prompts/cues. Social
reward appeared not to be effective when used alone but
had an above-average effect when combined with social
comparison. The effect of social norms interventions
remained clear in the meta-regression, even after taking
into account context and setting.
Meta-analyses exploring context and delivery showed

that social norms were effective with a variety of health-
care workers, in primary and secondary care, and across
a range of clinical behaviours. On average, social norms
interventions were more effective for reducing than in-
creasing behaviours. Interventions appeared equally ef-
fective regardless of whether they came from an internal
or external source. In contrast to previous studies [14],
delivering the intervention once appeared to be more ef-
fective than frequent delivery: one explanation for this,
which warrants further investigation, is whether frequent
delivery is associated with attempts to change intractable
behaviours.
Sensitivity analyses found the overall treatment effect

to be robust and not strongly influenced by trials which
scored high/unclear risk of bias across key domains.
There is a possibility of response bias due to lack of
blinding. While it is difficult to blind healthcare workers
in these trials, there were examples where the risk of re-
sponse bias was minimised, e.g. cluster trials where the
healthcare worker was not informed of the existence of
the trial.

Discussion of findings in relation to the literature
A Cochrane systematic review (n = 140) of the effect of
A&F on healthcare worker behaviour and patient health
outcomes [14] found a wide variation in the effect of A&F
and recommended future research to explore how this
variation, related to the intervention design, context and
recipient [11]. The results of our review contribute to this
agenda by suggesting aspects of the design of A&F inter-
ventions that are associated with positive outcomes: (1)
highlighting that a credible source approves of the desired
behaviour; (2) feedback on an individual’s behaviour is
likely to be more effective if accompanied by social com-
parison; (3) complex interventions involving multiple so-
cial norms seem to be effective; (4) social comparison
seems to be enhanced by the use of prompts and cues,

such as computerized pop-ups recommending actions to
GPs when particular symptoms or diagnoses are entered
into an electronic system [35], but the benefit of prompts
and cues may only hold when the healthcare worker un-
derstands how to do the behaviour. The effects of social
norms were reasonably consistent across a range of
healthcare workers, behaviours and settings. In contrast to
an earlier review of A&F [14], delivering the intervention
once appeared to be sufficient and sending the interven-
tion by website or other computerised format was most
effective. Our results align with findings from a recent
synthesis of qualitative literature on A&F which found
that letting healthcare workers know how their perform-
ance relates to that of their peers (social comparison) and
providing opportunities for peer discussion (social support
(unspecified)) were valuable in changing behaviour [6].
However, our finding that face-to-face interventions were
less effective than remotely delivered interventions con-
trasts with results for meta-analyses of smoking cessation
interventions where personalised interventions were asso-
ciated with greater effectiveness [36]. Recent literature
suggests that de-implementation is often even more chal-
lenging than implementation due to a number of psycho-
logical biases: health professionals tend to focus on
information that confirms their established beliefs; people
are more concerned about losses than gains; and a sense
of professional autonomy strengthens attachment to
established practices [37, 38]. Given the challenges of de-
implementation our finding that social norms interven-
tions were more effective in increasing behaviour than de-
creasing it are perhaps not surprising.
A recent overview of 67 systematic reviews on promot-

ing professional behaviour change in healthcare found that
the most effective interventions were educational outreach
using academic detailing, A&F and reminders [39]. Using
normalization process theory as a theoretical lens, the au-
thors concluded that interventions that seek to ‘restruc-
ture and reinforce new practice norms’ (opinion leaders,
educational meetings and materials/guidelines) and those
which ‘associate practice norms with peer and reference
group behaviours’ (including A&F and academic detailing,
where a target healthcare worker receives individual sup-
port or advice from someone else with expertise in that
area) are most likely to be successful in changing clinical
behaviour. Combining the two approaches together may
be particularly effective, by creating clear rules of conduct
and encouraging individuals to follow their peers [39]. In-
terventions that seek to change attitudes were less likely
to be successful. The importance given to peer and refer-
ence group behaviours in this previous study justifies our
efforts to identify which social norms interventions are as-
sociated with success.
The effect sizes seen in this review appear to be similar

to other reviews of interventions to change health
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professional behaviour [40]. Baskerville et al found that
practice facilitation was associated with an improvement
of 0.56 SMD (95% CI 0.43 to 0.68) in guideline adoption
in primary care. Baker [41] reported that tailored inter-
ventions to overcome barriers to change are associated
with an odds ratio for the improvement in professional
behaviour of 1.51 (95% CI 1.16 to 2.01) which corre-
sponds to an SMD of approximately 0.24 (95% CI 0.09
to 0.39). The modest effects size seen for social compari-
son appears in line with that observed by Ivers who
found that Audit and feedback improved binary behav-
ioural outcomes by a median of 4.3 percentage points
and continuous outcomes by a median of 1.3 percentage
points. In a meta-synthesis of systematic reviews of
health behaviour change in general, Johnson found effect
sizes between 0.08 to 0.45 [42].

Strengths and limitations
Our search strategy was developed through an iterative
process, with input from an Information Scientist. How-
ever, it is possible that the strategy may have missed some
relevant interventions if social norms BCTs or behaviour
change theories were not mentioned in the title or abstract.
We included studies regardless of outcome measure,

and we converted any available outcome into a standard-
ized mean difference: this meant we were able to summar-
ise all the available evidence in one analysis. The included
trials incorporated a variety of contexts and settings; trial
designs and units of analysis. This has led to a heteroge-
neous review; and we acknowledge the limitations of this
approach. The magnitude of effects for the most promis-
ing behaviour change interventions were around 0.3
SMDs, which relative to the between study variability
τ(0.2) does seem to indicate an important effect.
Trials were excluded from the review where the inter-

vention did not target a specific behaviour: for example,
if the intervention was aimed at a healthcare worker
with the intention of reducing patient blood pressure,
but did not make explicit what behaviour(s) were ex-
pected of the healthcare worker to achieve the reduction.
These exclusions occurred because, if a behaviour is not
specified, it is not possible to determine whether or not
an intervention actually targeted that behaviour and
change in that behaviour (our primary outcome) cannot
be assessed. This approach is consistent with the coding
instructions of the BCTTv1 [16]. There is a potential
risk that we have excluded some studies where there
was a target behaviour but it was poorly reported.
We used the BCTTv1 [16], which has been based on a

significant body of research, to code for BCTs that could
be associated with the effectiveness of interventions. How-
ever, BCTs were only coded based on published reports
and we did not ask study authors for intervention manuals
due to time constraints. Therefore, it is possible that our

coding did not represent all actual BCTs as designed and
delivered. The authors of the BCTTv1 have also acknowl-
edged that extension or modification of the BCTTv1
could be appropriate in the future. It is therefore possible
that some BCTs that do not yet feature in the BCTTV1
could have been presented alongside social norms BCTs
and were missed during the BCT coding exercise.
Ten small studies without suitable outcome measures

were omitted from the meta-analysis and some missing
information (such as ICCs and standard deviations) were
imputed, but sensitivity analyses suggested no significant
impact on the review.
The primary approach to meta-analysis was fixed ef-

fects [43], which summarises the evidence in these trials,
rather than estimating a common underlying treatment
effect [44]. This topic is highly contested, so random ef-
fects was also undertaken for the most important ana-
lyses, as planned. In all analyses the fixed and random
effects approaches produced a result in the same direc-
tion, with the random effects approach resulting in a
higher effect for the intervention because it gives greater
weight to smaller studies. The conclusions of the review
would be similar, regardless of whether fixed or random
effects were used.
All of the meta-analysis was undertaken on the basis of

comparisons: the BCTs in the control arm were subtracted
from those in the intervention arm to capture BCTs that
were actively tested in each study. The active ingredient
was what is left of the intervention when the control arm is
taken away. This is a suitable approach to examining the ef-
fect of the various social norm BCTs, but a limitation is that
some interaction effects may have been missed.
The asymmetry of the funnel plot suggested that the

review may have missed some unpublished negative tri-
als or be at risk of bias from selective outcome reporting.
The resources were not available for translation or to re-
quest unpublished material from authors of included
studies, so some relevant studies may have been omitted.
A single behaviour outcome was selected from every
trial using published reports which may have put the re-
view at risk from selective outcome reporting; priority
was given to the pre-specified primary outcome. Sensi-
tivity analysis including only those trials with either a
relevant pre-specified primary outcome or single rele-
vant behavioural outcome suggested that results were
robust to selective outcome reporting.

Further research
Credible source has been identified as an effective inter-
vention component. Yet, it is not commonly used in the
health setting to change the behaviour of healthcare
workers (only 18% of the comparisons identified in the
present review). This may be due to credible source lack-
ing formal conceptualisation in the health setting so,
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whilst it may be used in practice, it is not well-reported.
Additional work is needed to develop credible source in-
terventions for use in the NHS, such as, whom the target
audience would consider as credible sources: for ex-
ample, seniority may not necessarily be perceived as the
same as credible. As a first step, a narrative synthesis of
the trials using credible source in this review, together
with the qualitative papers, process evaluations and pro-
tocols associated with those trials, would provide further
insights into the credible source interventions that are
associated with more successful outcomes. Qualitative
work with healthcare workers, managers and policy-
makers is also needed to understand the acceptability
and feasibility of credible source, social comparison and
social reward interventions and to understand who the
most credible sources are.
Social comparison is currently used more frequently

with healthcare workers than credible source. We identi-
fied a high level of heterogeneity in the effectiveness of
social comparison. We have started to unravel this het-
erogeneity, and this research suggests that social com-
parison can successfully be enhanced by the addition of
social reward, prompts and cues or social support (un-
specified); but further research is warranted. The hetero-
geneity could potentially be explained by differences in
how social comparisons are facilitated and what kind of
comparisons are made, and not simply by the combin-
ation of BCTs it is delivered with or without. For ex-
ample, social comparisons may have a different effect
depending on the reference frame (e.g. whether one
identifies with those compared to) or depending on the
direction of the comparison (i.e. upward or downward
comparison). Further investigation into the factors that
moderate the effect of social comparison is warranted.
The methodological quality of trials was mixed. The

review included some large factorial trials that tested
several behaviour change interventions simultaneously,
which can be an efficient design for exploring different
components of behaviour change interventions and their
interactions. Multiphase Optimization Strategy may be a
useful framework that can be applied to factorial designs
for identifying which combination and sequence of com-
ponents (e.g. BCTs and mode of delivery) can produce
optimal outcomes [45]. Some trials also used novel
methods to minimize bias such as ‘attention’ controls
where participants were given the identical behaviour
change intervention for an alternative target behaviour:
this type of design is to be encouraged.

Conclusions
Social norms interventions are an effective method of chan-
ging healthcare worker clinical behaviour. Although the
overall result is modest and very variable, there is the poten-
tial for social norms interventions to be applied at scale and

have a significant effect on clinical behaviour and resulting
patient health outcomes. Both credible source and social
comparison were effective. Social comparison was particu-
larly effective when combined with prompts and cues. These
interventions were found to be effective in a variety of NHS
contexts and across a range of modes of delivery.
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. Abstract

Many complex healthcare interventions aim to change the behaviour of patients or health professionals, e.g.
stopping smoking or prescribing fewer antibiotics. This prompts the question of which behaviour change
interventions are most effective. Synthesising evidence on the effectiveness of a particular type of behaviour
change intervention can be challenging because of the high levels of heterogeneity in trial design. Here we
use data from a published systematic review as a case study and compare alternative methods to address
this heterogeneity. One important sources of heterogeneity is that compliance to a desired behaviour can be
measured and reported in a variety of different ways. In addition, interventions designed to target behaviour
can be implemented at either an individual or group level leading to trials with varying layers of clustering.

To handle heterogeneous outcomes we can either convert all effect estimates to a common scale (e.g. using
standardised mean differences) or have separate meta-analyses for different types of outcome measure (binary
and continuous measures).To address the clustering structure, adjusted standard errors can be used with
the inverse variance method, or weights can be assigned based on a consistent level of clustering, such as
the number of healthcare professionals. A graphical method, the albatross plot utilises reported p-values
only, and can synthesise data with both heterogeneous outcomes and clustering with minimal assumption
and data manipulation.

Based on these methods, we reanalysed our data in four different ways and have discussed the strengths and
weaknesses of each approach.

Keywords

Behaviour change, evidence synthesis, trials.

Background

In healthcare, many complex interventions are designed with the aim of changing the behaviour of indi-
viduals or groups of individuals. When designing new interventions, it is helpful to know which behaviour
change techniques are most effective, and in which context. The behaviour change technique taxonomy1 has
identified and classified 93 different behaviour techniques, and each of these may be used alongside other
techniques to form a complex intervention. The types of behaviours that these interventions could be tar-
geting are numerous and varied; health behaviours such as eating a low calorie diet, or ceasing smoking; or
clinical behaviours such as following government guidelines, prescribing drugs or washing hands. When sum-
marising behaviour change research, one option would be to consider the effect of a specific intervention on
a specific behaviour, but the large number of targeted behaviours would lead to a huge number of potential
systematic reviews (or comparisons within a systematic review); each aiming to answer a different question,
but unlikely to have enough statistical power to do so. In addition, it may be hard to interpret evidence
from multiple systematic reviews of similar interventions that report conflicting conclusions, and present
evidence in different ways. As described by Melandez-Torez2, there are situations where it makes sense to
group together interventions as ‘clinically meaningful units’ with a similar expected ‘theory of change’. In
terms of behaviour change techniques, it can be informative to combine evidence to answer a broad question
about how well a particular behaviour change technique (or group of techniques) has performed, on average,
on any type of behaviour, and to use this information to identify which techniques are effective. This can be
supplemented with analysis of effect moderators, to identify the contexts in which the technique is more or
less effective.

Interventions to change healthcare professional (HCP) behaviour can be designed to target the individual
HCP, or team of HCPs. Trials of this type of intervention can vary in terms of the unit of randomisation which
can be either the individual HCP, or a group of HCPs such as those working within the same site (surgery,
nursing home, ward, hospital). The unit of analysis in these trials can also vary and is not necessarily the
same as the unit of randomisation; for example with randomisation at the level of GP surgery but with data
recorded for each individual patient. The outcomes could be measured using a variety of denominators, such
as the individual patient (e.g. binary measure of whether a test was ordered), individual HCPs (e.g. number

2
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. of tests ordered per GP), or at site-level (e.g. proportion of patients with an appropriate test order on a

hospital ward). These multiple and varied layers need to be considered in terms of adjustment for clustering,
combination of data and interpretation of results.

There are several proposed methods of summarising mixed measures of behavioural outcome. Higgins et al.3

provide an overview of methods to synthesise quantitative evidence in systematic reviews of complex health
interventions. They describe and compare a number of graphical methods to combine different outcomes;
as well as synthesis methods using effect size estimates, which are suitable for complex interventions. One
approach is to combine effect sizes (standardised mean differences (SMDs)) using standard errors to derive
weights for the studies in meta-analysis. In addition to allowing for different measurements (both binary
and continuous) to be combined, this approach can accommodate a mixture of individually randomised and
cluster randomised trials using weights based on adjusted standard errors. In some systematic reviews, binary
measures of the same outcome are analysed and reported separately from continuous ones4,5. An alternative
approach6 to using weights based on standard errors is to use study weights based on the number of health
professionals included in the study. The albatross plot7 is a graphical method which allows synthesis of
summary data in a variety of formats, using only p-values plotted against sample size; this can be used to
assess the consistency of results visually and allows estimation of average effect sizes.

Aims

Our aim was to examine methods for conducting meta-analysis in the context of heterogeneous behavioural
outcome measures with clustering using a case study. We have applied different methods to data from the
SOCIAL systematic review8-10 to illustrate the methods and examine their strengths and weaknesses.

Dataset

SOCIAL 89,10was a systematic review of randomised controlled trials, looking at the effect of social norms
interventions on the clinical behaviour of health care workers, where a social norms intervention is defined
as ‘an intervention which aims to change the behaviour of an individual by exposing them to the values,
beliefs, attitudes or behaviours of a reference group or person’(Tang, 2021, p.2) This review looked at the
effects of any social norms intervention on any type of clinical behaviour, and aimed to answer an overall
question about the effectiveness of social norms interventions, as well as more specific questions related to
different types of intervention, settings, contexts and behaviour.

The SOCIAL systematic review included 102 unique trials that assessed the effect of a social norms inter-
vention on the clinical behaviour of health workers. For ease of presentation, here we focus on a subset:
16 trials that assessed the effect of ‘credible source’ interventions either alone or alongside other interven-
tions. A credible source intervention provides communication either in favour of or against a particular
behaviour by a person generally agreed on as credible with the aim of persuading the recipient1. For exam-
ple Hallsworth 11 include a persuasive letter from the Chief Medical Officer in their intervention to reduce
antibiotic prescriptions amongst high prescribing GPs.

Note that 2 of these 16 trials had more than two arms that tested the effect of a credible source intervention,
so there were 18 different comparisons included. Table 1 shows the units of randomisation and analysis and
how they vary by study.

The SOCIAL review found that social norms interventions appeared to be an effective method of changing
the clinical behaviour of healthcare workers, with credible source interventions appearing to be most effective
on average10.

Analysis

All analyses were performed using STATA 14.012. We have reported results of both fixed and random effects
meta-analysis.

Where some summary data were missing for the reported trial results, we have imputed missing information
(e.g. standard deviations or intra-cluster correlation coefficients (ICCs)) using other information in the trial

3
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. paper or values from similar trials13. Sensitivity to imputed values was assessed by imputing a range of

different values.

Where the reported outcome data were from either an individually randomised trial or a cluster trial where
the results had already been adjusted for clustering by the unit of randomisation, the standard errors were
utilised without adjustment. Where adjustment for clustering was required the standard error was multiplied
by the square root of the design effect (DE); this requires the average cluster size (M) and the intra-class
correlation coefficient (ICC)13.

DE = 1+(M-1)ICC

Where possible we report the I2 statistic as a measure of heterogeneity 13. The I² statistic estimates the
percentage of variation across studies that is due to study heterogeneity rather than chance.

Method 1: Standardised Mean Differences, weights based on adjusted standard error

This method is commonly used, including in the SOCIAL systematic review8 and other reviews14-17. This
method is simple to use, it utilises information that is generally reported, and it can be performed using
standard statistical software. All reported measures of intervention effect are converted into an approximation
of the standardised mean difference (SMD) using the formulae in Table 21819.

The formula for a standardised mean difference for a continuous outcome (Table 2) refers to Cohen’s d for
ease of calculation. As an alternative Hedges g may be used 19which allows a correction for small sample
size.

We applied these methods to the SOCIAL meta-analysis using the inverse of the squared adjusted standard
error as weights (inverse variance method 13).

Where a trial reported both a continuous and binary outcome measure with appropriately adjusted standard
errors, we utilised the continuous measure but also calculated the SMDs and standard errors using the binary
measure to check for anomalies. Note that rules such as this should be pre-specified to avoid post-hoc decisions
that could introduce bias.

Method 2: Separate analyses for binary and continuous outcomes, weights based on adjusted
standard errors

In this method two separate analyses are produced for the same outcome; one for those that were reported
as binary measurements and one for those that were reported as continuous measurements. This method has
been used in a number of systematic reviews of health behaviour change4,5,16. This method requires very
little data manipulation and adopts a conservative approach to heterogeneity by keeping the two types of
outcome separate.

For illustration we performed meta-analysis on the SOCIAL data using odds ratios for binary data and
standardised mean differences for continuous data, using the inverse variance method with weights based on
adjusted standard errors.

Outcomes were reported as continuous measures on a variety of different scales; therefore they were converted
to standardised mean differences as above 20 . If all continuous measures had been measured on the same
scale, e.g. mean percentage on a scale of 0 to 100, they could be meta-analysed using means and standard
deviations. For meta-analysis of binary data, all summaries need to be converted to the same format (odds
ratio, risk ratio or risk difference); it is recommended that this be chosen in advance at the protocol stage to
avoid selective reporting. We chose odds ratios 18 here as they have certain desirable mathematical properties;
their symmetrical nature would mean that an analysis where the outcome measure is ‘compliance’ or an
analysis where the outcome measure is ‘non-compliance’ would lead to identical conclusions.

Sometimes trials report the same outcome measure in both binary and continuous formats – for example in
a trial where the desired behaviour is ‘test ordering’; summary data could be reported both in terms of the
overall proportion of patients who had a test ordered, and the mean proportion of tests ordered by health

4
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. care professional. Where a trial has reported an outcome in both binary and continuous formats, we included

both measures in the two separate meta-analyses. Note that when using this method, continuous and binary
results may not be later combined together as this would lead to double counting of the same participants.

Method 3: SMDs, weighting by number of health care professionals

Where the population of interest is the health care professional, it may be desirable to weight the results
by the number of health care professionals included6,21to aid population inference. This method utilises
commonly reported summary information without adjustment for clustering. In this method of meta-analysis
the studies are weighted by the number of health care professionals as an alternative to the commonly used
inverse variance method which uses weights based on standard errors. As pointed out in table 4 there are
weaknesses to this approach which we discuss below.

Not every trial in the SOCIAL review reported the number of health care professionals – for example a cluster
trial where an intervention was directed at all staff on a hospital ward. Where no information was given about
the number of health care professionals, Ivers et al.6 used the number of practices/hospitals/communities
instead, and we followed that method here. An alternative might be to estimate the number of health care
professionals using data from similar studies – e.g. using mean number of GPs per surgery or mean number
of nursing staff on a hospital ward. Note that this method needs to be combined with method 1 or method
2 above or an alternative way of summarising mixed outcome measures; here we combined it with method
1 to summarise standardised mean differences.

Method 4: Albatross plots

The albatross plot was first described by Harrison et al7 and is also discussed in Higgins 22. This method
requires minimal data extraction or manipulation and allows data to be synthesised even in circumstances
when outcomes are reported in multiple different formats or where no summary statistics are reported.
Reported results are split into two groups according to the direction of effect; and then p-values are plotted
against sample size. Where necessary, 1-sided p-values need to be converted to 2-sided p-values (or vice versa)
to ensure consistency. An albatross plot allows us to combine outcome data that was reported in a variety of
different ways, including from studies where only a p-value was provided. Under an assumption of normality,
you would expect results corresponding to the same effect size to lie along a contour, with p-values generally
getting smaller as sample size increases. Contours can be added to the plot for a range of different effect sizes
based on standardised mean differences, mean differences, odds ratios or other summary of choice. Effect
sizes can be estimated according to where the majority of points lie. We have added contours to represent
standardised mean differences of 0.3, 0.6 and 0.9. Heterogeneity can also be explored visually by looking at
how closely trials tend to group together along a particular contour.

Note that where p-values are obtained from studies that are clustered in some way, adjustment of sample size
is necessary. One method of doing this is to calculate the effective sample size (E) using the sample size (S),
the reported intra-class correlation coefficient (ICC) and the average cluster size (M) using the formula23

E =
S

1 + ICC × (M − 1)

An alternative is to replace the sample size with the number of health care professionals (or sites) as in
method 3.

For illustration we produced a contour plot using the number of health care professionals (or sites) as the
sample size (Figure 1)

Results

Method 1 produced pooled SMDs of 0.14 (95% CI 0.10 to 0.17) and 0.31 (95% CI 0.14 to 0.51) for the fixed
and random effects results. There is a marked difference between the results for fixed and random effects;
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. with the fixed result having a smaller effect size and tighter confidence interval; this is because the fixed

effects analysis gives more weight to large trials, which tended to have more modest effect sizes (Table 3).

Method 2 resulted in pooled OR 1.13 (95% CI 1.06 to 1.20) and pooled SMD 0.50 (95% CI 0.42 to 0.59) for
fixed effects; OR 1.13 (95% CI 1.06 to 1.20) and SMD 0.92 (95% CI 0.11 to 1.73) for random effects. One
study contributed data to both the odds ratio and SMD estimate. The method using odds ratios produced a
far less heterogeneous result than that for the SMDs in this case but as they are from different sets of trials
it is difficult to infer why.

Method 3 resulted in an SMD 0.57 (95% CI 0.50 to 0.64). This weighted average produced the narrowest
confidence intervals for SMDs.

For Method 4, we can see from Figure 1 that all studies reported a positive effect so it is clear that, on
average, credible source interventions seem effective. The fact that the points are not clustered around one
particular contour line tells us that there is a high level of heterogeneity. Both large and small studies appear
to be associated with very small p-values and large effect sizes, so there is little evidence of publication bias.

Three of the methods produced an SMD, which ranged from 0.14 to 0.57. All were statistically significant,
suggesting that we can be reasonably confident that a positive effect exists, but less confident in estimating
the size of the effect as it is sensitive to the method chosen.

Challenges

In Table 4 we summarise the strengths and weaknesses of the different approaches. In systematic reviews
of complex interventions there is likely to be a large amount of heterogeneity due to differences in setting,
population, intervention and study design. When combining different types of outcomes, measured and
reported in a variety of different ways, heterogeneity due to outcome measurement also has to be a serious
additional consideration. Our estimate of heterogeneity, I2 for the SMD analyses ranged from 95.3% to 98.5%
suggesting substantial heterogeneity. Exploration of heterogeneity is not the focus of the paper and has been
discussed by a number of authors242526. Sources of heterogeneity can be explored using methods such as
subgroup analysis27 and meta-regression28 although these common approaches are subject to ecological
fallacy, and superior approaches exist where sufficient data are available29 . In contrast to a meta-analysis of
a well-defined pharmaceutical intervention, where heterogeneity is generally seen as a nuisance, identifying
the sources of the heterogeneity is often a key research questions when synthesising data from complex
interventions.

Some authors have expressed concerns about the use of SMDs in meta-analysis. The SMD estimates the
average improvement in outcome per SD on whatever scale that outcome is measured on; as Greenland30

points out the SD measured within a trial is likely to be different to the population SD and will vary according
to the design features of the trial (e.g. inclusion/exclusion criteria). Trials are often designed to minimise
variability and therefore SDs reported are likely to be smaller than the SD in the target population, leading
to an overestimate of the treatment effect of interest. Another problem, as discussed by Senn31, that is
especially pertinent here, is that the SD will depend on the measurement error, and since we have lots of
different measurement scales we will have lots of different measurement errors; this means that you could
get lots of different SMDs even if the treatment effect was the same in each study.

In an attempt to combine all available information we have converted odds ratios into SMDs using the
methods described by Chinn32. This method provides an estimate of the SMD from an odds ratio using the
assumption that the odds ratio has come from a dichotomy of a normally distributed continuous variable; this
may be a poor estimate when this assumption is not true. Sanchez-Meca33 compares alternative indices to
combine continuous measures with dichotomies and show that this method slightly underestimates the SMD.
Our conclusions were unchanged when binary and continuous data were analysed separately, but the SMDs
estimated from continuous data alone were considerably higher than those when binary data were combined
so it is possible that by converting odds ratios to SMDs we were underestimating the true treatment effect
in this context.
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. Varying units of randomisation and analysis lead to difficulties both in terms of synthesis methods and

interpretation. One of our reported methods (Method 3) aims to apply consistent weighting based on the
number of health care professionals to allow inference about a consistent population; however this leads to
other problems. Weights based on sample size do not take into account the variability of the data, essentially
assuming a constant standard deviation across all trials. In their simulation study, Marin-Martinez and
Sanchez-Meca34 show that weighting by the inverse variance yields less biased results than weighting by
sample size. Complexity is added when a review wishes to combine evidence from different types of trial
design35,36. Individually randomised trials, cluster randomised trials and stepped wedge trials are all useful
in answering questions about behaviour change interventions targeted at health care professionals, but you
would not necessarily expect the SMD (effect size) to be consistent across each type of trial due to the
different units of analysis (and therefore different underlying SDs)37,38. Some consensus among trialists of
health professional behaviour change interventions, in the form of a core outcome set39would be useful for
future systematic reviews. Consistency in terms of outcomes used, unit of analysis and format of outcome
reporting is desirable. In addition, we may want to separate out the effect on the health care provider from
the effect on the individual patient; this would require individual participant data and multilevel modelling24.

Some trials used in this analysis have reported ‘mean percentage compliance’ or similar – e.g. the percentage
of occasions a test was ordered, averaged over a group of GPs. This measurement is bounded between 0%
and 100% and therefore cannot be considered truly continuous. Inference methods (meta-analysis of SMDs)
used here assume continuity and normality and are likely to perform poorly where results are close to the
boundaries (0% and 100%). We performed additional sensitivity analyses removing trials where the mean
compliance was between 0% and 20% or between 80% and 100%; and results appeared robust. Alternative
methods to analyse proportions include those suggested by Miller 40and Stijnen et al.41and these may be
preferable when meta-analysing proportions alone.

We acknowledge all of these challenges and feel that conclusions based on any of the methods presented here
need to be very cautious. However we feel that there are occasions where the combination of mixed outcomes
is still warranted, but should be accompanied with appropriate sensitivity analyses and caveats.

Conclusions

Systematic reviews of complex behaviour change interventions in healthcare may include a heterogeneous
set of studies in terms of content, context, trial design and setting. The measures of behaviour change may
also vary which leads to difficulty in attempts to synthesise the data, as well as increased heterogeneity.

In this paper we have presented 4 different methods for combining behavioural outcome measures from trials,
described the strengths and weaknesses of each method, and the problems inherent with combining heteroge-
neous outcome measures with mixed levels of clustering. Each of the methods presented has advantages and
disadvantages, summarised in table 4, and we recommend that reviewers chose their methods carefully based
on the needs of their review, and plan methods and data conversion policies in advance to avoid selective
reporting. We observed that for our data, conclusions would remain robust regardless of the methods of
analysis chosen; however the estimated magnitude of the treatment effect varied quite markedly according to
the method chosen. We view the methods presented as useful when trying to convert all outcome measures
to the same scale and to provide an overall summary, but results should be interpreted extremely cautiously
given the limitations. We would recommend that results are used as an aid in summarising the evidence and
generating future hypotheses rather than to infer future effects.
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Table 1: Units of randomisation and analysis for the 18 credible source comparison

Number of studies Number of comparisons

Unit of randomisation Patient Health care professional Site (ward, hospital, surgery etc) 0 2 14 0 2 16
Unit of analysis Patient Health care professional Site (ward, hospital, surgery etc) 8 4 4 10 4 4

Table 2: Formulae to convert extracted data to SMDs

Type of outcome
measure Data to extract

Standardised mean
difference (d)

Standard error of
standardised mean
difference

Continuous reported as
mean or mean difference

Means (M1 and M2),
standard deviations (S1
and S2) and sample size
per group (n1 and n2)

M1 −M2

S

where S=√
(n1−1)2S1+(n2−1)2S2

n1+n1−2 =

√
1

n1
+

1

n2
+

d2

n1 + n2 − 2
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Type of outcome
measure Data to extract

Standardised mean
difference (d)

Standard error of
standardised mean
difference

Binary reported using
odds ratios

Natural logarithm of
odds ratio (lnOR) and
standard error of log
odds ratio SElnOR.
This can be obtained
from a 95% confidence
interval for the odds
ratio by taking natural
logs and dividing by
2x1.96

√
3

π lnOR
√
3

π SElnOR

Raw binary data Raw binary data (c1/n1
and c2/n2) where c1 and
c2 are the number of
participants complying
with the behaviour of
interest by group.

OR =
c1

n1−c1
c2

n2−c2

Take

natural log and continue
as above SElnOR =

√
1

c1
+

1

n1−c1
+

1

c2
+

1

n2−c2

Continue as above

Table 3: Summary of results for credible source data by 5 different methods

Method
Number of
comparisons Result

Measure of
heterogeneity

Method 1 SMDs.
Weights based on
adjusted standard
errors

18 Fixed effects SMD
0.14(95% CI 0.10 to 0.17)
Random effects SMD
0.31(95% CI 0.14 to 0.51)

I2 = 95.3%

Method 2 Separate
analyses for binary
and continuous
data. Weights based
on adjusted
standard errors

OR 12 SMD 7 Fixed effects OR
1.13(95% CI 1.06 to
1.20) SMD 0.50(95%
CI 0.42 to 0.59)
Random effects OR
1.13(95% CI 1.06 to
1.20) SMD 0.92(95%
CI 0.11 to 1.73)

I2 = 0% I2 = 98.0%

Method 3 SMSs.
Weighting by number
of HCP

18 SMD 0.57(0.50 to 0.64) I2 = 98.5%

Method 4 Albatross
plot

18 All studies reported a
positive effect so clear
evidence of treatment
effect.

Points not clustered
around a single contour
line so high levels of
heterogeneity

Table 4 Strengths and weaknesses of each approach
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. Approach Strengths Weaknesses

Method 1 SMDs. Weights
based on adjusted standard
errors

All available data combined
Clustering accounted for at
level of randomisation

Mixture of different outcomes
and formats likely to lead to
heterogeneity May be difficult
to interpret Inconsistent units
of analysis (patient/HCP/site)
Estimation assumptions may
not hold

Method 2 Separate analyses
for binary and continuous
data. Weights based on
adjusted standard errors

Likely to lead to less
heterogeneity than method 1 as
more similar measures are being
combined. Little manipulation
or estimation required

Does not combine all available
information in a single analysis,
which leads to loss of power and
multiplicity Two analyses may
give conflicting results

Method 3 SMDs. Weighting
by number of HCP

Consistent units – weighted by
health care professional

Number of health care
professionals not always reported,
requiring an estimate to be
imputed Weighting may be
related to quality of reporting;
e.g. poorly reported studies get
less weight. Unit of analysis error
when not randomised at level of
analysis Weights related to the
size of the study but not the
variability/precision Issues with
SMDs as above

Method 4 Albatross plot May include additional studies
that report p-value only No
assumptions

Difficult to check that p-values
are correct if not accompanied
by other summary data
P-values prone to selective
reporting Need to adjust sample
size in some way for cluster
trials

Figure Albatross plot using ‘number of health care professionals’ as sample size.
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