
 

© The Author(s) 2018. Published by Oxford University Press for the Infectious Diseases Society of 

America. All rights reserved. For permissions, e-mail: journals.permissions@oup.com. 

An assessment of potential unintended consequences following a national antimicrobial 

stewardship programme in England: an interrupted time series analysis. 

Violeta Balinskaite, research associate1; Sabine Bou-Antoun, PhD student3,4; Alan P. Johnson, 

professor of epidemiology and public health 2,4; Alison Holmes, professor of infectious diseases3; Paul 

Aylin, professor of epidemiology and public health1,3,4  

1Dr Foster Unit, Department of Primary Care and Public Health, Imperial College London, London, 

United Kingdom,  

2 National Infection Service, Public Health England, London, United Kingdom,  

3Department of Primary Care and Public Health, Imperial College London, London, UK 

 4NIHR Health Protection Research Unit in Healthcare Associated Condition and Antimicrobial 

Resistance, Imperial College London, London, United Kingdom 

Corresponding Author: Violeta Balinskaite, Department of Primary Care and Public Health, School of 

Public Health, Imperial College London, London (v.balinskaite@imperial.ac.uk) 

 

Summary: This study aimed to evaluate possible unintended clinical outcomes related to 

antimicrobial program with financial incentive. This study shows that overall there was no significant 

association between the intervention and unintended clinical consequences in primary and 

secondary care. 
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ABSTRACT 

Background: The ‘Quality Premium’ (QP) introduced in England in 2015 aimed to financially reward 

local healthcare commissioners for targeted reductions in primary care antibiotic prescribing. We 

aimed to evaluate possible unintended clinical outcomes related to this QP. 

Methods:  Using Clinical Practice Research Datalink and Hospital Episode Statistics datasets, we 

examined general practitioner (GP) consultations (visits) and emergency hospital admissions related 

to a series of pre-defined conditions of unintended consequences of reduced prescribing. Monthly 

age and sex-standardised rates were calculated using a direct method of standardisation. We used 

segmented regression analysis of interrupted time series to evaluate the impact of the QP on 

seasonally adjusted outcome rates. 

Results: We identified 27,334 GP consultations and over five million emergency hospital admissions 

with pre-defined conditions. There was no evidence that the QP was associated with changes in GP 

consultation and hospital admission rates for the selected conditions combined. However, when 

each condition was considered separately, a significant increase in hospital admission rates was 

noted for quinsy, and significant decreases were seen for hospital-acquired pneumonia, scarlet 

fever, pyelonephritis and complicated urinary tract conditions. A significant decrease in GP 

consultation rates was estimated for empyema and scarlet fever. No significant changes were 

observed for other conditions. 

Conclusions: Findings from this study show that overall there was no significant association 

between the intervention and unintended clinical consequences, with the exception of a few specific 

conditions, most of which could be explained through other parallel policy changes or should be 

interpreted with caution due to small numbers.  

Keywords: antimicrobial stewardship programs, antibiotic prescribing, unintended consequences, 

primary and secondary care, interrupted time series  

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article-abstract/doi/10.1093/cid/ciy904/5136397 by Im

perial C
ollege London Library user on 24 O

ctober 2018



 

 

 

 

Introduction 

Antimicrobial resistance (AMR) is a serious public health problem threatening to undermine modern 

medicine [1]. Prescribing and consumption of antibiotics is a key driver of resistance and there have 

been a number of antimicrobial stewardship programs (pay-for-performance, educational, audits, 

and guidelines) implemented in different countries with the intention of reducing inappropriate 

antimicrobial prescribing [2-10].  

In the United Kingdom (UK) since the late 1990s, there have been various seasonal campaigns to 

reduce antibiotic prescribing [11]. However, the number of antimicrobial items dispensed over the 

period 2002-2012 increased by 17.1% [12]. In England, delivery of healthcare was reorganised in 

2012, with the formation of Clinical Commissioning Groups (CCGs) which are clinically-led statutory 

bodies responsible for the planning and commissioning of health care services for their local area. In 

2015, a ‘Quality Premium’ (QP) was published which aimed to financially reward CCGs for reducing 

unnecessary antibiotic prescribing in primary care, [13]. We have already demonstrated that this 

intervention was associated with a significant decrease in all antibiotic items prescribed and in 

broad-spectrum antibiotic items prescribed (V Balinskaite, AP Johnson et al., submitted manuscript).  

In this study, we established a method of surveillance of unintended consequences resulting from 

measures to reduce antibiotic prescribing.  We hypothesised that the reduction in antibiotic 

prescribing following the introduction of the QP might increase the number of general practitioner 

consultations and hospital admissions associated with complications arising from pre-defined 

infections that may have been untreated, and we aimed to assess any such effect using interrupted 

time series (ITS) analysis.  
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Methods 

Study design and setting 

We defined a range of conditions based on the hypothesis that the initial uncomplicated 

presentation in primary care might be thought to be self-limiting and therefore not treated with 

antibiotics. These cases may progress to these more severe conditions [14]. A list of Read codes (the 

standard clinical terminology system used in general practice in the UK) and ICD-10 (the 

International Classification of Diseases, 10th edition) codes were compiled following a systematic 

search of the Read codes and Read terms in the Clinical Practice Research Datalink (CPRD) code 

browser, a search of the published literature on the CPRD website and a short literature review, 

respectively. The finalised codes for both data sources were independently reviewed by an academic 

GP (Supplement Tables 1-2). We selected diagnoses related to complications of both respiratory 

tract infection (community-acquired pneumonia [CAP], hospital-acquired pneumonia [HAP], 

mastoiditis, quinsy (peritonsillar abscess), meningitis, brain abscess, empyema, scarlet fever and 

rheumatic fever) and urinary tract infection (pyelonephritis). We also selected specific clinical 

syndromes that may arise from  an initial uncomplicated infection including complicated intra-

abdominal infection (cIAI), complicated skin and skin structure infection (cSSSI), complicated urinary 

tract infection (cUTI) and sepsis.  

 

Data sources 

We used datasets from the CPRD and Hospital Episode Statistics (HES). The CPRD is an administrative 

database of computerised medical records from a representative sample (~7%) of GPs across the UK 

[15-17].  It includes records of clinical events (medical diagnosis), referrals to specialists and 

secondary care settings, prescriptions issued in primary care, records of immunisations and 

vaccinations, diagnostic testing and lifestyle-related information (for example, smoking and alcohol 

status). We used a standardised hierarchical classification system of Read codes to identify patients 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article-abstract/doi/10.1093/cid/ciy904/5136397 by Im

perial C
ollege London Library user on 24 O

ctober 2018



 

 

 

who had a recorded diagnosis, symptom or process of care in the CPRD dataset related to the 

conditions of interest. CPRD flag GP practices and patients as having acceptable data where data has 

been verified and meets required CPRD data quality criteria. For this analysis, we included data from 

“up to standard” GP practices in England and patients who had been flagged as having acceptable 

records [17]. We extracted data covering the period  April 2010 to December 2016, comprising five 

years before the QP was implemented and 21 months post-QP(being the most recent data available 

at the time of analysis). 

HES is an administrative database which includes information on all inpatients admitted to English 

National Health Service (NHS) hospitals. Each record contains data on patients’ demographics (e.g., 

sex, age, and ethnicity), the episode of care (for example, trust name, date of admission) and clinical 

information. Diagnoses were recorded in HES using the International Classification of Diseases, 10th 

edition (ICD-10). Each patient episode was linked within a ‘spell’ (admission to one provider) and 

spells were linked into ‘superspells’, combining any inter-hospital transfers. We examined seven 

years and five months of HES data (April 2010 – August 2017): five years before the Quality Premium 

guidance was implemented and 29 months post Quality Premium. 

Intervention 

 ‘The Quality Premium: 2015/16 guidance for CCGs’ was published in April 2015 with the intention of 

rewarding CCGs in England for improvements in the quality of the services that they commission [13, 

18-19]. One of the measures was intended to improve antibiotic prescribing in primary care. We 

have shown in a previous paper a significant 8.2% decrease in all antibiotic items prescribed and a 

significant 18.9% decrease in broad-spectrum antibiotic items prescribed associated with the 

introduction of the Quality Premium (V Balinskaite, AP Johnson et al., submitted manuscript). 

Outcomes 
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We examined GP consultations rates for each of our predefined diagnosis groups before and after 

the introduction of the QP.  

 

The main outcome of interest in secondary care was hospital admissions; these data were extracted 

based on ICD-10 codes for our pre-specified condition in the primary diagnosis field. The secondary 

outcomes were 30-day in-hospital mortality rates, 28-day emergency readmission rates, and long 

inpatient stay rates (long inpatient stay was defined as above the upper quartile of the length of stay 

for all years combined) related the clinical condition syndromes (CAP, cIAI, cSSSI, cUTI, sepsis). 

 

Statistical analyses 

We calculated monthly age and sex-standardised rates and 95% confidence intervals (CIs) with six 

age bands (0-14, 15-44, 45-64, 65-74, 75-84, and 85+) using the direct method of standardisation 

[20]. For primary care consultations we used monthly age and sex-standardised GP consultation 

rates per million person-months for all conditions as a whole group, and individually, using age- and 

sex-specific denominators based on patients registered with CPRD practices during the same time 

period. For secondary care, we used monthly age and sex-standardised admission rates per million 

population for all conditions combined, and separately, using mid-year population estimates from 

the Office for National Statistics and the 2001 census as the standard population.  Age and sex-

observed rates per 1000 admissions for other outcomes (seven-day in-hospital mortality, 28-day 

emergency readmission and long inpatient stay) were calculated using the number of hospital 

admissions as a denominator.  

We used segmented regression analysis of ITS data to evaluate the impact of the QP on seasonally 

adjusted outcomes rates (described in detail V Balinskaite, AP Johnson et al., submitted manuscript).  

It is well known that age is the risk factor for mastoiditis, meningitis and scarlet fever, and is more 

common among children. We performed a subgroup analysis for mastoiditis, meningitis, rheumatic 
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and scarlet fever for children age 0-14. As a control group, we analysed hospital admissions for 

diabetes and dementia (excluding those with a mention of condition), given that introduction of the 

2015/16 QP should have had no effect on these diseases. 

In April 2017, new clinical coding standards were implemented, which recommended recording 

sepsis if present in the primary diagnosis [21]. We hypothesised this would dramatically increase the 

number of hospital admissions related to sepsis. Therefore a sensitivity analysis was conducted for 

only 24 months post-intervention period, excluding data from April 2017.  

Additional analysis for some of the rarer conditions (mastoiditis, brain abscess and scarlet fever) was 

carried out by aggregating months into quarters. This allowed a sufficient number of cases per time 

point, to achieve more robust estimates of change. 

All statistical analysis was performed using SAS version 9.4 (SAS Institute, Cary, North Carolina).  

Results 

Between April 2010 and December 2016, we identified 27,334 GP consultations with our selected 

diagnosis groups. Over thirty-four per cent of all consultations were related to CAP (34.4%), followed 

by pyelonephritis (24.7%) and scarlet fever (19.5%). More than half of the population were 64 years 

or younger (73.9%) and female (62.0%) (Table 1, Supplement Tables 3). Scarlet fever was most 

common (83.4%) in children age 0-14. A clear seasonal pattern was observed for CAP and scarlet 

fever. The seasonal pattern was also seen for all selected conditions combined, though this overall 

pattern may be driven by CAP and scarlet fever (Supplement Table 4). The segmented regression 

model showed that the standardised GP consultation rates, combining the change in level and the 

change in slope, did not change significantly over the study period for all the selected conditions 

combined (change in level: -3.623, P=0.64; change in slope: 0.327, P=0.86) (Table 2, Figure 1).  

Although there was no significant change in level and in slope in the age and sex-standardised GP 

consultation rates, looking at each condition separately, a significant decrease in relative change was 
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estimated for empyema by -86.8% (95%CI -127.6% to -46.1%) and scarlet fever by -26.7% (95%CI -

48.6% to -4.8%), indicating approximately 1,219 and 13,736 fewer GP consultations during the 21 

month period after the QP was introduced, respectively. No significant change was observed for 

other conditions. 

We identified 5,103,733 emergency hospital admissions using our pre-defined conditions ICD-10 

codes in the primary diagnosis between April 2010 and August 2017. Nearly thirty per cent of all 

admissions were cUTIs (28.1%), followed by CAP (27.8%) and cSSSIs (21.6%). More than half of the 

population were 65 years or older (54.4%) and female (52.7%) (Supplement Tables 3-4). Mastoiditis, 

meningitis, scarlet fever and rheumatic fever were more common in children age 0-14. The seasonal 

pattern was present in all conditions, except for brain abscess and rheumatic fever (Supplement 

Tables 5). The age and sex-standardised hospital admission rates for CAP and HAP were highest 

during the winter period, while standardised hospital admission rates for pyelonephritis reached a 

peak in late summer/early autumn. After the QP had been implemented, the segmented regression 

model showed no significant drop in level for all conditions combined; however, a significant change 

in slope (change in trend) was obtained. There was no statistically significant relative change ( 0.7%, 

95%CI -3.9% to 5.4%), representing 13,623 (95%CI -70,052 to 97,282) more hospitals admissions 

during the 29 post-intervention months compared with the expected number of hospital admissions 

based on the trend in the pre-intervention period (Table 2, Figure 2). There was no significant 

change in standardised hospital admission rates for CAP, mastoiditis, meningitis, empyema, 

rheumatic fever, cIAIs , cSSSIs and sepsis. The standardised hospital admission rates significantly 

increased for quinsy by 8.3% (95%CI 2.7% to 13.9%). However, a significant decrease in standardised 

hospital admission rates was observed for HAP by 9.2% (95%CI -17.1% to -1.3%), scarlet fever by 

28.0% (95%CI -45.6% to -10.5%), pyelonephritis by 12.2% (95%CI -16.9% to -7.4%) and cUTIs by 

22.4% (95%CI -32.2% to -12.5%) (Table 2, Figures 3-5, Supplement Figures 1-4). In our subgroup 

analysis, we found a significant decrease in age and sex-standardised hospital admission rates for 
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children age 0-14 for meningitis (-21.0%; 95%CI -39.9 to -9.1) and scarlet fever by (-22.9%; 95%CI -

44.5% to -1.3%); and no significant change for mastoiditis and rheumatic fever (Supplement Table 5). 

Furthermore, a significant change was estimated for the control group. 

During the same study period, there was no significant change in the age and sex-standardised 30-

day in-hospital mortality rates for CAP, cIAI, cSSSI, cUTI and sepsis (Supplement Table 6). A 

significant increase in standardised 28-day emergency readmission rates was estimated for cSSSIs. 

The age and sex standardised long inpatient stay significantly increased for sepsis; though there was 

a significant decrease in other clinical condition syndromes. 

Sensitivity analysis 

For the sensitivity analysis, we also performed a second segmented regression analysis including 

only 24 months after the intervention (Supplement Table 7). This analysis showed no significant 

change in standardised hospital admission rates for HAP and a significant increase for mastoiditis, 

cIAIs and sepsis. For the remaining conditions, similar results were found compared with the 29 

month analysis after the intervention. An additional analysis of rare conditions by quarter showed a 

significant increase in standardised hospital admission rates for mastoiditis and a significant 

decrease for scarlet fever; however, no significant changed were observed for brain abscess 

(Supplement Table 8).  

Discussion 

In our analysis, we found no significant association between the QP and GP consultation rates for all 

the selected conditions combined. No significant association was observed between the QP and 

hospital admission rates for all the selected conditions and complications combined. 

Our study is the first to investigate the association between the QP and adverse clinical outcomes in 

primary and secondary care, and to our knowledge, the first study in the globe to evaluate the 

potential unintended consequences of a national antimicrobial stewardship initiative with a financial 
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incentive However, there are several studies which have looked at the association between 

antimicrobial stewardship programs with no financial initiatives (educational and guidelines) and 

adverse outcome, and found mixed results [22-24]. A study in Wales looked at the association 

between a multifaceted educational programme (with no financial initiatives) and adverse outcome. 

The authors, using a practice-based randomised controlled trial, found no significant differences in 

re-consultation rates and hospital admissions for respiratory tract condition between practices 

which received an educational programme and control practices which provided usual care [22]. Our 

study included an analysis of the complications of respiratory tract conditions, and similar results 

were found. A recent retrospective study in Italy investigated the impact of the Italian paediatric 

guidelines for the treatment of acute otitis media found no association between new guidelines and 

the number of cases of mastoiditis [23]. Also in this study, the authors did not find any changes in 

antibiotic prescribing after the guidelines were implemented. Furthermore, a descriptive statistic 

was used to determine associations. Using ITS analysis, we found no significant change in hospital 

admissions for mastoiditis for children age 0-14. While another study in Scotland looked at the 

association between the antimicrobial stewardship programme and unintended harm resulting in 

hospital admissions for peritonsillar abscess, mastoiditis and community-acquired pneumonia [24]. 

Authors found no evidence reduction in unnecessary antibiotic use has resulted in patients with 

serious respiratory tract conditions. 

The main strength of this study is the use of a large and rich national administrative hospital and GP 

datasets. Another strength is the use of an ITS design to assess the impact of the QP. ITS is the 

strongest quasi-experimental research design and is very useful when a randomised control trial 

(RCT) is either not feasible or unethical. Segmented regression analysis is a useful statistical method 

which addresses important threats to internal validity by making multiple assessments of the 

outcome variable both before and after the intervention. It can estimate the size of the association 

at different time points, as well as changes in the trend of the association over time. Though there is 
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a concern around HES data quality of the primary and secondary diagnosis and procedure fields, a 

recent systematic review of discharge coding accuracy in UK data found that primary diagnosis 

accuracy has improved since the introduction of Payment by Results in 2002 [25]. The review 

showed that the primary diagnoses accuracy improved significantly from 73.85 to 96.0% and 

concluded that routinely collected data are sufficiently robust. Furthermore, submission of HES 

records is mandatory and, in general, coverage is very high [26].     

There are several limitations that need to be considered when interpreting the findings. First, a 

longer post-intervention period for GP consultations would adequately include seasonal variation 

(minimum 24-time points after intervention) and might allow a sufficient number of observations 

per time point, by aggregating months into quarters (a minimum of 100 cases is desirable)[27]. 

However, fulfilling the latter condition for meningitis/brain abscess and empyema is not practical, 

even with a longer post-intervention period, due to the small number of GP consultations per year. 

Furthermore, a post-intervention period longer than 24 months is needed for quinsy, in order to 

have a sufficient number of GP consultations per time point. Secondly, there have been multiple 

national and local interventions and change in management during the study period. CCGs started to 

manage tonsillectomy as an individual funding request, and according to summary reports on 

inpatient activities (from NHS Digital), there was a decrease in procedures related to ‘excision of 

tonsils’ from 2015/16. In other research, it has been shown that a decrease in the rate of 

tonsillectomy in England and Wales was associated with an increase in hospital admissions with 

tonsillitis [28-29].  

 

For sepsis, there was a parallel national intervention that was introduced (Commissioning for Quality 

and Innovation [CQUIN] Guidance for 2015/16) which provided financial incentives for hospitals to 

undertake certain actions. Two new indicators were introduced relating to the identification and 

early treatment of sepsis. This raised the rate of screening for sepsis among Emergency Departments 
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from 52% to 80%. New clinical coding standards were implemented in April 2017, which 

recommended recording sepsis in the primary diagnosis if present [21]. This is likely to account for 

the jump in trend in the last few months of observation (Figure 5).  

 

Finally, our study was not able to identify a causal relationship between the QP and hospital 

admissions rates. It is difficult and rarely possible to do RCTs to evaluate the impact of policy 

changes. However, observational studies based on ITS analyses are a valid approach. 

Conclusions 

In conclusion, we find no significant association between a national antimicrobial stewardship 

programme and unintended clinical consequences in primary and secondary care, with the 

exception of a few specific conditions, most of which could be explained through other parallel 

policy changes or should be interpreted with caution due to small numbers. This observational study 

can never identify a causal relationship between the QP and possible unintended clinical outcomes; 

however, our findings can perhaps reassure patients, GPs and policymakers that reducing 

unnecessary antibiotic prescriptions in primary care does not appear to be associated with an overall 

increase in unintended clinical outcomes. We believe these findings may also be of interest to other 

countries implementing similar stewardship programmes. However, continued surveillance is 

necessary to monitor the effects of future national interventions to reduce antibiotic prescribing and 

further work is required to examine whether specific groups of patients are more at risk of 

unintended consequences.   
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 Table 1 The total numbers and proportion (%) of general practitioner consultations and emergency 

hospital admissions in England by age, sex and infection group 

 

Conditions 

 

Total 

Age Sex 

0-14 15-44 45-64 65-74 75-84 85+ Female 

Primary care (CPRD) 

All infections 27,334 

(100) 

5,982 

(21.9) 

8,693 

(31.8) 

5,524 

(20.2) 

2,404 

(8.8) 

2,358 

(8.6) 

2,373 

(8.7) 

16,956 

(62.0) 

Community 

acquired 

pneumonia 

9,391 

(34.4) 

559 

(6.0) 

1,492 

(15.9) 

2,096 

(22.3) 

1,360 

(14.5) 

1,735 

(18.5) 

2,149 

(22.9) 

4,987 

(53.1) 

Mastoiditis 3,479 

(12.7) 

609 

(17.5) 

1,113 

(32.0) 

986 

(28.3) 

398 

(11.4) 

271 

(7.8) 

102 

(2.9) 

2,113 

(60.7) 

Quinsy 1,968 

(7.3) 

140 

(7.1) 

1,444 

(73.4) 

307 

(15.6) 

55 

(2.8) 

16 

(0.8) 

6 

(0.3) 

957 

(48.6) 

Meningitis/bra

in abscess 

186 

(0.7) 

46 

(24.7) 

61 

(32.8) 

45 

(24.2) 

17 

(9.1) 

11 

(5.9) 

6 

(3.2) 

103 

(55.4) 

Empyema 208 

(0.8) 

11 

(5.3) 

54 

(26.0) 

65 

(31.3) 

31 

(14.9) 

29 

(13.9) 

18 

(8.7) 

67 

(32.2) 

Scarlet fever 5,336 

(19.5) 

4,449 

(83.4) 

634 

(11.9) 

170 

(3.2) 

46 

(0.9) 

28 

(0.5) 

9 

(0.2) 

2,828 

(53.0) 

Pyelonephritis 6,738 

(24.7) 

165 

(2.4) 

3,888 

(57.7) 

1,849 

(27.4) 

493 

(7.3) 

263 

(3.9) 

80 

(1.2) 

5,889 

(87.4) 

Secondary care (HES) 

All infections 5,103,733 

(100) 

352,091 

(6.9) 

1,037,852 

(20.3) 

936,776 

(18.4) 

735,706 

(14.4) 

1,045,926 

(20.5) 

995,382 

(19.5) 

2,690,007 

(52.7) 

Community 1,419,093 77,270 101,179 210,837 249,751 389,352 390,704 701,381 
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acquired 

pneumonia 

(27.8) (5.4) (7.1) (14.9) (17.6) (27.4) (27.5) (49.4) 

Hospital 

acquired 

pneumonia 

178,911 

(3.5) 

4,835 

(2.7) 

9,211 

(5.1) 

26,767 

(15.0) 

32,816 

(18.3) 

51,888 

(29.0) 

53,394 

(29.8) 

86,577 

(48.4) 

Mastoiditis 5,341 

(0.1) 

3,343 

(62.6) 

1,036 

(19.4) 

508 

(9.5) 

199 

(3.7) 

160 

(3.0) 

95 

(1.8) 

2,487 

(46.6) 

Quinsy 55,835 

(1.1) 

2,155 

(3.9) 

44,250 

(79.3) 

7,903 

(14.2) 

1,065 

(1.9) 

366 

(0.7) 

96 

(0.2) 

23,684 

(42.4) 

Meningitis 13,690 

(0.3) 

5,646 

(41.2) 

3,941 

(28.8) 

2,447 

(17.9) 

960 

(7.0) 

523 

(3.8) 

173 

(1.3) 

6,840 

(50.0) 

Brain abscess 3,265 

(0.1) 

424 

(13.0) 

904 

(27.7) 

1,118 

(34.2) 

483 

(14.8) 

263 

(8.1) 

73 

(2.2) 

1,152 

(35.3) 

Empyema 9,772 

(0.2) 

705 

(7.2) 

1,719 

(17.6) 

3,118 

(31.9) 

2,075 

(21.2) 

1,540 

(15.8) 

615 

(6.3) 

2,974 

(30.4) 

Scarlet fever 5,300 

(0.1) 

5,118 

(96.6) 

163 

(3.1) 

16 

(0.3) 

1 

(<0.1) 

2 

(<0.1) 

0 

(0.0) 

2,439 

(46.0) 

Rheumatic 

fever 

325 

(<0.1) 

154 

(47.4) 

77 

(23.7) 

44 

(13.5) 

18 

(5.5) 

25 

(7.7) 

7 

(2.2) 

169 

(52.0) 

Pyelonephritis 170,297 

(3.3) 

8,511 

(5.0) 

100,324 

(58.9) 

36,330 

(21.3) 

13,132 

(7.7) 

8,868 

(5.2) 

3,132 

(1.8) 

142,639 

(83.8) 

Complicated 

intra-

abdominal 

infections 

300,948 

(5.9) 

21,939 

(7.3) 

124,113 

(41.2) 

85,462 

(28.4) 

32,934 

(10.9) 

24,990 

(8.3) 

11,510 

(3.8) 

126,372 

(42.0) 

Complicated 1,100,167 85,983 345,678 286,266 143,278 141,082 97,880 525,791 
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skin and skin 

structure 

infections 

(21.6) (7.8) (31.4) (26.0) (13.0) (12.8) (8.9) (47.8) 

Complicated 

urinary tract 

infections 

1,432,424 

(28.1) 

103,669 

(7.2) 

269,574 

(18.8) 

190,998 

(13.3) 

176,269 

(12.3) 

331,127 

(23.1) 

360,787 

(25.2) 

863,122 

(60.3) 

Sepsis 408,365 

(8.0) 

32,339 

(7.9) 

35,683 

(8.7) 

84,962 

(20.8) 

82,725 

(20.3) 

95,740 

(23.4) 

76,916 

(18.8) 

204,380 

(50.0) 

Diabetes 243,322 33,130 

(13.6) 

104,646 

(43.0) 

52,381 

(21.5) 

21,015 

(8.6) 

22,245 

(9.1) 

9,905 

(4.1) 

115,216 

(47.4) 

Dementia 88,363 5 

(<0.1) 

102 

(0.1) 

2,294 

(2.6) 

10,578 

(12.0) 

36,488 

(41.3) 

38,896 

(44.0) 

51,586 

(58.4) 
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Table 2 Segmented regression analysis for antibiotic prescribing measures (April 2013 - February 

2017), age and sex-standardised rates for GP practice consultations rated per million person-months 

(April 2010 - December 2016), and age and sex-standardised rates for emergency hospital 

admissions per million population in England (April 2010 – September 2017)  

Outcome Constant Pre-

intervention 

trend (p) 

Change 

in level 

(p) 

Post-

intervention 

trend (p) 

Absolute 

change in 

outcome per 

month during 

post-

intervention 

period 

(95% CI) 

Relative 

change by the 

end of the 

study (%) 

(95% CI) 

Primary care (CPRD) 

All infections 98.749 0.425 

(<0.01) 

-3.623 

(0.64) 

0.327 

(0.86) 

-5.68 

(-23.23, 

11.86) 

-4.3 

(-17.5,8.9) 

Community 

acquired 

pneumonia 

38.676 -0.099 

(<0.01) 

1.011 

(0.68) 

0.031 

(0.46) 

3.74 

(-1.69,9.17) 

12.2 

(-6.5,30.9) 

Mastoiditis 17.149 -0.092 

(<0.01) 

0.172 

(0.93) 

0.157 

(0.09) 

5.39 

(0.88,9.92) 

55.4 

(-6.0,116.8) 

Quinsy 8.581 0.000 

(0.99) 

-0.726 

(0.55) 

-0.028 

(0.75) 

-1.31 

(-4.02,1.39) 

-15.3 

(-45.2,14.6) 

Meningitis/brain 0.833 -0.003 -0.002 0.024  0.57 96.9 
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abscess (0.44) 

 

(0.99) 

 

(0.15) 

 

(-0.01,1.15) (-53.5,247.5) 

Empyema 0.689 0.006 

(0.17) 

-0.320 

(0.29) 

-0.027 

(0.12) 

-1.01 

(-1.66, -0.36) 

-86.8 

(-127.6, -46.1) 

Scarlet fever 11.919 

 

0.379 

(<0.01) 

-1.687 

(0.71) 

-0.083 

(0.16) 

-11.38 

(-21.62, -1.14) 

-26.7 

(-48.6, -4.8) 

Pyelonephritis 21.205 0.206 

(<0.01) 

-1.466 

(0.63) 

0.239 

(0.88) 

-0.78 

(-7.59,6.03) 

-2.1 

(-20.2,16.2) 

Secondary care (HES) 

All infections 814.009 3.988 

(<0.01) 

-10.362 

(0.61) 

4.639 

(0.55) 

8.51 

(-43.76,60.77) 

0.7 

(-3.9,5.4) 

Community 

acquired 

pneumonia 

212.169 1.315 

(<0.01) 

9.739 

(0.54) 

0.124 

(0.19) 

-24.80 

(-67.81,18.21) 

-7.5 

(-20.9,5.8) 

Hospital 

acquired 

pneumonia 

19.354 0.329 

(<0.01) 

-0.013 

(0.99) 

0.175 

(0.06) 

-4.49 

(-8.36,-0.62) 

-9.2 

(-17.1,-1.3) 

Mastoiditis 1.005 0.001 

(0.44) 

0.155 

(0.13) 

0.006 

(0.41) 

0.29 

(0.00,0.55) 

25.4 

(-2.4,53.2) 

Quinsy 9.600 0.046 

(<0.01) 

-0.388 

(0.19) 

0.098 

(<0.01) 

1.13 

(0.41,1.86) 

8.3 

(2.7,13.9) 

Meningitis 2.721 0.004 

(0.10) 

0.191 

(0.20) 

-0.014 

(0.02) 

-0.33 

(-0.71,0.04) 

-10.8 

(-22.4,0.8) 

Brain abscess 0.623 0.001 

(0.24) 

-0.028 

(0.62) 

0.000 

(0.63) 

-0.07 

(-0.20,0.07) 

-9.3 

(-27.3,8.6) 
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Empyema 1.813 0.001 

(0.42) 

0.103 

(0.32) 

0.001 

(0.92) 

0.09 

(-0.17,0.34) 

4.5 

(-9.1,18.2) 

Scarlet fever 0.496 0.016 

(<0.01) 

0.198 

(0.20) 

-0.009 

(<0.01) 

-0.53 

(-0.92,-0.14) 

-28.0  

(-45.6,-10.5) 

Rheumatic fever 0.055 0.0002 

(0.35) 

0.025 

(0.11) 

-0.001 

(0.23) 

-0.003 

(-0.04,0.04) 

-3.5 

(-53.0,46.0) 

Pyelonephritis 25.170 0.243 

(<0.01) 

1.188 

(0.19) 

0.006 

(<0.01) 

-5.68 

(-8.01,-3.36) 

-12.2  

(-16.9,-7.4) 

Complicated 

intra-abdominal 

conditions 

56.310 0.094 

(<0.01) 

0.038 

(0.96) 

0.164 

(0.12) 

2.05 

(-0.09,4.20) 

3.2 

(-0.3,6.7) 

Complicated 

skin and skin 

structure 

conditions 

203.003 0.322 

(<0.01) 

2.398 

(0.58) 

0.469 

(0.56) 

6.65 

(-5.35,18.65) 

2.9 

(-2.8,8.5) 

Complicated 

urinary tract 

conditions 

248.265 0.928 

(<0.01) 

0.830 

(0.89) 

-1.654 

(<0.01) 

-74.07 

(-109.11,-

39.03) 

-22.4  

(-32.3,-12.5) 

Sepsis 35.956 0.542 

(0.19) 

-10.231 

(0.44) 

4.735 

(<0.01) 

111.36 

(54.83,167.88) 

132.2 

(-14.0,278.4) 

Controls (excluding admissions with a mention of condition) 

Diabetes 50.155 -0.019 

(0.17) 

1.707 

(0.04) 

0.021 

(0.92) 

2.87 

(0.76,4.98) 

5.9  

(1.3,10.5) 

Dementia 18.639 -0.041 

(<0.01) 

0.935 

(0.22) 

-0.142 

(0.02) 

-1.99 

(-3.97,-0.01) 

-13.3  

(-26.0,-0.5) 
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Figure 1 Segmented regression analysis for age and sex-standardised general practitioner 

consultation rates per million person-months for all conditions combined. The solid line is for the 

estimates of the segmented regression model; the dotted line is for the estimated without 

intervention. Implementation of the Quality Premium (represented by a vertical grey line) occurred 

in April 2015 

Figure 2 Segmented regression analysis for age and sex-standardised emergency hospital admission 

rates per million population for all conditions combined. The solid line is for the estimates of the 

segmented regression model; the dotted line is for the estimated without intervention. 

Implementation of the Quality Premium (represented by a vertical grey line) occurred in April 2015 

Figure 3 Segmented regression analysis for age and sex-standardised emergency hospital admission 

rates per million population for the community and hospital-acquired pneumonia. The solid line is 

for the estimates of the segmented regression model; the dotted line is for the estimated without 

intervention. Implementation of the Quality Premium (represented by a vertical grey line) occurred 

in April 2015 

Figure 4 Segmented regression analysis for age and sex-standardised emergency hospital admission 

rates per million population for quinsy and scarlet fever. The solid line is for the estimates of the 

segmented regression model; the dotted line is for the estimated without intervention. 

Implementation of the Quality Premium (represented by a vertical grey line) occurred in April 2015 

Figure 5 Segmented regression analysis for age and sex-standardised emergency hospital admission 

rates per million population for sepsis. The solid line is for the estimates of the segmented 

regression model; the dotted line is for the estimated without intervention. Implementation of the 

Quality Premium (represented by a vertical grey line) occurred in April 2015 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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