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Abstract 

Background: People with altered skin status are conventionally considered to have a higher risk of 

developing new ulcers. However, the evidence underpinning this potentially prognostic relationship is 

unclear.  

Objectives: To systematically review the evidence for the prognostic association of skin status with 

pressure ulcer risk. 

Methods: We performed a comprehensive electronic database search in February 2017 to identify 

longitudinal studies that considered skin status  in multivariable analysis for predicting pressure ulcer 
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risk in any population. Study selection was conducted by two reviewers independently. We collected 

data on the characteristics of studies, participants, skin status, and results of multivariable analyses of 

skin status–pressure ulcer incidence associations. We applied the Quality In Prognosis Studies tool to 

assess risk of bias. We conducted meta-analyses using STATA where data were available from 

multivariable analyses. We used the Grades of Recommendation Assessment, Development and 

Evaluation approach to assess the certainty of evidence generated from each meta-analysis. 

Results: We included 41 studies (with 162,299 participants, and 7,382 having new ulcers) that 

investigated 15 skin descriptors. Participants were predominantly hospitalised adults and long-term 

care residents (with a median age of 75.2 years). Studies had a median follow-up duration of 7.5 

weeks. 61.0% (25/41) of studies were judged as being high risk of bias. 53.7% (22/41) of studies had 

small sample sizes. Subsequently, the certainty of evidence was rated as low or very low for all 13 

meta-analyses that we conducted though all analyses showed statistically significant associations of 

specific skin descriptors–pressure ulcer incidence. People with non-blanchable erythema may have 

higher odds of developing pressure ulcers than those without (Odds Ratio = 3.08, 95% Confidence 

Interval 2.26 to 4.20 if pressure ulcer preventive measures were not adjusted in multivariable analysis; 

1.99, 1.76 to 2.25 if adjusted) (both low-certainty evidence). The evidence for other skin descriptors 

was judged as very low-certainty and their prognostic value is uncertain. 

Conclusions:  

There is low-certainty evidence that people with non-blanchable erythema may be more likely to 

develop new pressure ulcers than those without non-blanchable erythema. The evidence for the 

prognostic effects of other skin descriptors (e.g., history of pressure ulcer) is of very low-certainty. 

The findings support regular skin assessment and preventive action being taken in the presence of 

non-blanchable erythema. Given the millions at risk of ulceration and the widely recommended use of 

skin status as part of risk assessment there is a need for more, high quality confirmatory studies. 

 

Keywords : Pressure Ulcer, Systematic Review, Meta-Analysis, Prognostic Factor, Skin status 
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What is already known about the topic? 

 Skin assessments by eye and touch are routinely carried out for pressure ulcer prevention to check 

for abnormalities (e.g., non-blanchable erythema), and people with such skin abnormalities are 

often considered to be at a particularly high risk of developing new ulcers.  

 Guidelines recommend that nurses should increase the provision of preventive interventions (e.g., 

specific support surfaces) in the presence of non-blanching erythema.  

 Three previous systematic reviews summarising the evidence for skin status signalling increased 

pressure ulcer risk have methodological limitations (e.g., not appropriately assessing risk of bias 

in included studies). 

What this paper adds 

 This prognostic factor systematic review includes thirteen meta-analyses of data for 

corresponding skin status descriptors and identifies their prognostic value in pressure ulcer 

development.  

 There is no high-certainty evidence that any of the 15 skin descriptors are strong predictors of the 

risk of new pressure ulcer development. People with non-blanchable erythema may be more likely 

to develop new pressure ulcers than those without however this evidence is low certainty.  

 High-quality, confirmatory prognosis research and individual participant data meta-analysis are 

needed to improve the evidence base. 

  

ACCEPTED M
ANUSCRIP

T



4 

 

1. Introduction 

Pressure ulcers (also known as pressure injuries, pressure sores, bedsores, and decubitus ulcers) are 

localised injuries to skin and/or underlying tissue, caused by pressure, shear or both 

(NPUAP/EPUAP/PPPIA 2014). Pressure ulcers represent a serious health burden, with a point 

prevalence of approximately 3.1 per 10,000 in the geographical population of the city of Leeds, 

United Kingdom (Cullum et al., 2016) whilst hospital prevalence estimates range from 470 to 3,210 

per 10,000 patients in the United Kingdom, United States and Canada (Kaltenthaler et al., 2001). 

For people at pressure ulcer risk, guidelines recommend that care practitioners should carry out 

regular, comprehensive skin assessments to identify any abnormal changes in the appearance or 

texture of skin, in particular over bony prominences (NICE, 2014). Possible abnormalities include 

changes of skin integrity (e.g., current pressure ulcers), colour changes (e.g., non-blanchable 

erythema), and/or variations in moisture (e.g., moist skin, oedematous or dry skin) (NICE, 2014). 

People with such skin status are often regarded as having a particularly high risk of developing new 

ulcers (NPUAP/EPUAP/PPPIA 2014) so monitoring for their presence is deemed important in 

developing individualised skin care planning. For example, guidelines recommend that when people 

have non-blanchable erythema care practitioners should start the provision of appropriate preventive 

interventions (e.g., specific support surfaces) to deter the progression of developing a severe pressure 

ulcer (Vanderwee et al., 2007).  

Given the importance of skin assessment in pressure ulcer management it is crucial to investigate 

evidence on the predictive value of specific skin status descriptors. That is, the evidence on whether 

people with certain skin status have a higher risk of developing a new pressure ulcer than those 

without. Currently, three systematic reviews suggest that  skin status (e.g., non-blanchable erythema) 

is significantly associated with pressure ulcer development in general populations (Coleman et al., 

2013; Marin et al., 2013; Michel et al., 2012). However, none of these reviews followed the currently 

recommended methods for prognosis systematic reviews (Riley et al., 2007) and could be 

significantly improved by using more sensitive search strategies, using appropriate tools for risk of 

bias assessment, integrating bias considerations in the synthesis, and quantifying the strength of 

prognostic association of skin status.  

2. Objectives 

To assess the independent prognostic value of a variety of skin status descriptors in predicting 

pressure ulcer development.  

ACCEPTED M
ANUSCRIP

T



5 

 

3. Methods 

This review was based on recent methods developments in the design and conduct of prognosis 

systematic reviews proposed by the Cochrane Prognosis Methods Group (Riley et al., 2007). It was 

registered with PROSPERO (CRD42016042140) and complies with the Meta-analyses Of 

Observational Studies in Epidemiology statement for its reporting (Stroup et al., 2000). 

3.1. Eligibility criteria 

We included longitudinal studies that considered skin status descriptors in multivariable analyses 

for predicting pressure ulcer risk in any population (Steyerberg et al., 2013). Eligible studies measured 

pressure ulcer incidence or the time to a new ulcer as outcomes, with individuals as the unit of 

analysis. We included studies irrespective of whether they reported pressure ulcer outcomes as: Grade 

1 or above ulcer incidence; Grade 2 or above ulcer incidence or both. Where studies did report 

multiple incidence outcomes, sensitivity analysis was conducted (see below).  

In terms of defining what counted as a skin status descriptor we considered three key categories: 

colour changes (e.g., non-blanchable erythema); variations in moisture (e.g., moist skin, dry skin); and 

changes of skin integrity (e.g., current pressure ulcers, previous pressure ulcers) (Coleman et al., 

2013). However, we did not restrict study inclusion on specific skin statuses within these categories. 

Rather, we considered any skin status that was investigated in studies as eligible if it could be 

determined by eye and touch in practice. We included studies regardless of whether they targeted a 

specific skin status to evaluate its independent effect (confirmatory phase study), or aimed to explore 

a group of potential prognostic factors that included a specific skin status (exploratory phase study) 

(Hayden et al., 2008).  

We excluded case-control studies, cross-sectional studies, case series, case reports, reviews, 

qualitative studies, comments, and animal studies (Steyerberg et al., 2013). We also excluded studies 

of participants undergoing flap coverage of pressure ulcers, as well as studies focusing on medical 

device-related ulcers. 

3.2. Search strategy 

We developed search strategies that combined the pressure ulcer terms used by Cochrane Wounds 

(McInnes et al., 2015) with published prognosis study search filters. Prognostic study search filters 

from Ingui and Rogers (2001) and Geersing et al. (2012) were used with pressure ulcer terms to 

search Ovid MEDLINE (1946 to 14 February 2017) (see Appendix 1). The prognosis study filter from 

Walker-Dilks et al. (2008) was used with pressure ulcer terms to search EBSCO CINAHL Plus (1937 

to 14 February 2017). All these search strategies had been validated. There was no restriction on the 

basis of language or publication status.  
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We also searched ProQuest (14 February 2017) for relevant doctoral theses in English and Chinese 

using the filter detailed in Wilczynski and Haynes (2004). We checked the reference lists of eight 

relevant systematic reviews (Beeckman et al., 2014, Coleman et al., 2013, Gélis et al., 2009, Ham et 

al., 2014, Liu et al., 2012, Marin et al., 2013, Michel et al., 2012, Reenalda et al., 2009) and of the 

included studies for any potentially relevant entries. We also contacted the original investigators of 

the included studies for any relevant entries.  

3.3. Study selection 

One reviewer screened the titles and abstracts of all citations returned from the search. To support 

the second screening of the large number of records in a timely way, all citations were divided into six 

batches and each batch independently screened by a different second reviewer. Disagreements were 

resolved by discussion between the two reviewers and involvement of a third reviewer if necessary. 

One reviewer inspected the full texts of all potentially eligible studies and a second reviewer 

independently judged the eligibility of 10% of the potentially eligible studies, which we selected at 

random. Again, disagreements were resolved by discussion between the two reviewers and 

involvement of a third reviewer if necessary. 

3.4. Data Extraction 

One reviewer extracted data for all the included studies using a pre-specified data extraction form. 

A second reviewer checked the data of a randomly selected 20% of studies. Any disagreements were 

resolved by discussion, and if necessary with the involvement of a third reviewer. Where necessary, 

the authors of the included studies were contacted to request missing data. 

We designed the data extraction form based on REporting recommendations for tumour MARKer 

prognostic studies (McShane et al., 2005; Altman et al., 2012), and relevant methodological guides 

(Altman and Lyman, 1998; Hayden et al., 2006; Peat et al., 2014; Riley et al., 2003). The form 

comprised: general information about studies, study settings, study design (involving a judgement of 

whether the investigation was exploratory or confirmatory), participants (sample size, age, gender, 

baseline skin status and risk of pressure ulcer development), skin status (definition, measurement, cut-

off value), confounders and other factors that were adjusted in multivariable analysis, outcomes 

(definitions and events), follow-up duration, multivariable analysis methods, prognostic association 

measures and summary statistics. Here we defined three confounders: age, baseline risk of pressure 

ulcer development and use of pressure ulcer preventive measures (such measures being interventions 

that would be related to both any skin status and pressure ulcer incidence) (Schoonhoven et al., 2002).  

We extracted adjusted odds ratios (ORs) and standard errors (SEs) (or 95% confidence intervals 

(CIs)) for binary outcome, as well as adjusted hazard ratios (HRs) and standard errors (SEs) (or 95% 
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CIs) for time-to-event outcomes. Where possible, we also extracted related data and transformed them 

into the appropriate format: P values (converted to SEs); relative risks (RRs) (converted to ORs) 

(Higgins and Green, 2011); and observed number of events and log-rank test chi-square statistic 

(converted to HRs and SEs) (Parmar et al., 1998). Sensitivity analyses were conducted to investigate 

the impact of these data transformation on meta-analyses outputs. 

3.5. Risk of bias assessment 

One reviewer applied the Quality In Prognosis Studies tool to assess risk of bias for each included 

study (Hayden et al., 2013). Risk of bias was judged as low, unclear or high for each of six domains: 

study participation, study attrition, prognostic factor measurement, outcome measurement, study 

confounding, and statistical analysis and reporting. A second reviewer checked a randomly selected 

20% of studies. Any discrepancy between two reviewers was resolved by discussion and a third 

reviewer was involved where necessary. 

3.6. Data synthesis  

We narratively summarised key baseline characteristics of included studies: study design, setting, 

participants, outcome definitions, follow-up durations, skin status, and confounders. We tabulated 

recorded skin status in order to record the breadth of skin status that were investigated in included 

studies.  

For studies with data for meta-analysis, we used the generic inverse variance meta-analysis to pool 

aggregate, study-level data for each of included skin status descriptors (Higgins and Green, 2011). We 

used the primary outcome of each study as the data to be included in the meta-analysis. Where a study 

had multiple outcomes, we undertook sensitivity analyses (see below). We report ORs and 95% CIs 

for binary data and HRs and 95% CIs for time-to-event data. We used a fixed-effect model if included 

studies were homogeneous for settings, participants, outcome definitions, the sets of factors to be 

adjusted for and follow-up durations; otherwise, we used a random-effects model to estimate the 

average prognostic effects (Altman, 2001). We analysed binary and time-to-event data separately for 

each skin status. We used STATA (Version 14.0, StataCorp, College Station, Texas) for all analyses 

and presented pooled results in forest plots.  

We used the Grades of Recommendation Assessment, Development and Evaluation approach 

proposed by Huguet et al. (2013) to assess the certainty of evidence from each meta-analysis: 

considering six factors to downgrade the certainty (phase of investigation, study limitations, 

inconsistency, indirectness, imprecision, and publication bias) as well as using two factors (moderate 

or large effect size, and exposure-response gradient) to upgrade the certainty. We presented evidence 

in a summary of findings table.  
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For studies without data for a meta-analysis of effect sizes, we used the sign test to judge the 

existence of prognostic association (Borenstein et al., 2009). In sign tests, we counted the number of 

studies with associations in one direction (i.e., point estimate falls in one side of non-effect) and 

compared this with the number of studies with associations in another direction (Borenstein et al., 

2009). The sign test is a valid non-parametric analysis method and does not consider whether or not 

associations are statistically significant (and so is different from the vote-counting method). In the 

sign test, if the direction of half the included studies lay on each side of the null, we considered there 

was no clear evidence of a prognostic association (Borenstein et al., 2009). We also checked the 

consistency between the findings of a sign test and meta-analysis for specific skin status descriptors. 

3.6.1. Investigation of heterogeneity 

We assessed clinical and methodological heterogeneity by comparing settings, participants, skin 

assessment methods, outcome definitions, the sets of factors (including confounders) to be adjusted 

for, and follow-up durations across studies of a meta-analysis. We evaluated statistical heterogeneity 

by measuring the I2 (Higgins et al., 2003). The heterogeneity was considered as low, moderate, or 

high if I2 less than 25%, 25% to 75%, or more than 75%, respectively (Higgins et al., 2003). Where 

moderate or high heterogeneity existed, we aimed to explain it using pre-specified sub-group analyses 

as below. 

3.6.2. Sub-group analysis 

To try and explain heterogeneity, we pre-specified two sub-group analyses including the 

anticipated direction of the sub-group effect (Sun et al., 2010). The first sub-group analysis explored 

modification of findings based on whether data were from an exploratory or confirmatory phase study 

(termed investigation phase sub-group analysis hereafter); with the assumption that the effect of 

confirmatory studies would be smaller and more precise than that of exploratory studies (Hayden et 

al., 2008). The second sub-group analysis explored findings between studies with and without 

adjustment for pressure ulcer preventive measures (termed adjustment sub-group analysis hereafter); 

assuming that preventive measures would result in negative confounding in the skin status–pressure 

ulcer incidence association (Mehio-Sibai et al., 2005) and therefore the effect of studies adjusted for 

preventive measures would be larger than that of studies without adjustment. We applied the method 

described by Altman and Bland (2003) to test whether effect difference between sub-groups was 

significant (i.e., tests for interaction). 

3.6.3. Sensitivity analysis 

Sensitivity analyses were conducted for two pre-specified factors to explore: (1) the impact of 

removing studies at high risk of attrition bias; and (2) the impact of removing studies which used 
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transformed data. A third post-hoc analysis was conducted to explore the impact of including the 

reported secondary outcome rather than primary outcome if a study reported multiple outcomes.  

3.6.4. Publication bias assessment 

We assessed the potential for publication bias by considering the completeness of the literature 

search, checking whether all included studies completely presented data, and plotting contour-

enhanced funnel plots for meta-analyses that included more than 10 studies (Peters et al., 2008).  

4. Results 

4.1. Search results 

We retrieved 6,908 records through electronic searching and other resources. Full-text screening of 

561 potentially relevant studies led to the inclusion of 41 studies (with 50 publications) (see Fig. 

1Allegretti, 2008; Allman et al., 1995; Anthony et al., 2000, 2003; Baumgarten et al., 2004, 2006, 

2009; Bergquist-Beringer and Gajewski, 2011; Berlowitz et al., 1996, 2001a, 2001b; Compton et al., 

2008; de Groot et al., 2006; de Souza and Santos, 2007; Defloor and Grypdonck, 2005; DeJong et al., 

2014; Demarré et al., 2012, 2015; Gordon, 2009; Horn et al., 2002, 2004; Kroll et al., 2007; Man and 

Au-Yeung, 2013; Magaziner et al., 2000; Molon and Estrella, 2011; Nixon et al., 2006a, 2006b, 2007, 

2015; Page et al., 2011; Papanikolaou et al., 2002; Perneger et al., 2002; Poss et al., 2010; Primiano et 

al., 2011; Reed et al., 2003; Rich et al., 2011; Scheel-Sailer et al., 2013; Schnelle et al., 1997; 

Schoonhoven et al., 2005, 2006, 2007; Smith et al., 2017; Stordeur et al., 1998; Takahashi et al., 2011; 

Tsai et al., 2012; Vanderwee et al., 2005, 2007; van der Wielen; 2016; Verschueren et al., 2011; 

Webster et al., 2011). Of the 41 studies, two (4.94%) were studies with theses as publications 

(Allegretti, 2008; Gordon, 2009).  
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Fig. 1. Flow chart of study selection 

ACCEPTED M
ANUSCRIP

T



11 

 

4.2. Characteristics of included studies  

See Appendix 2 for the characteristics of included studies. Of the 41 included studies, 29 (70.7%) 

used a prospective design and only two (4.4%) were confirmatory phase. The 41 studies enrolled a 

total of 162,299 participants (median of sample sizes: 602, range: 40 to 45,735). From the 37 studies 

that reported the average age of participants, the median of the averages was 75.2 (range: 7.2 to 87.3) 

years. The included studies were conducted in a variety of settings, with 18 (43.9%) being in 

hospitals, and 12 (29.3%) being in long-term care settings.  

39 of the 41 studies (95.1%) defined a single incidence outcome as: either development of: Grade 2 

or higher ulcers (n = 19); Grade 1 or higher ulcers (n = 3); incidence of ulcers with undefined grade (n 

= 16), or time to new pressure ulcer development (n = 1). Only two studies defined multiple 

outcomes, both reporting incidence of ulcers of Grade 2 or higher as the primary outcome (these data 

were pooled with the Grade 2 or higher ulcer data in main analyses), and incidence of Grade 1 or 

higher ulcers as the secondary outcome (this was analysed in sensitivity analyses). Thirty of the 41 

studies (73.2%) reported follow-up durations, with an overall median of 7.5 (range: 0.5 to 171.5) 

weeks. Of the 41 studies, 22 (53.7%) had fewer than 10 events per variable indicating that sample 

sizes were inadequate.  

The included studies investigated a total of 15 skin status descriptors (see Table 1); the three most 

common descriptors investigated were non-blanchable erythema (13 studies, 31.7%), current pressure 

ulcers (17 studies, 41.5%), and history of pressure ulcers (11 studies, 26.8%). Heterogeneous methods 

were employed across studies for assessing each of these skin status descriptors. Ten of the 41 studies 

(24.4%) considered pressure ulcer preventive measures as a confounder in the analysis for adjusting 

effects of these skin status descriptors. Forty of the 41 studies (97.6%) considered specific skin status 

descriptors at the patient-level (rather than at the anatomical location level) in their main analyses. Of 

these 40 studies, Smith et al. (2017) employed a secondary analysis that explored the association of 

skin status and pressure ulcer development at the same location. Allman et al. (1995) was the only one 

study that investigated the association of sacral or coccygeal skin status with pressure ulcer 

development at the same location in its main analysis.  

Table 1. Skin status and measurement methods 

Number  Skin status Included studies  Measurement methods 

1 Blanchable erythema (197, 

36 events) 

Nixon et al. 

(2007)  

Research nurses using visual skin 

assessment methods 

  Schnelle et al. 

(1997) 

A validated severity measurement tool 

for assessing the severity of blanchable 

erythema 
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2 Non-blanchable erythema  

(68,078, 3,967 events) 

Anthony et al. 

(2000) 

Assessing via Waterlow skin type 

subscale 

  Allman et al. 

(1995); Demarré 

et al. (2015); 

Molon and 

Estrella (2011); 

Nixon et al. 

(2006); Nixon et 

al. (2007); Smith 

et al. (2017); 

Vanderwee et al. 

(2005); 

Vanderwee et al. 

(2007) 

Using skin assessment 

  Berlowitz et al. 

(1996); Reed et al. 

(2003) 

Reviewing medical records 

  Berlowitz et al. 

(2001a, 2001b) 

Not reported 

3 Current presence of 

pressure ulcers (66,905, 

2,717 events) 

Baumgarten et al. 

(2006, 2009); 

Bergquist-

Beringer and 

Gajewski (2011) 

Using combined methods  

  Anthony et al. 

(2003); DeJong et 

al. (2014); Horn et 

al. (2004); Man 

and Au-Yeung 

(2013); Perneger 

et al. (2002); 

Primiano et al. 

(2011) 

Collected from medical records  

  Nixon et al. 

(2006a, 2006b); 

Using skin assessment 
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Scheel-Sailer et al. 

(2013); Stordeur 

et al. (1998); 

Webster et al. 

(2011) 

  Kroll et al. (2007) Self-reported by participants 

  Baumgarten et al. 

(2004); Defloor 

and Grypdonck 

(2005); 

Verschueren et al. 

(2011) 

Not reported 

4 History of pressure ulcers 

(i.e., history of pressure 

ulcers that previously 

occurred at any time but 

had been resolved prior to 

the start of a study) 

(44,165, 2,504 events) 

Allegretti (2008); 

Horn et al. (2004); 

Primiano et al. 

(2011); Takahashi 

et al. (2011) 

Collected from medical records 

  de Souza and 

Santos (2007); 

Rich et al. (2011); 

Schoonhoven et 

al. (2006) 

Using skin assessment 

  Tsai et al. (2012) Self-reported by participants  

  Berlowitz et al. 

(2001a, 2001b); 

Poss et al. (2010) 

Not reported 

5 Dry skin (3,559, 246 

events) 

Baumgarten et al. 

(2006) 

Using combined methods 

  Allman et al. 

(1995); Molon and 

Estrella (2011) 

Using skin assessment 

6 Moist skin (698, 121 

events) 

Compton et al. 

(2008) 

Collected from medical records 

7 Oedematous skin (698, Compton et al. Collected from medical records 
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121 events) (2008) 

8 Reddened skin (698, 121 
events) 

Compton et al. 

(2008) 

Collected from medical records 

9 Mottled skin (698, 121 
events) 

Compton et al. 

(2008) 

Collected from medical records 

10 Fragile skin (342, 67 
events) 

Page et al. (2011) Using combined methods  

11 Skin compromised due to 
breaks (342, 67 events) 

Page et al. (2011) Using combined methods  

12 Non-blanchable erythema 
alone or along with other 
skin descriptors (i.e., 
induration, pain, warmth, 
discolouration, oedema) 
(310, 62 events) 

Nixon et al. 

(2007) 

Using skin assessment 

  Papanikolaou et 

al. (2002)  

Using Waterlow skin type subscale 

(defined as Waterlow skin type (very 

high risk) – discoloured skin alone or 

along with other skin descriptors)  

13 Broken skin alone or along 
with other skin descriptors  
(213, 47 events) 

Papanikolaou et 

al. (2002) 

Using Waterlow skin type subscale 

(defined as Waterlow skin type (very 

high risk))  

14 Presence of any skin status 
(1,831, 273 events) 

Schoonhoven et 

al. (2006); Smith 

et al. (2017) 

Using skin assessment 

15 History or current 
presence of pressure ulcers 
(160, 44 events) 

Gordon (2009) Using skin assessment 

 

4.3. Risk of bias assessment 

Of the 41 included studies, 25 (61.0%) were judged as at high risk of bias for at least one domain; 

and only two (4.9%) studies (Demarré et al., 2012; Nixon et al., 2006a, 2006b) were judged as low 

risk of bias for all six domains. The main reasons for receiving a high risk of bias judgement were: 

incomplete reporting of regression coefficients (e.g., negative results) in multivariable analyses, and 

inappropriate multivariable modelling methods/strategies (e.g., the use of stepwise selection methods 

to select prognostic factors in modelling which increases the risk of factor selection bias, or not 

correcting regression coefficients in the case of events per variable < 10). See Appendix 3 for detailed 

reasons. 
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4.4. Meta-analysis 

To explore the association of the 15 specific skin status descriptors with pressure ulcer incidence 

we conducted 13 meta-analyses (see Appendix 4 for results of all meta-analyses), and all analyses 

showed statistically significant associations between these  skin status descriptors as patient-level 

prognostic factors and pressure ulcer incidence. Here we only present meta-analyses for non-

blanchable erythema, current presence of pressure ulcer, and history of pressure ulcer because they 

had the most available data for analysis (see Appendix 5 for summary of findings table).  

4.4.1. Non-blanchable erythema 

In total, 13 studies (with 68,078 participants) considered non-blanchable erythema as a factor of 

pressure ulcer risk, with nine studies reporting pressure ulcer incidence data (Allman et al., 1995; 

Berlowitz et al., 1996, 2001a, 2001b; Demarré et al., 2015; Nixon et al., 2006a, 2006b; Reed et al., 

2003; Smith et al., 2017; Vanderwee et al., 2005) and one reporting time-to-event data (Vanderwee et 

al., 2007). The remaining three studies did not report usable data for meta-analysis and did not report 

the direction of associations required for a sign test (Anthony et al., 2000; Molon and Estrella, 2011; 

Nixon et al., 2007).  

Pressure ulcer incidence data: Studies in this analysis varied in terms of study setting, outcome 

definition, the sets of factors adjusted for and follow-up durations. Random-effects meta-analysis 

showed that non-blanchable erythema was associated with increased odds of pressure ulcer 

development (n = 65,902, with 3,766 events; OR = 2.58, 95% CI 2.06 to 3.24; see Fig. 2).  

There was moderate statistical heterogeneity in the data (I2 = 72.1%). The adjustment sub-group 

analysis appeared to partly explain the heterogeneity: the sub-group of studies with adjustment 

showed a weaker association between non-blanchable erythema and pressure ulcer incidence than the 

sub-group of studies without adjustment (difference in two sub-group effects: ratio of ORs 1.55, 95% 

CI 1.11 to 2.16; Z-statistic 2.57, p-value 0.01): this was the opposite effect from that expected. No 

further sub-group analyses were undertaken because all studies were at the exploratory phase.  

The low-certainty evidence from the sub-group of studies without adjustment suggests that if we 

assume 41 people per 1,000 with no non-blanchable erythema develop pressure ulcers, 116 people per 

1,000 (95% CI 87 to 151) with non-blanchable erythema would be expected to develop new ulcers 

(downgraded once for phase of investigation, once for study limitations, once for inconsistency, but 

upgraded once for moderate effect). Evidence from the sub-group of studies with adjustment is also 

low-certainty (downgraded once for phase of investigation and once for study limitations), suggesting 

that if we assume 41 per 1,000 people without non-blanchable erythema develop pressure ulcers, in 

comparison 78 per 1,000 (95% CI 69 to 87) with non-blanchable erythema would be expected to 
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develop new ulcers. Data were only available in sensitivity analysis for studies with data 

transformation, and the analysis suggests that non-blanchable erythema is still associated with 

pressure ulcer development.  

Time-to-event data: A single study suggests that people with non-blanchable erythema may 

develop new pressure ulcers in a shorter time than those without (low-certainty evidence) (HR = 1.67, 

95% CI 1.55 to 1.80; I2 = 0.0%).  

 

 

Fig. 2. Meta-analysis and adjustment sub-group analysis exploring the association between non-

blanchable erythema and future pressure ulcer development 

4.4.2. Current presence of pressure ulcers 

17 studies (with 66,905 participants) considered current pressure ulcers as a risk factor for future 

pressure ulcer development, with 11 studies presenting pressure ulcer incidence data (Anthony et al., 

2003; Bergquist-Beringer and Gajewski, 2011; Defloor and Grypdonck, 2005; DeJong et al., 2014; 

Kroll et al., 2007; Man and Au-Yeung, 2013; Nixon et al., 2006a, 2006b; Primiano et al., 2011; 
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Scheel-Sailer et al., 2013; Verschueren et al., 2011; Webster et al., 2011) , one presenting time-to-

event data (Baumgarten et al., 2004). The remaining five studies did not provide data for meta-

analysis or the direction of prognostic associations for a sign test (Baumgarten et al., 2006, 2009; 

Horn et al., 2004; Perneger et al., 2002; Stordeur et al., 1998). 

Pressure ulcer incidence data: Studies in this analysis were heterogeneous regarding settings, 

outcome definitions, the sets of factors to be adjusted for, and follow-up durations. Random-effects 

meta-analysis showed a significant association between current pressure ulcers and the increased odds 

of future pressure ulcers (OR 2.75, 95% CI 1.14 to 6.63; see Fig. 3).  

 

Fig. 3. Meta-analysis and the adjustment sub-group analysis exploring the association between 

having a current pressure ulcer and developing a future pressure ulcer  

The analysis showed a high heterogeneity (I2 = 98.0%). The adjustment sub-group analysis partly 

explained the heterogeneity (difference between sub-group effects: ratio of ORs 3.97, 95% CI 1.73 to 

9.09; p-value 0.001). The sub-group of studies without adjustment showed a significant association 

between current ulceration and future ulceration (OR 3.97, 95% CI 1.73 to 9.07; I2 = 92.9%) whilst 

there was no heterogeneity and no association between current and future pressure ulcers in the sub-
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group of studies with adjustment (OR 1.00, 95% CI 0.98 to 1.01; I2 = 0.0%). Evidence in both sub-

groups is of very low-certainty (downgraded once for phase of investigation, once for study 

limitations, twice for imprecision, but upgraded once for moderate effect for the sub-group of studies 

without adjustment; downgraded once for phase of investigation, and twice for study limitations for 

the sub-group of studies without adjustment), meaning that it is uncertain whether people with current 

pressure ulcers might be more at risk of developing new ulcers than those without.  

All three planned sensitivity analyses were performed. Removal of studies at high risk of attrition 

bias eradicated the association between current and future pressure ulceration whilst another two 

sensitivity analyses had results that were consistent with the main analysis.  

The main analysis had asymmetry in the contour-enhanced funnel plot indicating the presence of a 

small-study effect and thus a possibility of publication bias in the analysis (see Appendix 6).  

Time-to-event data: The single study that reported time to pressure ulceration provided low-

certainty evidence that people with current pressure ulcers developed new pressure ulcers more 

quickly than those without (HR 1.80, 95% CI 1.40 to 2.32).  

4.4.3. History of pressure ulcer 

11 studies (with 44,165 participants) considered history of pressure ulceration as a factor in future 

pressure ulcer risk. Eight of the 11 studies reported pressure ulcer incidence (Allegretti, 2008; 

Berlowitz et al., 2001a, 2001b; de Souza and Santos, 2007; Horn et al., 2004; Poss et al., 2010; 

Primiano et al., 2011; Takahashi et al., 2011) whilst the remaining three had no data for meta-analysis 

or a sign test (Rich et al., 2011; Schoonhoven et al., 2006; Tsai et al., 2012). 

Pressure ulcer incidence data: Studies in this analysis were heterogeneous regarding settings, 

outcome definitions, the sets of factors to be adjusted for, and follow-up durations. Random-effects 

meta-analysis showed that people with previous pressure ulcers had 2.59 times the odds of developing 

new pressure ulcers than those without (OR 2.59, 95% CI 2.01 to 3.35; see Fig. 4).  
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Fig. 4. Meta-analysis for the association between previous pressure ulcers and risk of new 

pressures  

There was a moderate heterogeneity (I2 = 70.3%); but there was no significant difference in the 

associations of the adjusted and non-adjusted sub-groups (ratio of ORs 0.74, 95% CI 0.46 to 1.19; Z-

statistic -1.23, p-value 0.217). Overall it is uncertain whether history of previous pressure ulceration 

increases the risk of future pressure ulceration (very low-certainty evidence; downgraded once for 

phase of investigation, twice for study limitations, once for inconsistency, but upgraded once for 

moderate effect).  

This meta-analysis included one study with multiple outcomes (Horn et al., 2004), and the main 

analysis used data on ulcers of Grade 2 or higher. Sensitivity analysis using Grade 1 or higher ulcer 

outcome data showed a significant association (OR 2.63, 95% CI 2.04 to 3.37; I2 = 69.0%), which was 

consistent with the main analysis.  ACCEPTED M
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5. Discussion 

5.1. Main findings 

We have conducted the first systematic review with meta-analyses to summarise the evidence on 

the prognostic value of a variety of skin status descriptors that were considered as patient-level factors 

for predicting pressure ulcer risk. We include 41 studies with 15 skin descriptors. We found that over 

half of the 41 studies were judged as being at high risk of bias and they were heterogeneous in terms 

of settings, populations, skin assessment methods, confounders and other adjustment covariates and 

follow-up durations. The included studies mainly investigated the prognostic effects of non-

blanchable erythema, current pressure ulcers and history of pressure ulcers with only a small number 

of studies exploring other changes (e.g., dry skin). Two studies sought to explore skin status at a 

specified location with pressure ulcer development at that location. 

Meta-analyses all indicated statistically significant associations between specific skin status and 

subsequent pressure ulcer incidence. However, evidence for most skin status descriptors was judged 

to be very low-certainty using the Grades of Recommendation Assessment, Development and 

Evaluation approach so we cannot be certain of their prognostic value. The very low-certainty of the 

evidence was mainly due to the exploratory (rather than confirmatory) purpose of the existing 

research, serious or very serious study limitations, presence of publication bias, and unexplained 

heterogeneity.  Nonetheless, there is low-certainty evidence that more people with non-blanchable 

erythema may develop new ulcers than those without; and people with non-blanchable erythema or 

current pressure ulcers may develop new ulcers in a shorter time than those without these factors. 

5.2. Reasons for differences with other published studies  

Previously three reviews synthesised evidence on skin status descriptors as predictors of pressure 

ulcer development (Coleman et al., 2013; Marin et al., 2013; Michel et al., 2012). In terms of review 

questions, all previous reviews aimed to identify possible prognostic factors for future pressure ulcer 

development whilst our review aimed to evaluate the strength of prognostic association between skin 

status and pressure ulcer incidence.  

The previous reviews applied rather unreliable methods and considered meta-analysis unfeasible 

due to heterogeneity; instead relying on vote-counting and narrative synthesis. Vote counting counts 

the proportion of studies that show “statistically associations” in multivariable analyses. For example, 

in the most rigorous and relevant review (Coleman et al., 2013), reviewers included 16 studies where 

skin status was considered in statistical modelling, in 12 of which skin status descriptors were 

significantly associated with pressure ulcer development; as a result, skin status was regarded as being 

prognostic. The use of vote-counting largely relies on studies with significant results and thus cannot 
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fully evaluate the association of interest (Borenstein et al., 2009). Even if studies with non-significant 

results are considered sometimes, vote-counting often produces misleading finding (Ioannidis et al., 

2008). This is because a non-significant finding in a study could mean that there is truly no 

association, or could indicate that the study is under-powered so that the association cannot be 

detected (Borenstein et al., 2009).  

In our review, we used recently established prognosis review methods and considered meta-

analysis as appropriate given that heterogeneity could be explained (Ioannidis et al., 2008). We 

evaluated the strength of prognostic associations between a range of skin status descriptors and 

pressure ulcer incidence. Results of our statistical analyses all suggested “significant associations” 

between specific skin status descriptors and pressure ulcer incidence. We also assessed how likely the 

finding and magnitude of associations are true using the Grades of Recommendation Assessment, 

Development and Evaluation approach and judged almost all the current evidence as uncertain. The 

previous reviews had not judged the quality (and hence certainty) of the evidence.  

Additionally, previous reviews treated the included studies as all having equal strength. In line with 

contemporary epidemiological methodology, we considered that confirmatory phase studies provide 

stronger evidence than exploratory phase studies (Hayden et al., 2008). As a result, we found that 

confirmatory evidence on the prognostic value of skin status is still required. 

This review did not set out to summarise the evidence for an association between incontinence-

associated dermatitis and pressure ulcer development as this has previously been synthesised 

(Beeckman et al., 2014). We did however analyse the evidence for moist skin as a prognostic factor 

for pressure ulceration (moist skin being the precipitating factor for incontinence-associated 

dermatitis).  

5.3. Exploration of sub-group findings 

The sub-group analysis that compared the results of studies with and studies without adjustment for 

pressure ulcer preventive measures, suggests that the association between current pressure ulcers (and 

non-blanchable erythema) and increased odds of new pressure ulcer development weakens when 

preventive measures are adjusted for. This is the opposite of what we anticipated as we assumed that 

preventive measures lead to negative confounding, that is, if the exposure of interest increases the 

odds of an outcome event, then the confounder will reduce rather than increase the odds. We expected 

adjustment for preventive measures to ameliorate the effects of negative confounding and strengthen 

the association between current pressure ulcers (or non-blanchable erythema) and ulcer risk and there 

are several possible explanations for why it did the opposite. Firstly the sub-group effects were from 

between-study comparisons rather than from a single study and thus sub-group analyses may be not 

credible. Secondly the significant difference in sub-group effects may be due to additional causes of 
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heterogeneity such as different risks of bias. Thirdly studies adjusted for many different prevention 

factors and not all were confounding in the way we anticipated. Finally it is possible that those studies 

that did not adjust for preventive measures also did not use preventive measures for people with 

current pressure ulcers; if this were the case it would lead to current pressure ulceration having a 

stronger prognostic association in the unadjusted than in adjusted studies. All explanations could be 

explored further using individual participant data. 

5.4. Issues impacting on evidence quality  

The predominance of exploratory studies in this dataset is a limitation of the current evidence base. 

Exploratory studies tend to focus on the statistical significance of variable-event association and 

probably result in spurious associations (Altman and Lyman, 1998; Hayden et al., 2008).  

Evidence was also downgraded due to “statistical analysis and reporting” problems with half of 

studies judged as being at high risk of bias for this domain. One key issue was the use of data-

dependent methods (e.g., the stepwise selection method) to select prognostic factors which can result 

in clinically important factors being removed from a model because of their statistical non-

significance (leading to potential factor selection bias (Altman and Lyman, 1998)). A second key 

issue was the use of modelling on small datasets with fewer than ten events per variable (53.7% of our 

included studies) which could potentially result in imprecise regression coefficient results unless 

appropriate methods (e.g., bootstrapping) are used to adjust variables’ coefficients (Altman and 

Lyman, 1998).  

A final issue to note was the reporting of regression coefficients from statistical models – where 

“statistically significant” factors are more likely to be reported which can lead to potentially biased 

estimates from meta-analyses (Altman and Lyman, 1998). For example, four of the 13 studies 

considering non-blanchable erythema in the multivariable analyses did not report the coefficients for 

non-blanchable erythema probably because non-blanchable erythema was omitted from modelling 

due to lack of significance. In this situation, we cannot include all potential multivariable results of 

non-blanchable erythema in a meta-analysis to fully estimate its prognostic strength. Though we 

aimed to contact original authors to collect all potential data we failed to obtain these data to conduct 

a complete analysis. Future researchers should comply with reporting guidelines for observational 

studies to completely present modelling results (e.g., REporting recommendations for tumour 

MARKer prognostic studies checklist) (Altman et al., 2012; von Elm et al., 2007). We have to note 

that the publication bias due to the incomplete reporting of regression coefficients was considered in 

judging risk of bias but it was not considered again in assessing publication bias as part of the 

certainty of evidence assessment. 
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5.5. Strengths and limitations  

The main strengths of our review are its comprehensiveness and the application of methods for 

prognosis systematic reviews (Riley et al., 2007). We used validated prognosis study search filters to 

secure a comprehensive literature search. As a result, we identified and included 41 studies 

considering skin status descriptors as factors; several more studies than previous reviews. Our 

methods follow validated practice: extracted data with the guidance of the REporting 

recommendations for tumour MARKer prognostic studies checklist and other methodological 

publications (Altman and Lyman, 1998; Altman et al., 2012; Hayden et al., 2006; McShane et al., 

2005; Peat et al., 2014; Riley et al., 2003). We applied the validated Quality In Prognosis Studies tool 

to assess risk of bias. We also employed meta-analysis in quantitatively evaluating the strength of 

prognostic association of specific skin status descriptors. Finally, we rated the certainty of the 

evidence using the Grades of Recommendation Assessment, Development and Evaluation approach 

and found that the evidence for the prognostic value of most skin status descriptors remains uncertain. 

This review has some limitations. Firstly we were only able to check data extraction for 20% of the 

included studies, which might have led to a higher risk of information extraction errors than full dual, 

independent data extraction (Buscemi et al., 2006). However, the low or very low-certainty of 

evidence in this review would probably not change even if dual extraction was undertaken. This is 

because (1) low quality is one of the continuing concerns with studies in the wound care field, and the 

same is probably the case for prognostic factor studies (Hodgson et al., 2014); (2) the prominence of 

exploratory studies in prognosis systematic review is probably consistent with other fields (Altman 

and Lyman, 1998; Tandon et al., 2010); (3) heterogeneity and publication bias are also common in 

prognosis reviews in other fields (Altman and Lyman, 1998; Tandon et al., 2010); and (4) the 

evidence has shown that meta-analysis of data extracted by a single reviewer and checked by another 

can often produce identical results to meta-analysis of data extracted by dual reviewers (Buscemi et 

al., 2006).  

Secondly, contacting authors did not allow us to collect all unpublished data that might have been 

relevant to the review. Sensitivity analysis, where available unpublished data were removed, 

suggested that the results of the meta-analyses were stable when only published data were included. 

Therefore, failure to collect all the unpublished data might not change the findings and conclusion of 

this review. Thirdly, we excluded four studies that used the Waterlow skin type sub-scale (a 

composite of specific skin status descriptors using numerical values). Though the four studies 

contained individual-level data on specific skin status descriptors (e.g., non-blanchable erythema) we 

were not able to collect individual-level data for any meta-analysis.  

Finally, though we aimed to minimise heterogeneity by analysing different skin status descriptors 

separately and undertaking pre-specified sub-group analyses, much unexplained heterogeneity 
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remained. This could result from the common causes of heterogeneity in prognosis research, e.g. 

variations in settings and populations, adjustment for different sets of factors, the use of different 

assessment methods, and different follow-up durations (Altman and Lyman, 1998; Tandon et al., 

2010). However, due to a small number of included studies, these causes were not considered in ad 

hoc sub-group analysis to explain heterogeneity further. This situation could be improved via the 

more standardised conduct of primary research, for example, by standardising the skin assessment 

method and only adjusting for a minimum set of clinically important factors in modelling. 

5.6. Implications for current practice  and future research 

Guidelines commonly recommend considering signs of deteriorating skin status as a signal to  

prompt individualised pressure ulcer care plans (NICE, 2014). Currently this review suggests there is 

low certainty evidence that people with certain skin status (i.e., non-blanchable erythema, non-

blanchable erythema in combination with other skin status) may have a higher risk of developing new 

pressure ulcers than those without these skin statuses. This finding supports regular skin assessment 

and preventive action being taken in the presence of non-blanchable erythema.  

In future prognosis research, researchers should undertake the confirmatory phase of investigations, 

enrol sufficient participants (ensuring more than ten events per variable), and completely report the 

results of studies (e.g., regression coefficients) by complying with the reporting requirements for 

observational studies (Altman et al., 2012; von Elm et al., 2007). In addition, future research should 

clearly define specific skin status; and there may be work to be done in standardising and evaluating 

different skin assessment methods to help avoid potential skin status measurement errors. Moreover, 

we would repeat the call for establishing a minimum data set to inform future pressure ulcer 

prognostic factor research (Coleman et al., 2013). We also recommend that future research might also 

examine the association between skin status at defined anatomical locations and pressure ulcer 

development at the same location (Smith et al., 2017; Lechner et al., 2017). 

Future secondary research could improve the certainty of the evidence by exploring the reasons for 

the high heterogeneity and obtaining complete data from individual studies; Study level meta-analysis 

has limitations in these reports (Riley et al., 2010) and meta-analysis of individual participant data 

offers a solution because the statistical analysis can adjust for the same set of covariates across 

studies, and avoid selective reporting of prognostic effects (Riley et al., 2010). Non-blanchable 

erythema is particularly highlighted in pressure ulcer guidelines, and plays an important role in 

developing individualised care plan (NICE, 2014). Future studies might therefore start with the 

investigation of the prognostic value of non-blanchable erythema through individual participant data 

meta-analysis.  

ACCEPTED M
ANUSCRIP

T



25 

 

6. Conclusions 

Low-certainty evidence suggests that more people with non-blanchable erythema might develop a 

new pressure ulcer than those without non-blanchable erythema. There is very low-certainty evidence 

on the prognostic effects of other skin status (e.g., current pressure ulcers, a history of pressure 

ulcers). In contrast with previous reviews, this review uses recently established prognosis research 

methods to synthesise the evidence for specific skin status descriptors being predictors of future 

pressure ulceration. Nevertheless the application of  new methods cannot resolve all the limitations of 

the evidence base. Given that most studies are exploratory rather than confirmatory, more high quality 

confirmatory studies are required.  Furthermore the incomplete reporting of non-significant results in 

some studies challenges a full evaluation of skin status using aggregate data meta-analysis, and meta-

analysis of individual participant data for non-blanchable erythema is required.  
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