Annals of Epidemiology 29 (2019) 8—15

#  Annals
. of.
Epidemiology

Contents lists available at ScienceDirect

Annals of Epidemiology

Review article

Prevalence of chronic wounds in the general population: systematic N
review and meta-analysis of observational studies oy

Laura Martinengo, MD ¢, Maja Olsson, RN, MPH ¢, Ram Bajpai, PhD “,
Michael Soljak, MD, PhD ?, Zee Upton, PhD "¢, Artur Schmidtchen, MD, PhD <,
Josip Car, MD, PhD ab* Krister Jarbrink, PhD *

2 Centre for Population Health Sciences (CePHaS), Lee Kong Chian School of Medicine, Nanyang Technological University, Singapore, Singapore

b Institute of Medical Biology, Agency for Science, Technology and Research (A*STAR), Singapore, Singapore

¢ Dermatology, Lee Kong Chian School of Medicine, Nanyang Technological University, Singapore, Singapore

d Division of Dermatology, Department of Clinical Sciences, Biomedical Center B14, Lund University, Lund, Sweden

€ Copenhagen Wound Healing Center, Bispebjerg Hospital, Department of Biomedical Sciences, University of Copenhagen, Copenhagen, Denmark
f Global eHealth Unit, Department of Primary Care and Public Health, School of Public Health, Imperial College London, London, UK

ARTICLE INFO ABSTRACT

Article history:

Received 13 November 2017
Accepted 17 October 2018
Available online 12 November 2018

Purpose: Chronic wounds are a major public health challenge, but little is known about the true burden
with studies reporting different estimates because of disparities in study designs and measurement
methods. This hampers efficient resource allocation, planning, and improvement of wound care.
Methods: Our study aimed to pool prevalence estimates from a global perspective by systematically
carrying out searches in MEDLINE, EMBASE, Cochrane, CINAHL, Global Health, and PsycINFO databases
for articles reporting the prevalence of chronic wounds in adults, from January 2000 to June 2018. The
included publications had to define wound chronicity by duration (>3 weeks), and/or labeling the
wounds as chronic, complex, or hard-to-heal.

Results: Seventeen studies met the inclusion criteria, and 11 studies analyzing chronic wounds in the
general population were included in random effects meta-analyses to calculate pooled prevalence.
Chronic wounds of mixed etiologies (n = 3) showed a pooled prevalence of 2.21 per 1000 population, and
for chronic leg ulcers (n = 9), the prevalence was estimated at 1.51 per 1000 population.

Conclusions: Our findings, aligned to previous studies reporting point prevalence of chronic wounds
identified within the healthcare system, showed that the vast majority of chronic wounds in epidemi-
ological studies are made up by chronic leg ulcers.
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Introduction

Skin diseases are a growing problem worldwide. The global
burden for skin and subcutaneous diseases has increased rapidly
over a 10-year period, with a prevalence of 605,036,000 in year
2015 compared to 492,883,000 in 2005 based on global, regional,
and national data from over 195 countries and territories reported
by the Global Burden of Disease (GBD) study [1]. Even though there

Disclosures: The authors declare no conflict of interest.

* Corresponding author. Associate Professor Josip Car, Centre for Population
Health Sciences (CePHaS), Lee Kong Chian School of Medicine, Nanyang Techno-
logical University, Clinical Sciences Building 11 Mandalay Road, Singapore 308232,
Singapore.

E-mail address: josip.car@ntu.edu.sg (J. Car).

https://doi.org/10.1016/j.annepidem.2018.10.005
1047-2797/© 2018 Elsevier Inc. All rights reserved.

are subcategories within the broad “skin and subcutaneous dis-
eases,” specific prevalence data for chronic wounds are inadequate,
and seldom presented separately [1]; hence, no global prevalence
data are available for chronic wounds. Estimating wound preva-
lence is challenging, as there is no agreement or recognized
distinction between acute and chronic wounds or a clear pre-
established consensus for chronicity [2]. A commonly used defini-
tion, labeling chronic wounds as wounds that fail “to proceed
through an orderly and timely process to produce anatomic and
functional integrity” [3], does not specify any timeframe for the
healing or at what time point the wound becomes chronic. This
absence of a coherent and systematic classification introduces dif-
ficulties in calculating reliable pooled prevalence estimates
unambiguously for chronic wounds in the general population
across studies and hinders improvement efforts.
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Although there are several studies from different levels of care
(e.g., hospitals, community care, and nursing homes) from countries
across the world [4—7], wounds are in many aspects an under-
reported health issue [8]; despite the fact that they are associated
with significant costs [9—11], they have become a major challenge to
healthcare systems worldwide [12]. To have accurate prevalence
estimates for chronic wounds, it is fundamental to understand the
disease burden, inform decision makers [13,14], and improve plan-
ning and the delivery of health services [14]. For example, a high
prevalence of chronic wounds will demand more nurses with
wound-care expertise, or it could aid in allocating resources to target
the most pressing health problems in the area [13,14]. Prevalence
estimates for chronic wounds could potentially make healthcare
service provision more cost-efficient when incorporated in health
economic evaluations exploring how to reduce costs [15].

To accurately assess the prevalence of chronic wounds is prob-
lematic because of disparities in study design and how health
conditions are defined and measured [16]. Factors that limit
comparability of prevalence studies are heterogeneous study
design and lack of clear definitions [14]. These obstacles hamper
accurate comparability and calculations of pooled estimates for
chronic wounds. This is likely a plausible reason why to date there
have been no comprehensive systematic review with a meta-
analysis exploring the global magnitude of the condition. The aim
of this systematic review is to make an attempt to pool a prevalence
estimate for chronic wounds globally within the general population
based on existing literature and by applying a clear definition of
chronicity (duration and/or wounds labeled as chronic).

Material and methods
Search strategies

This systematic review followed the Preferred Reporting Items
for Systematic Review and Meta-Analysis (PRISMA) guidelines
[17]. The protocol was published and registered with PROSPERO
(CRD42016037355) [18]. The search strategy was developed by
the research team in collaboration with experienced medical
research librarians at Lee Kong Chian School of Medicine and
Karolinska Institutet. An initial search was carried out in March
2016 covering MEDLINE (Ovid), EMBASE (Ovid), EBM Reviews and
Cochrane Database of Systematic reviews (Ovid), Cumulative
Index to Nursing and Allied Health Literature (CINAHL), (EBSCO),
PsycINFO (EBSCO), and Global Health (EBSCO) databases for ar-
ticles published from January 2000 through December 2015. An
additional search was also performed in August 2016 to incor-
porate the newly developed term “pressure injury”. In June 2018,
we updated the search to include studies published from January
2016, using the original strategy with the addition of “pressure
injury”. The reference lists of all included articles were also
searched for other sources of information [18].

For this review, chronic wounds were defined as those with a
duration of 3 weeks or longer or if the wound was referred to as chronic,
hard-to-heal, or complex, even when there was no mentioning of
duration. This definition was deemed appropriate as there is no pre-
established consensus for chronicity [2], and previous literature has
suggested that wounds that do not reduce size after 2 to 4 weeks are
likely to become chronic [19—21]. This rather generous cut-off for
duration allowed us to comprehensively capture a substantial amount
of publications presenting prevalence data for chronic wounds.

Inclusion and exclusion criteria

All included articles had to present prevalence estimates of
chronic wounds in adults within the general population. We

included articles referring to chronic wounds in the categories of
venous ulcers, arterial ulcers, diabetic ulcers, and pressure ulcers.
Studies had to be of a cross-sectional or cohort design, published in
peer-reviewed journals, in English and available as full text publi-
cations. We excluded studies on chronic wounds of other etiologies,
for example, injuries due to trauma, infections, autoimmune dis-
eases, surgical wounds, and skin tumors that due to size and
malignity require a longer time to heal. Randomized controlled
trials, case studies, reviews, editorials, and abstracts were excluded,
as well as studies that presented prevalence estimates of specific
subsets of populations such as the terminally ill, patients with
spinal cord injuries, or patients in special care units.

Study selection, data extraction, and quality assessment

Two reviewers screened titles and abstracts independently to
identify studies for potential inclusion. The full text of these articles
was retrieved and reviewed by two investigators to ensure
compliance with the eligibility criteria. Studies excluded in this step
were listed with the reason for their exclusion. We also searched the
bibliographic references of all included articles for additional
studies. The selection process for articles was summarized in a flow
chart. Information about study details (e.g., title, journal, author,
year, country), study design (type of study, aims, method for data
collection, response rate, recruitment, sample methods, and inclu-
sion/exclusion criteria), participants’ characteristics (number of
persons surveyed, population characteristics, i.e., setting, age,
gender, ethnicity, demographics), specific wound data and compli-
cations (diagnostic methods, ulcer specifications including stage),
and prevalence, or sufficient information to calculate an estimate of
the prevalence was extracted for each article by two reviewers. This
information was collected in an electronic data extraction form that
was previously piloted and reviewed by a panel of systematic re-
views experts. The included articles were quality assessed using the
Joanna Briggs Institute (JBI) critical appraisal checklist for studies
reporting prevalence data [22] by two reviewers. The tool evaluated
the following: sample frame, sampling methods, sample size,
description of setting, sufficient coverage for data analysis, objective
and reliable methods for identifying the condition, appropriate
statistical analysis, and adequate response rate. The tool appraises
each domain as Yes/No/Unclear/Not applicable. We assigned a value
1 to a Yes answer and a value 0 if the answer was No/Unclear/Not
Applicable. A higher score denotes a higher quality study, with a
maximum attainable score of 9. As the appraisal tool does not give a
specific definition of an acceptable quality, we defined as acceptable
quality scores equal to or higher than five. In all stages of this pro-
cess, discrepancies between reviewers were resolved by consensus
or, if not, resolved by arbitration by a third reviewer.

Data synthesis and statistical analyses

Prevalence was calculated for all chronic wounds regardless of
the etiology and for the leg ulcers subgroup. Prevalence was
calculated as the ratio between the total number of reported ulcer
cases over the total study population and presented as the number
of cases per 1000 population. Random-effects meta-analysis, using
DerSimonian and Laird method [23], was employed on individual
study estimates to obtain a crude summary estimate for prevalence.
Standard errors and 95% confidence intervals (CI) were determined
from the reported crude estimates and population denominators,
assuming exact binominal distribution as described by Clopper and
Pearson [24]. Heterogeneity between studies was assessed using
the %-based Cochran's Q statistic and I-squared (P) statistics (>50%
representing moderate heterogeneity) [25], and a subgroup anal-
ysis was conducted to identify potential sources of heterogeneity. A
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prediction interval for the random-effects distribution was also
calculated to understand the possible range of ulcer prevalence if a
new study is conducted as suggested by Higgins and Thompson
[26]. Publication bias was assessed by funnel plot and its asym-
metry was tested by Egger's linear regression method [27] (P < .10
was considered as significant). The influence of studies on overall
results was graphically assessed by Baujat's plot [28]. Because of
demographic and epidemiological transitions, it is understandable
that the prevalence rates of ulcers may vary with the mean age of
patients and the time the study was carried out. Therefore, with the
limited data, a univariate and multivariate meta-regression analysis
was conducted using maximum likelihood method for age and year
of study (P < .10 considered significant given the low power of these
tests). A P value of <.05 was considered statistically significant for
the effect of study-level covariates on the estimated prevalence
[29]. All statistical analyses were conducted on R software (Version
3.3.2) using “meta” package [30].

Results

The systematic search returned a total of 5805 publications
after excluding duplicates. A subsequent search for “pressure
injury” returned a total of 213 unique references, producing an
overall total of 6018 articles. After excluding irrelevant articles
based on titles and abstracts, 716 articles remained for full text
examination. Unrelated articles not fulfilling our inclusion criteria

were discarded, and two articles from manual searches of the
included articles reference lists were added, summing up to 15
remaining articles (Fig. 1). The updated search in year 2018
yielded yet another two articles, for a final grand total of 17 ar-
ticles included in the study.

Quality assessment

The quality assessment indicated that most included studies
were of acceptable quality. The average score was 6.6 points (range
5—9, with higher scores denoting higher quality articles), where the
best scores were associated with sampling, sample frame, methods
for sampling, and sample size. All studies used appropriate sam-
pling strategies for the targeted populations (i.e., surveyed
healthcare settings that were probable to treat wound patients),
presented sufficient sample sizes, and most articles described the
study settings in detail. The lowest scores were obtained in the
questions referring to methods to assess the condition (correct
diagnosis and staging of chronic wounds) and the appropriateness
of the statistical analysis used. A summary of the quality assess-
ment is included as Additional File 1.

Characteristics of included studies

Seventeen studies conducted in 13 different countries reported
prevalence of chronic wounds of various etiologies. The included

Medline EMBASE Cochrane library CINAHL Global Health PsychlInfo

2722 1487 667 230 917 209

v
Pressure injury search Initial search total

213 6 445
. Duplicates
427
v
Total papers
6018

\ 4

A4

Excluded Title/abstract
5302 (66 manual
duplicates)

Full-text articles
716

Manual search

2

A 4

Included 15

Updated search (June’18)
2

A 4

Included 17

A 4

Excluded 703

Not wounds: 64

Excluded study design: 62
Manual duplicates: 2

Not prevalence/history of
ulcers included: 119
Specific population: 137
Patients <18 y included: 32
Wound duration
unknown/too short: 278
No full-text: 9

Fig. 1. Flow chart to illustrate the selection process.
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studies were published between 2000 and 2017, and the majority
were from European countries (65%). When the studies reported it,
the patients' mean age ranged from 50 to 80 years of age. All studies
reported prevalence for chronic wounds obtained during a limited
period ranging from 1 day to 2 years. The total population covered
across studies was 15,748,658 persons, of which 3,503,756 were
patients in subgroup populations, for example, hospitalized pa-
tients only, etc. The total number of chronic wound cases was
141,311 (46,000 in subgroup populations). Most included patients
(n = 9,109,732) and wounds (n = 91,723) were made up from one
study from Germany assessing chronic wounds in the general
population [31]. The most commonly reported type of chronic
wounds were leg ulcers (n = 9) reported in 53% of the studies
[31-39]. Five studies reported chronic wounds of various etiologies
[40—43], three studies reported pressure ulcers [44—46], and one
study assessed diabetic foot ulcers [47]. Characteristics of the
included studies are presented in Tables 1 and 2.

In the studies presenting leg ulcers, the main reported under-
lying etiology was venous disease [32—38,40]. However, one article
investigating hospital settings reported diabetes as the main eti-
ology for leg ulcers [42]. Another study assessing leg ulcers speci-
fied foot ulcers as a subgroup and stated diabetes as the most
common origin for this group [35]. Four studies presented various
types of chronic wounds, for example, leg ulcers, pressure ulcers,
diabetic foot ulcers, and mixed chronic ulcers [31,40,42,43].

Six studies presented chronic wounds prevalence solely from
specific settings: patients in home care [43,44], hospitals
[42,45,46], and a hospital-based diabetes clinic [47].

Prevalence stratified by sex and age

All included studies except for three [31,44,46] presented
chronic wound prevalence estimates stratified by sex. Chronic
wounds were more prevalent in women (range: 53%—68%), except
in one hospital-based study from China where the proportion of
chronic wounds was higher among men (64%) [42].

Regarding age, most studies reported rather similar mean/me-
dian ages (around 70—80 years of age), with the exception of one
study from Egypt on prevalence of diabetic foot ulcers that reported
a mean age of 50 years [47].

Meta-analyses for chronic wounds

Eleven studies were included in the meta-analysis. All included
studies presented prevalence data in the general population
[31—41]. The test for consistency across studies revealed substantial
heterogeneity (1> = 100%; P < .01). The meta-analysis estimated a
total prevalence of chronic wounds of 1.67 per 1000 population
(C.I: 0.83—2.80). Subgroup analyses based on the type of wounds
revealed a combined prevalence of 2.21 per 1000 population (C.L:
0.56—4.94) for studies reporting ulcers of more than one etiology
[31,40,41]. The meta-analysis of studies reporting prevalence of leg
ulcers [31—39] computed a prevalence of 1.51 per 1000 population
(CL: 0.24—3.84) (Fig. 2). The P value for leg ulcer subgroup was
found to be 100% (P < .01), indicating the presence of substantial
heterogeneity between studies. The estimated prevalence between
chronic ulcers of different etiologies and leg ulcers was not

Table 1
Characteristics of studies included in the meta-analysis
Author (y) Country  Wound type Age (mean) Total No. of wound Notes (time of data collection)  Reported
population cases prevalence
Clarke-Moloney Ireland Leg ulcers (>1 mo) 75.5 339,591 382 Survey to nurses, patient seen 0.11%
et al 2006 [32] (1 wk)
Hall et al 2014 [40] United Complex wounds defined as ~70" 751,485 1,093 Ascertainment by healthcare 0.15%
Kingdom “superficial-, partial- or full- providers (2 wk)

thickness skin loss healing by
secondary intention”
Heyer et al 2016 [31] Germany Chronic wounds defined by
wound etiology (ICD-10).
Stratified by ulcer types,
diabetic foot ulcer, pressure
ulcer, and leg ulcer.

McDermott-Scales Ireland Chronic open leg ulcers of Mean: 69.3
et al 2009 [41] varying etiology located below
the knee on the leg or foot
(>4 wk), and other wounds or
skin injury resulting in tissue
damage
Moffatt et al 2004 [33] United Open wounds on the leg 75
Kingdom excluding foot ulcers (>4 wk)
O'Brien et al 2000 [34] Ireland Open sore anywhere below the ~ 72.3
knee (>4 wk)
Oien et al 2000 [35] Sweden Chronic leg and foot ulcers 79
Oien et al 2006 [36] Sweden Leg and foot ulcers 81!
(hard-to-heal)
Palsdottir et al 2010 [37] Iceland All ulcers below the 75.2
knee (>6 wk)
Pina et al 2005 [38] Portugal ~ Open wounds on the 70.2
leg (>4 wk)
Walker et al 2002 [39] New Breaks in the skin on the lower 75
Zealand leg (below the knee) or on the

foot (>6 wk)

Mean/median
chronic wound diagnosis of any  not reported.
Range: 20—>90

9,109,732 91,723 Register data from patients 1%

insured with the nationwide
operating statutory health
insurance provider (2 y)

133,562 179 Survey to nurses in community  0.13%
care settings. (1 random day)

252,000 113 Ascertainment by healthcare 0.04%
professionals NHS (4 wk)

317,069 374 Ascertainment by healthcare 0.12%
professionals (2 mo)

151,610 316 Ascertainment by community 0.19%
and district nurses (1 wk)

150,334 229 Ascertainment by community 0.15%
and district nurses (1 wk)

313,376 226 Ascertainment by healthcare 0.07%
(2 wk)

185,708 250 Ascertainment to health centers  0.13%
(2 wk)

540,435 426 Ascertainment by community 0.08%

and hospital-based health
professionals or self-
notification (1 y)

" Mean of the total number of ulcers (including nonchronic).

1093 refers to ulcers in people older than 18 years of age (contact with authors).

* Age reported as median.
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Table 2
Characteristics of prevalence studies for chronic wounds in specific settings
Author (y) Country  Type of wound Age Total Sub population  No. of Notes Setting Reported
(mean) population wound cases prevalence
Amir et al Indonesia Pressure ulcers (>3 mo) 55.6 — No. of patients 8 Hospitals (1 d) Only hospitals  0.70%
2017 [46] 1132
Barrois et al France Pressure ulcers (>1 mo) Females 72.3 — No. of patients: 1671 Both chronic and Nonuniversity — 4.48%
2008 [45] Males 70.1 37,307 nonchronic hospitals
El-Nahas et al  Egypt Diabetic foot ulcers 50.47 — 1220 15 Outpatient diabetes Specialist 1.2%
2008 [47] (>4 mo) clinic (over 1y) diabetes
outpatient
clinic
Jiang et al China A chronic wound was — — 1,488,201 2513 Hospitals (2 y) Only hospitals  1.69%
20117 [42] defined as a defect in
the skin for example,
pressure, diabetic, and
venous wounds
(>1 mo)
Rodrigues et al Canada Chronic wounds 68.5 — 34,857 (patients 488 Ascertainment by Patients in 1.4%
2006 [43] presented as pressure in home care) community and home care
ulcers, venous ulcers, home care nurses
and diabetic foot (2 mo)
wounds.
Schwien et al  United Pressure ulcers — 1,941,039 — 41,305 Database home Home care 2.13%
2005" [44] States (nonhealing) care setting setting

" Age not reported.

statistically significant (P = .625). The prediction interval (C.L.:
0.00—8.16 per 1000 population) showed the confidence band of
estimated prevalence for future population-based observational
studies on chronic wounds. The weights of the studies reported
from random effect model ranged from 25% for studies with ulcers
of more than one etiology, and 75% for studies with leg ulcers.

Meta-regression analysis

The overall association between the pooled prevalence of
chronic wounds, mean reported age (years), and year of reporting
was assessed by univariate and multivariate mixed-effect meta--
regression analysis. The estimated effect of age and reporting year
was not found to be statistically significant in univariate (age,
P =.102; year of reporting, P =.449) and in multivariate regression

analyses (age, P =.156; reporting year, P =.814) (see Supplementary
Figs. 1 and 2 for bubble plots). The overall analysis indicated a
negligible impact of age and year of reporting on the estimated
prevalence of chronic wounds in general population.

Publication bias

We used funnel plots (Fig. 3) to assess publication bias. In the
figure, the vertical line represents the summary estimate of the
chronic wound prevalence. The diagonal lines represent the 95%
confidence limits around the summary treatment effect. These
show the expected distribution of studies in the absence of het-
erogeneity or selection biases. The funnel plot was asymmetric and
indicated there might be missing studies. The funnel plot asym-
metry was assessed by Egger's linear regression test that showed

Events per 1000
Study Events Total observations Events 95%-Cl Weight
Chronic ulcer
Hall 2014 1063 751485 141 [1.33;150] 83%
McDermott-Scales 2009 179 133562 134 [1.15;155] 83%
Heyer 2016 40564 9109732 445 [441;450] 83%
Random effects model 9994779 ——=l=——— 2.21 [0.56; 4.94] 25.0%
Heterogeneity: = 100%, = 0.0004,p=0
Leg ulcer
Clarke-Moloney 2006 382 339591 112 [1.01;1.24] 83%
Moffatt 2004 113 252000 045 [0.37,054] 83%
O'Brien 2000 374 317069 1.18 [1.06;1.31] 83%
Oien 2000 316 151610 208 [186;233] 83%
Oien 2006 229 150334 152 [1.33;173] 83%
Palsdottir 2010 226 313376 072 [063,082] 83%
Pina 2005 250 185708 135 [1.18;152] 83%
Walker 2002 426 540435 079 [0.72,087] 83%
Heyer 2016 63897 9109732 7.01 [696,7.07] 83%
Random effects model 11359855 —————— 1.51 [0.24; 3.84] 75.0%
Heterogeneity: /2 = 100%, ° = 0.0013, p = 0
Random effects model 21354634 =~ === 1.67 [0.83; 2.80] 100.0%

Prediction interval

[0.00; 8.16]

Heterogeneity: /2 = 100%, <° = 0.0005, p = 0

T T 1
4 6 8

Fig. 2. Forest plot (pooled prevalence of chronic and leg ulcers per 1000 population).
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Fig. 3. Funnel plot with 95% confidence limits showing the prevalence (p) of ulcers in each study by the standard error (SE) of the studies.

significant publication bias (slope = 0.08, t = —4.38, P < .01). The
overall influence of included studies on heterogeneity was assessed
by Baujat plot, which indicated half of the studies were the larger
contributors of the reported heterogeneity (Supplementary Fig. 3).

Discussion

This study, applying a clear definition for chronicity, provides a
conservative estimate of the prevalence of chronic wounds from a
global perspective.

Eleven of the 17 included studies presented chronic wounds
prevalence in the general population. Of these, two studies
included ulcers of various etiologies, eight studies reported leg
ulcers, and one study presented the prevalence of chronic wounds
of various etiologies and leg ulcers. These studies were incorpo-
rated in meta-analyses. Ulcers of various etiologies had a pooled
prevalence of 2.21 per 1000 population; however, because of the
small number of included studies, this result should be considered
with caution. The pooled prevalence of nine studies reporting leg
ulcers was estimated at 1.51 per 1000 population. Our results are
generally aligned to previous studies reporting point prevalence of
chronic wounds identified within the healthcare system [48,49],
although they differ from studies reporting lifetime prevalence of
chronic ulcers that tend to be approximately 10 per 1000 popula-
tion [48,50]. Given that all included studies presented prevalence of
wounds detected within the healthcare system, self-treated cases
were not reported.

Although we aimed to estimate the global prevalence of chronic
wounds, our study mainly consisted of publications from devel-
oped countries (82%), with only three articles from developing
countries. These articles reported setting-specific prevalence of
chronic wounds [42,46,47], and none were included in our meta-
analysis. The dearth of epidemiology data from low-income coun-
tries was also revealed in a previous prevalence review for chronic
wounds by Graves et al. [7], which presented only two papers from
developing countries out of 69 included articles.

Global prevalence estimates of chronic wounds, including
high-quality studies from developing countries, are urgently
needed to understand geographical and ethnic variations in
prevalence [51], as well as the leading etiology in each region.
Previous reports from developing countries in the tropics show

that chronic wounds are usually secondary to chronic infectious
diseases like leprosy or tuberculosis [52] and burns [6], but with
the rising prevalence of diabetes, the prevalence of chronic
wounds is also increasing [53]. This information can be used as
guidance when planning for healthcare services and provision of
treatments globally [54]. Obtaining wound data on a population
level in developing countries is, however, problematic because of
several limitations, for example, lack of healthcare information
systems, limited access to adequate documentation records [55],
workforce shortages impeding detailed documentation, and the
ability to participate in surveys about prevalence [56]. In some
developing countries, epidemiology data for chronic wounds have
been collected in hospitals [6,57], but these appear insufficient to
estimate the prevalence in the general population [57]. To esti-
mate the global prevalence of chronic wounds accurately, future
studies must obtain comprehensive data from developing coun-
tries as well as developed ones. Accurate prevalence data on
chronic wounds is currently deficient even though Global Burden
of Disease studies have assessed the burden of skin diseases quite
comprehensively [58,59]. In regard to chronic wounds, studies
fail to address them as a separate category, and presumably
include them in the subgroup “Other skin and subcutaneous
diseases,” with the exception of pressure (decubitus) ulcers that
are presented as a standalone subgroup [58,59]. Hay et al. [59] in
their study on the global burden of skin disease in 2010 included
data from 187 countries and showed that “Other skin and sub-
cutaneous diseases” was the fifth most prevalent disease globally.
There is no description of the skin diseases that populate this
group or of the relative contribution to each group in the final
calculation of prevalence. The data on decubitus ulcers showed
highly variable prevalence rates across regions, fluctuating from
0.168 cases per 1000 population in Central American females to
2.324 cases per 1000 population in North African and Middle
Eastern females [59]. This shows the magnitude of skin diseases
but also confirms the lack of specific epidemiology data for
chronic wounds, leaving a huge gap in global skin research. The
complexities associated with a lack of clear diagnosis and uni-
form methods for measuring and categorizing chronic wounds
(e.g., diverse duration thresholds for wound chronicity) make it
challenging to accurately explore and estimate the condition
across countries, often resulting in under-reporting [51].
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However, in exploring the global burden of chronic wounds, it is
urgent to assess prevalence in both developed and developing
countries [51,54].

Regarding study quality, none of the included studies employed
a random sampling strategy. All prevalence cases included were
sampled from patients already within the healthcare system so
under-reporting is likely. Although chronic wounds are often cared
for within the healthcare system, efforts should be made to cap-
ture those patients caring for their wounds themselves. Other
strategies, including door-to-door surveys, could be considered to
capture all patients with a chronic wound, within and outside the
healthcare system, for example, in rural areas [52]. Furthermore,
no study reported the differences between characteristics for
included and nonincluded participants; this could also introduce a
nonresponse bias.

This study is not without limitations. First, although we tried to
develop a comprehensive search strategy including all ulcer cate-
gories, and as many variations of the terminology, that included
running a supplementary search when informed of the newly
incorporated term “pressure injury,” we may have inadvertently
missed relevant studies.

Second, this systematic review and meta-analysis attempted to
pool estimates for global chronic wound prevalence observed a
large statistical variability (I° value). Examining the heterogeneity
of included studies is a crucial part of a meta-analysis as observa-
tional studies are prone to biases because of various clinical and
methodological designs such as inclusion criteria, definition of
chronicity, and sampling strategies. The result of a meta-analysis
should therefore be viewed as an approximation of the actual
prevalence and be interpreted with caution. However, statistical
heterogeneity due to differences in methods and/or assessment or
definitions of chronic wounds across studies suggests the use of
different measurement methods but do not necessarily indicate
that the true prevalence varies. In this sense, the prediction interval
can be helpful to map the range of actual prevalence in future
studies. Sources of heterogeneity in this review could likely be
linked to the use of nonstandardized methods across studies and
various procedures for data collection. Third, the diversity of
assessment methods for chronic wounds makes it difficult to cap-
ture prevalence data across studies and countries, hence impedes a
robust global estimate [48]. Various definitions for chronicity (a
couple of weeks up to several months) and the lack of standardized
diagnostic methods, for example, leg ulcers, should ideally be
confirmed by noninvasive methods such as Doppler, which in-
troduces biases leading to either underestimations or over-
estimations of the existence of chronic wounds [48,60]. This
becomes problematic when ulcers are multifactorial or when
prevalence studies present leg ulcers of various etiologies (e.g.,
diabetic foot ulcers and leg ulcers) clustered together and pre-
sented as leg ulcers [50]. Reliable and accurate prevalence data for
chronic wounds according to etiologies are of paramount impor-
tance when planning for proper treatment because different un-
derlying causes of wounds demand different treatments and
intervention strategies [60].

To conclude, our findings showed that the vast majority of
chronic wounds are made up by chronic leg ulcers. However,
prevalence studies with clear definitions of chronicity and com-
parable estimates are urgently needed to understand the
magnitude of chronic wounds and to globally assess their
prevalence.
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