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We aimed to determine the pooled prevalence of diabetic foot ulcers in
Pakistan. MEDLINE (PubMed), Web of Science, Google scholars, and local
databases were systematically searched for studies published up to August 10,
2022, on the prevalence of foot ulcers among diabetic patients in Pakistan.
Random-effects meta-analysis was used to generate summary estimates.
Subgroup analysis and meta-regression models were used to address the issue
of high heterogeneity. Two authors independently identified eligible articles,
collected data, and performed a risk of bias analysis. Twelve studies were
included in the meta-analysis (14201, range 230-2199, diabetic patients),
of which 7 were of "high” quality. The pooled prevalence of diabetic foot
ulcers was 12.16% (95% Cl: 5.91-20.23%). We found significant between-study
heterogeneity (12 = 99.3%; p < 0.001) but no statistical evidence of publication
bias (p = 0.8544). Subgroup meta-analysis found significant differences in
foot ulcer prevalence by publication year and by the duration of diabetes. An
increasing trend was observed during the last two decades, with the prevalence
of diabetic foot ulcers being the highest in the latest period from 2011 to
2022 (19.54%) than in the early 2000s (4.55%). This study suggests that the
prevalence of diabetic foot ulcers in Pakistan is relatively high, with significant
variation between provinces. Further study is required to identify ways for early
detection, prevention, and treatment in the population.
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Introduction

A diabetic foot ulcer is a chronic consequence of diabetes characterized by lesions in
the deep tissues. It causes neurological problems and peripheral vascular diseases in the
lower extremities (1, 2). It poses a significant challenge for societies worldwide (3, 4). Foot
ulceration and infection reduce patients’ quality of life and significantly increase their
risk of amputation, which is a tragic end for most people (4). It is an expensive disease
to treat. Currently, 537 million adults are living with diabetes. This figure is forecast to
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increase to over 783 million adults by 2045 (5). Throughout
their lives, 25% of adults will develop foot ulcers (6). Diabetes-
related foot and lower limb issues are severe and long-lasting.
They affect 40-60 million people with diabetes around the
world. Chronic foot ulcers and amputations among diabetic
patients significantly reduce the quality of life and increase
mortality risk (6). Diabetes foot is one of the most common,
costly, and severe diabetic complications. Amputation is 10—
20 times more common in people with diabetes than in non-
diabetics. It is argued that a lower limb or part of a lower
limb is amputated globally every 30s due to diabetes (6).
Particularly in low-income regions, diabetic foot ulcers can
have a significant economic, social, and public health impact
without an appropriate educational program and adequate
and appropriate footwear (6). The prevalence of foot ulcers
among diabetic patients is 6.3% around the world. The highest
prevalence is in Belgium at 16.6%, and in Asia, it is 5.5%. The
lowest prevalence of foot ulcers in Australia is 1.5% (1).

The prevalence of diabetes and associated complications in
Pakistan is steadily rising (7-9). According to the International
Diabetes Foundation, 33 million (26.7%) people are living
with diabetes (10). Diabetic foot ulcers and infections place a
significant financial and resource strain on healthcare systems by
requiring hospital in-patients and outpatients to be handled by
primary care and community care services. In terms of overall
performance, Pakistan is ranked 154th out of 195 countries
(11). Pakistan, as a developing country, struggles to sustain an
effective healthcare system in the form of quality healthcare,
healthcare education, and accessibility (12). With the limited
number of diabetic foot ulcer management centers, Pakistan is
ill-equipped to address the problem of diabetes and diabetic
foot ulcer complications. According to published studies, the
prevalence of diabetic foot ulcers in Pakistan ranges from 2.1
(13) to 50.9% (14). The rising prevalence of diabetic foot ulcers
in Pakistan prompted this study to identify systematically, select,
characterize, summarize, and estimate the pooled prevalence of
diabetic foot ulcers in Pakistan till August 10, 2022.

Methods
Search strategy

The PRISMA Guidelines (15) were followed in this study.
Similarly, to our previous studies (16-18), two of us (S.A.
and F.H.) identified articles on the prevalence of diabetic foot
ulcers in Pakistan published from inception to August 10,
2022. We thoroughly searched electronic databases such as
Medline (PubMed), Web of Science, Google Scholar, and local
databases. The following keywords were combined to explore
the potential articles: “diabetic feet” OR “DFUs” OR “diabetic
foot” OR “diabetic foot ulceration” OR “diabetic foot problem”
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OR “diabetic foot ulcer” AND “epidemiology” OR “prevalence”
AND “Pakistan” OR “Pakistani” as well as variations thereof. We
also looked through the reference lists of the selected studies
for other potentially relevant studies. The PRISMA Guidelines
ChecKklist is attached in the Supplementary File S1.

Inclusion and exclusion criteria

For this study, articles were included if they met the
following criteria: (1) based on a population-based survey
or hospital-based study published in English up to August
10, 2022; (2) participants must be Pakistan residents. The
following articles were excluded if they were: (1) letters
to the editor, reviews, case series, case studies, conference
abstracts, qualitative studies, and intervention studies; (2)
based on the Pakistani community living outside Pakistan;
(3) did not report sufficient data; (4) were irrelevant to
a diabetic foot ulcer, and (5) were based on duplicated
information (data). Using a two-step procedure, the selection of
articles was conducted. Two authors (S.A. and F.H.) separately
examined the titles and abstracts of all identified articles.
Second, the full texts of the pre-selected publications were
independently evaluated based on the previously established
inclusion criteria. When necessary, a third reviewer (A.A.)
resolved conflicts.

Data extraction

A prepiloted data collection form was used by two
independent investigators (S.A. and A.A.) to collect data on the
following variables: author first, publication year, survey year,
study design, the geographical location where the study was
performed, the average age of diabetic patients, total sample
size, the proportion of men, the number of participants with
foot ulcers, sampling strategy, and setting (rural vs. urban).
Discrepancies and uncertainties were explored and resolved
through cross-checking of the data.

Study quality assessment

Two investigators (A.A. and F.H.) independently evaluated
the risk of bias in the selected studies by adapting items
from the JBI Critical Appraisal Checklist for Studies Reporting
Prevalence Data (19). Disparities regarding methodological
quality assessment scores were resolved by discussion and
adjudication by a third author (SA). The studies were graded on
a scale of 0 to 9. Using the score, we put each study into one of
three categories: high risk (1-3), moderate risk (4-6), or low risk
of bias (7-9).
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Statistical analysis

The statistical software R (version 4.2.1) was used to conduct
all analyses, and a P value of 0.05 was considered statistically
significant. For the statistical pooling of the prevalence of foot
ulcers among diabetic patients, random effects (Der Simonian-
Laird) models were used (20, 21). The Cochrane Q-statistic was
utilized to test for statistical heterogeneity, and 1> was used to
quantify it. Pooled results were presented with 95% confidence
intervals (ClIs) and a forest plot. Heterogeneity was defined
as I >50% (22, 23). Publication bias was initially analyzed
visually using a funnel plot and later statistically with the Egger
regression and Beggs tests (24, 25). Subgroup analysis was

10.3389/fpubh.2022.1017201

conducted to find potential sources of heterogeneity in the case
of large heterogeneity.

Subgroup meta-analyses were performed according
to different extracted variables (participant age, gender,
geographical region, and time period). To further explore
heterogeneity, meta-regression analyses were performed to
determine the association between the prevalence of foot
ulcers and study characteristics. The covariates in the meta-
regression considered were: year of publication, setting (urban
vs rural), sample size, year of investigation, mean age of diabetic
patients, methodological quality, and gender (male vs. female).
To examine the impact of individual studies on the pooled
prevalence estimates, sensitivity analyses were carried out by
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excluding each study. The agreement between the investigators
was evaluated by the Kappa statistic (26).

Result

Figure 1 displays the PRISMA selection and exclusion
flowchart. A total of 657 studies were identified, including 645
via database searches and 12 from additional sources. After
deduplication (n = 432), 197 studies were found ineligible
after their titles and abstracts were thoroughly screened. The
remaining 28 studies were subjected to a full-text evaluation to
determine their eligibility; they were eliminated because they
did not match the inclusion criteria. In the end, 12 papers were
included in the analysis. The authors’ inter-rater agreement for
study inclusion was very good (Kappa = 0.83, p = 0.001).

Table 1 summarizes the key characteristics of the 12 studies
included in this analysis. These articles included only Pakistani
nationals, with sample sizes ranging from 230 (32) to 2199 (29),
with a median of 1503 diabetic patients. Seven studies were
conducted in Punjab province (13, 14, 30, 33-36), three studies
were performed in Sindh (27-29), one was conducted in Azad
Kashmir (31), and one study was conducted nationwide (32).
Regarding the study design, a cross-sectional research design
was utilized in 10 of the 12 studies; one study employed case-
control, and the other used a prospective research design. Two
studies were performed using convenient sampling procedures;
one used simple random sampling techniques, one used cluster
random cluster sampling; and the remaining four did not
explicitly mention their sampling procedure. The reported foot
ulcer prevalence rates in diabetic patients varied widely across
provinces (Table 1). Ten studies were conducted on urban
populations while two studies were conducted in both settings
(urban and rural). The average participant age in the 11 studies
providing this information was 52.29 years. The gender of
the diabetic patients was provided in all papers. Regarding
methodological quality bias, seven studies (27, 29-32, 35, 36) had
a low risk of bias, five studies (13, 14, 28, 33, 34) had a moderate
level, and none had a high risk of bias. The authors’ agreement
on the retrieved data was strong (Kappa score = 0.82, p = 0.001).

Quantitative synthesis

Pooled prevalence of diabetic foot ulcers

The pooled prevalence and subgroup meta-analysis for
diabetic foot ulcers are summarized in Table 2. The prevalence of
foot ulcers among diabetic patients was reported in 12 research
articles (13, 14, 27-36) with a total of 14201 diabetic patients.
The diabetic foot ulcer prevalence estimates in the included
studies ranged from 2.11% (95% CI: 1.23-3.36%) to 50.90%
(95% CI: 47.75-54.04%). The pooled prevalence of foot ulcers
among diabetic patients was 12.16% (95% CI: 5.91-20.23%).
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TABLE 2 Summary estimates from meta-analyses of diabetic foot ulcers in Pakistan.

Variable No. of No. of No. of Prevalence,
articles participants cases (95% CI)

Foot Ulcer in 12 1,4201 2,123 12.16

Diabetic patients (5.91-20.23)

By Sex

Male 6 3,755 459 12.04
(6.56-18.88)

Female 5 4,680 484 7.29
(1.92-15.69)

Time period

1999-2010 5 5,958 359 4.55
(2.35-7.42)

2011-2022 7 7,043 1,308 19.54
(9.54-32.03)

Ulcer duration

<10 years 3 4,440 291 6.16
(4.11-8.58)

>10 years 2 1,202 307 26.60
(6.36-54.30)

By location

Punjab 7 10,282 1,338 16.13
(5.57-30.79)

Sindh 3 3,371 275 5.86
(2.51-10.48)

Azad Kashmir 1 318 22 6.92
(4.36-9.99)

The 95% prediction intervals were 0.0-52.07% (Figure 2). The
12 value (99.4%, P < 0.0001) indicated high between-study
heterogeneity across the findings of different studies. The funnel
plot (Figure 3), Begg’s rank test (z = 0.41; p = 0.6808) and Egger’s
test (t = - 0.11; p = 0.9110) suggested no publication bias in the
meta-analysis. The sensitivity analysis showed that the pooled
prevalence of diabetic foot ulcers varied from 9.67% (95% CI:
5.23-15.28%) to 13.44% (95% CI: 6.68-22.06%) by excluding
each study individually. The analysis found that no single study
substantially affected the pooled prevalence of foot ulcers in
diabetic patients.

To
heterogeneity,

the
subgroup meta-analyses

of

were

analyze substantial ~ sources statistical
conducted
using age group, gender, geographical location, and time period.
The subgroup meta-analysis based on geographical location
showed that the prevalence of foot ulcers in diabetic patients was
highest in studies conducted in Punjab province [16.13% (95%
CI: 5.57-30.79%); n = 7], followed by Azad Kashmir and 6.92%

(95% CI: 4.36-9.99; n = 1), and was lowest in Sindh (5.86% (95%
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1%, % 95%, P-Value
Prediction
interval
Qtest Eggertest Beggtest Subgroup
difference
99.4 0.00-53.07 <0.001 0.911 0.6808
0.664 0.1857 0.3274
96.2 0.00-41.71 <0.001
98.7 0.00-51.67 <0.001
0.854 0.9379 0.0023
96.6 0.00-18.97 <0.001
99.3 0.00-69.76 <0.001
0.0491
87.6 0.00-54.37 <0.001
<0.001
0.205 0.7884 0.2335
93.6 0.00-76.19 <0.001
0.00-93.90 <0.001

05

CI: 2.51-10.48%; n = 3). When stratified by publication year, the
pooled prevalence for diabetic foot ulcers estimates were 4.55%
(95% CI: 2.37-7.42%; n = 5) from 1999 to 2010 and 19.54%
(95% CI: 79.54-32.03%; n = 7) during 2011-2022. The highest
prevalence of diabetic foot ulcers has been detected in recent
years. When stratified by gender, the pooled prevalence of foot
ulcers in male diabetic patients (12.04%; 95% CI: 3.48-18.88%;
n = 6) was higher than in female diabetic patients (7.29%; 95%
CI: 1.92-15.69%; n = 5).

The meta-regression analysis (Table 3) revealed that the
prevalence of foot ulcers among diabetic patients significantly
increased with the publication year (8 = 0.0179; 95% CL
0.0075-0.0282; p = 0.0007; R? = 49.07%), as well as the
year of investigation (8 = 0.0144; 95% CI: 0.0021-0.0267;
p = 0.0222; R* = 29.93). The findings also showed that
neither the percentage of men in the sample, the sample
size, nor the methodological quality of the studies was
significantly associated with the prevalence of foot ulcers in
diabetic patients.
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Funnel plot of the prevalence of foot ulcers among diabetic patients in Pakistan.

Discussion

Over the last few decades, diabetes and its associated
consequences have become more widespread. Diabetes-related
hospitalizations are disproportionately impacted by foot ulcers,
which account for half of the hospitalizations (37). The
development of a diabetic foot ulcer is a significant predictive
indication of mortality risk. Over half of patients who acquire a
foot ulcer will die within 5 years, primarily from cardiovascular
disease and diabetes complications (38). We did the first
systematic review and meta-analysis to determine the pooled
prevalence estimate of diabetic foot ulcers in Pakistan from
January 1999 to August 2022. This study combined information
from 12 distinct data sets involving 14201 diabetic patients from
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varied geographical regions of Pakistan. This study’s findings
will contribute to developing public health policies to reduce
the prevalence of diabetic foot ulcers in Pakistan. The pooled
rate of diabetic foot ulcers was 12.16% (95% CI: 5.91-20.23%).
Wide variability is observed in the prevalence estimate across
the studies, ranging from 2.1 to 50.9%. Significant heterogeneity
is observed, which may be the reason for differences in sample
size, year of study, and prevalence of diabetic neuropathy and
peripheral artery disease.

Meta-analysis estimates were higher than those from Iran
(39) and Saudi Arabia (3), where the prevalence rate of foot
ulcers was 6.4 and 3.3%, respectively. This disparity could be
attributed to a variation in research methodology. On the other
hand, the prevalence of diabetic foot ulcers is lower than in the
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TABLE 3 Univariable meta-regression analyses.

Variable Beta (8)  p-value 95% CI R29%
Publication Year 0.0179 0.0007 0.0075-0.0282 49.07
Year of investigation 0.0144 0.0222 0.0021-0.0267 29.93
Methodology 0.0155 0.8986 —0.2226-0.2536  0.00
Male ratio 0.0052 0.1884 —0.0026-0.0130  6.17
Sample size 0.00 0.9152 —0.0003-0.0001 0.00

research conducted in Ethiopia at 13% (40), Sudan at 18.1% (41),
and Spain at 17% (37). This disparity could be attributed to a
variation in research methodology.

According to our data, male diabetic patients (12.04%)
had more significant diabetic foot ulcers than female diabetic
patients (7.29%). Males’ harder physical labor could be one
explanation for this gender discrepancy (42). The findings
are congruent with those of a similar global survey (1). Our
findings revealed that Punjab had the highest prevalence of
diabetic foot ulceration (16.13%), while Sindh had the lowest
(5.86%). All studies conducted in Sindh were published before
2004, which might be the reason for the lower prevalence in
Sindh than Punjab. The results also revealed that the duration
of a patient’s diabetic disease is one of the risk factors for
the development of foot ulcers. The probability of developing
a foot ulcer increases as a patient’s duration with diabetes
increases. This is due to the medical condition’s proclivity to
worsen over time if not appropriately managed. This finding is
similar to previous research, which indicated that diabetic foot
ulcers worsened when individuals lived with diabetes for longer
periods of time (39, 40).

The study has several benefits and drawbacks. We deployed
exhaustive search procedures, rigorous selection criteria, and a
dual review procedure. We could generate reliable prevalence
estimates since the included studies provided sufficient data. Our
analysis identified no evidence of publication bias, indicating
that we did not overlook any papers that could have altered the
results of our meta-analysis. Furthermore, due to their superior
methodological quality, all included studies exhibited a low or
moderate risk of bias. According to the meta-regression analysis,
the methodological quality of the studies did not affect the
assessment of the overall prevalence.

There are some limitations to this study. The meta-analysis
revealed significant variation in the estimated pooled prevalence,
as expected. To address the issue of substantial heterogeneity,
subgroup analysis and meta-regression with components added
to the univariate model were used. The outcomes of this study
should be regarded with caution due to the significant degree
of heterogeneity. Second, we could not discover any research
article published on Khyber Pakhtunkhwa or Baluchistan. As
a result, the findings should be regarded with caution. Thirdly,
the aim of the study was to estimate the foot ulcers prevalence
in diabetic patients which is the reason it excluded the studies
which did not provide prevalence estimates. Fourthly, in the
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subgroup meta-analyses and meta-regression models, the choice
of important covariates (HbAlc, peripheral artery diseases,
smoking, and diabetic neuropathy) was limited, on the basis of
the restricted availability of primary data in the eligible studies.
Finally, because the number of papers included in this review
is limited, a univariate meta-regression analysis rather than a
multivariable meta-regression model is employed to assess the
importance of each covariate.

Conclusions

This study concludes with pooled estimates of foot ulcers
among diabetic patients in Pakistan, indicating that diabetic foot
is a substantial public health issue in Pakistan. The frequency
of foot ulcers in the general population has increased over the
past three decades, and this trend may continue in the future.
Foot ulcer among diabetic patients is on the rise in Pakistan.
Therefore, diabetic foot clinical centers are required for foot
ulcer screening, identification, and management in urban as well

as rural areas.
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