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Abstract
Backgroud: Prevalence of skin lesions among diabetic patients is a major health concern.
Therefore, this systematic review and meta-analysis study was conducted to determine the
prevalence of skin lesions in diabetic patients.
Methods: To identify and select relevant articles, the SID, MagIran, IranMedex, IranDoc, Google
Scholar, Cochrane, Embase, ScienceDirect, Scopus, PubMed, and Web of Science (WoS)
databases were searched without a lower time limit and until April 2020. The random effects model
was used to perform the analysis, and the heterogeneity of studies was assessed using the I2 index.
Data were analyzed within the Comprehensive Meta-Analysis (Version 2) software.
Results: After evaluating the 22 final articles with a total sample size of 8406, the prevalence of
skin lesions among diabetes patients were found as 70.3% (95% CI: 63-76.7%). Moreover,
according to the meta-regression analysis, the effect of ‘sample size’ on th prevalence of skin
lesions was significantly different in diabetes patients (p <0.05).
Conclusion: The results of this study show that skin lesions are common in diabetes patients.
Therefore, appropriate policies need to be adopted to improve the situation and to monitor patients
and outcomes at all levels.
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Introduction
Diabetes Mellitus (DM) is the most common endocrine disorder worldwide. This chronic disease
is due to hereditary insulin deficiency or insufficient production of insulin (1). Its prevalance is
estimated to reach 4.4% by 2030 (i.e. circa 366 million). It is also predicted that by 2025, 300
million people will be affected globally (2). Other literature has also projected that DM will result
in about 592 million diabetic patients by 2035. The International Diabetes Federation estimates
that more than 70% of people with type 2 diabetes will be in developing countries by 2030 (3).
Diabetes affects most organs of the body. The skin is a very active member of the metabolic and
endocrine functions. Insulin affects different parts of the skin and is required for the growth and

differentiation of creatine cells in the culture medium and regulates the entry of glucose into the
skin cells (4).
Insulin irregularities and the increase in blood glucose levels lead to metabolic, vascular,
neurological and immune abnormalities. Skin which is affected by metabolic damage and chronic
degenerative complications of diabetes, changes in lipid profile and glycosylation of proteins, and
their deposition lead to skin manifestations in patients with diabetes. Thus skin manifestations can
be the first symptoms of diabetes (5).
skin manifestations of diabetes can be divided into four categories: “with strong to weak
association with DM”, Junta (viral or foreign), skin manifestations of diabetes complications
(microangiopathy, ma croangiopathy and neuropathy) ,and skin complications as a result of
diabetic treatment (6).
DM manifestations may be different based on duration of disease and blood glucose level.
Eventually, all patients with DM show skin changes due to the long-term effects of blood glucose
levels on blood circulation and skin collagen. Moreover, anti-diabetic drugs can have side effects
on the skin. Furthermore, diabetes-related skin lesions may be an entry factor for possible
microorganisms and secondary infections (7).
Over one-third of diabetic patients have some form of skin manifestations over their chronic
disease. It is estimated thata total of 70% of diabetic patients experience skin changes during the
disease (8).
Due to the high prevalence of skin lesions among diabetic patients, and due to the lack of
comrehensive general statistics on the topic, we decided to conduct a systemtatic review and
perform meta-anlysis on the reported results of the existing high-quality studies that had conducted
researchon the prevalence of skin lesions in patients with diabetes. .
Methods
As highlighted earlier, this study is a systematic review and meta-analysis. To identify related
articles, the national and international databases of SID, MagIran, IranMedex, IranDoc, Google
Scholar, Cochrane, Embase, ScienceDirect, Scopus, PubMed, and Web of Science (WoS) were
searched without a lower time limit and until April 2020. Moreover, to enhance the
comprehensiveness of the search processes, the lists of references used within the identified
articles were also reviewed to access further relevant studies.
Due to the insensitivity of the Persian databases to the AND, OR and NOT search operators,
searches on these databases were performed only using the equivalent Persian keyword of
epidemiology, prevalence, diabetes, skin, lesions. Searches in International databases was
conducted using the Medical Subject Headings (MeSH) keywords that included prevalence, skin,
cutaneous, manifestations, lesions, derm, diabetes and appropriate combinations of these search
terms. All epidemiological studies that examined the prevalence of skin lesions among diabetic

patients were reviewed, irrespective of their language. The inclusion criteria were as follows:
Original research articles investigating the prevalence of skin lesions in diabetic patients.
Exclusion criteria included: Non-random sample size, lack of subject relevance, inadequate data
such as lack of reporting skin lesions, review articles, case reports, letters to the editor, and
intervention studies.

Study selection
Following the search, all relevant articles were collected, and a list of abstracts was prepared. After
anonymizing the articles by hiding journal titles and authors’ names, the full texts of the articles
were provided to the reviewers. Each article was independently examined by two reviewers, and
if an article was rejected, the reason for its rejection was mentioned. In case of a disagreement
between the two reviewers, the article was then reviewed by a third reviewers. Considering the
above process, as a result of the initial search, a total of 1800 articles related to the subject were
identified. Two reviewers independently examined the articles’ title and abstract. If a title or an
abstract was likely to be relevant to the fous of the study, the full text of the article was then
reviewed. Finally, after reviewing the full text of several studies, 22 articles entered the quality
evaluation phase.

Qualitative evaluation of studies
To assess the quality of the selected cross-sectional studies, the STROBE checklist was used. This
checklist consists of 22 sections, of which 18 sections/items are general and applicable to all
observational studies i.e. cohort, case-control, and cross-sectional studies. Articles that fulfilled 6
or 7 criteria were considered as high-quality articles. Articles satisfying more than 2, but less than
6, and articles fulfilling 2 criteria were respectively considered the medium and low-quality
articles.

Data Extraction
Data of from all the final studies were extracted using a different pre-prepared checklist. Items on
the checklist included: article title, first author's name, year of publication, study location, female
sample size, male sample size, mean age, and skin lesions in diabetic patients.
Statistical Analysis
Since the prevalence as a rate has a binomial distribution, prevalence variance was calculated using
a binomial distribution variance formula and a weighted mean was used to amalgamate the
reported prevalence rates in different studies. The I2 index test was used to evaluate the
heterogeneity of the selected studies. Meta-regression analysis was also used to evaluate the

prevalence of skin lesions in diabetic patients with the two variables of ‘year of study’ and ‘sample
size'. The Egger’s test at the significance level of 0.05 was used to investigate potential publication
bias, and the corresponding Funnel plots were drawn.. Data were analyzed using the
Comprehensive Meta-Analysis (Version 2) software.

Results

In this study, all studies with a focus on the prevalence of skin lesions in diabetic patients were
systematically reviewed in accordance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. In the initial search, 1397 articles were identified.
Subsequently, 1218 irrelevant articles, 135 duplicate articles, and 22 articles with a low quality or
an inaccessible text were excluded. Finally, 22 studies were finally selected and included for the
review and meta-analysis (Figure 1, and Table 1). The specifications of the studies entered into
the meta-analysis are provided in Table 1. Poential publication bias was evaluated using and the
Egger’s test, and the corresponding funnel plot (Figure 2), at significance level of 0.05. The result
of the test indicated that there is no publication bias in the present study (p = 0.052).

(Figure 1 Here)
(Table 1 Here)
(Figure 2 Here)
Considering the I2 rest results (I2=97.7), and due to the heterogeneity of the selected studies, the
random-effects model was used to combine the reported results of the selected research works.
The total sample size was equal to 8406 people aged between 7 to 90 years; the selected articles
are listed in Table 1. The lowest and the highest prevalence rates of skin lesions in diabetes patients
were related to the work of Safaa Salih Alwaash et al. 2017 in Iraq with 37.8% (95% CI: 34.940.9%) and the study of Sameer et al. in 2011 in Saudi Arabia with 96.1% (95% CI: 94.1-97.4)
respectively. Considering the meta-analysis results, the overall prevalence of skin lesions among
diabetic patients is found to be70.3% (95% CI: 63-76.7%). Figure 3 represents this prevalence
based on the random effect model; in this figure, the centre of each square denotes the reported
prevalence for its corresponding study, and the width of the square shows the confidence interval
of 95%. The diamond represents the overall prevalence of skin lesions among diabetes patients for
the all studies combined. (Figure 3).
(Figure 3 Here)
The associations between the two variables of ‘year of study’ and ‘sample size’ with the prevalence
of skin lesions among diabetic patients were investigated using the meta-regression analysis .

Accordingly, the prevalence of skin lesions in diabetic patients decreased by increasing ‘sample
size’, and this was statistically significant(P <0.05) (Figure 4). Furthermore, the prevalence of skin
lesions in diabetic patients decreased, by increasing ‘year of study’, and this was also statistically
significant (P <0.05) (Figure 5).
(Figure 4 Here)
(Figure 5 Here)

Discussion
Diabetes is a chronic clinical syndrome that is caused by an absolute or relative insulin deficiency.
It is also known as hyperglycemia. The disease is classified into two types: type 1 or insulindependent diabetes mellitus (IDDM), and type 2 or insulin-dependent diabetes mellitus (NIDDM).
Most skin disorders are associated with diabetes complications such as neuropathy,
microangiopathy, immune dysfunction, insulin resistance, protein glycosylation, and abnormal
lipid metabolism (31).
Diabetes is a modern epidemic that affects about 8.3% of the world's population, and 46% of cases
are still undiagnosed (32). Skin manifestations have become more widespread with the increase of
diabetes prevalence (33). The overall incidence of skin disorders in DM varies from 51.1% to 97%
in different regions of the world (34).
The present research work is the first systematic review and meta-analysis study on the prevalence
of skin lesions among diabetic patients. This piece of research has been formulated using the most
optimal secondary analysis methods on a total of 22 eligible primary studies. The selected articles
used in this work were published between 2002 and 2019. The entire combined sample was
8406people aged 7 to 90 years old. According to our meta-analysis, the overall prevalence of skin
lesions in diabetic patients is found to be 70.3% (95% confidence interval: 63-76.7%). The results
of of our meta-analysis are close to findings of Deepika's study in 2017.
In a different study which was conducted to examine the pattern of mild disease in diabetic
patients, the athors’ reported that out of 500 cases of diabetes, 384 cases (equivalent to 76.8%) had
skin lesions, 34.1% had fungal infections, 17.4% had bacterial infections, and 6% of casewere
examined to have viral infections (6).
Comparison of the results of this study with other studies show that the prevalence found in our
work is lower than that of Sameer et al. (2011) in Jeddah (70.3% vs. 96.1%), yet is higher than the
prevalence reported in the work of Vinnarasan et al. ( 2017) in Thanjavur (70.3% vs. 40%) (22).

Studies have shown that skin infections are commonly caused by cutaneous lesions or by fungal
causes (10-12, 14, 16). Uncontrolled diabetes leads to infections. Such infections are generally
resistant to treatment (35). Prevalence studies have shown that fungal infections are more common
than bacterial infections (21). Khuraiya et al. (2019) performed a study of skin lesions in 300
diabetic patients. They reported the prevalence of skin lesions as 62%, the prevalence of fungal
infection 35.3%, prevalence of bacterial infection 20%, and and the incidence of viral infection
was reported 7.33% (11). The increased prevalence of infection among these patients can be due
to peripheral vascular disease, diabetes neuropathy, abnormal circulation, hypohidrosis, and
decreased phagocytosis (5).
Skin manifestations are associated with blood glucose level control (10). In the study of Khuraiya
et al. (2019) which was conducted on 300 diabetic patients, 63% of the patients had skin lesions.
Among the diabetes patients, 86 patients (28.7%) had a good control of diabetes with HbA1c levels
in the range of 6.6%-6.7%, while 132 patients (44%) had a poor control of their diabetes with
HbA1c levels greater than 8. Cutaneous manifestations are more common in patients with a poor
control over blood glucose level, which is in turn reflected by high levels of HbA1c. Uncontrolled
diabetes increases the risk of microangiopathy and its associated complications, and makes the
skin susceptible to various infections (11). In the study of Majeed et al. (2004), HbA1c was used
as a parameter to control blood glucose levels over a three month period. Patients with high HbA1c
were found to have significant occurance of skin disorders (10). Verma et al. (2019) reported that
hyperglycemia plays an important role in the development of skin lesions since, 64.64% of patients
had an HbA1 over 7 (24).
Diabetes foot lesion causes diabetic foot ulcer and gangrene. Also, 20% of diabetic patients are
hospitalized only because of diabetes mellitus (36). In the study of Majeed et al. (2004) diabetic
foot ulcer was seen in 2 patients (1%), and 2 other patients (1%) had amputations of the toes (10).
In the study of Khuraiya et al. (2019), 9 patients had diabetes foot ulcers (11). Mahajan et al.
(2003), Rao and Pai (1997)and Al-Mutairi et al. (2006) reported diabetic foot ulcers in 2, 1, and 8
cases respectively (37-39).
The relative increase in the incidence of physiological changes in aging skin in patients also with
diabetes may be attributed to a decrease in body resistance, as well as to the longer duration of
diabetes in these patients. In the study of Khuraiya et al. (2019), men were more exposed to
cutaneous manifestations than women (11). Rao and Pai (1997), Goyal et al. (2010), and
Chatterjee et al. (2014) reported that the prevalence of cutaneous manifestations is more among
diabetic men (37, 40, 41). However, in the study by Mahajan et al. (2003) and Nigam et al. (2003)
the prevalence was found to be higher in women (38, 42). In the research work of Avula et al.
(2014), most cases were related to cutaneous manifestations in patients in their fifth and fourth
decade of life (33% and 27%, respectively) (12). Mahajan et al. (2003) reported that the most
common age group with cutaneous lesions is 50-41 years with33% (38).

Avula et al. (2014) conducted a study focused on DM-related dermatosis, and reported that general
itching is associated with the highest rate (23%) (12). Al-Mutairi et al. (2006) also reported the
prevalence of general itching as 49% among 200 diabetic patients (39).
Prevalence of cutaneous lesions is common among diabetic patients and some skin infections are
more prevalent than others. Therefore, skincare and continuous skin examination are very
important measures in these patients. Moreover, it is necessary to remind and familiarize doctors
and medical staff with the skin related symptoms of diabetes. It is vital to conduct comprehensive
skin examinations at regular intervals, and to train and inform diabetes patients and their families
with common cutaneous conditions, and in particular their infectious causes.

Conclusion:
Skin diseases are an important aspect of diabetes. Cutaneous infection is the most common skin
lesion, and skin manifestations are associated with blood glucose levels. Cutaneous manifestations
are more common among patients with a poor control of blood glucose level. This is reflected by
the high amount of HbA1c. Careful control of diabetes is essential to minimize the incidence of
these complications. Proper skincare reduces the risk of skin lesions ; Therefore, dermatologists
can play an important role in reducing skin complications and improving the quality of life in these
patients.
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Table Legend:
Table 1: Characteristic of the included studies

Figures Legend:
Figure 1: PRISMA flow diagram for the study selection.
Figure 2: Funnel plot results for the prevalence of skin lesions among diabetic patients
Figure 3: Prevalence of skin lesions in diabetic patients based on the randomized model
Figure 4: Meta-regression association between sample size and prevalence of skin lesions among
diabetic patients
Figure 5: Meta-regression of association between year of study and prevalence of skin lesions
among diabetic patients

