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Abstract
The systematic review with meta-analysis aimed to investigate the occurrence of Chronic Venous Insufficiency (CVI) 
in patients with Type II Diabetes Mellitus (T2DM). The guiding research question was structured using the PECOT 
framework (P: population; E: exposure; C: comparison; O: outcome; T: type of study), and the risk of bias was assessed 
using the ROBIS-I tool. A total of four studies were included in the analysis. The findings revealed that the prevalence 
of CVI in patients with T2DM was 55%, with a prevalence ratio of 1.51 (95% CI: 1.01 to 2.26). These results suggest 
that individuals with T2DM have a significantly higher prevalence of CVI compared to those without the condition. 
However, the review identified several limitations, such as the scarcity of longitudinal studies and variability in the 
diagnostic criteria for CVI among the included studies. The authors conclude that further research is warranted to 
address these gaps and deepen understanding of the relationship between T2DM and CVI.  
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Resumo
Esta revisão sistemática com metanálise pesquisou a ocorrência de insuficiência venosa crônica (IVC) em pacientes 
com diabetes melito tipo 2 (DM2). A pergunta norteadora utilizou a estratégia PECOT (P: população; E: exposição; 
C: comparação; O: outcome [desfecho]; T: tipo de estudo), e o risco de viés foi analisado com a ferramenta ROBIS-I. 
A análise incluiu quatro estudos, e os resultados mostraram que a ocorrência de IVC em pacientes com DM2 foi 
de 55%, com uma razão de prevalência de 1,51 (IC95% 1,01-2,26). Assim, a prevalência de IVC é maior em pessoas 
com DM2 em comparação com a população sem a doença. No entanto, esta revisão destacou limitações, como a 
escassez de estudos longitudinais e a disparidade nos métodos de diagnóstico de IVC entre os estudos, evidenciando 
a necessidade de mais pesquisas sobre o tema.  
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iNtRODUctiON

Diabetes mellitus (DM) and chronic venous 
insufficiency (CVI) constitute public health problems 
of increasing relevance, given their high prevalence 
and the complex pathophysiologic interactions they 
share.1-3 DM is defined as a chronic dysfunction of 
glucose metabolism, caused by abnormalities of insulin 
activity or production, and is associated with many 
systemic complications, including cardiovascular 
diseases, nephropathies, and neuropathies, with 
negative impacts on individuals’ quality of life.4 
The microvascular and macrovascular complications 
associated with DM are not exclusively caused by 
the prolonged hyperglycemia, but also by complex 
underlying mechanisms, such as inflammation, endothelial 
dysfunction, and oxidative stress, which contribute to 
vascular damage and disease progression.1,4,5

In turn, CVI is characterized by functional incapacity 
of veins to provide adequate return of blood from 
the lower limbs to the heart, resulting in symptoms 
such as edema, pain and, in more advanced cases, 
venous ulcers.6,7 The etiology of CVI is multifactorial, 
involving risk factors such as advanced age, obesity, 
family history and prolonged periods of immobility, 
whether sitting or standing.7,8 This condition affects 
millions of people worldwide, with prevalence that 
is increasing because of population aging and is 
consistent in many countries.8-14 It is estimated that the 
global prevalence of CVI ranges from 10 to 30% of 
the adult population, with higher frequency in women 
than men, at an approximate proportion of 2:1.9-14 
Epidemiological data from Europe and the United 
States indicate that the prevalence of CVI in adults 
aged 30 to 70 years ranges from 5 to 15%, among 
whom around 1% of cases progress to ulcerative 
complications, affecting more than 7 million people 
and causing around 70 to 90% of lower limb ulcers.15,16

In Brazil, there is a dearth of studies of the prevalence 
and incidence of CVI. However, data from Brazil’s 
Unified Health System (SUS - Sistema Único de 
Saúde) health information systems for 2021 to 2024 
contain 359,603,424 records showing related vascular 
conditions (ICD-10: I82.9, I80.3 and I74.4).17

Although both DM and CVI are conditions 
frequently encountered in clinical practice, there 
is a significant gap in the literature regarding their 
association with each other. Few studies have conducted 
comparative explorations of these two diseases and 
there is a dearth of data examining their similarities 
and combined effects on exacerbation of circulatory 
system dysfunctions. The objective of this systematic 
review and meta-analysis is to explore the association 
between DM and CVI, investigating the incidence 
of CVI in patients with DM and elucidating possible 

pathological interactions that contribute to development 
and progression of these conditions.

MetHODs

This systematic review with meta-analysis adheres 
to the recommendations of the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) and is registered with the International 
Prospective Register of Systematic Reviews 
(PROSPERO) systematic reviews database under ID: 
CRD42024500961, to avoid unintentional publication 
duplication. The eligibility criteria are observational 
cross-sectional, case-control, and cohort studies, with 
no limits to publication date. The research question was 
formulated using the PECOT criteria (P: population; 
E: exposure; C: comparison; O: outcome; T: study 
type), as follows, population: adults over the age of 
18; exposure: people with DM; comparison: people 
without DM; outcome: progression to chronic venous 
insufficiency; study type: observational cross-sectional, 
case-control, or cohort studies.

Studies with no comparison, literature and 
scoping reviews, and case series were excluded. 
There were no limitations regarding publication 
language. Studies were identified on the PubMed, 
EMBASE, and LILACS databases. Search strings 
comprised all of the keywords (‘’Diabetes mellitus’’, 
‘’complications’’, ‘’Chronic venous insufficiency’’, 
‘’comorbidities’’, and ‘’association’’) combined with 
the Boolean operators “AND” and/or “OR” and were 
conducted independently by two reviewers and then 
their results were compared. Duplicate articles were 
excluded and then titles and abstracts were analyzed 
and those that met the inclusion criteria were selected 
for reading of the full texts. Any disagreements were 
discussed to establish consensus, with participation 
by a third evaluator.

Data were tabulated and analyzed using STATA 
18.0 for random effects models and effect sizes 
were calculated from the effect on odds ratios. The 
proportion of CVI occurrence was calculated with 
a 95% confidence interval. Statistical heterogeneity 
between studies related to the effects of treatment was 
assessed using the inconsistency index (I2), TAU2 
statistic, and Q index.

Risk of bias was assessed using the ROBINS-I 
tool, as recommended by the Cochrane collaboration 
(Supplementary Table 1, on-line only). The following 
domains were analyzed: bias due to confounding 
factors; bias in selection of participants into the study; 
bias in classification of interventions; bias due to 
deviations from intended interventions; bias due to 
missing data; bias arising from measurement of the 
outcome; bias in selection of the reported result; and 



Diabetes mellitus and venous insufficiency

3/10Castro et al. J Vasc Bras. 2025;24:e20250006. https://doi.org/10.1590/1677-5449.202500062

overall bias. The quality of evidence was assessed 
independently by two reviewers using the Grading 
of Recommendations Assessment, Development and 
Evaluation (GRADE) system. Any disagreements 
were discussed until a consensus was achieved, 
with a third evaluator participating.18 The risks of 
bias of each of the studies analyzed are shown in 
Supplementary Table 1.

ResUlt

The online data search strategy identified 1,183 
articles with application of the keywords ‘’Diabetes 
mellitus’’, ‘’complications’’, ‘’Chronic venous 
insufficiency’’, ‘’comorbidities’’, and ‘’association’’. 
After extensive screening of titles and abstracts, 
1,165 articles were excluded. A total of 18 articles 
were selected for full text reading and 10 of these 
were excluded because their central focus was not on 
the diseases of interest. Two of the remaining eight 
studies were then excluded because they only included 
patients with CVI and had not screened patients to 
differentiate between groups. Additionally, one article 
was excluded because there was little data on the 
number of patients with DM and the proportion with 
venous insufficiency, making it of little relevance to 
the review. Finally, one further article was excluded 
because the full text was not accessible, after a request 
addressed to the lead author had been unsuccessful.

As such, a total of four studies were included in 
this review; three cross-sectional studies and one 
prospective cohort study. However, all of them did 
compare the presence of CVI among patients with 
DM. The PRISMA diagram for this review is shown 
in Figure 1.

The period covered by the analyses reviewed ranged 
from 2009 to 2023 and they were conducted at centers 
in Serbia, Sweden, Iran, and Germany. The study by 
Matic et al.3 enrolled 174 patients who underwent 
analysis. Nine of these were excluded either because of 
lack of consent or because of missing data on patient 
records, leaving a total of 162 patients analyzed, 11 
of whom had CVI and DM. A study by Forssgren 
and Nelzén19 reported similar results, with an initial 
sample of 621 participants. After exclusion of tests 
and dropouts from follow-up, 207 participants were 
analyzed, 68 of whom had DM and eight of whom 
had both DM and CVI concomitantly. The analyses 
reported by Babaei et al.20 demonstrated significant 
data, including a total of 1,176 participants. The 
statistical data showed that 165 of these people had 
DM, 71 of whom also had CVI. At the same time, the 
data reported by Meinel et al.21 also yielded relevant 
insights, with 71 patients with DM, 21 of whom had 
CVI and DM simultaneously.

All four studies described relevant interventions for 
classifying patients with DM who had complications 
and symptoms of CVI. The main methodologies that 
were effective for differentiating participants with this 
pathological condition were clinical analysis performed 
by specialists, combined with supplementary tests 
with diagnostic values.

For diagnostic criteria, clinical-etiologic-
anatomopathological classification (CEAP) scores 
were combined with supplementary imaging exams. 
The analyses conducted by Forssgren and Nelzén19 
lasted from 3 to 9 months, of which the main diagnostic 
methods were ultrasonography with color Doppler 
(USD) and portable Doppler, which confirmed 94 
cases of CVI among 246 analyzed individuals who 
had leg ulcers. Matic et al. conducted duplex scans of 
the veins of the lower limbs and measured the ankle-
brachial index over a 1-year period.3 This approach 
identified a total of 112 individuals with mild forms 
of CVI, among the 324 recruited to the study.3 The 
use of magnetic resonance over a period of 7 years 
and 4 months to identify venous changes is a strong 
point of the studies undertaken by Meinel et al.21 
The incidence of CVI detected by this method was 
38 cases among 180 individuals diagnosed with or 
suspected of having peripheral arterial disease (PAD).

In studies by Babaei et al.,20 application of the CEAP 
classification over 10 years in 1,176 participants aged 
from 30 to 75 years who were initially unaware of 
the presence of CVI revealed CVI in 429 individuals. 
Mean follow-up of these participants was 7.7 years 
and the main comorbidities associated with DM were 
systemic arterial hypertension and smoking.22

DiscUssiON

This systematic review is innovative in that it engages 
with a subject that has received little research attention 
to date - the association between CVI and DM. To the 
best of our knowledge, there are no similar studies 
in the databases consulted. The combined analysis 
of the results showed that there is no relationship 
between occurrence of CVI in people with DM and 
that the rate of occurrence of CVI among patients 
with diabetes is 56% (Figure 2).

The results vary depending on the analysis and 
effect measure adopted. It was observed that using 
the prevalence ratio as indicator resulted in a stronger 
association between CVI and people with DM, with a 
prevalence ratio value of 1.51 and a 95%CI of 1.01- 
2.26. However, when the odds ratio was adopted 
as measure of effect, no significant association was 
observed, with an odds ratio value of 1.29 and a 
95%CI of 0.93-5.61, as illustrated in Figure 3.
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This systematic review included studies that 
described patients with DM who developed CVI. 
The majority were cross-sectional studies, based 
on medical charts from clinical follow-up of these 
patients. The diagnostic methods used included the 
CEAP classification,20 USD,19 duplex scan3 and 
magnetic resonance.21

Diagnosis and treatment of CVI are dependent 
on the CEAP classification (clinical signs, etiology, 
anatomic distribution, and pathophysiology), which 
forms a comprehensive, informative, and complete 
clinical picture of the functionality of the venous 
system. For a vascular surgeon to be able to diagnose 
CVI by physical examination, the patient must have 
evident clinical signs of varicosity of the venous 
vasculature, i.e. have a presentation with a CEAP 

clinical score greater than C2. The combination of 
tortuous veins with other symptoms such as edema, 
hyperpigmentation, ulcerations, and inflammatory 
signs is also sufficient for a diagnosis.23 Changes 
involving the deep vein system reduce the quality 
of this assessment, making supplementary imaging 
exams necessary for diagnostic confirmation.

USD is the additional imaging method most 
widely used to supplement incomplete investigations, 
because of its reproducibility, noninvasive nature, 
and the possibility of hemodynamic, anatomic, and 
physiological assessment of the deep or perforating 
vascular flow. Other imaging exams are also used to 
demonstrate presence of CVI, such as phlebography, 
photoplethysmography, magnetic resonance angiography 
and angiotomography. However, compared with 

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) study inclusion flow diagram, illustrating 
identification of studies, stages at which studies were excluded, and the reasons for exclusion. CVI = chronic venous insufficiency; 
*consider, if possible, reporting the number of records identified in each database or record searched (rather than the total number 
in all databases/records); **if automation tools were used, indicate how many records were deleted by a human and how many 
were deleted by automation tools.
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ultrasonography, all of these methods are subject to 
difficulties with execution or low specificity. In patients 
with DM, it is even more important to assess CVI in 
great detail using the CEAP classification, because 
DM can exacerbate their venous complications. 
Studies indicate that DM can increase the risk and 
severity of CVI, due to the effects of hyperglycemia 
on blood vessels, causing inflammation and changes 
to the venous walls.22,24

Notwithstanding, certain factors are described 
in the literature as obstacles when venous reflux 
is assessed using USD in the deep and superficial 
systems. In particular, use of the accessory muscles 
in the buttocks while the sound waves are being 
administered, the position of the leg being tested, 
and weight bearing.22 Clinical assessment can be 

improved with maneuvers such as the Valsalva or 
mechanical compression of the calves, which improve 
diagnostic specificity, enabling assessment of venous 
reflux through incompetent valves.25

A variety of methods are used to identify the presence 
of venous incompetence. At the saphenofemoral 
junction, USD is used to obtain images of the venous 
system. Initially, the deep femoral vein is identified 
and its maximum venous flow is measured according 
to the residual volume detected by Doppler sonar. 
After stabilization of the spontaneous flow, the patient 
is instructed to cough deeply once. If reverse flow 
exceeding 500 ms is detected, the structure analyzed 
is diagnosed with venous insufficiency.22

The incidence rates of venous insufficiency among 
the diabetic patients in the studies reviewed were 

Figure 2. Odds ratios for occurrence of CVI in patients with DM. The forest plot does not demonstrate an association between 
CVI and DM. CVI = chronic venous insufficiency; DM = diabetes mellitus.

Figure 3. Prevalence ratios for occurrence of CVI in patients with DM. The forest plot shows that CVI is more associated with 
people with DM. CVI = chronic venous insufficiency; DM = diabetes mellitus.
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81, 69, 43, and 30% (Figure 4). The study with the 
greatest occurrence included patients with a prior 
history of leg ulcers with clinical onset more than 6 
months previously, i.e., the study analyzed patients 
to determine whether the primary cause of the ulcer 
was DM alone or the combination of DM with CVI. 
In turn, the 2014 study by Meinel et al. included 
patients with suspected PAD, in particular men aged 
27 to 91 years. In the 2014 study by Matic et al., the 
patients recruited had been diagnosed with CVI or 
had a clinical suspicion of CVI, whereas there was 
no prior knowledge of CVI in the patients in the 2023 
study by Babaei et al.

The studies analyzed risk factors associated with 
cardiovascular diseases, relating comorbidity not 
only with DM type 2 (DM2), but also with age, 
sex, smoking, inactivity, elevated body mass index, 
dyslipidemia, and systemic arterial hypertension, 
among other factors. They observed that intersections 
of these risk factors with DM were related to increased 
occurrence of CVI and its complications.

A study that assessed 3,072 individuals aged from 
18 to 79 years, all with at least one leg symptom, 
such as tiredness, heaviness, pain, and others, found 
that 15.8% of them had CVI.26 In a different context, 
patients of both sexes aged 18 to 64 selected at random 
exhibited CVI prevalence rates of 9% in men and 
7% in women.27 As such, when CVI prevalence is 
compared between patients with DM (56%) with the 
rate in studies that selected patients with symptoms26 
or at random,27 it can be observed that prevalence is 
greater among patients with DM2.

Although the studies take a comprehensive approach 
to some aspects of the subject, their perspectives are 
limited. These difficulties emerge with respect to their 
investigation of the association between DM and CVI. 
The studies analyzed took different approaches. Only 

one of the studies employed a cohort design, while 
the others were all cross-sectional studies, which 
cannot be used to infer causality in the relationship 
between CVI and DM. They used diagnostic methods 
with considerable disparities in both sensitivity 
and specificity. The studies did not employ the 
internationally standardized criteria, which require 
use of USD combined with CEAP clinical findings.6 
Diagnoses were made with a variety of methods, such 
as color USD, duplex scan, and magnetic resonance.

It is expected that observational studies will produce 
high values for heterogeneity in meta-analyses. 
Additionally, the small number of studies included 
precluded subgroup analyses.28

Results can vary depending on the analysis and 
measure of effect adopted. Using the prevalence ratio as 
indicator, we observed a stronger association between 
CVI and people with DM, with a prevalence ratio 
value of 1.51 and a 95%CI of 1.01-2.26. However, 
we had elected to use analysis of odds ratios as the 
measure of effect, and in this analysis we did not find 
a significant association.

The association between CVI and DM is a subject 
that has been little explored in the scientific literature, 
despite having important clinical implications. 
Although there is wide recognition of the vascular 
complications of diabetes, including micro and 
macroangiopathy, the direct relationship with CVI 
has not been clearly established. Studies suggest 
that the microvascular damage caused by DM could 
contribute to changes in venous function, potentially 
increasing the risk of developing CVI. However, 
as demonstrated in the present systematic review, 
the available evidence indicates that there is a high 
prevalence of CVI among diabetic patients, at around 
56%, but does not confirm a clear causal association 
between the two conditions. This high prevalence 

Figure 4. Occurrence of CVI in patients with DM, showing the relationship between the pathologies studied. Variations between 
the studies demonstrate possible increases in group sizes depending on the diagnostic approach. VI = venous insufficiency; CVI 
= chronic venous insufficiency; DM = diabetes mellitus.
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could be related to factors in common, such as 
advanced age, obesity, and inactivity, which affect 
the development of both DM and CVI. Therefore, 
more studies are needed to elucidate whether DM 
is an independent risk factor for CVI or if the 
relationship between these conditions is mediated 
by other shared risk factors.

Given the inconsistent nature of the studies completed 
to date, it is essential that more prospective cohort 
studies be conducted to examine this relationship with 
greater rigor. Such studies should help to confirm 
or refute the hypothesis that CVI and DM2 can be 
considered connected comorbidities, yielding more 
solid evidence to guide clinical management of 
patients with these conditions.

cONclUsiONs

The incidence of CVI in patients with DM2 is 
an issue that is clinically relevant to understanding 
the development of chronic venous disease and its 
potential complications. It was observed that there 
was a 56% occurrence of venous vascular changes 
among patients with DM2 and that the prevalence ratio 
is 1.51 in favor of development of CVI in patients 
with DM. However, differences in the methodology, 
information, and approach of the available studies 
suggest that the association between CVI and 
DM2 cannot yet be firmly established on the basis 
of existing evidence. It is therefore necessary to 
conduct new prospective cohort studies with rigorous 
methodology and robust samples to elucidate this 
possible relationship.
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