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Diabetes as a risk factor for incident 
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to men: a systematic review and meta‑analysis
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Abstract 

Aims/hypothesis: Previous meta‑analyses have suggested that diabetes confers a greater excess risk of coronary 
heart disease, stroke, vascular dementia, and heart failure in women compared to men. While the underlying mecha‑
nism that explains such greater excess risk is unknown, in the current meta‑analysis we hypothesized that we would 
find a similar sex difference in the relationship between diabetes and peripheral arterial disease (PAD).

Methods: PubMed MEDLINE, the Cochrane Database of Systematic Reviews, and Embase were systematically 
searched for prospective population‑based cohort studies, with no restriction on publication date, language, or coun‑
try. We included studies that reported the relative risk (RR), and its variability, for incident PAD associated with diabetes 
in both sexes. We excluded studies that did not adjust at least for age, and in which participants had pre‑existing PAD. 
In cases where sex‑specific results were not reported, study authors were contacted. Random‑effects meta‑analyses 
with inverse variance weighting were used to obtain summary sex‑specific RRs and the women: men ratio of RRs for 
PAD. The Newcastle–Ottawa scale was used to assess study quality.

Results: Data from seven cohorts, totalling 2071,260 participants (49.8% women), were included. The relative risk for 
incident PAD associated with diabetes compared with no diabetes was 1.96 (95% CI 1.29–2.63) in women and 1.84 
(95% CI 1.29–2.86) in men, after adjusting for potential confounders. The multiple‑adjusted RR ratio was 1.05 (95% 
CI 0.90–1.22), with virtually no heterogeneity between studies  (I2 = 0%). All studies scored 6–8, on the Newcastle–
Ottawa scale of 0–9, indicating good quality. Eleven of the 12 studies that met review inclusion criteria did not report 
sex‑specific relative risk, and these data were collected through direct correspondence with the study authors.

Conclusion/interpretation: Consistent with other studies, we found evidence that diabetes is an independent risk 
factor for PAD. However, in contrast to similar studies of other types of cardiovascular disease, we did not find evi‑
dence that diabetes confers a greater excess risk in women compared to men for PAD. More research is needed to 
explain this sex differential between PAD and other forms of CVD, in the sequelae of diabetes. In addition, we found 
that very few studies reported the sex‑specific relative risk for the association between diabetes and PAD, adding to 
existing evidence for the need for improved reporting of sex‑disaggregated results in cardiovascular disease research.
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Main text
Introduction
Cardiovascular disease (CVD) is a leading cause of mor-
bidity and mortality for women and men globally. Periph-
eral arterial disease (PAD), which in the context of this 
review refers to atherosclerotic occlusive disease of the 
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lower extremities, is a manifestation of CVD with similar 
morbidity, mortality, and health economic costs as coro-
nary heart disease and stroke [1, 2]. While PAD has long 
been considered a man’s disease [3], contemporary data 
show that in low and middle income countries the preva-
lence of PAD in women and men is approximately equal, 
while in wealthier countries the prevalence of PAD is 
slightly higher in women than in men [4]. Moreover, data 
from the Global Burden of Disease study showed that 
women, compared to men, experienced a greater increase 
in PAD-related death (1.64 Additional years of life lost in 
women versus 0.53 in men) and disability (1.0 additional 
disability adjusted-life years lost in women versus 0.51 in 
men) between 1990 and 2010 [5].

Women tend to seek medical attention at more 
advanced stages of PAD than men, which is reflected 
in their higher mortality rates and adverse outcomes, 
including critical limb ischemia and limb loss [2, 6]. The 
misconception that PAD is a predominantly found in 
men [3] as well as the fact that women have higher rates 
of subclinical, asymptomatic, and atypical (according to 
standard criteria) PAD [2, 3, 6], might account for these 
delays.

Responding to the lack of timely support that women 
with PAD receive, in 2011 the American Heart Associa-
tion (AHA) and the Vascular Disease Foundation (VDF) 
issued a joint “call to action” that urges healthcare profes-
sionals to promptly screen women at-risk of PAD, even 
when asymptomatic, and to develop women-specific 
public health messaging about this disease [1]. The major 
risk factors for PAD are well-established and include 
advanced age, tobacco use, and diabetes [3]. However, 
nearly a decade later, it is unknown whether any of these 
risk factors differentially increase the risk of PAD in 
women compared to men. Given that PAD risk is closely 
associated to age, that the population is ageing globally, 
and that women tend to live longer than men (at a rate 
that is expected to be sustained) there is an immediate 
need to address challenges in diagnosis and successful 
management of PAD in women [7].

Research by this team and others has provided strong 
evidence that, while women have lower risk for CVD 
overall, diabetes confers an excess relative risk in women 
for the onset of CVDs, including coronary heart disease, 
stroke, heart failure, and vascular dementia [8–15] that 
partially erases this female “biological advantage [16].” 
The reasons for this advantage in women without dia-
betes compared to men of the same age are not entirely 
clear, but likely the result of multifactorial contributions 
including the protective effect of estrogen/harmful effect 
of testosterone, differences in cardiovascular risk factors, 
and sex differences in the diagnosis and treatment of dia-
betes and cardiovascular disease [17].

In order to ensure the accuracy of, and to potentially 
improve, current screening recommendations, risk fac-
tor calculation, and prevalence estimation of PAD, it is 
necessary to investigate if the sex-specific excess risk for 
diabetes extends to this disease. Understanding the inter-
play between sex, diabetes, and PAD-onset is particularly 
important given the women with intermittent claudica-
tion and diabetes have greater excess risk of coronary 
heart disease, stroke, and heart failure than men with 
these same co-morbidities [18]. Although four previ-
ous reports have suggested that women with diabetes 
have greater excess risk for PAD than men, these reports 
have been speculative, based on findings of a small num-
ber of studies where only subjects with diabetes, or only 
participants with PAD, were included [6, 7, 17, 19]. We 
thus conducted a systematic review with meta-analysis of 
prospective cohort studies to establish more conclusively 
whether women with diabetes have a greater excess risk 
for PAD compared to their male counterparts, independ-
ent of other variables.

Methods
Search strategy
With the assistance of a medical librarian (NR), we 
searched PubMed MEDLINE, the Cochrane Database of 
Systematic Reviews (CDSR), and Embase using a com-
bination of text words and database specific controlled 
vocabulary without any restrictions on publication date, 
country, or language. Conference proceedings were 
excluded from the results. The search strategy captured 
‘cohort,’ ‘prospective,’ or ‘longitudinal studies’ that exam-
ined ‘peripheral vascular disease,’ ‘peripheral arterial 
disease,’ and ‘diabet*.’ Terms like ‘sex factors, ‘male,’ and 
‘female’ were used to help identify studies that reported 
sex-specific outcomes. The full search strategy is avail-
able in the supplementary materials (Additional file  1: 
Methods 1). References were hand-searched to identify 
other potentially relevant studies.

This initial search returned relatively few studies, so 
we removed the search terms ‘cohort,’ ‘prospective, and 
‘longitudinal studies’ to capture cross-sectional and other 
non-prospective studies to include in a post hoc sensitiv-
ity analysis.

The review is up to date as of May 2020.

Study selection and data extraction
Population-based studies were included if they pro-
vided relative risks (RRs), or equivalents, together with 
their 95% confidence intervals (CIs), directly or indi-
rectly, for the associations between diabetes and PAD in 
women and men separately (16). Studies were included 
regardless of how they determined a diagnosis of diabe-
tes in patients, and both type 1 and type 2 patients were 
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included in the analysis. Similarly, we did not eliminate 
studies based on how they defined incident PAD. Stud-
ies were excluded if they did not at least adjust for age, if 
they included patients with baseline PAD, or if they were 
conducted predominantly in patients with an underlying 
health condition. In cases where the published article did 
not report the RR separately for women and men, authors 
were emailed for additional information. In the primary 
analysis, only prospective studies were included; cross-
sectional studies were added to the sensitivity analysis. 
For the primary analysis, two independent investigators 
(AZC and IHYC) screened studies by title and abstract 
and extracted the data; they resolved any discrepancies 
by mutual consent. A modified version of the Newcas-
tle–Ottawa Quality assessment scale [20] was used to 
evaluate the methodological rigor of all included studies 
(Additional file 2: Methods 2).

Statistical analyses
The main endpoint was incident PAD. For each study, we 
obtained the sex-specific RRs for PAD, comparing indi-
viduals with diabetes versus individuals without diabetes, 
and their corresponding 95% confidence intervals (CIs), 
through extraction from the published manuscripts or 
personal communication with the study authors. We 
then used these to calculate the women-to-men ratio of 
RRs (RRR) and their 95% CIs [21]. Studies varied in how 
they detected incident PAD, and in the variables used in 
these multiple-adjusted estimates; where more than one 
multiple adjustment was carried out, we chose that with 
the most covariates.

The main metric was the multiple-adjusted pooled 
RRR, with its 95% CI. After natural log transformation 
of study-specific RRs and RRRs, random-effects meta-
analysis was used to calculate pooled estimates for the 
maximally-adjusted sex-specific RRs and the RRR. The 
inverse of the variance of the log RR, and of the log RRR, 
were used to weight studies. The  I2 statistic was used 
to estimate the percentage of variability among stud-
ies attributable to between-study heterogeneity, and 
we also reported the p-values for Cochran’s Q test for 
homogeneity. The small number of eligible studies pre-
cluded assessment of publication bias. Random effects 
meta-regression was used to explore heterogeneity across 
studies according to estimated average age at censoring 
(mean age at baseline plus mean follow-up time). A sen-
sitivity analysis was also conducted where we also cal-
culated the RRR for cross-sectional studies. All analyses 
were performed using R software, version 3.6.1 (R Project 
for Statistical Computing) [22]. P-values < 0.05 were con-
sidered significant.

A full protocol for this review (with the exception of the 
sensitivity analysis, which was included into the protocol 

after its publication) is registered on the Open Science 
Framework: https ://osf.io/wqn9k /.

Results
Of the 4158 unique articles identified through the sys-
tematic search for the primary analysis, 93 met the cri-
teria for full-text review (Fig.  1); the remainder were 
discarded based on the lack of relevance of the title and/
or abstract. Of these, seven articles [23–29] met our 
inclusion criteria, providing data from seven unique 
cohorts, totaling 2,071,260 participants (49.8% women) 
(Table 1). All studies were published in English and were 
conducted in high-income, western countries. We did 
not identify any relevant abstracts or unpublished work. 
In studies that reported the average age of participants, 
the range was 45 to 72  years. Across studies, the aver-
age duration of follow-up ranged from 5 to 20 years. In 
the six studies that reported the number of baseline dia-
betes cases by sex, 46.5% of patients were female. There 
were 16,434 incident cases of PAD; in the five studies that 
reported incident cases by sex, 52.3% of patients with 
PAD were women. Studies were of good quality, all scor-
ing between 6 and 8 of a possible maximum 9 points on 
the Newcastle–Ottawa scale (Additional file 3: Table S1). 

Pooled estimates for the diabetes‑related risk of PAD, 
by sex
In women, the overall multivariable adjusted summary 
RR for incident PAD associated with diabetes, compared 
with no diabetes, was 1.96 (95% CI 1.37–2.86), compared 
to 1.84 (95% CI 1.29–2.63) in men (Fig. 2). The  I2 statistic 
was 92.6% in women and 94.0% in men, indicating sub-
stantial between-study heterogeneity. For comparative 
purposes, age-only adjusted RRs for women and men 
were 2.74 (95% CI 1.72–4.39) and 2.51 (95% CI 1.63–
3.84), respectively; the  I2 statistic was 92.0% in women 
and 90.5% in men (Additional file 4: Fig. S1). Results did 
not change meaningfully when we removed Shah et  al. 
[27] from the analysis (Additional file 5: Fig. S2).

RRR for PAD in women and men with diabetes
The pooled multiple-adjusted women-to-men RRR for 
incident PAD was 1.05 (95% CI 0.90–1.22) (Fig. 3); age-
only adjusted RRR (women: men) was 1.07 (95% CI 
0.94–1.22) (Additional file  6: Fig.  S3). The  I2 statistic in 
both cases was 0%, indicating virtually no between-study 
heterogeneity in the measurement of the male to female 
ratio.  Repeating this analysis without Shah et  al. [27], 
which contributed 93% of the study subjects, did not 
meaningfully change the results (Additional file  7: Fig 
S4). There was no evidence that age at censoring had any 
effect on the RRR (estimated regression slope of − 0.002 
(standard error 0.005)).

https://osf.io/wqn9k/
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Sensitivity analysis
Sixty studies were identified that met all the inclusion 
criteria for the primary analysis, except that they did not 
have a prospective design. Of these, six studies [30–35], 
with seven distinct samples, reported the multivariable-
adjusted RR for the relationship between diabetes and 
PAD for both men and women using a cross-sectional 
design (Additional file 8: Table S2). Together, these stud-
ies had 196,980 participants (63.7% women) and were, on 
average, younger than participants in the primary analy-
sis at time of censorship (57 versus 69 years). All studies 
were published in English; two studies reported findings 
from the USA (one published findings for both African-
American and Non-Hispanic White Americans, which 
we added to our analysis separately), two were from 

China and one each from Brazil and India. Across stud-
ies, the average age ranged from 44 to 69  years. In the 
six samples that reported the number of diabetes cases 
by sex, 61.6% of patients were female. There were 8976 
prevalent cases of PAD; in the studies reporting cases by 
sex, 72.8% of cases were women.

The pooled multiple-adjusted women-to-men RRR for 
prevalent PAD was 0.81 (95% CI 0.71–0.93), with virtu-
ally no heterogeneity  (I2 = 0) (Additional file  9: Fig.  S3). 
There was a small increasing log(RRR) with increasing 
age, by 0.04 (standard error 0.02) for every additional 
year of age, using meta-regression (Additional file  10: 
Fig. S6).
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Reporting sex‑disaggregated results
Of the 12 studies that met the inclusion criteria for our 
primary analysis, only one reported the sex-specific 
results for the relationship between diabetes and PAD in 
their prior publication. For the sensitivity analysis, three 
of 60 studies reported sex-disaggregated results. For the 
remaining studies included in this analysis, we contacted 
study authors to obtain the sex-specific relative risk.

Discussion
Our meta-analysis of six prospective studies with over 
2 million individuals provides evidence that diabetes 
is an independent risk factor for PAD in both sexes, 
associated with an excess risk of PAD of 96% and 84% 
in women and men, respectively, and thus, similar in 
women and men. This contradicts previous reports that 
speculated that a female disadvantage in the relation-
ship between diabetes and PAD existed [6, 7, 17, 19]. 
Furthermore, the absence of a sex difference was con-
sistent across all included prospective studies. Exclu-
sion of the Shah et  al. [27] cohort, which contributed 
93% of the individuals in our analysis, did not mean-
ingfully change these results (Additional files 8, 9, 10: 
Figs. S5 and S6). Encouragingly, we found that, in each 
of the included studies, at least 50% of participants 
were women, even though historically women have 
been poorly represented in studies concerning PAD [1, 
36].

Clinical and public health implications Our study 
shows that diabetes is a risk factor for PAD, regard-
less of sex, and therefore that female sex is not pro-
tective against PAD in patients with diabetes. As 
recommended in the 2011 AHA and VDF joint “call 
to action,” physicians should be mindful of potential 
gendered biases when making decisions about screen-
ing and risk factor management [1]. Understanding 
potential sex differences in risk factors for PAD is criti-
cal from both a clinical and public health perspective. 
Knowledge of sex differences may influence, for exam-
ple, how physicians prioritize risk factor control and 
how they select patients for PAD screening. From a 

Fig. 2 Multiple‑adjusted pooled relative risks (RRs) for incident PAD, comparing individuals with diabetes with those without diabetes. Results for 
women and men are reported separately

Fig. 3 Multiple‑adjusted ratio of women: men relative risks (RRRs) for 
incident PAD, comparing individuals with diabetes to those without 
diabetes
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population health perspective, measurement of sex dif-
ferences informs targeted public health messaging and 
is necessary for drawing projections of the future PAD 
burden and estimating associated public health costs, 
and thus even null findings have meaningful public 
health implications.

Sex differences in other CVDs
While this is, to the best of our knowledge, the first meta-
analysis to directly examine sex differences in risk fac-
tors for PAD, our results are unexpected in light of the 
fact that there is mounting evidence that diabetes con-
fers greater excess risk for coronary heart disease, stroke, 
vascular dementia, and heart failure (Fig. 4) [8–11]. It is 
especially noteworthy and surprising that the association 
is not consistent with coronary heart disease, given that 
both PAD and coronary heart disease are atherosclerotic 
diseases, and that clinical guidelines have relied on evi-
dence in coronary heart disease patients to recommend 
cardiovascular risk management in PAD patients, due to 
the relative paucity of PAD research [37].

Given that the underlying mechanism by which dia-
betes might confer this greater excess risk to women for 
other incident cardiovascular diseases is still unknown 
[38], it is challenging to explain why we do not see a sex-
specific effect for the relationship between diabetes and 
PAD, which is also a type of cardiovascular disease. How-
ever, one possible explanation lies in the finding that the 
more pronounced increase in relative risk for CVD events 
in women with diabetes compared to men appears, in 
part, to reflect the lower disease risk in women compared 
with men without diabetes [16]. PAD is unusual among 
atherosclerotic diseases in that its prevalence is slightly 
higher in women than in men throughout much of the 

lifecourse [4], which may be partially explained by the 
effect of average shorter height in women on ankle blood 
pressure [39, 40]. The natural advantage that the absence 
of diabetes confers in women compared to men may have 
been attenuated by factors such as height that increase 
PAD risk in women more than men overall, and that were 
not adjusted for in our analysis. It follows that the rela-
tive risk for women with diabetes versus without is not 
as pronounced as it is in other atherosclerotic diseases, 
which in turn attenuates the relative risk ratio between 
men and women.

Disaggregating results by sex
A secondary, but important, finding was that very few 
studies reported sex-disaggregated results. Of the 12 pro-
spective studies that otherwise met our inclusion crite-
ria, only one reported the sex-disaggregated association 
between diabetes and PAD; our team contacted the study 
authors to obtain the sex-specific results for the other 
studies. Similarly, in our sensitivity analysis, only three 
of sixty identified publications reported the results by 
sex. Our team and others have advocated for increased 
sex-specific reporting in cardiovascular research [21, 41]. 
Such reporting of sex disaggregated results can illumi-
nate male and female differences in biological or social 
mechanisms of disease, and presentations of these dis-
eases, which can ultimately improve diagnosis and man-
agement in both women and men.

Strengths and limitations
The key strengths of this study are its sample size (just 
over 2 million participants) and our adherence to a pub-
lished protocol for sex-differences research [21]. We also 
exclusively analysed studies with a cohort design in our 
primary analysis. All studies were deemed to be of good 
quality, using independent, validated criteria [20].

However, there are several other limitations to this 
review. As already mentioned, 93% of study participants 
were drawn from a single study. Because of the relatively 
small number of identified studies, we were unable to 
investigate possible publication bias. In addition, all stud-
ies were conducted in high-income, Western settings, 
and the generalizability of our findings are thus unknown.

In response to these limitations, we conducted a sensi-
tivity analysis in which we added cross-sectional studies 
to the analysis. The six cross-sectional studies included 
seven distinct population samples, with representation 
from Brazil, China, India, and the USA. Unfortunately, 
the small number of studies made it impossible to exam-
ine the influence of geographical region in the relation-
ship between sex, diabetes, and PAD.

We found a slight male disadvantage in the asso-
ciation between diabetes and PAD in the results 

Fig. 4 Multiple‑adjusted ratio of women: men relative risks (RRRs) for 
incident coronary heart disease [8], stroke [9], vascular dementia [10], 
heart failure [11], and PAD, comparing individuals with diabetes to 
those without diabetes
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aggregated across cross-sectional studies, though this 
finding was not consistent across all included studies. 
The disadvantage in men may be a spurious finding 
resulting from the “chicken and egg” problem inher-
ent to cross-sectional design; in addition to diabetes 
increasing risk for PAD, PAD is known to be a mod-
est but independent risk factor for diabetes [42]. How-
ever, assuming the result is non-spurious, a potential 
explanation for why we see a male disadvantage in the 
cross-sectional studies, but no sex difference in the 
prospective studies, may lie in the fact that the cross-
sectional study participants were, on average, younger 
than the prospective study participants at follow-up. 
This introduces the possibility that younger men  with 
diabetes have greater excess risk for PAD, but that this 
risk is attenuated with age, although our evidence for 
this is unconvincing. Further study is necessary to con-
firm or deny this hypothesis.

Other limitations of this study are inherent to the use 
of published data, and include the lack of standardiza-
tion of definitions for diabetes and PAD; variability in 
follow-up time and the overall age of the study popu-
lation; and differences between studies in the variables 
included in adjustment for confounding. However, 
bias from such issues should be avoided in the RRRs 
because bias errors will tend to cancel out when the 
sexes are compared (16).

Of note, the lack of standardized definition of PAD 
meant that some studies typically detected PAD at more 
advanced disease stages (for example, those that relied 
on hospitalization records) than others. In addition, due 
to incomplete data, we do not know if loss-to-follow-up 
varied by sex, and therefore it is not possible to rule out 
the possibility of greater misclassification of the endpoint 
in one sex or the other.

Finally, many of the included studies used the ankle-
brachial index (ABI) to screen for PAD. Diabetes, par-
ticularly when accompanied by peripheral diabetic 
neuropathy, medial arterial calcification, and incom-
pressible arteries, reduces the specificity and sensitivity 
of the ABI test [43], though it is unclear whether its accu-
racy differs by sex.

Conclusion
Though few studies reported sex-specific results, we 
found evidence that diabetes is an independent risk 
factor for PAD in both women and men, highlighting 
the need for prevention and management strategies to 
reduce the risk of PAD onset in all individuals with dia-
betes. However, diabetes does not appear to confer a sig-
nificantly greater relative risk of incident PAD in women 
compared to men. These findings have implications for 

risk factor control, PAD screening, public health mes-
saging, and modelling the future burden of PAD. More 
research is needed to determine the mechanisms respon-
sible for sex differences in diabetes-related cardiovascular 
risk, and why these differences are not apparent for PAD. 
Moreover, this report highlights the need for increased 
reporting of sex-specific results in cardiovascular disease 
research.
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