
Vol.:(0123456789)1 3

Acta Diabetologica (2019) 56:561–567 
https://doi.org/10.1007/s00592-019-01292-y

ORIGINAL ARTICLE

Gender difference in the risk for cardiovascular events or mortality 
of patients with diabetic foot syndrome

Giuseppe Seghieri1 · Laura Policardo1 · Elisa Gualdani1 · Roberto Anichini2 · Paolo Francesconi1

Received: 1 November 2018 / Accepted: 21 January 2019 / Published online: 5 February 2019 
© Springer-Verlag Italia S.r.l., part of Springer Nature 2019

Abstract
Aims  Diabetic foot syndrome (DFS) increases the risk for atherosclerotic cardiovascular disease (ASCVD), chronic kidney 
disease (CKD), or mortality. The present study aims at ascertaining whether such DFS-related excess risk differs between 
genders, retrospectively investigating a population with diabetes from Tuscany, Italy, followed-up for 6 years (2011–2016).
Methods  People with diabetes living in Tuscany on January 1st 2011 identified by administrative databases, were divided 
by baseline history of prior DFS hospitalizations, stratified by presence/absence of peripheral vascular disease and evaluat-
ing, by Cox regression analysis, whether adjusted DFS-related excess risk of incident ASCVD, CKD or mortality differed 
between genders.
Results  In an overall population of 165,650 subjects with diabetes (81,829M/83,821F), basal prevalence of DFS was twice 
higher among males, who were moreover at a significantly greater risk of all considered outcomes along the 6-year period. 
On the contrary, baseline DFS significantly increased the hospitalization risk for ASCVD, CKD and mortality equally or at 
a slightly greater extent in females, while the risk for stroke was significantly associated with DFS only among females (HR: 
1.622 (1.314–1.980); p = 0.0001 vs. HR: 1.132 (0.955–1.332); p = NS). This finding was even reinforced in non-vascular 
DFS, which was associated with a significant raised risk for stroke, heart failure or mortality exclusively in females.
Conclusions  In this population, DFS prevalence and overall risk for ASCVD, CKD or mortality were significantly higher 
among males. Baseline co-presence of DFS, however, conferred a similar adjusted risk for all these outcomes between gen-
ders, and in case of non-vascular DFS the risk was significantly increased only among females.
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Introduction

Diabetes is associated with an increased risk for atheroscle-
rotic cardiovascular disease (ASCVD), being also a well-
known risk factor for reduction in life expectancy [1, 2]. A 
fearful and insidious complication of diabetes is diabetic 
foot syndrome (DFS), especially when associated with 

peripheral artery disease, representing a further significant 
multiplier for further risk of atherosclerotic cardiovascular 
events, chronic kidney disease (CKD) and reduced survival 
[3–9]. Moreover, while, independently of diabetes, males 
are at greater risk for ASCVD, CKD, and DFS [10, 11], and 
diabetes seems to reverse this background males’ disadvan-
tage increasing the risk for cardiovascular events mostly in 
females [12–14], especially when in post-menopausal age 
[15]. From most of previous published studies, however, the 
risk of DFS associated or not to peripheral vascular dis-
eases, is significantly higher in diabetic males as compared 
to females [16–19]. What remains still poorly investigated, 
however, is whether the excess risk for cardiovascular out-
comes, associated with DFS is different between genders, 
since several studies suggest that DFS, whether associated 
or not with lower limbs’ peripheral vascular disease, has 
a worse prognosis as well as a reduced survival among 
females, relative to males [20–26].
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The present study has, therefore, been designed to address 
the question whether having a DFS history is differentially 
associated between genders with the risk of hospitalizations 
for ASCVD (acute myocardial infarction or ischemic stroke 
or chronic heart failure), CKD, or for mortality in a popula-
tion with diabetes residents in Tuscany, Italy and retrospec-
tively followed up for 6 years.

Materials and methods

This study concerned patients with diabetes living in Tus-
cany, Italy on January 1st, 2011, as identified by a validated 
algorithm from administrative regional datasets [27] and 
retrospectively followed up until 31st December 2016. This 
regional database is estimated to cover more than 80% of all 
diabetic patients living in Tuscany [27].

The population with diabetes, stratified by gender, was 
then divided into two groups: those with or without previ-
ous hospitalizations for DFS as of December 31st, 2010. 
DFS was identified by any of following ICD-9 CM codes: 
foot ulcers: 440.23, 707.14-5, Charcot neuroarthropathy: 
713.0, 713.5, 713.8, procedures of both major or minor 
lower extremity amputations: 84.10–84.19, revasculariza-
tions (surgical: 39.25, 39.29, endoluminal: 39.50, 39.90), 
gangrene: 785.4, 040.0, 440.24. Since the term of DFS com-
prises both vascular and non-vascular foot lesions which, 
although often each other overlapped in the same subject, 
may be divided into two groups: those with presence of 
peripheral vascular disease (procedures of both major or 
minor lower extremity amputations, revascularizations, 
gangrene) and those without vascular diseases (foot ulcers 
or Charcot neuroarthropathy).

Along the whole observation period, the date of first hos-
pitalization for cardiovascular events was identified using 
ICD9-CM codes for: myocardial infarction (ICD9 410.xx), 
ischemic stroke (ICD9 430.xx, 431.xx, 432.xx, 434.xx or 
436.xx), chronic heart failure (ICD9 401.91, 402.01, 402.11, 
402.91, 404.01, 404.3, 404.13, 404.93, 428.0, 428.1, 428.9), 
after querying the regional dataset of hospitalizations. In 
addition, the date of first hospitalization for chronic kid-
ney disease (CKD) was identified by ICD9 code 585. xx. 
At baseline, moreover, each subject was scored by Charlson 
index regarding previous comorbidities [28], based on all 
hospitalizations until the end of 2010. This index is coded 
as 0 in case of no comorbidity or prior hospitalizations, 1, 
or ≥ 2. From the regional dataset concerning the flux of drug 
prescriptions, it was moreover possible to obtain data about 
baseline glucose-lowering therapy, identified as none, oral 
drugs, insulin alone or insulin + oral drugs. For each subject, 
the vital status was verified along the entire period by query-
ing the database of the regional registry office.

Whether the risk of first hospitalization for the above-
mentioned outcomes, was associated with DFS, has been 
calculated by Cox proportional hazards model identifying 
the hazard ratios (HR), separately in males and females, after 
adjusting for age, therapy and Charlson index (model 1). 
This procedure was then done for each considered outcome 
with DFS with vascular disease and DFS without vascu-
lar disease acting as covariates, in an unique model where 
the absence of diabetic foot at baseline was the reference 
group. This same model was then used to assess the effect 
of gender (as covariate) for each outcome, after adjusting for 
other covariates including overall DFS (model 2). Observa-
tion interval, in both models, was represented by time from 
baseline to the first considered outcome including death, the 
date of exit from database, or alternatively, time lag from the 
onset to the end of study.

The analysis was finally completed by comparing males 
and females with diabetes, after fully matching for main con-
founders by means of the coarsened exact matching (CEM) 
non-parametric approach [29].

All data were anonymized preventing disclosure of 
patients’ identity as well as of any other sensitive informa-
tion. Because of such formal protection, no informed consent 
or any approval by an Ethics Committee was required.

All analyses were performed using SAS ver. 9.3, SAS 
Institute Inc., Cary, NC, USA.

Results

Overall, the diabetic population was composed by 165,650 
individuals (81,829 males and 83,121 females). The over-
all DFS included 4589 (3119 M/1470 F) patients of whom 
3933 patients presented with vascular and 656 with non-
vascular DFS. The adjusted risks for both vascular and non-
vascular DFS were higher among males (OR: 2.088; 95% 
CI 1.958–2.228; p < 0.0001 for the former, and OR: 1.253; 
95% CI 1.073–1.465; p = 0.0045 for the latter). In addi-
tion, females were older, had a significantly lower burden 
of comorbidities and, additionally, antidiabetic therapy was 
significantly different between genders, with more females 
on therapy with insulin or insulin + oral drugs (Table 1). 
These characteristics remained after stratifying the popula-
tion by baseline history of previous hospitalizations for DFS 
(Table 2). The incidence rate of ASCVD outcomes, CKD as 
well as of mortality, expressed as cases per 1,000 person-
years were higher among males and in patients with vascular 
or non-vascular DFS (Table 3).

After Cox regression, in agreement with this trend, 
males were at significantly higher risk for all-cause mor-
tality as well as for all considered outcomes, even if at a 
different extent, ranging from an increase of 20% in the 
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Table 1   Main characteristics of 
study population with diabetes, 
stratified by gender

Males (81,829) Females (83,121) p

Age (years) 64.9 ± 12.7 66.1 ± 15.0 0.0001
Charlson index > 2 (%) 22,576 (27.6) 17,840 (21.5) 0.0001
Previous hospitalization for diabetic foot (no. %) 3119 (68.0) 1470 (32.0) 0.0001
No antidiabetic drug therapy (no. %) 13,618 (16.64) 16,172 (19.46) 0.0001
Antidiabetic oral drugs (no. %) 55,173 (67.42) 53,667 (64.56) 0.0001
Only insulin (no. %) 6181 (7.44) 6648 (8.12) 0.0001
Insulin + antidiabetic oral drugs (no. %) 6390 (7.81) 7101 (8.54) 0.0001

Table 2   Main characteristics of population with diabetes, by gender and baseline history of previous hospitalizations for DFS

DFS + p DFS − p

Males (3,119) Females (1,470) Males (78,710) Females (81,651)

Age (years) 69.7 ± 9.4 72.6 ± 10.9 0.0001 64.7 ± 12.8 66.0 ± 15.1 0.0001
Charlson index > 2 (no. %) 2,272 (72.84) 981 (66.73) 0.0001 20,304 (25.80) 16,859 (20.65) 0.0001
No antidiabetic drug therapy (no. %) 373 (11.96) 198 (13.47) NS 13,245 (16.83) 15,974 (19.56) 0.0001
Antidiabetic oral drugs (no. %) 1,602 (51.36) 647 (44.01) 0.0001 53,571 (68.06) 53,020 (64.93) 0.0001
Only insulin (no. %) 573 (18.37) 312 (21.22) 0.02 6075 (7.72) 5869 (7.19) 0.0001
Insulin + antidiabetic oral drugs (no. %) 571 (18.31) 313 (21.29) 0.016 5819 (7.39) 6788 (8.31) 0.0001

Table 3   Incidence rate per 1000 person-years for ASCVD, CKD or mortality, by gender and presence of vascular or non-vascular DFS

Males Females

No. events Events per 1000 p-year (95% 
CI)

No. events Events per 1000 p-year (95% CI)

AMI
 Vascular diabetic foot 268 46.62 (41.36–52.55) 108 43.64 (36.14–52.27)
 Non-vascular diabetic foot 19 24.05 (15.33–37.70) 8 12.93 (6.46–25.84)
 No diabetic foot 3395 20.10 (19.44–20.79) 2035 11.51 (11.02–12.02)
 Total 3682 20.99 (20.33–21.68) 2151 11.95 (11.46–12.47)

Stroke
 Vascular diabetic foot vs 144 24.47 (20.78–28.81) 85 33.79 (27.32–41.79)
 Non-vascular diabetic foot 12 15.02 (8.53–26.45) 15 24.30 (14.65–40.31)
 No diabetic foot 2445 14.37 (13.81–14.95) 2124 12.01 (11.51–12.53)
 Total 2601 14.71 (14.16–15.29) 2224 12.36 (11.85–12.88)

Heart failure
 Vascular diabetic foot 229 37.58 (33.01–42.78) 103 39.19 (32.31–47.55)
 Non-vascular diabetic foot 14 17.16 (10.16–28.96) 17 26.95 (16.75–43.36)
 No diabetic foot 2217 12.80 (12.27–13.34) 2090 11.63 (11.14–12.14)
 Total 2460 13.65 (13.13–14.21) 2210 12.08 (11.58–12.59)

CKD
 Vascular diabetic foot 150 31.86 (27.15–37.39) 57 28.19 (21.75–36.55)
 Non-vascular diabetic foot 17 23.79 (14.79–38.27) 9 16.53 (8.59–31.76)
 No diabetic foot 945 6.05 (5.67–6.45) 579 3.47 (3.20–3.77)
 Total 1112 6.17 (5.82–6.55) 645 3.52 (3.26–3.81)

Mortality (any cause)
 Vascular diabetic foot 402 85.39 (77.44–94.17) 185 91.52 (79.23–105.70)
 Non-vascular diabetic foot 31 41.98 (29.35–60.04) 35 62.24 (44.61–87.37)
 No diabetic foot 4266 27.33 (26.52–28.16) 4400 26.42 (25.65–27.21)
 Total 4699 26.10 (25.35–26.85) 4620 25.25 (24.53–25.98)
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risk for heart failure to about 76% in the risk for myocar-
dial infarction (Fig. 1a).

DFS-associated risk for all events, however, was 
similar or slightly higher among females, except for the 
risk of ischemic stroke, significantly higher only among 
females: HR: 1.622 (1.314–1.980); p = 0.0001 vs. 1.132 
(0.955–1.332) in males; p = NS (Fig. 1b).

Similarly, after dividing DFS patients by the presence/
absence of vascular disease, the DFS-associated risk for 
all events was similar or slightly higher among females in 
the group with vascular DFS, also in this case except for 
the risk of ischemic stroke, significantly higher only in 
the group of females (Fig. 2a). This trend was even more 
evident in the much less numerous group of patients with 
non-vascular DFS, where the adjusted risk for all events 
associated to DFS was almost exclusively significant only 
among women (Fig. 2b). Finally, data were substantially 
confirmed after strictly matching males and females for 
all covariates, by means of the coarsened exact matching 
(CEM) non-parametric model (Table S1).

Discussion

DFS, either associated or not with lower limbs’ vascular 
disease, is an ominous complication of diabetes, being asso-
ciated with the need for therapies potentially impacting the 
quality of life [30] and with a huge burden of direct and indi-
rect costs for patients as well as for all health service organi-
zations [31, 32]. In addition, apart from the impairment in 
patients’ quality of life and autonomy, DFS is strictly tied 
with the co-presence or with a significantly increased risk 
of next cardiovascular events, end-stage renal disease and 
ultimately of mortality [3–9]. According to this as well of 
other previous studies, moreover, DFS is a strongly gender-
oriented complication being much more prevalent among 
males [16–19]. Nevertheless, it has repeatedly demonstrated 
that the presence of diabetes adds a greater risk burden for 
cardiovascular complications among females especially dur-
ing the post-menopausal age [12–14, 33].

The mechanisms involved in females’ excess risk for 
vascular complications due to diabetes are a object of 
discussion and investigation: hormonal factors, genetic 
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Fig. 1   Adjusted risk, expressed as hazard ratio (HR; 95% CI) for all considered outcomes in males as compared to females (a); effect of baseline 
history of DFS hospitalization on next risk for outcomes in males (filled circle) and in females (filled triangle) (b)

Fig. 2   Adjusted risk, expressed as hazard ratio (HR; 95% CI) of all considered outcomes in males as compared to females, stratified by baseline 
history of vascular (a) or non-vascular (b) DFS hospitalization on next risk for outcomes in males (filled circle) and in females (filled triangle)
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predisposition linked to sex dimorphism, gender-related 
inequalities in treatment or in socio-economic status, may 
individually or all together seem to play a role in disad-
vantaging females [13, 14]. This analysis, however, mainly 
refers to comparison between diabetic and non-diabetic 
status, while, when comparing genders in people with dia-
betes, according to most epidemiological studies including 
the present one, diabetic males maintain a greater risk for 
almost all cardiovascular outcomes, DFS, or CKD [10, 
16–19]. It is noteworthy from the present study, however, 
that the co-presence of DFS seems to revert this trend 
suggesting that females, relative to males, are presenting 
a risk equal or slightly higher for cardiovascular events, 
CKD or mortality, or, in case of ischemic stroke, even sig-
nificantly greater. This finding seems robust enough, being 
confirmed after strictly matching populations, thus sug-
gesting that DFS represents a particularly elevated risk for 
cardiovascular complications especially among females. 
Moreover, this finding is reinforced and possibly justi-
fied by previous observations that women with peripheral 
artery disease, when compared to men, have more severe 
symptomatic states, uncontrolled risk factors, as well as a 
more pronounced pro-inflammatory profile of circulating 
biomarkers [20, 21, 26]. It has additionally been described 
that among patients with symptomatic peripheral artery 
disease, females have a more limited peripheral microcir-
culation, in association with a more pronounced endothe-
lial oxidative stress and inflammation [22]. Furthermore, 
in this study females are on average older than males and 
it should be remembered that aging plays an important 
role in modifying gender-driven risk of DFS or peripheral 
vascular disease: before 65 years of age males are at higher 
risk of foot ulcers and amputations, whereas for females 
the risk of amputation increases significantly with age [19, 
34]. There are, in addition, other factors which may fur-
ther justify the disadvantage of diabetic females: women 
may have a history of previous worse treatment of all risk 
factors for cardiovascular diseases [35, 36], exposure to 
diabetes may have been longer due to a later diagnosis 
of diabetes among females [37] and finally, after meno-
pause, the risk of cardiovascular diseases increases steeply 
in females [15].

A further interesting finding of our data is that this 
females’ disadvantage is evident not only in the group of 
patients with DFS with peripheral vascular disease, being 
even more evident in those labelled as without periph-
eral vascular complications. In this much less numerous 
patients’ subset, in fact, DFS-associated risk of stroke, 
heart failure or mortality resulted significant only among 
females. Interestingly, a recent study has demonstrated 
that the presence of foot ulcers without clinical evidence 
of peripheral vascular disease has been associated with 
a greater risk of mortality and of ischemic heart disease, 

compared to those with ischemic foot lesions in both males 
and females [38].

Our data support the hypothesis that even if both types 
of DFS, vascular and non-vascular, have the same impact 
increasing the risk for mortality, renal, or cardiovascular 
outcomes, non-vascular DFS seems to be especially det-
rimental for females significantly augmenting the risk for 
all outcomes.

Interestingly, our data suggests that DFS-related excess 
risk for ischemic stroke is significantly higher in females, 
as compared to males. This finding agrees with recent 
reports, including a meta-analysis of 64 cohorts and 
with the guidelines on the prevention of stroke in women 
released by the American Heart Association, reporting 
that diabetes is a stronger risk factor for stroke in women 
compared with men [39]. Possibly, an explanation may be 
found in the fact that diabetes has more deleterious effects 
on encephalic vessels in females, as testified by a higher 
prevalence of preclinical atherosclerosis (carotid plaque 
presence and burden) in women with new-onset type 2 dia-
betes [40]. Risk of stroke, moreover, may be higher over 
time in women with diabetes as suggested by the slower 
yearly trend in progressive decrease of stroke incidence 
rate observed in diabetic females of our population espe-
cially in age class 55–74 year, as compared with males of 
the same age group [41]. Finally, females are known to be 
more disadvantaged than males regarding the control of 
all known cardiovascular risk factors for ischemic stroke, 
synergistically acting, in addition to diabetes, to build up 
overall stroke risk [42].

Previous studies have shown a strong relationship 
between DFS and CKD which hypothetically interacts in 
both directions: diabetic individuals with DFS are more at 
risk of end-stage renal disease, and, in turn, this latter is at 
the origin of a significantly higher burden of lower limbs’ 
amputations [43, 44]. Again, also in this case, why diabetic 
females with DFS are losing their expected background 
advantage may be only speculative: interestingly it has pre-
viously been observed that women with type 2 diabetes are 
more at risk of non-albuminuric renal impairment which 
seems to be associated with a significantly higher CVD bur-
den [45].

According to this study, DFS, whether vascular or not, 
significantly increases (even if not significantly) the risk of 
mortality slightly more in females than in males (HR: 1.290; 
1.121–1.477 vs. 1.237; 1.115–1.370), confirmed also after 
fully matching genders, considering that, also in this case, 
the overall adjusted risk of any-cause mortality is signifi-
cantly higher among males [HR: 1.156 (1.109–1.206)]. It is 
however difficult to draw conclusions about a hard outcome 
such as mortality notoriously conditioned by a lot of possible 
confounders, which cannot totally be accounted for by the 
design of the present study.
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Limitations of the study

This study has a main limitation: its cross-sectional retro-
spective design based on administrative databases, does not 
allow considering other important points such as anthropo-
metric or clinical variables, details on quality of treatment or 
of life style profile, etc., all of which are of obvious interest 
in evaluating any gender effect on the risk for the considered 
outcomes. Its strength is represented by the large sample of 
involved population, and by the homogeneity in treatment 
as provided by a unique regional health system.

Conclusions

The present study suggests that in this population with dia-
betes the risk burden concerning history of hospitalizations 
for DFS, as well as incident cardiovascular events, CKD 
or mortality are significantly greater among males when 
compared to females. Nevertheless, this male gender-driven 
excess risk is completely reversed in presence of DFS which 
yields a significant excess risk for cardiovascular events, 
CKD or mortality by a similar extent in both genders. In 
addition, females with previous history of DFS are further 
disadvantaged, compared to males, with respect to the risk 
of ischemic stroke. This trend is particularly reinforced in 
non-vascular DFS, unveiling a further females’ frailty in 
this condition and suggesting that the risk of mortality as 
well as of renal or cardiovascular outcomes, are in this case 
even much higher among females, compared to the male 
counterpart.

Author contributions  No potential conflicts of interest relevant to this 
article were reported. GS researched/analysed data and wrote the manu-
script. He is moreover the guarantor of this work and, as such, had 
full access to all the data in the study and takes responsibility for the 
integrity of the data and the accuracy of the data analysis; LP and EG 
researched data and reviewed the manuscript; PF and RA researched 
data and reviewed the manuscript.

Compliance with ethical standards 

Conflict of interest  The authors declare that there is no conflict of in-
terest that could be perceived as prejudicing the impartiality of the 
research reported.

Statement of human and animal rights  All procedures followed were 
in accordance with the ethical standards of the responsible committee 
on human experimentation (institutional and national) and with the 
Helsinki Declaration of 1975, as revised in 2008.

Statement of informed consent  Each patient was assigned a unique 
identifier that was the same for all administrative databases. This identi-
fier does not allow to disclose the patient’s identity and other sensitive 

data and therefore no informed consent was required from all patients 
for being included in the study.

Guarantor  Giuseppe Seghieri.

References

	 1.	 Rawshani A, Rawshani A, Franzén S, Eliasson B, Svensson AM, 
Miftaraj M et al (2017) Mortality and cardiovascular disease in 
type 1 and type 2 diabetes. N Engl J Med 376:1407–1418

	 2.	 Tancredi M, Rosengren A, Svensson AM, Kosiborod M, Pivodic 
A, Gudbjörnsdottir S et al (2015) Excess mortality among persons 
with type 2 diabetes. N Engl J Med 373:1720–1732

	 3.	 Dietrich I, Braga GA, de Melo FG, da Costa Silva Silva ACC 
(2017) The diabetic foot as a proxy for cardiovascular events and 
mortality review. Curr Atheroscler Rep 19:44

	 4.	 Jones WS, Patel MR, Rockman CB, Guo Y, Adelman M, Riles T, 
Berger JS (2014) Association of the ankle-brachial index with his-
tory of myocardial infarction and stroke. Am Heart J 167:499–505

	 5.	 Emdin CA, Anderson SG, Callender T, Conrad N, Salimi-Khor-
shidi G, Mohseni H et al (2015) Usual blood pressure, peripheral 
arterial disease, and vascular risk: cohort study of 4.2 million 
adults. BMJ 351:4865

	 6.	 Lin YS, Tung TH, Wang J, Chen YF, Chen TH, Lin MS et al 
(2016) Peripheral arterial disease and atrial fibrillation and risk 
of stroke, heart failure hospitalization and cardiovascular death: 
a nationwide cohort study. Int J Cardiol 203:204–211

	 7.	 Mohammedi K, Woodward M, Hirakawa Y, Zoungas S, Colagiuri 
S et al (2016) ADVANCE Collaborative Group. Presentations of 
major peripheral arterial disease and risk of major outcomes in 
patients with type 2 diabetes: results from the ADVANCE-ON 
study. Cardiovasc Diabetol 15:129

	 8.	 Chammas NK, Hill RL, Edmonds ME (2016) Increased mortal-
ity in diabetic foot ulcer patients: the significance of ulcer type. J 
Diabetes Res 2879809

	 9.	 Prompers L, Schaper N, Apelqvist J et al (2008) Prediction of 
outcome in individuals with diabetic foot ulcers: focus on the dif-
ferences between individuals with and without peripheral arterial 
disease. EURODIALE Stud Diabetol 51:747–755

	10.	 Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR et al 
American Heart Association Statistics Committee and Stroke 
Statistics Subcommittee (2017) Heart disease and stroke statis-
tics-2017 update: a report from the american heart association. 
Circulation 135:e146–e603

	11.	 Tsai WC, Wu HY, Peng YS, Ko MJ, Wu MS et al (2016) Risk 
factors for development and progression of chronic kidney dis-
ease: a systematic review and exploratory meta-analysis. Medicine 
(Baltimore) 95:e3013

	12.	 Regensteiner JG, Golden S, Huebschmann AG, Barrett-Connor 
E, Chang AY et al (2015) American Heart Association Diabe-
tes Committee of the Council on Lifestyle and Cardiometabolic 
Health, Council on Epidemiology and Prevention, Council on 
functional genomics and translational biology, and council on 
hypertension. Sex differences in the cardiovascular consequences 
of diabetes mellitus: a scientific statement From the American 
Heart Association. Circulation 132: 2424–2447

	13.	 Kautzky-Willer A, Harreiter J, Pacini G (2016) Sex and gender 
differences in risk, pathophysiology and complications of type 2 
diabetes mellitus. Endocr Rev 37:278–316

	14.	 Seghieri G, Policardo L, Anichini R, Franconi F, Campesi I et al 
(2017) The effect of sex and gender on diabetic complications. 
Curr Diabetes Rev 13:148–160



567Acta Diabetologica (2019) 56:561–567	

1 3

	15.	 Policardo L, Seghieri G, Francesconi P, Anichini R, Franconi F 
et al (2017) Gender difference in diabetes related excess risk of 
cardiovascular events: when does the ‘risk window’ open? J Dia-
betes Compl 31:74–79

	16.	 Lombardo FL, Maggini M, De Bellis A, Seghieri G, Anichini R 
(2014) Lower extremity amputations in persons with and without 
diabetes in Italy: 2001–2010. PLoS One 28(9):e86405

	17.	 Crawford F, Cezard G, Chappell FM, Murray GD, Price JF et al 
(2015) A systematic review and individual patient data meta-
analysis of prognostic factors for foot ulceration in people with 
diabetes: the international research collaboration for the predic-
tion of diabetic foot ulcerations (PODUS). Health Technol Assess 
19:1–210

	18.	 Peek ME (2011) Gender differences in diabetes-related lower 
extremity amputations. Clin Orthop Relat Res 469:1951–1955

	19.	 Bruun C, Siersma V, Guassora AD, Holstein P, de Fine Olivarius 
N (2013) Amputations and foot ulcers in patients newly diagnosed 
with type 2 diabetes mellitus and observed for 19 years. The role 
of age, gender and co-morbidity. Diabet Med 30:964–972

	20.	 Pollak AW (2015) PAD in women: the ischemic continuum. Curr 
Atheroscler Rep 17:513

	21.	 Sigvant B, Wiberg-Hedman K, Bergqvist D, Rolandsson O, 
Andersson B et al (2007) A population-based study of periph-
eral arterial disease prevalence with special focus on critical limb 
ischemia and sex differences. J Vasc Surg 45:1185–1191

	22.	 Gardner AW, Parker DE, Montgomery PS, Sosnowska D, Casane-
gra AI et al (2015) Gender and racial differences in endothelial 
oxidative stress and inflammation in patients with symptomatic 
peripheral artery disease. J Vasc Surg 61:1249–1257

	23.	 Brevetti G, Bucur R, Balbarini A, Melillo E, Novo S et al (2008) 
Women and peripheral arterial disease: same disease, different 
issues. J Cardiovasc Med (Hagerstown) 9:382–388

	24.	 Gardner AW, Parker DE, Montgomery PS, Blevins SM (2014) 
Diabetic women are poor responders to exercise rehabilitation in 
the treatment of claudication. J Vasc Surg 59:1036–1043

	25.	 Wisman PP, Tangelder MJ, van Hattum ES, de Borst GJ, Moll FL 
(2012) Young women with PAD are at high risk of cardiovascular 
complications. Eur J Vasc Endovasc Surg 43:441–445

	26.	 Kumakura H, Kanai H, Araki Y, Kasama S, Sumino H et al (2011) 
Sex-related differences in Japanese patients with peripheral arte-
rial disease. Atherosclerosis 219:846–850

	27.	 Gini R, Francesconi P, Mazzaglia G, Cricelli I, Pasqua A et al 
(2013) Chronic disease prevalence from Italian administrative 
databases in the VALORE project: a validation through compari-
son of population estimates with general practice databases and 
national survey. BMC Public Health 13:15

	28.	 Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new 
method of classifying prognostic comorbidity in longitudinal stud-
ies: development and validation. J Chronic Dis 40:373–383

	29.	 Iacus SM, King G, Porro G (2011) Multivariate matching meth-
ods that are monotonic imbalance bounding. J Am Stat Assoc 
106:345–361

	30.	 Li G, Hopkins RB, Levine MAH, Jin X, Bowen JM, Thabane L 
et al (2017) Relationship between hyperbaric oxygen therapy and 
quality of life in participants with chronic diabetic foot ulcers: data 
from a randomized controlled trial. Acta Diabetol 54:823–831

	31.	 Alva ML, Gray A, Mihaylova B, Leal J, Holman RR (2015) The 
impact of diabetes-related complications on healthcare costs: new 
results from the UKPDS (UKPDS 84). Diabet Med 32:459–466

	32.	 Hicks CW, Selvarajah S, Mathioudakis N, Sherman RE, Hines 
KF et al (2016) Burden of infected diabetic foot ulcers on hospital 
admissions and costs. Ann Vasc Surg 33:149–158

	33.	 Arnetz L, Ekberg NR, Alvarsson M (2014) Sex differences in type 
2 diabetes: focus on disease course and outcomes. Diabetes Metab 
Syndr Obes 7:409–420

	34.	 Vaccaro O, Lodato S, Mariniello P, De Feo E (2015) Diabetes-
related lower extremity amputations in the community: a study 
based on hospital discharge diagnoses. Diabet Med 32:459–466

	35.	 Rossi MC, Cristofaro MR, Gentile S, Lucisano G, Manicardi 
V et al AMD Annals Study Group (2013) Sex disparities in the 
quality of diabetes care: biological and cultural factors may play 
a different role for different outcomes: a cross-sectional obser-
vational study from the AMD Annals initiative. Diabetes Care 
36:3162–3168

	36.	 Franzini L, Ardigo D, Cavalot F, Miccoli R, Rivellese AA et al 
(2013) Women show worse control of type 2 diabetes and cardio-
vascular disease risk factors than men: results from the MIND.IT 
Study Group of the Italian Society of Diabetology. Nutr Metab 
Cardiovasc Dis 23:235–241

	37.	 Wannamethee SG, Papacosta O, Lawlor DA, Whincup PH, Lowe 
GD et al (2012) Do women exhibit greater differences in estab-
lished and novel risk factors between diabetes and non-diabetes 
than men? The British Regional Heart Study and British Women’s 
Heart Health Study. Diabetologia 55:80–87

	38.	 Chammas NK, Hill RL, Edmonds ME (2016) Increased mortal-
ity in diabetic foot ulcer patients: the significance of ulcer type. J 
Diabetes Res 2016:2879809

	39.	 Maric-Bilkan C (2017) Sex differences in micro- and macro-
vascular complications of diabetes mellitus. Clin Sci (Lond) 
131:833–846

	40.	 Catalan M, Herreras Z, Pinyol M, Sala-Vila A, Amor AJ et al 
(2015) Prevalence by sex of preclinical carotid atherosclerosis 
in newly diagnosed type 2 diabetes. Nutr Metab Cardiovasc Dis 
25:742–748

	41.	 Policardo L, Seghieri G, Anichini R, De Bellis A et al (2015) 
Effect of diabetes on hospitalization for ischemic stroke and 
related in-hospital mortality: a study in Tuscany, Italy, over years 
2004–2011. Diabetes Metab Res Rev 31:280–286

	42.	 Rivellese AA, Riccardi G, Vaccaro O (2010) Cardiovascular risk 
in women with diabetes. Nutr Metab Cardiovasc Dis 20:474–480

	43.	 Meloni M, Izzo V, Giurato L, Cervelli V, Gandini R, Uccioli L 
(2018) Impact of heart failure and dialysis in the prognosis of dia-
betic patients with ischemic foot ulcers. J Clin Transl Endocrinol 
11:31–35

	44.	 Lepäntalo M, Fiengo L, Biancari F (2012) Peripheral arterial dis-
ease in diabetic patients with renal insufficiency: a review. Dia-
betes Metab Res 28(Suppl 1):40–45

	45.	 Penno G, Solini A, Bonora E, Fondelli C, Orsi E et al. Renal insuf-
ficiency and cardiovascular events (RIACE) Study Group. (2011) 
Clinical significance of nonalbuminuric renal impairment in type 
2 diabetes. J Hypertens 29:1802–1809

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Gender difference in the risk for cardiovascular events or mortality of patients with diabetic foot syndrome
	Abstract
	Aims 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Discussion
	Limitations of the study

	Conclusions
	References


