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Abstract:
AIM: To compare the influence of gender on adverse cardiovascular events in patients with symptomatic peripheral artery disease (PAD) based on their clinical presentation (intermittent claudication or
critical limb ischemia, CLI).
PATIENTS AND METHODS: A prospective, registry-based study involving patients with symptomatic peripheral artery disease was conducted. Patients were divided according to initial clinical
presentation (intermittent claudication or CLI) and gender and were analyzed separately. Risk factors,
prognosticators and longitudinal events (major adverse cardiovascular events, MACE: myocardial
infarction, stroke, death) were collected. Data were obtained prospectively from hospital records and
death certificates.
RESULTS: 1084 patients (35% women) with symptomatic PAD were included in the study. Mean
follow-up period was 45 months, and 371 patients (34%) experienced MACE. Compared to males,
females were older (p <0.001) and were more likely to have CLI (p=0.006) and impaired renal function (p <0.001). Diabetes (p=0.043) and smoking (p <0.001) were more prevalent in men, as well as
polyvascular disease (p=0.024). No significant difference was found regarding the use of medications.
No differences were observed in MACE-free survival between women and men, both in subgroups of
patients with intermittent claudication (log-rank p=0.759) and CLI (log-rank p=0.558).
CONCLUSIONS: Our study showed no gender differences in the occurrence of MACE based on
initial clinical presentations of PAD.
Keywords: peripheral artery disease, critical limb ischemia, gender, cardiovascular outcomes
Sažetak:
Spolne razlike u rizičnim čimbenicima i kardiovaskularnim ishodima bolesnika sa simptomatskom
perifernom arterijskom bolesti
CILJ: Usporediti utjecaj spola na učestalost neželjenih kardiovaskularnih događaja u bolesnika sa
simptomatskom perifernom arterijskom bolesti (PAB) s obzirom na inicijalnu kliničku prezentaciju
(intermitentne klaudikacije ili kritična ishemija ekstremiteta).
MATERIJALI I METODE: Provedeno je prospektivno kliničko istraživanje u koje su uključeni bolesnici sa simptomatskom perifernom arterijskom bolesti. Bolesnici su podijeljeni u skupine s obzirom
na inicijalnu kliničku prezentaciju (intermitentne klaudikacije ili kritična ishemija ekstremiteta) te s
obzirom na spol. Prikupljeni su podaci o rizičnim čimbenicima, prognostičkim faktorima i neželjenim
kardiovaskularnim ishodima (infarkt miokarda, cerebrovaskularni inzult, smrtni ishod).
REZULTATI: U istraživanje je uključeno 1084 bolesnika (35% žena) sa simptomatskom PAB.
Prosječan period praćenja iznosio je 45 mjeseci tijekom kojeg je u 371 bolesnika (34%) zabilježen
neželjeni kardiovaskularni događaj. U usporedbi s muškarcima, žene su bile starije dobi (p <0,001),
češće su se prezentirale s kliničkom slikom kritične ishemije ekstremiteta (p=0,006) i oštećenom
bubrežnom funkcijom (p <0,001). Muškarci su češće bolovali od šećerne bolesti (p=0,043) i polivasku-
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larne bolesti (p=0,024) te su češće bili pušači (p <0,001). Među spolovima nije bilo razlike u primjeni
statina niti inhibitora angiotenzin konvertirajućeg enzima i antagonista angiotenzinskih receptora.
Nije bilo razlike u preživljenju bez neželjenog kardiovaskularnog događaja između žena i muškaraca,
u bolesnika s intermitentnim klaudikacijama (log-rank p=0,759) i kritičnom ishemijom ekstremiteta
(log-rank p=0,558).
ZAKLJUČAK: Naše istraživanje nije pokazalo značajan utjecaj spola na učestalost neželjenih kardiovaskularnih događaja u bolesnika sa simptomatskom perifernom arterijskom bolesti, u ovisnosti o
inicijalnoj kliničkoj prezentaciji.
Ključne Riječi: periferna arterijska bolest, kritična ishemija ekstremiteta, spol, kardiovaskularni
ishodi

Introduction
Gender differences in the spectrum of cardiovascular diseases are
associated with differences in biology between the sexes as well as
various social factors that ultimately lead to an unequal approach
to the diagnosis and treatment. (1–3) Peripheral artery disease
(PAD), as one of the most significant markers of atherosclerotic
disease extension, occurs with varying frequency and with different
clinical manifestations among genders. (4) In women PAD occurs
about 15 years later than in men, probably due to the protective
effect of estrogen. (5) However, the prevalence of PAD in postmenopausal women is higher than in men. (6) The risk profile of
patients with PAD differs between sexes: men are more likely to be
smokers, while women more often suffer from dyslipidemia and
diabetes. (7–9) Compared to men, in women with chronic renal
failure, PAD occurs more often and at an earlier age. (10)
In women, the frequency of subclinical, asymptomatic and atypical forms of PAD is higher, and when the disease becomes symptomatic, women tend to start the treatment at a more advanced
stage of the disease, often in the phase of critical limb ischemia
(CLI). (11–13)
Although some studies indicate that cardiovascular mortality
is higher in women than in men, the results of available metaanalyses show contradictory results on the impact of gender on
cardiovascular and overall outcomes in patients with PAD. (10,
14–16) There are insufficient data regarding outcomes between
women and men, according to the clinical presentation of PAD.
The aim of our study was to assess the influence of gender on risk
factors in symptomatic PAD, and sex differences in cardiovascular outcomes according to the clinical presentation of the disease,
i.e. intermittent claudication or CLI.

characteristics of the patients were recorded and included general
information (age, gender, and anthropometric data), cardiovascular risk factors, laboratory data, comorbidities, and medications.
The diagnosis of PAD was established by clinical examination,
ankle brachial index measurement, duplex sonography, and/
or computed tomography, magnetic resonance angiography or
peripheral angiography using the criteria of the European Society
of Cardiology. (1) Critical limb ischemia was defined as the presence of rest pain, ulcer or gangrene (Fontaine stages III and IV).
Diabetes was defined according to the criteria of the American
Diabetes Association and was considered to be present in all patients taking antidiabetic medication. (20) Hypertension was diagnosed in accordance with the European Society of Cardiology/
European Society of Hypertension 2017 guidelines. (21) Renal
function was assessed by estimating the glomerular filtration rate
(GFR) using the Modification of Diet in Renal Disease formula
and GFR <60 mL/min/1.73 m² indicated impaired renal function. (22) Cardiovascular disease, in addition to confirmed PAD,
was defined as a history of percutaneous coronary intervention,
coronary artery bypass grafting, or myocardial infarction (MI),
history of stroke or transient ischemic attack, carotid stenosis
(≥50%), or carotid revascularization. All patients were followed
up through scheduled clinical visits, firstly three months after the
index hospitalization and thereafter at 12-month interval. Outcomes were documented by reviewing hospital records or death
certificates and the occurrence of major adverse cardiovascular
events (MACE), defined as composite endpoint of MI, stroke,
and death was assessed.
Differences between the groups were analysed with t-test for
continuous variables and with chi-square test for categorical variables. Kaplan-Meier methods with log-rank tests were performed
to compare the survival curves between women and men with intermittent claudication and CLI. The value of p <0.05 was considered statistically significant. Statistical analysis was performed
using the MedCalc Statistical Software version 20.011, Ostend,
Belgium. The investigation was performed in accordance with
the Declaration of Helsinki and was approved by the University
Hospital Ethics Committee (No. EP-7407/15-1).

Patients and Methods
The first Croatian prospective Peripheral Artery Disease registry (CRO-PAD) was created in 2010, with the aim to: collect,
organise and analyse data about patients with PAD. (17–19)
We planned to investigate risk factors, prognosticators and
longitudinal events to improve patients’ healthcare and disease
outcomes. During hospital stay, demographic data and clinical
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Results
In this prospective database 1084 consecutive patients with
symptomatic PAD, admitted to the University Hospital between
January 2010 and January 2020 were included. Baseline characteristics of the study population are shown in Table 1. During
mean follow-up period of 45 months, 371 patients (34%) experienced MACE, with 77 MIs, 63 strokes, and 231 deaths.
The prevalence of women among symptomatic PAD patients was
35% and female gender was not associated with unfavourable
outcomes. When compared with males, female patients were
older (72 vs 69 years, p <0.001), and were more likely to have
CLI (42% vs 33%, p=0.006) and impaired renal function (42%

vs 31%, p <0.001). Cardiovascular risk factors such as diabetes
(53% vs 47%, p=0.043) and smoking (58% vs 43%, p <0.001)
were more prevalent in men, as well as polyvascular disease (58%
vs 51%, p=0.024). No significant difference was found regarding
the use of medications that improve cardiovascular outcomes,
namely statins (p=0.289) and angiotensin converting enzyme
inhibitors/angiotensin receptor blockers (p=0.844) (Table 1).
Kaplan-Meier curves showed no differences in MACE-free
survival between women and men, both in subgroup of patients
with intermittent claudication (log-rank p=0.759) and CLI (logrank p=0.558) (Figure 1).

Table 1. Baseline characteristics of the study population by gender (n=1084)

Characteristic

Female
(n = 385)

Male
(n = 699)

p-value

Age (years)*

72.3±9.4

68.5±9.7

<0.001

BMI (kg/m )

26.8±4.4

27.5±3.9

0.016

Hypertension (%)

90

86

0.145

Diabetes mellitus (%)

47

53

0.043

Smoking (%)

43

58

<0.001

Dyslipidemia (%)

73

76

0.267

Polyvascular disease (%)

51

58

0.024

Critical limb ischemia (%)

42

33

0.006

Atrial fibrillation (%)

15

15

0.894

Impaired renal function (%)

42

31

<0.001

ACEi/ARB (%)

71

72

0.844

Statin (%)

77

80

0.289

2 *

* mean ± standard deviation
BMI, body mass index; ACEi/ARB, angiotensin converting enzyme inhibitors/angiotensin receptor blockers.
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Figure 1. Major adverse cardiovascular events (MACE) free survival according to gender in patients with (A)
intermittent claudication (n=694) and (B) critical limb ischemia (n=390).

Discussion
The aim of the study was to compare the influence of gender
on adverse cardiovascular events in patients with symptomatic
peripheral artery disease, based on their clinical presentation.
The results of our prospective study showed no significant differences between women and men in adverse cardiovascular event
rates, although there were differences in risk factors and initial
clinical presentation.
Our results are in accordance with a meta-analysis of 16 population-based cohort studies by Fowkes et al. and the Medicare
population-based cohort study. (23, 24) On the contrary, the
results from meta-analysis of Parvar et al. have showed a higher
rate of adverse cardiovascular outcomes in men with PAD. (25)
Wand et al. reported that women had a lower rate of short-term
outcomes, but no differences were noted when long-term outcomes were compared. (26) Of note, studies included in metaanalyses were heterogeneous regarding the initial presentation of
PAD and treatment strategies.
Lo et al. compared in-hospital cardiovascular outcomes rates in
patients with PAD, divided by gender and initial clinical presentation. They showed that women were significantly older and had
a higher mortality rate. (27) The differences between the studies
can be explained by the duration of follow-up period and treatment advancements during the last decades for PAD patients i.e.
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more frequent prescription of cardiovascular outcome-modifying
medications and use of modern endovascular materials and
techniques.
Previous studies warned about significant undertreatment of
women with PAD, especially with lipid-lowering drugs. (28) Our
study demonstrated no gender differences in medication use, and
about 80% of our study population was on statin therapy.
Additionally, we showed that men with PAD suffered more
frequently from diabetes and polyvascular disease, while women
were significantly older and more often presented with CLI. The
latter can be explained by biological differences, since women
tend to have a higher threshold for ischemic pain and have
smaller vessel diameters. (29, 30)
In conclusion, we found no differences in terms of adverse cardiovascular events between women and men with symptomatic
PAD based on their initial clinical presentation. More research is
needed to explain gender disparities across the peripheral vascular
disease continuum.
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