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Abstract: Background: Among individuals with Type 2 diabetes (T2DM), cardiovascular disease (CVD) is the
leading cause of morbidity and mortality. Sex and gender differences (SGDs) in the cardiovascular consequences
of T2DM are relevant suggesting the need for a more aggressive CVD preventive strategy in diabetic women as
they lose the so-called "female advantage" in terms of CVD risk comparing with the nondiabetic population.
Multiple factors may explain the disproportion in CVD risk among women with diabetes comparing with diabetic
men or non-diabetic women. Both genetic and hormonal factors only partially explain SGDs in CVD risk in
diabetes. However, women likely reach diagnosis later and in worse conditions, they undergo both diagnostic and
therapeutic supports in lower percentage and, finally, they are not able to obtain therapeutic goals recommended
by guidelines. Concerning the cardiovascular system, diabetes amplifies the extent of damage at both micro- and
macrovascular level differently among sexes.
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Methods: The aim of this review is to clarify, in a sex and gender perspective, the impact of diabetes in CVD risk

and to summarize the most important SGDs in CVD primary and secondary prevention strategies such as anti-

Dor: platelet drugs and statins.
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Results: The efficacy of ASA and/or statins in secondary prevention is documented in both sexes independently

by the presence of T2DM. A different approach to CVD primary prevention with ASA using the age cut-off to
discriminate sex differences has been recommended. The use of statins for primary prevention in women should
be accurately monitored for the occurrence of myalgia and risk of developing diabetes.

Conclusion: A gender approach in CVD prevention strategies is urgently required to achieve a sensible reduction
of adverse CV events.
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1. INTRODUCTION

Cardiovascular disease (CVD) is the worldwide leading cause
of morbidity and mortality in both sexes accounting for three-
quarters of any hospitalization and for half of all deaths [1].

While in the non-diabetic individual, CVD risk is higher in
men, type 2 diabetes (T2DM) completely transposes these sex-
gender differences (SGDs) conferring to women a greater burst of
CVD [2]. Interestingly, all risk factors associated with CVD appear
to be more aggressive in diabetic females comparing with males
[3]. A compromised endothelium-dependent vasodilation, a state of
hypercoagulability, worse atherogenic lipid profile, and the coexis-
tence of metabolic syndrome have been reported to be more evident
in diabetic women [4-7].

Interestingly, the detrimental effect on cardiovascular (CV)
health of an abnormal glycemic control, that defines T2DM, is sex-
dependent and evident even in pre-diabetic women, that have typi-
cally a vascular risk burden increased comparing with the male
counterpart [8, 9]. Accordingly, the results of the Italian Renal
Insufficiency And Cardiovascular Events (RIACE) study showed
that in 15,773 patients with T2DM, complications were generally
more prevalent in men, but women showed a less favorable
CVD risk profile and achieved therapeutic targets to a lesser extent
than men, despite the fact that treatment intensity was not lower
[10, I1].
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In a meta-analysis of more than 800,000 subjects, the relative
risk of CVD was 44% higher in women with T2DM than in men
[12]. A greater fatality rate after ischemic stroke in women versus
men has been reported [13]. Moreover, according to a German and
an Italian study, men seem to be paradoxically not prone to have
diabetes [14, 15].

The increased prevalence of T2DM is concerning in a sex and
gender perspective because it confers a higher risk of CV death in
women compared with men [16,17]. Specifically, there is a 3-fold
excess in fatal coronary artery disease (CAD) risk in women with
T2DM compared with non-diabetic women [17]. Moreover, dia-
betic women have a 5-fold excess of fatal CAD compared with
T2DM men [18]. According to a recent international meta-analysis,
a 50-year-old diabetic man has a life expectancy of 5.8 years less
than a man of the same age without diabetes; for a 60-year-old dia-
betic man, the reduction is by 4.5 years. The corresponding esti-
mates for a woman are 6.4 and 5.4 years, respectively [19]. In the
MONICA/KORA study, the risk of myocardial infarction (MI) was
four times higher in men and six times higher in women [20].

The reasons for this disproportionate impact of T2DM in fe-
males are not entirely clear.

Multifactorial contributions have been suggested such as ge-
netic [21] and inherent physiological differences, including sex
hormones impact, differential CVD risk factors prevalence, and
SGDs concerning diagnosis and treatment of T2DM and CVD [22].

Therefore, the presence of T2DM represents an imperative for
proactive CVD prevention strategies in women. The purpose of this
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review will be to analyze all data available in a sex and gender per-
spective on CVD prevention in T2DM, specifically targeting the
role of antiplatelet and statins therapy.

1.1. Sex Differences in the Cardiovascular Complications of
T2DM: Ischemic Heart Disease

Globally, contemporary recommendations for the prevention,
diagnostic testing, and medical or surgical treatments of ischemic
heart disease (IHD) in women are extrapolated from studies con-
ducted predominantly in middle-aged men [23]. When women are
enrolled, underrepresentation of female patients in trials of CV
clinical procedures and therapies and inadequate provision of sex-
specific analyses limit the ability to define the specific benefits and
risks experienced by women [24]. Conversely, in preclinical re-
search, in numerous models of T2DM, male animals are more sus-
ceptible to T2DM and have more severe disease than females [24,
25]. Additionally, in some animal models, particularly in the rat,
females show less ischemia-reperfusion injury; however, this evi-
dence is not observed in all animal studies [26]. The above findings
should indicate that both preclinical and clinical do not take in the
right consideration the sex and gender determinants.

Notably, the American Heart Association (AHA) has recently
released a position statement on MI in women [27] to highlight the
urgent need for a sex- and gender-based personalized approach in
CV prevention strategies, to achieve a sensible reduction of adverse
CV events. Therefore, the awareness of sex impact on IHD is pro-
gressively increasing and a specific section on diabetes is included.
Although men and women share similar risk factors for IHD, sev-
eral, including T2DM coexistence, are undoubtedly more powerful
in women [27].

Of note, diabetic women have a two-fold excess IHD risk com-
pared with men. MI occurs earlier and has higher mortality in
women with DM compared with men. An epidemiological study
with a long follow-up period showed excess long-term mortality
associated with diabetes and excess of CV disease mortality in dia-
betic women [28]. Finally, revascularization rates (i.e. angioplasty,
coronary artery bypass grafting) are lower in women with T2DM
compared with men [23].

In general, the presence of diabetes reduced the so-called fe-
male advantage for CVD risk [3]; indeed, mortality from IHD was
3 times higher in women compared with men with diabetes [29].

Multiple factors might contribute to the SGDs in CV conse-
quences of diabetes. The disparities in the female increase of DM-
related CV events could be explained by a differential application
of risk factor management strategies or from a differential effect of
these management strategies [30, 31].

Sex discrepancy in the intensity of CV risk reduction as well as
worse hemoglobin Alc control, lower frequency or effects [32] of
lipid-lowering therapy, lower aspirin (ASA) use, and lower blood
pressure control have been reported in women [30]. In fact, glyce-
mic control along with correction of concomitant high blood pres-
sure is effective to counteract CVD mortality in diabetic women
from middle to older age [33]. In addition, diabetic women have
less probability to receive appropriate care after acute coronary
syndromes [34]. Revascularization rates of CVD with angioplasty
and coronary artery bypass surgery are substandard in women than
men with T2DM [35, 36].

The higher mortality and the lower rates of revascularization
procedures in women with T2DM admitted for acute coronary syn-
drome could be partially due to their worse clinical profile as they
are older, more likely diagnosed with Non-ST Elevation MI, and
have more commonly multiple co-morbidities than men [33]. All
these findings could contribute to higher rate of CVD complications
in women with T2DM.

Additionally, metabolic factors may supply to the SGDs in CV
consequences of diabetes. Since women have a higher prevalence
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of obesity than men, sex differences in obesity have the potential to
magnify existing sex differences in diabetic CV sequelae [37]. For
women >60 years of age, the prevalence of obesity reached the
38%. Abdominal adiposity was more strongly associated with CV
mortality in women compared with men with T2DM in a Finnish
population [38].

Finally, worldwide, gender-related aspects at the individual, the
population, and the health system levels contribute to sex disparities
in CVD in T2DM [39].

Further aspects of SGDs in CV diabetic complications are rep-
resented by a more frequent prevalence of drug side effects in
women, in addition to increased resistance to the action of drugs
used in the prevention or in the therapy of CVD.

1.2. Sex Differences in CVD Treatments and Interventions in
Diabetes: Focus on Anti-Platelet Drugs for Primary Prevention

While the benefits of ASA in secondary prevention are well
documented in both sexes independently by the presence of T2DM
[40], there is general consensus across clinical guidelines that ASA
for primary prevention should be highly individualized based on a
benefit/risk ratio assessment for each patient [41].

In the general population, ASA therapy seems to more effective
on platelet in female though some studies have shown no differ-
ences in platelet reactivity after low dose ASA therapy between
sexes [42].

In line with these results, a recent meta-analysis of U.S. Preven-
tive Services Task Force including 11 primary prevention trials
(more than 118,000 participants of healthy and higher-risk popula-
tions, with a follow-up ranging from 3.6 to 10.1 years) [43] shows
that ASA therapy at varying doses is associated with reductions of
non-fatal MI (-22%) and all-cause mortality (-6%) with not
significant decrease in non-fatal total stroke (5%) and CV mortality
(-6%). Moreover, 8 out of 11 studies (87,524 participants), that
tested only low-dose ASA (100 mg/daily), showed that low-dose
ASA significantly increased the risk of major gastrointestinal bleed-
ing (+58%) [44].

Several interventional trials with ASA for primary CVD pre-
vention including subjects of both sexes and with or without T2DM
are available. Six of these [45-50], planned in the general popula-
tion, included also a subgroup analysis in diabetic patients, while 3
trials [51-53] were specifically conducted in patients with diabetes
mellitus. Among trials, the follow-up for the occurrence of CVD
events ranged from 3 to 10 years and the dosage of ASA varied.

The subjects enrolled were predominantly middle-aged adults,
frequently only men, [46-47, 49] and the CVD risk differed widely
across trials including very low risk or higher risk patients. Ac-
cording to the available literature, the efficacy of ASA therapy, as
the primary preventive strategy for CVD, comparing sexes and
specifically in women with T2DM is uncertain. Whereas the Anti-
thrombotic Trialists' (ATT) Collaboration showed a reduction in
vascular events in the secondary prevention of MI [40], the use of
ASA for the primary prevention of CVD events in women, as well
as, in patients with T2DM remains controversial. As reported in a
large primary prevention trial, a low dose ASA therapy was associ-
ated with a lower risk of stroke but not MI or CVD-death in women
[45]. Likewise, in the diabetic subgroup of the Women’s Health
Study, women who received ASA had a lower risk of ischemic
stroke compared with those without T2DM, although this outcome
was a secondary endpoint [45].

The Early Treatment Diabetic Retinopathy Study Report
(ETDRS) randomized diabetic patients (T1 and T2 DM) to 325-mg
ASA twice a day or placebo. No overall benefit was shown in the
treatment group, and the strength of the findings appeared more
evident in men than in women [51]. The Prevention of Progression
of Arterial Disease and Diabetes (POPADAD) study, a randomized
prevention trial in patients with T2DM and peripheral artery disease
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(PAD), showed no effect of low-dose ASA in prevention of vascu-
lar composite endpoints in both sex [52]. Similarly, in the Japanese
Primary Prevention of Atherosclerosis with Aspirin for Diabetes
(JPAD) trial, evaluated the efficacy of low-dose ASA in diabetic
patients without prior CVD, the incidence of composite endpoint
was not statistically different between the sexes [53].

Afterward, some meta-analysis, pooling all the available data
on primary prevention trials, found evidence for sex-related differ-
ences in CV outcomes [54-57]; a larger reduction in CVD events
for men and a larger reduction in stroke for women have been ob-
served. In the studies including more than 50% of women, patients
allocated to ASA use had 1.10 relative risk of MI and 0.67 of
stroke. Conversely, in trials including more than 50% of men the
relative risk was 0.71 for CVD events and 1.05 for stroke in pa-
tients taking ASA [55]. Globally in ASA primary prevention stud-
ies, a moderate risk relative reduction (approximately 9%) for CVD
events and relative risk increase of a 2-fold in bleeding (mainly
from the gastrointestinal system) has been recorded.

The net benefit of ASA is influenced in any case by the baseline
risks of CVD.

From studies on general middle-aged adults, ASA is highly
efficient when the 10-year risk of CVD events is more than 10%
with a baseline low risk of gastrointestinal bleeding [58, 59]. This
benefit is probably also applicable to T2DM patients; however,
more data on sex-specific effects of ASA are needed [60].

Actually, international guidelines [61] suggested a different
approach to CVD primary prevention using the age cut-off to dis-
criminate sex differences and a differential approach in manage-
ment. Low-dose ASA (75-162 mg/d) should be considered for indi-
viduals (men >50 years of age; women >60 years of age) with 10-
years CVD risk of at least 10% who do not have an increased risk
of bleeding and have at least 1 additional CVD risk factor. On the
contrary, antiplatelet therapy is not suggested for adults (men <50
years and women < 60 years) with diabetes at low risk with no ad-
ditional CVD risk factors.

1.3. Sex Differences in CVD Treatments and Interventions in
T2DM with Statins

Statins have dramatically improved the treatment of CV risk.
As well as in trials investigating the benefit of antiplatelet drugs in
CVD prevention, fewer women are represented in primary and
secondary interventional studies with statins [62-64] making it
complicated to draw definite conclusions in a sex and gender per-
spective. The situation is even more difficult in the subgroup of
diabetic individuals.

In secondary prevention trials, statins reduce the risk of CV
event to a similar extent in both women and men. In a meta-
analysis conducted on data from 26 randomized controlled trials,
including more than 170,000 subjects [65], diabetic individuals had
a20% CV risk reduction in both primary and secondary prevention
trials. Women, even if lesser represented (around 2,600 subjects)
had a 17% reduction of CV events compared with the 23% in men
(approximately more than 10,000) pointing out a statistically sig-
nificant interaction by sex [65]. According to this meta-analysis, a
clear benefit for secondary prevention with statins exists in both
women and men, while the evidence for primary prevention of
CVD with statins in women is less marked.

Despite that, on the basis of expert opinion and the cholesterol
theory of “atheroma progression”, the use of statins for primary
prevention in women at high risk for CVD is suggested. In fact,
coronary atherosclerosis burden was demonstrated to be less in
women than in men in the “Study of Coronary Atheroma by In-
travascular Ultrasound: Effect of Rosuvastatin Versus Atorvastatin”
(SATURN), and atheroma regression, detected by coronary ultra-
sound, as well as low-density lipoprotein cholesterol (LDL-C) low-
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ering was higher in female statin users compared with statin-treated
males [66].

Accordingly, atheroma regression and LDL lowering is greater
with statins in women than in men in the study of coronary
atheroma by intravascular ultrasound suggesting that statins may be
more beneficial for primary prevention in women, specifically in
the ones at high risk for CVD [67].

Statins should be used in subjects with moderate or high CVD
risk according to both new American Heart Association/American
College of Cardiology (ACC/AHA) guidelines and the Framingham
risk calculator [67]. Of note, many more women will susceptible for
treatment with statins according to the newer guidelines, which
state that all individuals (regardless of sex) >40 years of age with
T2DM should be treated [67].

Among diabetic population, the approach to statins use seems to
be more challenging in a sex and gender perspective. In the Trans-
lating Research Into Action for Diabetes (TRIAD) Study [68],
women were more likely to have LDL-C levels <130 mg/dL and
less likely to receive intensive lipid-lowering therapy than men.
Therefore, the sex disparity in CVD mortality trends might be re-
lated to less aggressive treatment of CVD risk factors in diabetic
women [68]. Moreover, in diabetic women, the lack of effects of
statins may be also related to an interaction between genetic and
environmental factors [32].

According to the current guidelines [67, 69], patients with dia-
betes mellitus between 40 and 75 years of age without additional
atherosclerotic CVD risk factors should be treated with a moderate-
intensity statin therapy in addition to lifestyle changes (to lower
LDL-C on average by 30% to 50%) (ACC/AHA Class I; Level of
Evidence A) (ADA Level of Evidence A). High-intensity statin
therapy (to lower LDL-C on average by >50%) should be given to
diabetics between 40 and 75 years of age with additional athero-
sclerotic CVD risk factors (ACC/ AHA Class Ila; Level of Evi-
dence B). Among subjects with diabetes mellitus who are <40 or
>75 years of age, the benefit of statin treatment should be individu-
ally evaluated (ACC/AHA Class Ila; Level of Evidence C). Inter-
estingly, plasma concentrations of 3-hydroxy-3-methylglutaryl-
CoA (HMG-CoA) reductase inhibitors are generally 15-20% higher
in women than in men, nevertheless, dose adjustments are not nec-
essary. As lipophilic statins, such as simvastatin or atorvastatin, are
catalyzed by cytochrome P450 3A4 (CYP3A4), and women have
higher concentrations of CYP3A4, women under treatment are
more prone to rapidly metabolize these statins [70].

The risk of adverse drug reactions and side effects is greater in
women [64]. Among 495 patients (67% women) treated with
simvastatin/atorvastatin [71], myalgia occurred more frequently in
women (26%), whereas an increase in creatine phosphokinase or
abnormal liver function was more frequent in men (17.9%), sug-
gesting the potential for sexual dimorphism in side effects. Besides,
these differences have not been explored in larger prospective stud-
ies.

As firstly reported by the Justification for the Use of Statins in
Prevention: An Intervention Trial Evaluating Rosuvastatin (JUPI-
TER) trial [72], statin-treated women, even if experience a powerful
(44%) reduction in the risk of major CV events, may have a greater
(25%) risk of developing diabetes on statins. Thus, a revision to
evaluate the incidence of diabetes among 91,140 patients enrolled
in thirteen statins interventional trials was performed [73] showing
9% increased risk for new diagnosis of T2DM, one out of 255
probability of incident diabetes per 4 years of statin use. Moreover,
it is suggested that statin-user women had higher probability of
incident diabetes [74]. It is reasonable that patients at high risk for
T2DM who are treated with statins should be accurately monitored,
but statin avoidance is not suggested considering the high benefit in
terms of CVD risk decrease [75].
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CONCLUSION

Improvements in prevention of CVD and mortality in diabetic
patients is challenging. SGDs are clearly evident along the epide-
miology, diagnosis and therapeutic response in T2DM patients.
Nevertheless, women persist to be scarcely represented in clinical
trials compromising the opportunity to test the sex impact on effi-
cacy and safety of the most used CVD prevention strategy, such as
antiplatelet drugs and statins. Data available are far from conclu-

sive.

A personalized approach in CVD prevention strategies, consid-
ering sex and gender, is urgently required to achieve a sensible
reduction of adverse CV events.

LIST OF ABBREVIATIONS

ASA = Aspirin

CAD = Coronary artery disease

CYP3A4 = Cytochrome P450 3A4

CVD = Cardiovascular disease

IHD = Ischemic heart disease

LDL-C = Low-density lipoprotein cholesterol

MI = Myocardial infarction

PAD = Peripheral artery disease

SGD = Sex-gender difference

T2DM = Type 2 diabetes mellitus
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