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Abstract Aims: This review summarizes the contribution of Italian diabetologists devoted to a
better understanding of the complex relationship linking sex/gender and long-term complications of type 1 (T1DM) and type 2 diabetes (T2DM) over the last ﬁfteen years.
Data synthesis: Microvascular and macrovascular complications of diabetes show sex- and
gender-related differences, involving pathophysiological mechanisms, epidemiological features
and clinical presentation, due to the interaction between biological and psychosocial factors.
These differences greatly impact on the progression of diabetes and its long-term complications,
especially in the cardiovascular, renal and liver districts.
Conclusion: A better knowledge of such sex- and gender-related characteristics is required for a
more precise patient phenotypization, and for the choice of a personalized antihyperglycemic
treatment. Despite such mounting evidence, current diabetes clinical guidelines do not as yet
adequately consider sex/gender differences.
ª 2022 Published by Elsevier B.V. on behalf of The Italian Diabetes Society, the Italian Society for
the Study of Atherosclerosis, the Italian Society of Human Nutrition and the Department of Clinical Medicine and Surgery, Federico II University.

1. Introduction
Sex and gender are important health determinants [1] and,
as such, they should be taken into account in the planning
of personalized medicine approaches [2].
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The term sex should properly refer to individual biological characteristics mainly linked to genetic background
and sexual hormones, while gender implies a multidimensional concept, inﬂuenced by social, religious, and
cultural determinants, as well as by individual behavior.
However, such aspects usually interact and their speciﬁc
contribution to the incidence and prevalence of several
non-transmissible chronic diseases, like cardiovascular
diseases (CVD), neurodegenerative diseases, cancer,
obesity, and diabetes, remains undeﬁned [3]. As a consequence, in scientiﬁc literature, the terms sex and gender
are often used as synonyms, and this may generate
confusion.
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Sex and gender largely inﬂuence epidemiology, clinical
presentation and outcomes of both type 1 (T1DM) and
type 2 diabetes mellitus (T2DM) (Fig. 1). Worldwide, the
prevalence of T2DM is increasing, especially in young
subjects and in the female sex [4], likely due to the
increased prevalence of obesity in females from lowincome countries [5e8], although these differences are
strongly inﬂuenced by age [9].
The diabetes burden affects CVD risk more in females
than in males, especially among T2DM individuals. However, evidence is accumulating on sex- and genderdifferences also with regards to microvascular complications, and in T1DM subjects [10e12].
A relevant evidence on this ﬁeld comes from Italian
studies on large cohorts of T1DM and T2DM subjects, with
some peculiar differences with respect to international
literature.
This review reports on studies investigating sex- and
gender-differences in long-term complications associated
with T1DM and T2DM in Italy in the last decades.
1.1. Sex- and gender-differences in macrovascular
complications of T2DM and T1DM
Type 2 diabetes is the sixth leading cause of death for men
and the seventh for women [13], with CVD accounting for
about 50e70% of mortality in this population [12].
Over the past decades, increased attention has been
paid to the analysis of differences between men and
women in the pathophysiology, diagnosis and prognosis of
CVD, both in the general population and in T2DM subjects
[11,12].
In T2DM, sex/gender differences have been largely
unknowledged in CVD occurrence, outcomes and risk
factors, and several data point to a higher burden of T2DM
on CVD risk in women than in men [14e21].
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Thus, while in the general population, women have a
reduced CVD risk showing a 10-year delay in the occurrence of clinical manifestations of CVD compared with
men, largely because of the estrogenic protection before
menopause, these differences are not observed in T2DM
women, who lose the beneﬁcial effects of estrogens and
display a higher CVD risk at a younger age, even before
menopause.
Accordingly, in absolute terms, CVD risk is higher
overall in T2DM men than in women; however when
comparing T2DM subjects vs non diabetic counterparts,
the relative risk of developing CVD events is much higher
in women than in men [8]. A meta-analysis on 37 prospective studies [10], including 447,064 T2DM subjects,
demonstrated that the relative risk of fatal coronary heart
disease (CHD) was 50% higher in women than in men (RR
3.50, 95% CI 2.70e4.53 vs 2.06, 1.81e2.34; P < 0.0001).
Similar results were obtained in the INTERHEART, a
caseecontrol study involving more than 15,000 cases and
controls from 52 countries [16]. International studies and
meta-analyses have reported a 44% higher RR for CHD, 27%
for stroke and 43% for CVD in women than in men with
T2DM [17e21], although this is not conﬁrmed by other
studies [22,23].
In Italy, several studies have investigated potential sex/
gender-differences in macrovascular disease, although
gender-speciﬁc variables have seldom been investigated.
The DAI study [24], a longitudinal prospective study
patronized by the Associazione Medici Diabetologi (AMD)
and by the Italian Ministry of Health (Istituto Superiore di
Sanità) with the aim of evaluating the prevalence and
incidence of CHD and its determinants in T2DM patients,
used data extracted from electronic chart records from 201
diabetes clinics in the time periods from Septembere
December 1998 and MarcheJune 1999 (basal data) and
followed every year from 2000 to 2003 (follow-up data).

Figure 1 Risk of micro and macrovascular complications in men and women with T2DM. The ﬁgure represents major factors contributing to the
burden of risk factors, for microvascular and macrovascular disease in T2DM men and women across the continuum of the clinical history of the
disease.
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This analysis, conducted on 11,644 patients (6032 women
and 5612 men) without evidence of CVD at baseline, provided information on CHD incidence and predictors in the
two genders [24]. Major CHD events were overall more
frequent in men than in women (28.8% vs 23.3%), but the
relative gradient vs the general population was 50% higher
in women than in men, thus conﬁrming the stronger impact
of diabetes on CVD risk in females [24].
Subsequently, other studies explored these aspects in
Italy, including the Multifactorial Intervention in type 2
Diabetes in Italy (MIND-IT) Study [25], the Renal Insufﬁciency and Cardiovascular Events (RIACE) Italian Multicenter Study [26], and the AMD Annals Initiative [27]. The
MIND IT [25] study, promoted by the Italian Society of
Diabetes (SID, Società Italiana di Diabetologia) evaluated
the management and treatment of diabetes and the degree
of application of the guidelines for CVD prevention in
clinical practice in Italy (cross-sectional study), as well as
the effect in glyco-metabolic control and CVD events of an
intensive, multifactorial intervention (longitudinal study),
in patients with T2DM and no history of previous CVD
events, followed up at 10 hospital diabetes centers. A data
analysis from 2465 individuals (1168 women and 1297
men) collected at the enrolment visit in the years
2004e2006 assessed the degree of glycemic control and
CVD risk factors, as well as the impact of central obesity,
age and drug use. The prospective observational study
RIACE [26], also sustained by SID, had the primary objective of evaluating the impact of the estimated glomerular
ﬁltration rate (eGFR) and albuminuria on morbidity and
mortality. Among the pre-speciﬁed secondary endpoints of
this study there was the comparison of the baseline data
collected at the enrolment visit, carried out in the years
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2007e2008, between the two sexes (Fig. 2). The AMD
Annals Initiative [27] was aimed at analyzing data entered
in the electronic medical record of patients with T2DM
followed in Italian hospitals and local diabetes centers, in
order to assess the quality of care in Italy. One study, in
particular, analyzed data of 415,294 subjects from 236
centers, extracted from the data-ﬁle for the year 2009,
with the aim of highlighting any difference in the quality
of care in T2DM between men and women.
In the Verona Study [28], a population-based survey on
diabetes mellitus prevalence and all-cause mortality,
mortality rates were higher in the diabetic than in the
non-diabetic cohort at all ages, but women aged 65e74
years showed higher observed/expected ratio than men,
while this difference was not observed in other agegroups. More recently, a registry study from Reggio Emilia analyzing data on major CVD events from 2012 to 2014
found that the eccess of risk in T2DM subjects vs the
general population was similar in men and women for
stroke (1.8 times) and heart failure (HF; 2.7 times), while
that for myocardial infarction was higher in women (IRR
2.58, 95% CI 2.22e3.00 and IRR 1.78, 95% CI 1.60e2.00, in
T2DM women and in men, respectively; P for interaction<0.0001) [29]. Similar results were reported in a
registry study from Biobank in UK with over 500,000
participants, demonstrating that the risk for myocardial
infarction was 1.29 times higher in T2DM women than in
men [30].
Regarding HF, signiﬁcant sex- and gender-differences in
etiology, epidemiology and clinical presentation, prognosis,
comorbidities, and response to treatment have been reported in the general population [31]. In T2DM, a metaanalysis of data from 47 cohorts, involving 12, 142, 998

Figure 2 Prevalence of micro and macrovascular complications by gender in T2DM subjects. The columns represent the baseline prevalence of
micro and macrovascular complications in men and women with type 2 diabetes (T2DM) participating in the RIACE study (J Intern Med 2013;
274:176e91). Any CVD, any type of cardiovascular disease; AMI, acute myocardial infarction; stroke; any ulcer/gangrene in lower limbs; any form of
retinopathy; eGFR, estimated glomerular ﬁltration rate <60 ml/min/1.73m2; detection of micro/macroalbuminuria.
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individuals, showed a pooled multiple-adjusted RR for HF of
1.95 (1.70-2.22) in women and 1.74 (1.55-1.95) in men, with
a pooled RRR of 1.09 (1.05-1.13) [32]. Furthermore, a metaanalysis by Bouthoorn et al. showed that the prevalence of
left ventricular systolic dysfunction (LVSD) and HF with
reduced ejection fraction (HFrEF) was higher among T2DM
patients from a hospital setting compared with studies from
the general population, prevailing in men than in women in
both settings [33]. The same Authors also evaluated the sexspeciﬁc estimates for HF with preserved ejection fraction
(HFpEF): the prevalence of LV diastolic dysfunction was
similar in T2DM men and women, while HFpEF was more
common in women [34]. As for risk factors and biomarkers
of incident HF, no major sex differences were reported [35].
In Italy, the DYDA trial collected baseline clinical, ECG,
routinalysis and echocardiographic data from 751 asymptomatic and adequately controlled T2DM patients
recruited in 37 Italian diabetes clinics. This study found a
high prevalence of early LV dysfunction, with age, worse
HbA1c, traits of insulin resistance, treatment with metformin or doxazosin that were associated with a greater
risk [36]. At the two-year follow-up of the same study, any
LV dysfunction was very frequent in T2DM patients
without overt CVD, and all-cause death or hospitalization
occurred in 15% of these subjects [37]. Notably, in the
DYDA trial, no sex differences were reported for ventricular dysfunction or HF. A high prevalence of LV diastolic
dysfunction was also reported in 456 consecutive Italian
postmenopausal T2DM women with normal blood pressure values. In this group, LV diastolic dysfunction was
associated with HbA1c levels and obesity status, but not
with ECG abnormalities [38].
Sex- and gender-differences in stroke prevalence and
outcomes have also been largely reported in the general
population [39]. In T2DM subjects, the risk of stroke was
up to eight-fold higher in women, especially at a younger
age [40]. An Italian study, evaluating all the discharge records for stroke for residents in the Tuscany region in the
years 2004e2011 [41], demonstrated that T2DM was
associated with a higher risk of stroke in both sexes, with
an odds ratio (OR) of 1.31 (95% CI 1.28e1.34) in men and
1.24 (95% CI 1.21e1.37) in women. However, T2DM women
showed a higher intrahospital mortality risk after ischemic
stroke (OR 1.32; 1.06e1.64), whereas no sex/genderdifference was noted in the non-diabetic cohort. In the
same clinical setting [42], the sex gap in the risk for the
ﬁrst ischemic stroke vs the non-diabetic population
decreased progressively with ageing, but it was particularly higher in T2DM women aged 55e74 years vs T2DM
men of the same age. T2DM was also associated with the
risk of recurrence of stroke, irrespective of age [42].
Notably, a recent cross-sectional study showed that
women with a prior stroke/TIA and multiple risk factors
including diabetes, had an increased risk of all-cause
hospitalization compared with men [43].
As for peripheral artery disease (PAD), up to date, available evidence on potential sex-related differences is still
limited. In the Framingham study, the relative risk of claudicatio was signiﬁcantly higher in T2DM women [44].
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Conversely, recent data from Italy show that age, male sex
and diabetes duration were independent predictors for PAD
[45]. Moreover, an Italian study examining the risk of
amputation in T2DM patients with PAD [46], showed a
higher risk of lower limb amputations in men than in
women, with a RR of 2.6 (95% CI 2.5e2.8) for minor and of 2.0
(95% CI 1.9e2.2) for major amputations. Furthermore, from
2001 to 2010, male-female RR increased from 2.3 to 3.1 for
minor amputations and from 1.8 to 2.6 for major ones, which
is in line with the international literature [47,48].
Potential sex/gender differences in major CVD events
have also been investigated in newly diagnosed T2DM and
in pre-diabetic subjects. Biological sex inﬂuences prediabetes status, and impaired fasting glucose (IFG) is prevalent in men, while impaired glucose tolerance (IGT)
prevails in women [8,49], with important clinical implications for the screening of the disease.
Notably, among subjects with new T2DM diagnosis,
about 50% already have long-term complications, with
some differences between men and women [50]. A monocentric Italian study conducted in subjects with a recent
T2DM diagnosis, and followed up for 51.2 months, showed
that male sex was among the predictors of early CVD
occurrence [51]. Furthermore, another recent study,
including a large cohort of adults with normal glucose
tolerance (NGT), pre-diabetes and T2DM, found that only
T2DM women showed a higher risk of events compared to
men, whereas no sex/genderdifference was observed
among pre-diabetic subjects after 5.6 years of follow-up
[52]. The same Authors also demonstrated that LV maladaptations were worst in women with glucose intolerance [53].
Althoug many of these observations are largely attributable to biological (sex) differences in the impact of CVD
risk factors, in the pathophysiology of vascular bed, and in
clinical manifestations of CVD, gender-related variables
may also play an important role in inﬂuencing prognosis,
by causing delay in the diagnosis, undertreament of major
CVD risk factors, modifying adherence to therapy and
underuse of revascularization procedures in T2DM
women, still misperceived as being at lower CVD risk than
T2DM men [2,8,9,14].
Thus, the mechanisms behind the observed differences
in CVD risk between T2DM men and women are likely to
be attributable to a complex interaction between sex- and
gender-related variables, which is still unsolved (Fig. 3).
Among sex-related factors, it has been observed that
women have an earlier and more pronounced deterioration in CVD risk factors than men. Furthemore, sex-speciﬁc
risk factors such as gestational diabetes, pregnancy and
menopause may contribute. Notably, T2DM women do not
reach target values for major CVD risk factors, including
glucose and lipid control, weight loss and reduction of
inﬂammation and endothelial dysfunction markers as
compared to men, as largely documented by international
and Italian studies [54e58,25e27].
However, at variance with the international literature
[58], a gender bias in the management of T2DM suggesting
undertreatment of women compared with men was not
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Figure 3 Factors contributing to Sex and Gender differences in T2DM. Sex (biological)- and gender (socio-cultural)- related factors contributing to
the onset and progression of T2DM and its complications include a large set of variables, mechanisms and their potential interactions, although many
of them still need to be elucidated.

observed in Italian cohorts [25e27], suggesting that other
sex- (genetic, hormones) or gender-related variables
(adherence, access to diabetes centers, care-givers, education, lifestyle) may be implicated.
Accordingly, potential sex differences in the response to
antidiabetic drugs have recently been uncovered [59,60],
an issue that should be further explored, since women are
typically under-represented in clinical trials. Moreover, the
relevant role of sex-genes interactions and sex hormones
in inﬂuencing risk factors, their impact on vascular bed
and the response to treatments should be fully elucidated
[61e64].
Literature data show sex and gender differences also for
T1DM and its long-term complications, including macrovascular disease. The perception of CVD risk in T1DM has
evolved in the past decades, and T1DM patients with longstanding disease have been included in the very high-risk
category in the recent ESC guidelines [12]. When applying
ESC CVD risk stratiﬁcation to the 34,705 T1DM subjects
participating in the Italian AMD Annals Initiative, 64.7% of
them have a very high CVD risk, 28.5% a high-risk category,
while only 6.8% were in the moderate risk category [65].
Sex and gender differences have been also reported for
macrovascular disease in T1DM patients, although not
consistently [66], and these data are particularly evident
for stroke [67]. In 2015, Huxley published the ﬁrst metaanalisys of 26 studies reporting on sex differences on
standardized mortality risk (SMR) in T1DM: women
showed 40% for all-cause mortality, 37% for stroke, 44% for
CKD, 86% higher risk for fatal CVD events, and a more than
2 times higher risk for CHD compared to men [68]. Sex

differences have been also reported in the impact of
T1DM on HF. Thus, a recent meta-analysis reported a risk
for HF associated with T1DM of 5.15 (95% CI 3.43-7.74) in
women and 3.47 (2.57-4.69) in men [32].
Age of onset is an important risk stratiﬁer for mortality
and CVD risk in people with T1DM, showing a stronger
impact in women: thus, the development of T1DM before
10 years of age resulted in a loss of 17.7 life-years (95% CI
14.5e20.4) for women and 14.2 life-years (12.1e18.2) for
men [69].
As for T2DM, the mechanism behind the higher impact
of diabetes on CVD risk in women with T1DM is still unsolved, and data on sex/gender differences in CVD risk
factors in this population are scarce. Gender-related variables may have inﬂuenced the results of a small study in
Austria, documenting under-treatment with aspirin and
statins in T1DM women [70]. In 2011, the Italian AMD
Annals Initiative reported on differences in 15,708 adult
T1DM men (54.5%) and 13,094 women (45.5%) [71]. Overall, no differences were noted in mean HbA1c levels,
although more men than women were at target for HbA1c,
while the opposite trend was observed for blood pressure
control; smoking habit was worst in males and the prevalence of obesity in females, whereas no differences were
noted in lipid proﬁle [71] (Fig. 4). T1DM women were also
more often treated with continuous subcutaneous insulin
infusion (CSII; 19.6% vs 13.9%), but less frequently treated
with anti-hypertensive and hypolipidemic drugs. Notably,
the sex/gender gap in reaching glucose targets should be
seen in the light of the overall unsatisfactory glucose control reached by T1DM patients: less than 1/3 in T1DM reach
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Figure 4 Unfavourable intermediate outcome indicators by gender and by year in T1DM subjects. The columns represent the percentage of subjects
with unfavourable outcomes in the control of major risk factors at two different time points (year 2011 and year 2018) among type 1 diabetes (T1DM)
adult men and women participating in the AMD Annals Initiative. HbA1c, glycated aemoglobin; LDL-C, low density lipoprotein cholesterol; BP, blood
pressure; BMI, body max index; eGFR, estimated glomerular ﬁltration rate.

HbA1c target, with better results among CSII users. The
subsequent evaluation of the same cohort, in 2018,
conﬁrmed these trends (Fig. 4), with a preoccupying increase in the prevalence of obesity (from 0.4% in 2004 to
13.4% in 2018) [72]. These data were consistent with those
from other populations (Australia, USA, Europe, Scotland
[73,74]. However, as reported for T2DM subjects from
Italian cohorts, the peculiarity of Italian data, when
compared to other countries, is that, in Italy, these differences are not attributable to the quality of care, which was
comparable between T1DM men and women. Sex-related
variables such as hormonal ﬂuctuation through lifespan
may contribute to glucose variability, especially in T1DM
women, but also gender differences in psycological factors,
difﬁculty in adaptation and acceptation of the disease
and/or depression may be more frequent in T1DM
women, although these same variables did not inﬂuence
glucose control in a small cohort study [75], at odds with
that reported in T2DM subjects by the Italian BENCH-D
study [76].
1.2. Sex and gender differences in microvascular
complications and NAFLD inT2DM and T1DM
Nephropathy Male sex is associated with an increased risk
to progress toward acute kidney insufﬁciency (AKI)
[77,78]; on the contrary recent data from USA show that
chronic kidney disease (CKD) prevails in women (13 vs
10%) [79], with an increase of 28.2% in women and 25.3% in
men registered in the 2007e2017 decade [80]. A quite
recent metanalysis identiﬁed male sex (HR 1.37) as a
determinant of CKD progression to end stage renal disease
(ESRD) [81]. A sex effect on the risk to develop renal disease during the course of diabetes (diabetic kidney disease,
DKD) has been inconstantly reported in the scientiﬁc
literature. Such inconsistency is likely due to several factors: sex-linked differences in markers of eGFR (serum
creatinine and cystatin C), different performance of equations to estimate eGFR, scarce use of already validated sex-

speciﬁc cut-off of eGFR and albuminuria [82], residual
confounding factors, including the impact of CVD complications on renal function, differences in the study populations (percent of post-menopausal women, age of onset
and disease duration). Certainly, sex hormones play an
important role, although not fully elucidated yet: estrogens seem to exert protection [83], and Yu et al. have
shown that women 60 years have an increased prevalence of advanced DKD vs men [84]. In T1DM, age of onset
and disease duration are important sex-related determinants. An early onset is protective toward the subsequent development of DKD in both sexes, while the
prevalence of DKD increases in males with disease duration >25 years [85,86].
Another aspect of the sexual dimorphism in DKD resides in the renal haemodynamic. It has been shown that
female adolescents with T1DM or T2DM are prone to
develop glomerular hyperﬁltration [87,88], likely due to
increased resistance at the level of glomerular efferent
arteriola, with reduced renal plasma ﬂow and increased
intraglomerular hydrostatic pressure; other potentially
involved mechanisms include an increased nitric oxide
(NO) bioavailability (an enhanced NO synthase activity has
been documented in female animal models, with
increased vasodilation of afferent arteriola) [89].
In 2004 MacIsaac documented for the ﬁrst time the
presence of a non albuminuric CKD phenotype in T2DM:
normoalbuminuric subjects with eGFR <60 ml/min/1.73 m2
(measured with 99 mTc-DTPA) were mainly aging women
[90]. These observations have been replicated in ample cohorts [91,92], and the Italian diabetologists have largely
contributed to the increased knowledge in the ﬁeld. The
RIACE study, a prospective observational survey performed
in 15,773 T2DM individuals, described differences in CKD
related to T2DM, with a prevalence of the non albuminuric
phenotype in the female sex [93], and a reduced prevalence
of such phenotype before 55 years of age, suggesting that sex,
rather than age, might inﬂuence a misclassiﬁcation
of a certain subject subset also determining a potential

Sex- and gender-differences

overestimation of CKD prevalence in T2DM. Data from Annali
AMD have conﬁrmed in both T1DM and T2DM a higher
prevalence of the normoalbuminuric CKD, also showing that,
in patients with T2DM and hypertension, together with age,
diabetes duration, BMI, low GFR at baseline and other clinical
characteristics, female sex can predict the risk of eGFR
reduction over time [94e96]. Such observation has been
somehow conﬁrmed in T1DM, where male sex, retinopathy
and smoking were related to the presence of albuminuria,
while female sex was related with low eGFR [97].
1.2.1. Retinopathy
In 2020, diabetic retinopathy (DR) has been conﬁrmed to
be a relevant cause of global blindness in subjects aged
>50 years (0.86 million cases [0.59e1.23]) [98], and an
independent predictor of CVD mortality [99]. In Europe,
the prevalence of DR is 25.7%, higher in T1DM (mean
annual incidence: 4.6%) [100] and reduced visual acuity
due to DR has been conﬁrmed to be more common among
women than men (OR 2.52 [1.48e3.73]) [101]; pregnancy
could accelerate disease progression [102]. Data on the
relationship between sex and risk to develop DR appear
contradictory: its prevalence, either in T1DM and T2DM, is
higher in men [103,104], but studies of some years ago
showed an opposite trend, although the clinical course of
the disease was more severe in males [105]. Besides the
obvious role of sexual hormones, other potential sexspeciﬁc determinants of DR have been suggested: low
albuminemia in men, high HbA1c, reduced eGFR and low
uric acid in women. In T2DM, Italian data show a prevalence of DR below 10% [106], markedly lower to that reported in Germany (20.12%) [107]. In the RIACE Study, no
difference in sex-related prevalence of proliferative or
non-proliferative DR was observed (Fig. 2), while maculopathy, although uncommon, was strongly linked to female sex, but not to HbA1c, hypertension, age, smoking
habits, triglycerides [106]; some years ago, the DAI study
showed a prevalence of DR of about 18%, signiﬁcantly
higher in the female sex [24].
1.2.2. Neuropathy
Diabetic neuropathy (DN), a hard to diagnose microvascular complication shows a high prevalence, with about
50% of T1DM and T2DM individuals developing signs of
the involvement of peripheral or nervous system after
10e15 years of disease [108]. Only a few studies have
evaluated the prevalence of DN according to sex. In the
BARI 2D study, performed in Caucasians, prevalence of
peripheral DN was 46.2% in women and 52.6% in men
[109]. Conversely, in Asia, DN prevails in women [110],
conﬁrming the relevant inﬂuence exerted by genetic and
environmental factors. Regarding the relationship between sex and autonomic neuropathy, a metanalysis
including mainly T1DM individuals pointed to a predictive
value of QTc elongation of 3.8-fold higher in men [111].
Sexual dysfunction, a common manifestation of autonomic
neuropathy, is more common in males, although the
presence of autonomic dysfunction is a good predictor of
sexual dysfunction in T1DM women [112]. In Italy, the
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more recent available epidemiological data refer to the
1990e2010 decades, coming from population studies, cohorts from general practitioners and diabetes outpatient
clinics. The mean prevalence of polyneuropathy ranges
between 20% and 28%; when stratifying by degree of certainty of the diagnosis (possible, probable or conﬁrmed by
instrumental procedure), the prevalence of the latter is
about 36% [113]. In such cohorts, prevalence was two-fold
higher in females. Recently, a multicentre study has
deﬁned frequency and characteristics of painful DN diagnosed with instrumental methods, identifying the female
sex as the only independent determinant of such clinical
condition [114]. The speciﬁc role of sex- or gender-related
variables on this disabling complication should be better
addressed by future studies.
1.2.3. Diabetic foot
The clinical condition usually identiﬁed as “diabetic foot”
is a complication with a multifactorial pathogenesis,
determining a high degree of disability, associated with a
high risk of hospitalization for CVD events and renal
insufﬁciency, and encumbered by a high mortality rate
[115]. Moreover, it determines a high direct and indirect
economic burden to the national health systems. Its
prevalence is higher in the male sex, although a higher
mortality in women carrying DN is reported [116]. The
occurrence of osteomyelitis does not seem to be sexrelated [117]. Several Italian centres have provided a relevant contribution to the knowledge in this ﬁeld. A large
observation performed on a Tuscany administrative database (165,650 subjects with diabetes, equally distributed
for sex, followed up to 6 years) has also considered the
pathogenesis of foot lesions. In patients carrying vascular
diabetic foot, risk of atherosclerotic disease, chronic renal
disease or death was signiﬁcantly higher in males, except
for stroke; in the presence of predominantly neuropathic
foot lesions, risk was higher in women [118]. Another
recent study retrospectively examined the hospitalization
outcomes in the 2011e2015 years in a regional reference
centre, identifying the male sex as the one characterized
by a worse prognosis: recovering time and mortality rate
(24.5% vs 16.1%, p Z 0.02) were higher in males [119].
1.2.4. NAFLD
Non-alcoholic fatty liver disease (NAFLD) is the most
frequent form of chronic liver disease in Western countries. It encompasses a broad spectrum of conditions
ranging from hepatic steatosis to nonalcoholic steatohepatitis (NASH), cirrhosis and hepatocarcinoma especially
when it occurs in diabetic subjects [120,121].
The relationship between NAFLD and T2DM is so tight
and complex that several Authors have suggested that this
condition should be added to the list of T2DM long-term
complications, recently naming it “MAFLD, metabolic
dyscfunction-associated fatty liver disease”.
Thus, NAFLD exacerbates hepatic insulin resistance and
increases the risk of developing T2DM, worsens glycemic
control and contributes to the pathogenesis of long-term
T2DM complications, including CVD and CKD [120,121].
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A growing body of data indicate sex/gender differences
in the occurrence of NAFLD and its progression, and
several Italian studies have contributed to this ﬁeld
[120e122].
A recent meta-analysis [122] showed that, in the general population, women had a 19% lower risk of NAFLD, a
similar risk of NASH and 37% higher risk of advanced
ﬁbrosis than men, with age being a modiﬁer of the effect,
since NASH and advanced ﬁbrosis were more severe in
older women. Sex-related differences in obesity prevalence and its phenotypic distribution, and the role of sexhormones and their decline after menopause, may have
played a relevant role in determining these differences
[123e125]. Estrogens seem to exert direct anti-ﬁbrotic
effects in the liver, thus protecting against NASH, as suggested by studies in patients with chronic viral hepatitis
[126,127]. However, literature data suggest that in metabolic liver disease the risk of advanced ﬁbrosis is comparable in men and women, who show an accelerate
progression after menopause.
Italian studies also contributed to the knowledge in this
ﬁeld. A monocentric Italian study found that T2DM subjects
with no-virus nor alcohol-related persistently elevated liver
enzymes overtime (a surrogate marker of metabolic hepatocellular damage) were more likely to be men, younger and
to have a shorter diabetes duration [128].
In the AMD Annals data from 94,577 T2DM patients, the
prevalence of NAFLD by using the Fatty Liver Index (FLI)
was 59.6%, and FLI-NAFLD was associated with impairment
in renal function, higher albumin excretion, HbA1c and
blood pressure, lower HDL cholesterol, and poorer quality
of care [129].
The AMD Annals data also showed that this condition is
partly dynamic, with about 5% of diabetic patients potentially recovering from NAFLD every year. Analysis of predictive factors for NAFLD showed that younger male
patients with insulin resistance or organ damage are at
higher risk of presenting NAFLD at baseline, developing
the disease within three years, and having a lower probability of disease regression. In the same cohort, the male
sex was associated with a greater risk of more advanced
ﬁbrosis, as determined by Fibrosis 4 [FIB-4] score at
baseline, while the FIB-4 score at three years was associated with lower values of baseline renal function, LDL, and
BMI and FIB-4 score [130].
Italian data from the DARWIN-T2D network of the
Italian Diabetes Society (SID) [131] found that MAFLD,
diagnosed using the HSI, hepatic steatosis index, and
validated against ultrasound in a subgroup of patients,
affected about 75% of T2DM patients and was associated
with macroangiopathy and nephropathy.
Several studies reported on the association between
NAFLD and CKD and a recent meta-analysis on 13 studies
(1,222,032 individuals) reported that NAFLD is signiﬁcantly
associated with about 1.45-fold increase of long-term
incidence of clinically meaningful renal impairment (CKD
stage 3) [132].
Also mortality from chronic liver disease is higher in
T2DM subjects, and a study on a large set of T2DM patients
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(54.6% men) from the Veneto Region, in Northern Italy,
showed a standardized mortality ratio of 2.47 (95%
CI Z 2.19e2.78) in men and 2.70 (2.24e3.23) in women,
largely attributable to NAFLD [133].
2. Conclusions
Italian data obtained on large populations of T1DM and
T2DM subjects show sex/gender difference in the epidemiology of diabetes and its complications. For macrovascular disease, data appear consistent with the
international literature: also in Italy, T2DM women
showed a higher diabetes-related CVD risk, when
compared to men. Such a landascape is destined to get
worse when considering the actual more stringent targets
recommended for T2DM patients [134]. For the other
chronic complications, the observations of a prevailing
non-albuminuric phenotype of CKD, as well as of painful
polyneuropathy in women and the differences in the
severity of NAFLD, have received robust support from
Italian contributions.
2.1. Implications for clinical practice and future
perspectives
Available data on sex and gender differences in diabetes
from international and Italian studies may have important
implications for clinical practice, starting from the diagnosis of the disease. Thus, prediabetes forms are differently prevalent in men and women, and women at early
diabetes stages, including prediabetes, already carry a
higher CVD risk factors burden than men.
Moreover, progress in reducing T2DM mortality has
been more effective in men than in women [135], although
this picture has improved in recent years, suggesting that
clinicians should be aware of the greater risk of severe
consequences of CVD in women. The high risk of stroke
and heart failure occurrence should also be acknowledged
in women with both T2DM and T1DM. Moreover, greater
attention should be paid to the management of major CVD
risk factors and to the recognition of unconventional
clinical presentation of CVD symptoms, to tempestively
initiate appropriate medical or surgical therapies.
With regards to microvascular complications, the
acknowledgment of differences in the prevalence of speciﬁc renal phenotypes is important for the diagnosis and
management of DKD, and the enormous burden of painful
neuropathy should also be recognized in women with
diabetes. The higher burden of diabetic foot and amputations among T2DM men is another fundamental aspect
that merits consideration.
Also, the different adverse impact of sex on NAFLD
deserves particular attention, with women being more
prone to advanced liver disease, and this should ideally be
addressed by appropriate specialistic liver counselling.
Unfortunately, research on sex and gender differences in
diabetes and its complications is still limited and this implies that current guidelines do not have sufﬁcient evidence
to release sex-speciﬁc recommendations (Table 1). Notably,
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Table 1 Future agenda in sex- and gender-speciﬁc diabetes
research.
Causality association studies
Use of appropriate animal models and translational research
Studies on sex-differences in the pathophysiology, including the
complex interplay of genes, epigenetic, hormones and lifestyle
Appropriate methodology for sex- and gender-speciﬁc analysis in
clinical studies
RCTs proving evidence of sex-speciﬁc differences by adequate
intervention and study design
Adequate inclusion of women in clinical studies
Addition of gender-related variables in clinical studies
Efﬁcacy and tolerability of drugs in men and women
Intervention studies to overcome hormones default
Inclusion of pre- and post-menopausal women in clinical trials

women are still largely under-represented in clinical trials,
which renders the ﬁeld of efﬁcacy and safety of current CVD
treatments still unsufﬁciently explored in females.
Moreover, while the role of sex differences in diabetes
has been increasingly recognized and several Authors,
including many Italian researchers, have contributed to
this ﬁeld, the large gap in the research area of gendererelated differences should be still ﬁlled up. We should
consider that gender is an equally important variable as
biological sex in human health and diseases, since it may
inﬂuence the attitudes and behaviours of societies, clinicians, and patients [136,137] potentially inﬂuencing patient’s risk exposure, adherence to treatments and, overall,
the use of the health-care system, including access to
health care and help-seeking behaviours. Gender may also
differently trigger clinicians’attitudes and therapeutic approaches [1,138].
The crucial role of gender-related variables in the ﬁeld
of CVD emerged from a small number of studies demonstrating that women with myocardial infarction often underestimate their risk and seek consultation later in
comparison to men [139,140]; mortality one year after an
acute coronary event was more strongly associated with
gender than with biological sex, and gender better predicted CVD risk factors control [136,137].
All these issues should be part of our research agenda in
the next few years, since updated epidemiologic and
prognostic information coming from sex- and genderspeciﬁc studies are still urgently needed.
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