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Abstract

Diabetes is a strong risk factor for vascular disease. There is compelling evidence that the relative risk of vascular
disease associated with diabetes is substantially higher in women than men. The mechanisms that explain the sex
difference have not been identified. However, this excess risk could be due to certain underlying biological
differences between women and men. In addition to other cardiometabolic pathways, sex differences in body
anthropometry and patterns of storage of adipose tissue may be of particular importance in explaining the sex
differences in the relative risk of diabetes-associated vascular diseases. Besides biological factors, differences in the
uptake and provision of health care could also play a role in women’s greater excess risk of diabetic vascular
complications. In this review, we will discuss the current knowledge regarding sex differences in both biological factors,
with a specific focus on sex differences adipose tissue, and in health care provided for the prevention, management,
and treatment of diabetes and its vascular complications. While progress has been made towards understanding the
underlying mechanisms of women’s higher relative risk of diabetic vascular complications, many uncertainties remain.
Future research to understanding these mechanisms could contribute to more awareness of the sex-specific risk factors
and could eventually lead to more personalized diabetes care. This will ensure that women are not affected by
diabetes to a greater extent and will help to diminish the burden in both women and men.

Background
Diabetes is one of the most common chronic diseases
globally. In 2017, an estimated 425 million adults, 8.4%
of women and 9.1% of men, had diabetes, and an add-
itional 352 million adults were at risk of developing the
condition [1]. The prevalence of diabetes is expected to
further rise by 48%, to 629 million affected adults aged
between 20 and 79 years by 2045 [1]. The two main
types of diabetes are diabetes type 1 and diabetes type 2,
accounting for ~ 5–10% and ~ 90% of all individuals
with diabetes, respectively [1, 2]. Although diabetes type
2 is most often diagnosed at middle or old age, it is in-
creasingly common in children, adolescents, and young
adults, often as a consequence of obesity, physical in-
activity, and poor dietary habits [1, 3].

Diabetes is a major contributor to premature mortal-
ity. In 2017, an estimated 4 million deaths of people
aged between 20 and 79 years were attributed to diabetes
[1], making it the seventh most common cause of death
worldwide [4]. More women than men die of diabetes
on a global scale: 2.1 versus 1.8 million in 2017 [1]. The
only regions where more men than women die from dia-
betes are North America and the Caribbean region [1].
Individuals with diabetes are at increased risk of cardio-
vascular complications, chronic kidney disease, certain
cancers, physical and cognitive impairment (i.e., demen-
tia), depression, and respiratory and other infectious dis-
eases [1, 5, 6].
Cardiovascular disease is the most common complica-

tion of diabetes and can be broadly categorized in
microvascular complications (classically, neuropathy, ne-
phropathy, and retinopathy) and macrovascular compli-
cations including coronary artery disease, stroke, and
peripheral arterial disease. Individuals with diabetes are
two to three times more likely to develop cardiovascular
disease compared to individuals without diabetes [1].
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However, not everyone with diabetes has the same excess
risk of cardiovascular disease. Large-scale systematic re-
views with meta-analyses have demonstrated that the ex-
cess risk of macrovascular complications associated with
diabetes is substantially greater in women than men [7, 8].
The relative risks of incident coronary heart disease (CHD)
and stroke, respectively, associated with diabetes have been
estimated to be 44% and 27% higher in women than men
[7, 8]. Likewise, another meta-analysis of 68 prospective
studies has shown that, after adjustment for major vascular
risk factors, diabetes was associated with a nearly 50%
higher occlusive vascular mortality rate among women than
men [9]. The excess risk of vascular mortality among
women conferred by diabetes was especially high among
those between the age of 35 and 59 years, with almost a six
times higher occlusive vascular death rate among women
and a nearly two and a half times higher rate among men
[9]. Another meta-analysis demonstrated that diabetes was
associated with a 19% higher relative risk of vascular de-
mentia in women than men [10]. A sex differential in the
consequences of diabetes has also been shown for end stage
renal disease, where the relative risk of end-stage renal dis-
ease was 38% higher among women than men [11]. Since
90% of individuals with diabetes have type 2 diabetes, most
individuals with diabetes who were included in these meta-
analyses had type 2 diabetes. Nevertheless, a meta-analysis
that specifically focused on type 1 diabetes has shown that
women with type 1 diabetes had almost a 40% higher rela-
tive risk of all-cause mortality, and a 200% higher relative
risk of fatal and nonfatal vascular events, compared with
men with type 1 diabetes [12].
In addition to vascular disease, sex differences may

also exist in the association between diabetes and non-
vascular diseases. A recent meta-analysis has shown that

women have a 6% greater relative risk of diabetes-
associated cancer, with some variation by cancer type
[13]. Sex differences in other non-vascular diseases re-
quire further study. Figure 1 summarizes the results
from the abovementioned meta-analyses.
While the greater excess risk of vascular complications

conferred by diabetes in women compared with men has
been well described, mechanisms underpinning the sex
difference have not been identified in full. In this review,
we will first discuss sex differences in biological factors,
with a specific focus on adipose tissue, and secondly, we
will discuss sex differences in the uptake and provision
of health care. These mechanisms may be involved in
explaining the sex difference in the vascular conse-
quences of diabetes. Although some aspects may differ
by type of diabetes, we shall mainly focus on diabetes in
general, while acknowledging that most cases with dia-
betes would have type 2 diabetes.

Biological aspects
Women and men are subject to similar environmental ex-
posures during their life course, but they are biologically
different. For that reason, the excess risk of diabetes-
associated vascular disease in women compared with men
could be due to physiological, such as hormonal or gen-
etic, differences between women and men.
To diagnose diabetes, an arbitrary cutoff value of a con-

tinuous trait is used, such as fasting blood glucose (FG) or
glycated hemoglobin (HbA1c). Nevertheless, there is com-
pelling evidence of a progressive association between vari-
ous measures of glycemia and the risk of vascular disease,
both above and below the clinical threshold for diabetes.
It has been postulated that, compared with men, meta-
bolic risk factors in women has to deteriorate to a greater

Fig. 1 Results from prior meta-analyses of sex differences in the effects of diabetes on vascular outcomes and cancer expressed as the women-
to-men ratio of relative risks (RRR) and the additional risks [7, 8, 10, 11, 13]. RRR, relative risk ratio; RR, relative risk; NR, not reported
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magnitude across this continuous trait for diabetes to
develop [8, 14]. As a consequence, the exposure to a haz-
ardous cardiometabolic environment in the development
of diabetes may be more pronounced in women [8, 15].
This hypothesis is supported by a study that found that,
on average, men have prediabetes for 8.5 years and women
for 10.3 years prior to the development of diabetes [16].
Moreover, several studies have found a relatively greater
increase in the levels of cardiovascular risk factors, in
women with diabetes compared with women without
diabetes, opposed to their male counterparts [17–20].
Additional to the different impact of risk factors, sex
differences in vascular and hormonal pathophysiology
could partially explain women’s higher relative risk on
diabetes-associated vascular diseases [21]. These potential
explanations will be outlined in the next paragraphs.

Diabetes-associated sex differences in adiposity
Sex differences in body anthropometry and patterns of stor-
age of adipose tissue may be of particular importance in
explaining the sex differences in the diabetes-associated risk
of vascular disease [22]. Among 500,000 individuals of the
UK Biobank, waist circumference and body mass index
(BMI) differed more between women with and without dia-
betes than between men with and without diabetes [23].
Moreover, when first diagnosed with diabetes, women have
a BMI that is nearly 2 kg/m2 higher than that of men, des-
pite similar levels of HbA1c [24, 25]. These sex differences
in anthropometric characteristics among those with and

without diabetes may be linked to differential patterns of
fat storage in adipose tissue in women and men [22].
Ample evidence exists to show that excess adipose tissue

is causally linked to the development of type 2 diabetes
and vascular disease [26, 27]. However, it is becoming in-
creasingly apparent that adipose tissue in different parts of
the body has different biochemical profiles. In contrast to
(peripheral) subcutaneous fat, excess visceral fat and fat in
ectopic tissues, like skeletal muscle and the liver, has spe-
cifically been associated with insulin resistance [28–30].
This interferes with insulin signaling pathways, which
eventually could lead to diabetes [28–30]. Sex differences
in the preferred location of fat storage could have an ef-
fect on the duration of the development of insulin re-
sistance and diabetes and the consequent deterioration
of other related cardiometabolic risk factors. This
process is illustrated in Figs. 2 and 3. Women are more
likely to store fat subcutaneously and on their lower ex-
tremities, whereas men are more likely to store fat in
the abdominal region [31]. Correspondingly, men have
a substantially higher amount of visceral and ectopic fat
compared with premenopausal women, independent of
BMI and the amount of total body fat [32, 33]. The
preferential deposition of excess fat in visceral and
ectopic tissues in men could lead to a faster transition
to insulin resistance and diabetes, whereas women may
need to gain more weight and related metabolic risk
factors might need to deteriorate to a greater extent
than in men to reach the same levels of visceral and

Fig. 2 Sex differences in visceral and subcutaneous fat and their association with the time of diagnosis of diabetes
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ectopic fat that are required to develop insulin resist-
ance and eventually diabetes (Fig. 3) [34, 35].
Next to the different metabolic effects of adipose tissue in

different parts of the body, abdominal visceral adipose tis-
sue itself seems to have a stronger association with insulin
resistance in women than in men, suggesting that excess
visceral adipose tissue is more strongly linked to diabetes in
women than in men [36]. Likewise, recent findings from
the UK Biobank demonstrated that higher waist circumfer-
ences and waist-to-hip ratio conferred a greater excess risk
of myocardial infarction in women than in men [34]. These
findings suggest that excess adipose tissue in the abdominal
region may have more adverse cardiometabolic conse-
quences in women than men, which may be explained by
sex difference in insulin resistance at a given amount of adi-
pose tissue (Fig. 3).
Finally, there is compelling evidence that obesity and

its associated metabolic dysfunction suppresses women’s
protective effect of sex-hormones on cardiovascular dis-
ease [37]. Adipocytes overfilled with lipids release leptin,
which can promote activation of the sympathetic ner-
vous system and the renin-angiotensin system and could
stimulate the secretion of aldosterone [38]. In turn, al-
dosterone is associated with excessive mineralocorticoid
receptor signaling on endothelial cells, which play a
major role in obesity-associated cardiovascular disease
[37, 38]. Women may be predisposed to heightened
endothelial mineralocorticoid receptor activation. This
might be explained by higher endogenous expression of
endothelial mineralocorticoid receptors in blood vessels
in women than in men, possibly driven by progesterone

receptor activation in in endothelial cells [37]. Moreover,
these disadvantageous obesity-associated mechanisms in
women may be stronger in the presence of type 2 dia-
betes, since women have a higher BMI and subsequently
more adipose tissue at moment of diagnosis of diabetes
than men [24, 25].

Diabetes-associated sex differences in other cardiovascular
risk factors and vascular pathophysiology
As previously mentioned, it has been hypothesized that
women have to undergo greater metabolic deterioration
to develop diabetes than men. This hypothesis is also
supported by studies that found that sex differences in
metabolic risk factors already occur in the transition
from normoglycemia to elevated glucose levels and dia-
betes [39, 40]. During 8 years of follow-up, women who
converted to diabetes showed relatively worse levels of total
cholesterol, HDL cholesterol, triglycerides, and diastolic
blood pressure at baseline than men who converted to dia-
betes, compared with participants of the same sex who did
not develop diabetes [40]. Correspondingly with the classic
risk markers, progression from normal glucose metabolism
to elevated levels of fasting glucose in women was associ-
ated with relatively greater endothelial dysfunction, a higher
prevalence of hypertension, and a greater degree of dysreg-
ulated fibrinolysis and coagulation than in male counter-
parts [39]. Compared with men, women generally have
higher fibrinolytic potential and a better endothelial func-
tion, but these protective effects are diminished in the pres-
ence of type 2 diabetes [21]. Additionally, the coagulation
system is in a more pro-thrombotic state in diabetic women

Fig. 3 Sex differences in adiposity in association with diabetes and cardiovascular disease. The figure illustrates the associations between adiposity, insulin
resistance, type 2 diabetes, and cardiovascular disease in women compared with men. BMI, body mass index; IR, insulin resistance; CVD, cardiovascular disease
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compared with diabetic men [21]. Finally, type 2 diabetes
may induce a greater immune response and impairment of
cellular defense mechanisms against oxidative stress in
women than in men [41]. These sex differences in
hyperglycemia-induced hemodynamics might be explained
by complex interactions between insulin and estrogen sig-
naling [42]. Whether these differences explain women’s
higher relative risk on diabetes-associated cardiovascular
disease requires further study.
Despite the evidence above regarding traditional risk

factors, results from the meta-analyses that demonstrated
that sex differences exist in the relative risk of vascular
disease associated with diabetes were adjusted for trad-
itional cardiovascular risk factors. Hence, it is conceivable
that sex differences in traditional risk factor levels alone
cannot fully explain the higher relative risk of women in
diabetes-associated vascular disease, even though there
may be unmeasured confounding. Moreover, key risk fac-
tors for vascular disease, such as total cholesterol, blood
pressure, and BMI, have each been found to have a con-
tinuous log-linear association with occlusive vascular mor-
tality in diabetic and non-diabetic individuals, which does
not differ by sex [9]. Nevertheless, only baseline informa-
tion about cardiovascular risk factor levels in participants
with or without diabetes has been taken into account in
the meta-analyses, not the possibly larger deterioration in
cardiovascular risk factors levels in the conversion to
diabetes. It is therefore conceivable that the risk factor
changes in the conversion to diabetes explain some of
the higher relative risk of vascular disease in women
compared to men.

Future perspective
In future studies, it would be useful to investigate pos-
sible sex differences in cardiovascular risk factor levels
associated with glucose metabolism status and across
levels of glycemic control. Previous results from our re-
search group indicated that there are already sex differ-
ences in cardiometabolic risk factors to women’s
disadvantage before the development of type 2 diabetes,
albeit weaker than in type 2 diabetes, with greater differ-
ences in systolic blood pressure and lipid levels among
women than men with prediabetes and across levels of
HbA1c [43]. To further understand the effects of sex dif-
ferences in adiposity, detailed body composition and
body fat distribution measurements conducted by DEXA
and MRI can be used. These methods are appropriate to
assess the extent to which fat and lean mass, visceral
and subcutaneous fat, and the fat content of the liver
and pancreas are differentially associated with glucose
metabolism status in women and men and how such dif-
ferences can explain women’s greater excess vascular
disease risk associated with diabetes.

Health care aspects
In addition to sex differences in biological aspects, dis-
parities in the uptake and provision of healthcare may in
part explain sex differences in diabetes-related vascular
complications (Fig. 4).

Diabetes management
One of the primary goals in management of diabetes is
the delay and prevention of vascular morbidity and mor-
tality [44]. Currently, many guidelines on diabetes man-
agement exist. Most of these evidence-based guidelines
provide broadly similar recommendations for both sexes
on diabetes management and prevention of diabetes-
related complications and target lifestyle factors, includ-
ing smoking behavior, physical activity, diet, and weight
control, and adequate management of blood pressure,
cholesterol, and glucose levels (Table 1) [3, 45].

Differences in health care provision
Sex differences in health care provision can broadly
occur at three levels. There may be sex differences in the
assessment and monitoring of vascular risk factors, in
drug and lifestyle interventions for the management of
risk factors, and in risk factor control among those
treated. Early detection of suboptimal vascular risk fac-
tors and subsequent interventions—either lifestyle or
pharmacological—significantly improves clinical out-
comes [3]. Thus, any potential sex differences in the as-
sessment or monitoring of vascular risk factors or
differences in the initiation of lifestyle and/or pharmaco-
logical interventions may result in less optimal treat-
ment, inadequate risk factor control, and consequently
more severe clinical outcomes.
Two recent studies assessed sex differences in health

care provision for the prevention of CHD [46, 47].
Within the general population of Australia, women were
less likely to receive cardiovascular risk factor screening
compared with men. However, high-risk women or
women with a history of cardiovascular disease aged 65
years or older were more likely to be prescribed recom-
mended drugs than men [46]. A large study including
10,000 individuals with coronary heart disease across
Europe, Asia, and the Middle East found that risk factor
management of secondary prevention was generally
worse in women than men [47].
Several studies have been published on sex dispar-

ities in the management of diabetes, mainly with re-
spect to screening of risk factors and risk factor
control (Table 2). Overall, these studies have reported
mixed findings regarding the presence, magnitude,
and direction of sex differences in diabetes care and
no definite conclusion about the impact of differences
in health care provision on sex disparities in diabetes
and its related cardiovascular complications can be
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Table 1 Standards of care for the management of diabetes according to the recommendations from the International Diabetes
Federation

Standards of care for the management of diabetes by the International Diabetes Federation [3, 45]

Risk factor screening Lifestyle and education Drug interventions and target values

Clinical assessment:
- Weight, BMI, waist circumference,
blood pressure, screening for
retinopathy (every 1 to 2 years) and
peripheral neuropathy, feet exam
(every year), screening for macrovascular
disease (if patient is symptomatic).

Biochemical assessment:
- HbA1c, lipid spectrum, renal function
(every year)

Lifestyle assessment:
- Smoking status, overweight, physical
activity, diet

Education:
- Referral to diabetes education program

Diet:
- Reduce caloric intake with obesity or
overweight, if possible referral to a dietician

- Prefer high fiber and low-glycemic index foods
- Avoidance of sugar, sweets, and sweetened
beverages

Physical activity:
- Increase of physical activity

Habits:
- Avoid smoking
- Avoid excess alcohol intake

Start lipid-lowering drugs:
- T2DM and established CVD
- T2DM, no established CVD, ≥ 40 years
and LDL cholesterol > 100mg/dL

- T2DM, no established CVD, LDL
cholesterol > 70mg/dL may benefit
especially with high 10-year CVD risk

Start glucose-lowering drugs:
- General HbA1c target < 7%, > 8% is
generally unacceptable

- HbA1c levels between 7.5 and 8%
may be acceptable for patients using
multiple drugs, if expected survival is
limited, cognitive impairment CKD or
severe CVD associated with multiple
comorbidities.

Start antihypertensive drugs:
- Diastolic target 80 mmHg
- Systolic target of 130 to 140mmHg

Start ACE-inhibitor or ARB:
- Persistent albuminuria

[3,45] CVD cardiovascular disease, BMI body mass index, T2DM type 2 diabetes mellitus, CKD chronic kidney disease, ACE-I angiotensin converting enzyme-
inhibitor, ARB angiotensin receptor blocker

Fig. 4 Disparities in the uptake and provision of healthcare may in part explain the excess risk of vascular disease in women with diabetes
compared to their male counterparts. Potential differences in the uptake and provision of healthcare between the sexes may occur throughout
the pathway—starting with healthy men and women being exposed to certain risk factors, at some point being diagnosed with diabetes and
eventually developing cardiovascular complications—and may include, i.e., diagnostic delay, inadequate risk factor screening, disparities in
adequate interventions, and non-adherence as shown by the arrows. The green-colored box displays normal glucose tolerance, and the red-
colored boxes display negative events (i.e., type 2 diabetes, cardiovascular complications) irrespective of the sexes
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drawn. According to most studies, women are less
likely to attain risk factor control for LDL cholesterol
compared with men [48–58], while risk factor control
for HbA1c is more often found to be similar between
sexes [49–51, 54–56, 58–61].

The National Diabetes Audit – 2012–2013 studied
essential care processes and achievement of treatment
targets in 2 million individuals with diabetes living in
England or Wales [44]. Multivariable analyses showed
that women were less likely to receive assessment of all

Table 2 Results from studies reporting on sex differences in screening, risk factor control, and drug interventions for diabetes

Women do better Women do worse No difference between sexes

Screening (vascular) complications

Doctor visit 62

BMI 44 63, 79

(Systolic) blood pressure 44, 62 59 52, 61, 63

Retinopathy 54, 55, 58, 62, 80 52, 57, 81, 82 79, 83

Feet exam 44, 52, 83 57, 62

HbA1c 58, 80 55¶, 56, 61** 44, 52, 53, 54, 55‡, 57, 59, 61~, 62, 63, 79, 81,
82, 83

Lipid profile/total cholesterol/LDL cholesterol 44, 52, 53, 55¶, 56, 59, 61**, 81, 84 54, 57, 55‡, 58, 61~, 63, 79, 80, 82, 83

Nephropathy 52, 55 58, 79

Urine albumin 44, 81, 82 53, 57

Serum creatinine 44 61**, 81 61~

Smoking status 59 44, 79

Screened for diabetes complications 63, 80 44, 59, 85 80, 82, 83

Risk factor control

Being on target for

HbA1c 53, 57 50*, 51*, 52, 79, 86 49, 50, 51†, 54, 55, 56, 58, 59, 60, 61

(Systolic) blood pressure 50† 49*, 50*, 51*, 52 49†, 51†, 57, 59, 60, 61, 79

Total cholesterol/LDL cholesterol 48, 49*, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59 49†, 60, 61, 79

BMI 50, 52

Smoking status (non-smoker) 50 59

Being off target despite drug prescription

Glucose-lowering drugs 52

Lipid-lowering drugs 52

Antihypertensive drugs 52

Receiving drug prescription and being on target

Glucose-lowering drugs 87 63

Lipid-lowering drugs 63, 87

Antihypertensive drugs 63 87* 87†

Drug interventions

Being off target and no prescription

Glucose-lowering drugs 52

Lipid-lowering drugs 52

Antihypertensive drugs 52

ACE-I or ARB 52

Being off target and prescription

Glucose-lowering drugs 49, 51, 63

Lipid-lowering drugs 51*, 53 49, 51†, 63

Antihypertensive drugs 49, 51, 63

ACE-I or ARB 53

Ritter et al. Biology of Sex Differences            (2020) 11:1 Page 7 of 11



eight care processes than men and that the three recom-
mended target levels were met by 33% and 30% of men
and women, respectively. Moreover, women were less
likely to receive risk factor assessment of smoking status,
BMI, foot surveillance, cholesterol levels, and urine albu-
min and more likely to receive testing of serum creatin-
ine and blood pressure [44]. A large population-based
study from Italy, including 415,294 individuals with type
2 diabetes, demonstrated that women were less likely to
receive recommended care than men [52]. In particular,
women were less likely to receive assessment of kidney
function and foot and eye surveillance and to achieve
risk factor control of HbA1c and LDL cholesterol des-
pite drug intervention and were more likely to have a
BMI ≥ 30 than men. Women were more likely to receive
insulin or antihypertensive medication than men when
being off target for HbA1c or blood pressure respect-
ively, while women were less likely to receive adequate
treatment despite micro/macroalbuminuria compared to
men [52]. In contrast, a large cross-sectional study
among 18,000 men and women with diabetes in the US
from the Medical Expenditure Panel Survey Household
Component showed that, over a study period of nine
years, women were more likely to receive recommended
care than men [62]. In adjusted analyses, women were
more likely to receive annual tests for dilated eye exams
and blood pressure control and to visit a doctor; no
differences were found for HbA1c testing and foot sur-
veillance than men [62].
Although studies are inconclusive about sex differ-

ences in diabetes management, implementation of dia-
betes management can be improved on multiple aspects
for both sexes, including assessment of risk factors and
risk factor control. Rossi et al. reported that women
were more likely to be off target for HbA1c and LDL
cholesterol than men, despite receiving drug interven-
tions [52]. Similar results were found in a Dutch primary
care population with diabetes, showing that women
receiving lipid-lowering drugs were less likely to be on
target for LDL-c and more likely to attain treatment tar-
gets for blood pressure when prescribed antihypertensive
drugs than men [63]. Hence, these differences in risk
factor control may be caused by differences in drug type,
dosage, or adherence, which is not assessed in most
studies and should be investigated further.

Differences in drug adherence
Non-adherence to drugs is a frequent, complex, and
multidimensional problem, and the World Health
Organization (WHO) has described non-adherence as
being “the primary reason for suboptimal benefit of ther-
apy.” [64] Inadequate drug adherence results in subopti-
mal risk factor control and has been associated with
adverse cardiovascular outcomes, including premature

mortality [65–69]. Nonetheless, non-adherence remains
difficult to define and absence of uniform research
methods makes it challenging to study and reduce non-
adherence [68].
Despite the major impact of non-adherence on cardio-

vascular outcomes, determinants including sex that drive
non-adherence have not been fully identified. A large
meta-analysis including 53 studies from diverse popula-
tions showed that only about 50% of men and 47% of
women were adherent to statins and that women were
an additional 10% more likely to be non-adherent than
men [70]. Several meta-analyses and systematic reviews
on non-adherence have shown that adherence rates in
individuals with diabetes are also suboptimal [71–73].
Moreover, individuals with diabetes non-adherent to
cardiovascular drugs were reported to have higher rates
of all-cause mortality and higher hospital admission
rates compared with adherent individuals [69]. Only a
limited amount of studies have studied sex differences in
non-adherence among individuals with diabetes, and
these showed inconclusive results [74–78].
To further improve healthcare and to prevent and

delay vascular complications, it is of major importance
to identify sex-specific determinants that may contribute
to non-adherence. Most studies on non-adherence rely
on pharmacy claims refill data, self-report, pill count, or
medication event monitoring systems. The disadvantage
of these strategies is that none of these methods measure
true medication intake. There is a need for studies that
objectively measure medication adherence, which can be
done by quantifying, through mass spectrometry, the
presence of drug compounds in body fluids. By object-
ively studying non-adherence, more awareness about this
complex and multidimensional problem can be gener-
ated and this may help health care providers to address
this complex problem more easily.

Perspectives and significance
Sex differences in both biological factors as in the uptake
and provision of health care could contribute to
women’s higher relative risk of diabetic vascular compli-
cations. While progress has been made towards under-
standing the underlying mechanisms, many uncertainties
remain. Further research is recommended to study the
impact of sex differences in biological factors and health
care provision. To that end, it is important to include
adequate numbers of women and men, in future studies,
including in clinical trials. This could contribute to more
awareness of the sex-specific risk factors of diabetic vas-
cular complications and could eventually lead to more
personalized care, including sex-specific recommenda-
tions in clinical guidelines. This will ensure that women
are not affected by diabetes to a greater extent than men
and will help to diminish the burden in both sexes.
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