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Chapter1

General introduction and thesis outline



Chapter 1

Relevance of sex- and gender-based research

Sex and gender are major modifiers of disease, and there is an unprecedented need for sex-
and gender-based reporting within biomedical research.’=* Historically, women and men were
believed to experience disease in the same way, and, accordingly, research findings were assumed
to be applicable to both sexes. Following the Thalidomide and Diethylstilboestrol (DES) tragedies,
the US Food and Drug Administration (FDA) issued the “General Considerations for the Clinical
Evaluation of Drugs” guideline in 1977. This guideline declared that all women of child-bearing
potential, including single women, women using contraceptives, and women with sterile partners,
should be excluded from early phase drug trials.5” As a consequence, for decades, women were
less frequently included in medical research and research findings were rarely analysed by
sex or gender.*#1° This has limited the identification of relevant sex and gender differences in
determinants of health and disease, and may have resulted in suboptimal care or even harm to
women and men.?® Given that women and men are biologically different, and approximately
half the population exists of women, any finding of relevant sex or gender differences is likely to
have widespread relevance.?

At present, sex and gender are recognized as fundamental drivers of health, and research
has established the presence of relevant sex and gender differences across many biomedical
areas.>®? For example, several well established cardiovascular risk factors, including smoking
and diabetes, are associated with higher risk of incident myocardial infarction (M) in women
than in men.** Among those with MI, women were found to present themselves with different
clinical manifestations (i.e. shortness of breath and nausea or vomiting) compared to their male
counterparts.’? Several drugs turned out to be less effective or even harmful in clinical practice
as sex- -specific effects were not taken into account in translational and preclinical studies.?
Between 1997 and 2000, ten FDA-approved drugs were withdrawn from the US market because
of serious side effects. Majority of these drugs may have posed greater health risks for women
than for men.2!* Recent evidence suggests that the optimal survival in women with heart failure
with reduced ejection fraction occurs at half the guideline-recommended doses of B-blockers,
angiotensin receptor blockers (ARB), and angiotensin converting enzyme (ACE) inhibitors than
in men.* Additionally, a systematic review on sex differences in adverse drug reactions to heart
failure drugs was published, and, albeit some sex differences in adverse drug reactions were
identified, there was a widespread lack of sex-specific data which significantly hindered the
identification of sex-specific adverse drug reactions.*>

Overtheyears, anincreasing number of funding agencies, funding bodies, and journal editors have
implemented various strategies to ensure greater focus on sex- and gender-based research 810721
Publishers are more frequently mentioning sex and gender reporting requirements?, and, in 2016,
the Sex and Gender Equity in Research (SAGER) guidelines were developed to provide guidance
for reporting sex and gender information across all aspects of research from study design to
interpretation of the findings.®?2 Many funding agencies from Europe and North America have
implemented strategies to inform, support, and instruct researchers to consider sex and gender
at all levels of biomedical research.?2° Consequently, the inclusion of sex and gender-specific
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analyses in biomedical research has progressively increased over time.® Nonetheless, women
are still underrepresented in many trials, which does not seem to be due to unwillingness to
participate, and researchers often omit to implement sex and gender as important variables
in their studies.®*16232%6 As 3 consequence, knowledge gaps regarding sex and gender as
determinants of health and disease continue to exist.

From a historical perspective, it was believed that cardiovascular disease (CVD) predominantly
affects men.?” However, CVD is the main cause of death worldwide in both women and men,
being responsible for one-third of all deaths in 2019.% Diabetes has long been recognized as an
important risk factor for CVD in both sexes. However, there is compelling evidence that women
and men do not have the same excess risk of CVD associated with diabetes.?

Diabetes and cardiovascular complications: differences between women and men
Diabetes mellitus, or in short diabetes, is a serious condition characterized by a state of
hyperglycaemia which is caused by the inability of the body to produce sufficient amounts of
insulin and/or to effectively use the insulin that is produced.®® The three main categories of
diabetes are type 1 diabetes, type 2 diabetes, and gestational diabetes, with vast majority of those
with diabetes being diagnosed with type 2 diabetes (90%). Globally, an estimated 463 million
adults were living with diabetes in 2019, and the prevalence of diabetes is steadily increasing
over time with considerable variation across countries.® Diabetes prevalence increased from
4.6% in 2000 t0 9.3% in 2019, among those aged 20-79 years.*** By 2030, it is estimated that 1 in
10 adults (578 million individuals) will be living with diabetes. By 2045, this number is predicted
to rise to 700 million adults (10.9%). Diabetes is a serious threat to public health. Those with
diabetes are at increased risk of developing a wide range of diabetes-related complications,
including CVD, nephropathy, retinopathy, neuropathy and vasculopathy, resulting in premature
comorbidity and mortality. Individuals with diabetes are also more prone to develop respiratory
and otherinfections, physical and mental decline (i.e. dementia), depression, and certain types of
cancer.®1n 2019, an estimated 4.2 million deaths were attributed to diabetes or diabetes-related
complications, and 10% of all healthcare expenditures is currently spent on diabetes.*!

Diabetes is a strong risk factor for CVD in both sexes. Among adults with type 2 diabetes, the global
prevalence of CVD is estimated to be 32%, and CVD was responsible for approximately half of all
deaths.** Although incidence rates of CVD have been reported to be higherin men than in women,
with and without type 2 diabetes, there is a growing body of evidence showing that the relative
risk of cardiovascular complications conferred by diabetes is considerably larger in women than
in men.1*5-% |n other words, there is compelling evidence showing that diabetes is a stronger
risk factor for the development of major cardiovascular complications in women compared to
their male counterparts.’**>=**For example, a large meta-analysis, including 64 cohorts with over
850,000 participants, showed that, compared to those without diabetes, diabetes increased the
risk of coronary heart disease (CHD) by approximately 2.8-fold in women, but 2.2-fold in men,
which corresponded with an excess risk of 44% in women.3® Likewise, another meta-analysis
demonstrated that the relative risk of stroke was 27% higher among women with diabetes than
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theirmale counterparts. A sex differential in the consequence of diabetes has also been reported
for heart failure, where the relative risk of heart failure, associated with diabetes, was substantially
greater in women than in men.* Less is known about sex differences in the effects of diabetes on
microvascular complications such as diabetic retinopathy, neuropathy, and nephropathy, and
studies have shown conflicting results. For example, a meta-analysis, including 10 studies with
over 5 million participants, demonstrated that women with diabetes experienced 38% excess
relative risk of end stage renal disease, while no sex difference was found for the association
between diabetes and chronic kidney disease.*

Mechanisms underlying the sex differences in cardiovascular risk consequent to
diabetes

The mechanisms underpinning the excess risk of major CVD conferred by diabetes in women
compared to men have yet to be unravelled, and there is urgent need for a better understanding
of these sex differences. Improved understanding of the mechanisms underpinning this sex
differential could help to increase the awareness of sex differences in the burden of diabetes-
associated CVD among patients, healthcare providers, and policymakers, and may provide
targets for more personalized care, thereby reducing the burden of diabetes in both women
and men. Numerous studies have speculated about these underlying mechanisms, which are
most likely multifactorial.* Mechanisms that contribute to the greater relative risk of major CVD
inwomen, compared to men, may include differences in biology and disparities in the provision
and uptake of healthcare. Further detailing these aspects, with a focus on differences in diabetes
management, is one of the objectives of this thesis.

Objectives

The overarching objective of this thesis was to provide further insight in the mechanisms
underpinning the sex differential observed in the risk of macrovascular disease consequent to
diabetes.

The specific aims of this thesis are to:

1. Provide an overview of sex differences in both biological factors and in healthcare provided for
the prevention, management, and treatment of diabetes and its cardiovascular complications.

2. Investigate the sex-specific risk of (cardiovascular) events across the glycaemic spectrum,
before and after the diagnosis of diabetes.

3. Examinesexdisparities in the management of diabetes and diabetes-related complications.

Outline of this thesis

In the second chapter of this thesis, an overview is provided of the current knowledge regarding
sex differences in both biological factors, with a specific focus on differences in adipose tissue,
and management of diabetes. In chapter 3, we discuss statistical methods that can be used
to obtain sex-specific estimates and estimates of sex differences. In chapters 4, 5 and 6, we
apply the statistical strategy recommended in chapter 3 to study the sex-specific effects and

10
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sex differences of diabetes status and glycated haemoglobin (HbAlc) on MI, CHD, and COVID-19
(chapters 4 and 5), and to study the sex-specific effects and sex differences of diabetes duration
on CVD (chapter 6), using data from the UK Biobank. The UK Biobank is a large prospective cohort
from the United Kingdom, including detailed phenotypic and genotypic data of over 500,000
participants aged between 40-69 years at study baseline between 2006 and 2010.* In chapters
7 and 8, sex disparities in the management of diabetes and cardiovascular complications are
being studied using two Dutch cohorts: The Julius General Practitioners Network (JGPN) and
the Diabetes Pearl cohort. The JGPN is a large ongoing dynamic cohort of primary care patients
that anonymously extracts routine healthcare data from electronic records at one of the included
general practices in Utrecht and vicinity, The Netherlands.*” The Diabetes Pearl cohort is an
observational cohortinvolving eight Dutch academic medical centres including individuals with
type 2 diabetes receiving primary or secondary/tertiary care.* In chapter 9, which involves a
systematic review, sex disparities in the assessment of cardiovascular risk factors and diabetes-
related complications are being explored. In chapter 10, we conclude by discussing the main
findings of this thesis and explore implications for future research.

Studying sex, gender, or both?

Theterms ‘sex’ and ‘gender’ are frequently used interchangeably, and, although sex and gender
are closely interrelated and nearly impossible to separate, their meanings are not synonymous.
Sex refers to the biological differences between women and men (or intersex), whereas gender
refers to socially constructed roles, that s, being a fluid construct influenced by social and cultural
context which may vary over time and with age.* Most cohorts used in this thesis reported on a
binary variable of being either female or male, without separating sex from gender. To improve
readability, the term ‘sex’ is consistently used throughout this thesis, while acknowledging that
the work presented in this thesis has both sex and gender elements.

11
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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 in 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 healthcare could also play a role in women’s greater relative
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 in
adipose tissue, and in healthcare 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 personalised
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.
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Sex differences in the risk of vascular disease associated with diabetes

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 additional 352 million adults were
atrisk of developing the condition.! The prevalence of diabetes is expected to further rise by 48%,
to 629 million affected adults aged between 20-79 years by 2045.! The two main types of diabetes
are diabetes type 1 and diabetes type 2, accounting for$-10% and-90% of all individuals with
diabetes, respectively.’? Although diabetes type 2 is most often diagnosed at middle or old age,
itisincreasingly common in children, adolescents, and young adults, often as a consequence of
obesity, physical inactivity, and poor dietary habits.?

Diabetes is a major contributor to premature mortality. In 2017, an estimated 4 million deaths
of people aged between 20-79 years were attributed to diabetes?, making it the seventh most
common cause of death worldwide.* More women than men die of diabetes on a global scale:
2.1 versus 1.8 million in 2017.! The only regions where more men than women die from diabetes
are North America and the Caribbean region.! Individuals with diabetes are at increased risk of
cardiovascular complications, chronic kidney disease, certain cancers, physical and cognitive
impairment (i.e. dementia), depression, and respiratory and other infectious diseases.!>®
Cardiovascular disease is the most common complication of diabetes and can be broadly
categorized in microvascular complications (classically: neuropathy, nephropathy and
retinopathy) and macrovascular complications 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.

However, not everyone with diabetes has the same excess risk of cardiovascular disease.
Large-scale systematic reviews with meta-analyses have demonstrated that the excess risk of
macrovascular complications associated with diabetes is substantially greater in women than
in men."® 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 in men."®
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.® 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.? Another meta-analysis demonstrated that diabetes was associated
with a 19% higher relative risk of vascular dementia in women than in men.’® 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 disease was 38% higher among women than men.!* 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 relative
risk of all-cause mortality, and a 200% higher relative risk of fatal and nonfatal vascular events,
compared with men with type 1 diabetes.?? In addition to vascular disease, sex differences may
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also existin 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.®* Sex differences in other non-vascular diseases require further study.
Figure 1 summarizes the results from the abovementioned meta-analyses.

Figure 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 and the additional risks.?&1%4:33 NR = not reported.

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 healthcare. These mechanisms may be involved in explaining the sex difference in
the vascular consequences 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 diabetes
would have type 2 diabetes.

1. Biological aspects

Women and men are subject to similar environmental exposures 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 genetic,
differences between women and men.

To diagnose diabetes, an arbitrary cut-off value of a continuous trait is used, such as fasting blood
glucose (FG) or glycated haemoglobin (HbAlc). Nevertheless, there is compelling evidence of a
progressive association between various measures of glycaemia and the risk of vascular disease,
both above and below the clinical threshold for diabetes. It has been postulated that, compared
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with men, metabolic risk factors in women have to deteriorate to a greater magnitude across
this continuous trait for diabetes to develop.®* As a consequence, the exposure to a hazardous
cardiometabolic environment in the development of diabetes may be more pronounced
in women.®* 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.*®
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.t™2° 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.?! These potential explanations will be outlined in the
next paragraphs.

Diabetes-associated sex differences in adiposity

Sex differences in body anthropometry and patterns of storage of adipose tissue may be of
particularimportance in explaining the sex differences in the diabetes-associated risk of vascular
disease.”? Among 500,000 individuals of the UK Biobank, waist circumference and body mass
index (BMI) differed more between women with and without diabetes than between men with
and without diabetes.?® Moreover, when first diagnosed with diabetes, women have a BMI that is
nearly 2 kg/m? higher than that of men, despite similar levels of HbA1c.?*?* 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.?

Ample evidence exists to show that excess adipose tissue is causally linked to the development
of type 2 diabetes and vascular disease.?®?” However, it is becoming increasingly 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 specifically been associated with insulin resistance. 26*° This interferes with
insulin signalling pathways, which eventually could lead to diabetes.?*** Sex differences in the
preferred location of fat storage could have an effect on the duration of the development of insulin
resistance and diabetes and the consequent deterioration of other related cardiometabolic
risk factors. This process is illustrated in figures 2 and 3. Women are more likely to store fat
subcutaneously and on their lower extremities, whereas men are more likely to store fat in the
abdominal region.** 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.’23 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 ectopic fat that are required to develop insulin
resistance and eventually diabetes (Fig. 3).%%
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Figure 2. Sex differences in visceral and subcutaneous fat and their association with the time of diagnosis of
diabetes

Next to the different metabolic effects of adipose tissue in different parts of the body, abdominal
visceral adipose tissue itself seems to have a stronger association with insulin resistance in women
thanin men, suggesting that excess visceral adipose tissue is more strongly linked to diabetes in
women than in men.* Likewise, recent findings from the UK Biobank demonstrated that higher
waist circumferences and waist-to-hip ratio conferred a greater excess risk of myocardial infarction
in women than in men.>* These findings suggest that excess adipose tissue in the abdominal
region may have more adverse cardiometabolic consequences in women than in men, which may
be explained by sex difference in insulin resistance at a given amount of adipose 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 disease.>” Adipocytes
overfilled with lipids release leptin, which can promote activation of the sympathetic nervous
system and the renin-angiotensin system and could stimulate the secretion of aldosterone.*® In
turn, aldosterone is associated with excessive mineralocorticoid receptor signalling on endothelial
cells, which play a major role in obesity-associated cardiovascular disease.*”*® 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 endothelial
cells.’” Moreover, these disadvantageous obesity-associated mechanisms in women may be
stronger in the presence of type 2 diabetes, since women have a higher BMI and subsequently
more adipose tissue at the moment of diagnosis of diabetes than men.?2
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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
normoglycaemia to elevated glucose levels and diabetes.**“° 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 diabetes,
compared with participants of the same sex who did not develop diabetes.”* Correspondingly
with the classic risk markers, progression from normal glucose metabolism to elevated levels of
fasting glucose in women was associated with relatively greater endothelial dysfunction, a higher
prevalence of hypertension, and a greater degree of dysregulated fibrinolysis and coagulation
than in male counterparts.®® Compared with men, women generally have higher fibrinolytic
potential and a better endothelial function, but these protective effects are diminished in the
presence of type 2 diabetes.?t Additionally, the coagulation system is in a more pro-thrombotic
state in diabetic women compared with diabetic men.?! Finally, type 2 diabetes may induce a
greater immune response and impairment of cellular defence mechanisms against oxidative
stressin women than in men.* These sex differences in hyperglycaemia-induced haemodynamics
might be explained by complex interactions between insulin and oestrogen signalling.”? 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 traditional 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 factors for vascular disease, such as total cholesterol, blood
pressure and BMI, have each been found to have a continuous log-linear association with
occlusive vascular mortality in diabetic and non-diabetic individuals, which does not differ by
sex.? Nevertheless, only baseline information 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 possible sex differences in cardiovascular risk
factor levels associated with glucose metabolism status and across levels of glycaemic control.
Previous results from The Maastricht Study indicated that there are already sex differences in
cardiometabolic risk factors to women’s disadvantage before the development of type 2 diabetes,
albeit weaker than in type 2 diabetes, with greater differences in systolic blood pressure and
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lipid levels among women than men with prediabetes and across levels of HbAlc.® To further
understand the effects of sex differences 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 differences can explain women’s greater excess vascular
disease risk associated with diabetes.

2. Healthcare aspects
In addition to sex differences in biological aspects, disparities 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 the management of diabetes is the delay and prevention of vascular
morbidity and mortality.* Currently, many guidelines on diabetes management 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, including smoking behaviour, physical activity, diet, and weight control, and adequate
management of blood pressure, cholesterol, and glucose levels (Table 1)
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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®*

Risk factor screening

Clinical assessment:

weight, BMI, waist
circumference,

blood pressure, retinopathy
screening (every 1to 2 years)
and screening for peripheral
neuropathy, feet exam
(every year), screening for
macrovascular disease (if
patient is symptomatic).

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

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

Lifestyle and education

Education:
- Referral to a diabetes
education program

Diet:

- Reduce caloricintake

with obesity or overweight,
if possible referral to a
dietician

- Prefer high fibre and low -
glycaemic index foods

- Avoidance of sugar, sweets
and sweetened beverages

Physical activity:
- Increase of physical activity

Habits:
- Avoid smoking
- Avoid excess alcohol intake

Drug interventions and target values

Start lipid-lowering drugs:

- T2DM and established CVD

-T2DM, no established CVD, 240 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 HbAlc target <7%, >8% is generally
unacceptable

- HbAlc 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 80mmHg
- Systolic target of 130 to 140 mmHg

Start ACE-inhibitor or ARB:
- Persistent albuminuria

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.

Differences in healthcare provision

Sex differences in healthcare 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 factors and subsequent interventions - either lifestyle
or pharmacological- significantly improves clinical outcomes.> Thus, any potential sex differences
in the assessment or monitoring of vascular risk factors or differences in the initiation of lifestyle
and/or pharmacological interventions may result in less optimal treatment, inadequate risk factor
control, and consequently more severe clinical outcomes.

Two recent studies assessed sex differences in healthcare provision for the prevention of CHD.##"
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 recommended
drugs than men.*® A large study including 10,000 individuals with CHD across Europe, Asia and the
Middle East found that risk factor management of secondary prevention was generally worse in
women than in men.*’ Several studies have been published on sex disparities in the management
of diabetes, mainly with respect to screening of risk factors and risk factor control (Supplemental

29



Part!|Chapter2

table 1). 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 healthcare provision on sex disparities in diabetes and its related cardiovascular
complications can be drawn. According to most studies, women are less likely to attain risk factor
control for LDL-cholesterol compared with men*->¢ while risk factor control for HbAlc is more
often found to be similar between sexes.-51:54-56.58-61

The National Diabetes Audit - 2012-2013 studied essential care processes and achievement of
treatment targetsin 2 million individuals with diabetes living in England or Wales.** Multivariable
analyses showed that women were less likely to receive assessment of all eight care processes
than men, and that the three recommended 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 albumin and more likely to
receive testing of serum creatinine and blood pressure.** A large population-based study from
ltaly, including 415,294 individuals with type 2 diabetes, demonstrated that women were less
likely to receive recommended care than men.** In particular, women were less likely to receive
assessment of kidney function, foot and eye surveillance, and to achieve risk factor control of
HbAlc and LDL-cholesterol despite 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 HbAlc or blood pressure respectively, while women were less likely to receive
adequate treatment despite micro/macroalbuminuria compared with men.** 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.®? In adjusted analyses, women
were more likely to receive annual tests for dilated eye exams, blood pressure control, and to visit
adoctor than men; no differences were found for HbA1c testing and foot surveillance.®?

Although studies are inconclusive about sex differences in diabetes management, implementation
of diabetes 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 HbAlc and LDL cholesterol than men, despite receiving drug interventions.>
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 cholesterol and more likely
to attain treatment targets for blood pressure when prescribed antihypertensive drugs than
men.% 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 therapy’.5* Inadequate drug adherence results in suboptimal risk factor
control and has been associated with adverse cardiovascular outcomes, including premature
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mortality.%5-¢¢% Nonetheless, non-adherence remains difficult to define and absence of uniform
research methods makes it challenging to study and reduce non-adherence.®®

Despite the majorimpact of non-adherence on cardiovascular outcomes, determinants, including
sex, that drive non-adherence have not been fully identified. A large meta-analysis, including 53
studies from diverse populations, 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.” Several meta-analyses and systematic reviews on non-adherence have shown that
adherence rates in individuals with diabetes are also suboptimal.”*"® 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.® Only a
limited amount of studies have studied sex differences in non-adherence among individuals
with diabetes, and these showed inconclusive results. "

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. Thereis 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 objectively studying non-adherence, more awareness about this
complex and multidimensional problem can be generated and this may help healthcare providers
to address this complex problem more easily.

Conclusion

Sex differences in both biological factors as in the uptake and provision of healthcare could
contribute to women’s higher relative risk of diabetic vascular complications. While progress
has been made towards understanding the underlying mechanisms, many uncertainties remain.
Further research is recommended to study the impact of sex differences in biological factors and
healthcare 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 vascular complications and could eventually lead to more
personalised care, including sex-specific recommendations 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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Supplemental table 1. 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

BMI

(Systolic) blood pressure
Retinopathy

Feetexam

HbAlc

Lipid profile/total cholesterol/LDL-
cholesterol

Nephropathy
Urine Albumin
Serum creatinine

Smoking status

Screened for diabetes complications

52,55 58,79

Risk factor control

Being on target for

HbAlc

(Systolic) blood pressure

Total cholesterol/LDL
cholesterol

BMI

Smoking status
(non-smoker)

50,52

Being off target despite drug
prescription

Glucose-lowering
drugs
Lipid-lowering
drugs

Antihypertensive
drugs

Receiving drug prescription and
being on target

Glucose-lowering drugs
Lipid-lowering drugs
Antihypertensive drugs
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Supplemental table 1. Results from studies reporting on sex differences in screening, risk factor control, and
druginterventions for diabetes. (continued)

Women do better Women do worse No difference
between sexes

Druginterventions

Being off target and no prescription

Glucose-lowering drugs 52

Lipid-lowering drugs 52
Antihypertensive drugs 52

ACE-lor ARB 52

Being off target and prescription
Glucose-lowering drugs

Lipid-lowering drugs 51,53

Antihypertensive drugs
ACE-lor ARB

53

The numbers in this table refer to the references. The legend at the bottom of the table displays the number of
studies thatindicate that women do better, women do worse or that no difference between sexes were found on the
level of screening, control or drug interventions according to the included studies. For example, the study by Rossi
etal,, 2013 showed that women were less likely to receive retinopathy screening than men and therefore women
do worse on the retinopathy screening compared to men. Only results from adjusted analyses were included. If
several models were tested results from the fully adjusted model was included. Some studies stratified study results
for cardiovascular disease; * individuals with a history of cardiovascular diseases; T individuals without a history of
cardiovascular diseases. Other studies stratified study results for health plans; f Medicare; § Commercial, or contract
status;” pre-contract; **post contract. BMI = body mass index; ACE-I = angiotensin converting enzyme-inhibitor;
ARB = angiotensin receptor blocker. The table summarizes the results of studies reporting on sex differences
in diabetes management, but is not the result of a systematic review. Hence, studies may be lacking from this
overview.
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Introduction

Sexis a fundamental driver of virtually all aspects of health and disease. Historically, women have
been underrepresented in health research and even when they were represented, results from
studies were not analysed separately for women and men.! This has led to knowledge gaps and, in
some cases, to poorer health outcomes for women and men.* Clinically meaningful sex differences
can only be identified, and addressed in clinical practice, if the data are reported by sex. In the
case of sex differences in risk factors for disease outcomes, this involves the assessment of the
sex-specific association between a risk factor, say diabetes, and disease outcome, say myocardial
infarction (MI). Sex differences in the diabetes — Ml association are ideally quantified by adding an
interaction term to the model. Although such sex-specific analyses are increasingly performed,
they typically dismiss the potential impact of sex-specific confounding, which potentially leads
to erroneous conclusions.??

Common statistical approaches to assess sex differences in risk factor - disease associations are
(1) stratification by sexand (2) the use of a single interaction term with sex.? In the first approach,
associations are studied in separate strata for men and women. That is, for example,

h,=exp(b,"diabetes +b,"age +... b ‘cholesterol)

where h, is the hazard ratio for women and h, is the hazard ratio for men.

This stratified approach estimates the association between the risk factor and the disease
outcome separately for men and women, and, as such, accounts for sex-specific confounding.
However, as two models are used, estimates of sex differences can not be extracted from the
same model and involves additional calculations. In the second approach, the single interaction
model, an interaction term between sex and the risk factor of interest is included in the model,
together with potential confounders. For example, in Cox survival anlysis,

h=exp(b, diabetes’sex + b,"diabetes +b,"sex + b age +... b *cholesterol).

where h is the hazard ratio, [bf.} are regression coefficients and diabetes is the index exposure variable.

The advantage of the second approach is that estimates of sex differences can be extracted from
the same model. However, the second approach does not adjust for sex-specific confounding, that
is, sex differences in the impact of confounders on the sex-specific risk factor - disease estimates.
A previous simulation study demonstrated that sex-specific estimates obtained from a model
with a single interaction term were biased when confounders had sex-specific associations with
the outcome.? This problem can be circumvented by a third approach, the full interaction model,
in which interaction terms between sex and each variable are included the model.2* That is, for
example,

h=exp(b, diabetes’sex + b,"diabetes + b,"sex + b,‘agesex + b "age ... b "cholesterol"sex + b ‘cholesterol).

where h is the hazard ratio, [bf.} are regression coefficients and diabetes is the index exposure variable.
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Using this approach, one adjusts for sex-specific confounding whilst also being able to extract
sex-specific effects and sex differences from the same model.2?

In this report, we illustrate that different conclusions on the presence and magnitude of sex
differences in the association between cardiovascular risk factors and MI may be reached by
applying different approaches to deal with sex-specific confounding .

Methods

We used data from the UK Biobank, a large prospective cohort of ~500,000 participants aged
between 40-69 years at study baseline between 2006 and 2010. Details of the UK Biobank have
been described elsewhere.* Participants with a history of cardiovascular disease (CVD) (self-
reported or hospital admission of MI, stroke or angina pectoris) at baseline were excluded from the
current analyses. The outcome was incident MI, identified by ICD-10 codes. Follow-up started at
inclusion and ended on 30/06/2020, date of death, or upon the first (non-)fatal MI. Cox regression
models were used to obtain sex-specific hazard ratios (HRs) with 95% confidence intervals (Cl)
of the association between risk factors and M, using the three approaches as described above
(i.e. stratification, single interaction, full interaction). Sex-specific results for both sexes can
be extracted from the single and full interaction by changing the reference category of sex. In
models where women are coded as 0, the coefficients for the main effects are female-specific.
In models where men are coded as 0, the coefficients for the main effects are male-specific.
Women-to-men ratios of HRs (RHRs) were obtained from single and full interaction models.
The interaction term between sex and the main effect (e.g. diabetes) in the model where men
are coded as 0 can be interpreted as the women-to-men ratio of hazard ratios.All models were
adjusted for age. Diabetes and systolic blood pressure were adjusted for each other as well as for
smoking status, body mass index (BMI), lipid-lowering medication, antihypertensive medication,
cholesterol and socioeconomic status. The models for hypertension, diastolic blood pressure,
and atrial fibrillation (AF) were adjusted for these eight variables as well. HbAlc per 1% change
was additionally adjusted for glucose-lowering medication. Smoking status was adjusted for
socioeconomic status, and models for BMI and weight were adjusted for smoking status and
socioeconomic status. Participants with missing data were not included in the relevant model.

Results

Overall, 471,929 participants (56% women) with no history of CVD were included with a mean age
of 56 at study inclusion. Over a mean follow-up of 11 years 9,724 (37% women) Ml events were
documented. As expected, estimates of sex-specific effects were identical in the stratified and
full interaction models. However, there were differences between the single and full interaction
modesl. For diabetes, the sex-specific estimates obtained from the single and full interaction
models, respectively, decreased in women from a HR of 2.66 (2.33;3.03) to a HR of 2.43 (2.10;2.81)
and slightly increased in men from a HR of 1.72 (1.58;1.88) to a HR of 1.79 (1.63;1.96). The
corresponding women-to-men RHR was 1.54 (1.33;1.79) in the single interaction model and 1.36
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(1.14;1.61) in the full interaction model (Table 1). Similar patterns were seen for some other risk
factors (Table 1). For example, the sex difference in the risk of Ml associated with a 1% increase in
HbAlc seeninthe single interaction model (RHR 1.09 [1.04;1.14]) disappeared in the full interaction
model (RHR 1.01 (0.96;1.07]). The sex difference in the association between AF and Ml was 1.22
(0.78;1.92) in the single interaction model and 1.11 (0.71;1.75) in the full interaction model. No
meaningful differences across the three different approaches in the sex differences estimates
were found for SBP, DBP, hypertension, smoking, BMI and overweight.
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Part!|Chapter3

Conclusion

In the present example, we demonstrate that estimates of sex differences can be biased if sex-
specific confounding is not considered in the model or accounted for through stratification. As
the majority of studies generally only present one statistical method, the impact of sex-specific
confounding on other risk factor - disease estimates is largely unknown. However, it is important
to properly account for the possibility of sex-specific confounding when studying sex-specific
effects and sex differences. As such, we recommend the use of a full interaction model including
interaction terms between sex and each of the variables in the model.
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Abstract

Objective

Diabetes has shown to be a stronger risk factor for myocardial infarction (M) in women than in
men. Whether sex differences exist across the glycaemic spectrum is unknown. We investigated
sex differences in the associations of diabetes status and glycated haemoglobin (HbAlc) with
the risk of MI.

Research Design and Methods

Data were used from 471,399 (56% women) individuals without cardiovascular disease (CVD)
included in the UK Biobank. Sex-specific incidence rates were calculated by diabetes status and
across levels of HbAlc, using Poisson regression. Cox proportional hazards analyses estimated
sex-specific hazard ratios (HR) and women-to-men ratios by diabetes status and HbA1lc for Ml
during a mean follow-up of 9 years.

Results

Women had lower incidence rates of MI than men, regardless of diabetes status or HbAlc
level. Compared with individuals without diabetes, prediabetes, undiagnosed diabetes, and
previously diagnosed diabetes were associated with an increased risk of Ml in both sexes.
Previously diagnosed diabetes was more strongly associated with Ml in women (HR 2-33 [95%ClI
1-96;2-78]) than in men (1-81 [1:63;2-02]), with a corresponding women-to-men ratio of HRs of
1-29 (1-05;1-58). Each 1% higher HbAlc, independent of diabetes status, was associated with an
18% greater risk of Ml in both women and men.

Conclusions

Although the incidence of Ml was higher in men than in women, the presence of diabetes is
associated with a greater relative risk of Ml in women. However, each 1% higher HbAlc was
associated with an 18% greater risk of Ml in both women and men.
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Introduction

Despite significant improvements in prevention and treatment, coronary heart disease (CHD)
remains the leading cause of death for both women and men worldwide.! Diabetes is a key risk
factor for CHD, and large studies and meta-analyses have provided convincing evidence that the
magnitude of excess risk of CHD conferred by diabetes is stronger in women than in men.?’ For
example, previous analyses in the UK Biobank population demonstrated that the excess risk of
myocardial infarction (M) associated with diabetes was 47% greater in women than in men.?

Biological sexis known to affect the pathogenesis of metabolic disorders such as diabetes.” The
mechanisms underpinning the excess risk of CHD conferred by diabetes in women compared
with men remain uncertain. However, previous studies have demonstrated that the differences in
cardiovascular risk factors between people with and without diabetes are greater in women than
in men®22 Other studies have shown that women’s greater excess risk of diabetes-related CHD is
explained by greater cardiometabolic changes before the clinical diagnosis of diabetes.® Diabetes
is defined by an, arguably, arbitrary threshold of glycated haemoglobin (HbAlc). However,
previous large-scale studies have demonstrated that elevated HbA1c levels are also associated
with an increased risk of CHD below the clinical threshold of diabetes. If the sex difference in the
cardiovascular complications of diabetes is present across the glucose intolerance continuum,
both before and after the clinical diagnosis of diabetes, it could be hypothesised that the
association of HbAlc and the risk of CHD is stronger in women than in men®3 Previous studies of
sex differences in the association between HbAlc levels and the risk of CHD are sparse and have
been inconclusive."*'® As such, it remains unclear whether sex differences in the risk of CHD exist
across the glycaemic spectrum. In this study, we used data from the UK Biobank to investigate
the sex-specific association and the sex differences between various levels of diabetes status and
levels of HbA1c and the risk of MI.

Methods

Study design and participants

The UK Biobank s a large prospective cohort of >500,000 participants aged between 40-69 years
at study baseline between 2006 and 2010. Details of the study procedures for the UK Biobank
have been described elsewhere.’® In short, individuals who lived near one of 22 assessment
centres across the UK were invited to enter the cohort. Of these, 5:5% agreed to participate
and attended the baseline assessment, which included questionnaires on lifestyle and medical
history and physical, and functional measurements.?®2! In addition, blood, urine, and saliva
samples were taken. All participants provided written informed consent. Participants with a
history of cardiovascular disease (CVD) (self-reported or hospital admission of MI, stroke, or
angina pectoris, n=30,565) at baseline were excluded from the current analyses. We also excluded
those with missing data on both self-reported diabetes and HbAlc (n=572).
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HbA1c and diabetes status

A medical history of diabetes, including age at first diagnosis of diabetes and the use of
medications for diabetes regulation, were self-reported. In 438,259 (93%) of the included
participants, HbAlc was measured using high-performance liquid chromatography analysis on
a BioRad VARIANT Il Turbo.?? We categorised diabetes status into four groups: 1. no diabetes
(i.e. no previous diagnosis of diabetes, HbAlc level <57% (39mmol/mol), and no use of glucose-
lowering medication); 2. prediabetes (i.e. no previous diagnosis of diabetes, HbAlc between
>57% (39mmol/mol) and <6-5% (48mmol/mol)%, and no use of glucose-lowering medication);
3. undiagnosed diabetes (no previous diagnosis of diabetes, HbAlc 26-5% (48mmol/mol), and no
use of glucose-lowering medication); 4. previously diagnosed diabetes (self-reported diagnosis
of diabetes and/or the use of glucose-lowering medication). Participants with missing data on
HbA1c but without diabetes or glucose-lowering medication and participants with missing data
on diabetes but with HbAlc <57% (39mmol/mol) and no use of glucose-lowering medication
were classified as not having diabetes. Participants with missing data on diabetes but with
HbAlc =6-5% (48mmol/mol) and no use of glucose-lowering medication were classified as
having undiagnosed diabetes. Those with missing data on diabetes but with HbA1c =257% - 6-5%
(=39mmol/mol - 48mmol/mol) and no use of glucose-lowering medication were classified as
having prediabetes.

Study outcomes

The study outcome was incident non-fatal or fatal MI, defined by codes 121, 122, 123, 124.1 or
125.2 in the tenth edition of the International Classification of Diseases (ICD-10). Outcome
adjudication involved linkage with hospital admissions data from England, Scotland, and Wales
and the national death register to identify the date of the first known Ml after the date of baseline
assessment.? Follow-up started at inclusion in the UK Biobank and ended on February 1 2018,
date of death, or upon the first non-fatal or fatal M, for all participants.

Statistical analyses

Sex-specific baseline characteristics are presented by diabetes status. Although incidence rates
are less likely to be translated to, and applied in, other populations because of the background
variation in risks across populations, they should be considered when making clinical decisions.
Therefore, we examined the sex-specific effects and sex differences in the association of diabetes
status and HbAlc with Ml both on the absolute and relative scales.

Sex-specific incidence rates and women-minus-men differences of rate differences of Ml were
calculated by diabetes status and across levels of HbA1c (in participants with previously diagnosed
diabetes) using Poisson regression models.? For diabetes status, the model was adjusted for age,
smoking, BMI, systolic blood pressure, use of antihypertensive medication, total cholesterol,
use of lipid-lowering medication, the Townsend social deprivation score, and interaction terms
between each variable and sex. The model for levels of HbAlc was additionally adjusted for the
use of glucose-lowering medication, again with interaction terms between each variable and sex.
The interaction terms of diabetes status and levels of Hbalc with sex were used to obtain the
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sex-specific incidence rates and women-minus-men differences of rate differences. Interaction
terms of the other variables with sex were included to adjust for sex-specific confounding, which
is identical to stratification by sex, with the advantage of extracting sex-specific estimates and
sex differences from one model.?®

Cox regression models were used to obtain the sex-specific hazard ratios (HRs) and the women-
to-men ratio of HRs (RHRs) with 95% Cls of MI by diabetes status.?® In participants with previously
diagnosed diabetes, we also estimated HRs and RHRs across levels of HbAlc, using participants
without previously diagnosed diabetes as the reference (including prediabetes and undiagnosed
diabetes). Three levels of adjustments were used. For diabetes status, the first model was adjusted
for age. The second model was additionally adjusted for smoking, BMI, systolic blood pressure,
use of antihypertensive medication, total cholesterol, use of lipid-lowering medication, and the
Townsend social deprivation score. The third model included the interaction terms between
each variable in the second model and sex. Models for levels of HbAlc were additionally adjusted
for the use of glucose-lowering medication, again with sex interactions in the third model. For
all three models, an interaction term between the determinant of interest (diabetes status or
levels of HbA1c) and sex was used to obtain the sex-specific HRs and women-to-men RHRs. The
third model included interaction terms between each variable in the second model and sex to
additionally adjust for sex-specific confounding.

Penalized spline models with four degrees of freedom were used to examine the sex-specific
association between baseline HbAlc and MI. Adjustments were as in the second model for levels
of HbAlc, with additional adjustment for history of diabetes. The sex-specific penalized spline
models were obtained using stratification by sex. Therefore, additional adjustments for each
variable in the model and sex were not included.

Cox analyses estimated the HRs and RHR between a 1% increase in baseline HbAlc and MI. In
prespecified subgroup analyses, results were stratified for age (<60 years and =60 years), BMI
(<25kg/m?and =25kg/m?), socioeconomic states (SES) on the basis of the Townsend deprivation
index (>-0-56 (lower SES) and <-0-56 (higher SES), and use of glucose-lowering medication. Two
levels of adjustments were used. The first model was adjusted for age, smoking, BMI, systolic
blood pressure, use of antihypertensive medication, total cholesterol, use of lipid-lowering
medication, the Townsend social deprivation score, use of glucose-lowering medication, and
history of diabetes. The second model included the interaction terms between each variable in
the first model and sex. Again, interaction terms between 1% increase in baseline HbAlc and sex
in both models were used to obtain the sex-specific HRs and women-to-men RHRs.

To ensure that the association between 1% increase in baseline HbAlc and Ml was not explained
by diabetes status, the analysis was adjusted for history of diabetes. However, by adjusting for
history of diabetes, we may have adjusted away some of the effects of higher HbAlc levels.
Therefore, a sensitivity analysis was performed without adjusting for history of diabetes.
Furthermore, sensitivity analyses were performed in which analyses were additionally adjusted
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for depression and sleep characteristics, again with interaction terms between each variable in
the model and sex. Moreover, sex-specific subgroups for depression and sleep characteristics
were included in the analyses of 1% increase in HbAlc and MI. Available case analyses were
conducted using StataSE13 and RStudio version 1:1-456.

Results

Overall, 471,399 participants were included (56% women). At baseline, 6:0% of men and 3-5% of
women were previously diagnosed with diabetes with a median HbAlc of 6:7% (50mmol/mol)
in both sexes (Table 1). Over a mean follow-up of 89 years, 7,316 (30% women) Ml events were
documented. The incidence of MI per 10,000 person-years was 9-3 (95% Cl: 8.9; 9.7) for women
and 276 (26-8; 28:3) for men.
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Sex-specific rates of Ml according to diabetes status

Following multiple adjustments, women had lower incidence rates of Ml per 10,000 person-
years than men for no diabetes (8-7 [8:2;9-2] vs. 25-4 [24-5;26-3]), prediabetes (10-9 [9-8;12-0]
vs. 29-7 [27-5;31-9]), undiagnosed diabetes (143 [8-4;20-1] vs. 38-9 [30-2;47-6]), and previously
diagnosed diabetes (20-4 [17-1;23-6] vs. 46-1 [41-4;50-8]) (Figure 1A and Supplemental table I).
Similar results were found for individuals without previously diagnosed diabetes and those with
previously diagnosed diabetes at different levels of HbAlc (Figure IB and Supplemental table II).

Figure 1. Multiple-adjusted rates of myocardial infarction (per 10,000 person years) by sex for diabetes status (A)
and levels of HbA1c (B). Analyses on diabetes status were adjusted for age, smoking, BMI, systolic blood pressure,
use of antihypertensive medication, total cholesterol, use of lipid-lowering medication, and the Townsend social
deprivation score, with interaction terms between each variable and sex. Analyses for levels of HbAlc were addi-
tionally adjusted for the use of glucose-lowering medication, again with interaction terms between each variable
and sex. No previously diagnosed diabetes includes no diabetes, prediabetes, and undiagnosed diabetes. HbAlc
6.5% =48mmol/mol; HbAlc 7.5% = 58mmol/mol. Pre = prediabetes.

Diabetes status and the risk of MI

Compared with no diabetes, prediabetes, undiagnosed diabetes, and previously diagnosed
diabetes were each associated with an increased risk of Ml in both sexes in each of the models
(Figure 2A and Supplemental table Ill). Prediabetes was more strongly associated with Ml in
women than in men in the age-adjusted and multiple-adjusted model without, but not with,
sex*confounder interaction terms. In the full interaction model, compared with no diabetes,
previously diagnosed diabetes was associated with a greater increased risk of Ml in women (233
[1-96;2-78]) than in men (1-81 [1-63;2:02]), with a corresponding RHR of 129 (1-05;1:58).
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Figure 2. Multiple-adjusted sex-specific hazard ratios for myocardial infarction by diabetes status (reference =no
diabetes) (A) and levels of HbAlc (reference = no previously diagnosed diabetes) (B). Analyses on diabetes status
were adjusted for age, smoking, BMI, systolic blood pressure, use of antihypertensive medication, total cholesterol,
use of lipid-lowering medication, and the Townsend social deprivation score, with interaction terms between each
variable and sex. Analyses for levels of HbAlc were additionally adjusted for the use of glucose-lowering medication.
No previously diagnosed diabetes includes participants categorized as no diabetes, prediabetes, and undiagnosed
diabetes. HbA1c 6.5% =48mmol/mol; HbAlc 7.5% = 58mmol/mol. Pre = prediabetes.

Levels of HbAlc among people with diabetes and the risk of Mi

In the multiple-adjusted model without sex*confounder interactions, compared with those
without previously diagnosed diabetes (including prediabetes and undiagnosed diabetes), the
risk of Ml among people with previously diagnosed diabetes was higher in both women and men
at different HbA1c levels, except for men with a HbAlc <6-5% (48mmol/mol). Different HbAlc
levels were found to be more strongly associated with Ml in women with previously diagnosed
diabetes than in men. These sex-differences were no longer statistically significant in the full
interaction model. The women-to-men RHRs were 139 (1:03;1-88) for <6-5% (48mmol/mol), 1-50
(1-10;2:05) for >6-5 to <7-5% (>48mmol/mol - <58mmol/mol), and 1:69 (1-28;2-23) for >7-5%
(58mmol/mol) in the multiple-adjusted model with main effects for confounders only but were
1-09 (0-75;1-60), 1-11 (0-70;1-77), and 1-24 (0-78;1-97), respectively, in the full interaction model
(Figure 2B and Supplemental table IV).

HbA1lc among all individuals and the risk of Mi

Independent of diabetes status, there was an approximate log-linear association between
levels of HbAlc and Ml in both sexes (Figure 3A and 3B). In the multiple-adjusted model without
sex*confounder interactions, a 1% increase in HbAlc was more strongly associated with Ml in
women than men: the HRs were 124 (1-20;1-28) in women and 114 (1-10;1:19) in men, and the
women-to-men RHR was 1-09 (1:03;1-14). After including the sex*confounder interactions, the
HRswere 1-18 (1-13;1-24) in women and 1:18 (1-13;1-23) in men. The corresponding RHR was 1-00
(0-94;1-07). There was no evidence for differences in the multiple-adjusted association between
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HbAlc and Ml across sex-specific subgroups in the multiple-adjusted models with sex*confounder
interactions. Similarly, no significant differences in women-to-men RHRs by age, BMI, SES, and
use of glucose-lowering medication were found (Figure 4 and Supplemental table V).

Figure 3. Multiple-adjusted hazard ratios for myocardial infarction according to baseline HbA1c, stratified by women
(A) and men (B). Penalized spline models with 4 degrees of freedom and reference HbAlc set at 5:3% (34mmol/
mol). Analyses were adjusted for age, smoking, BMI, systolic blood pressure, antihypertensive medication, total
cholesterol, use of lipid-lowering medication, Townsend score, history of diabetes (no previously diagnosed diabetes
including prediabetes and undiagnosed, diabetes), and the use of glucose-lowering medication. Shaded lines show
95% confidenceintervals. Vertical lines at HbA1c 5:7% (39mmol/mol) and 6:5% (48mmol/mol) show the threshold
for prediabetes and diabetes, respectively. The figure was trimmed at a HbAlc level of 12%.

Figure 4. Multiple-adjusted sex-specific hazard ratios and women-to-men ratio of hazard ratios for myocardial
infarction per 1% HbAlc change overall and in subgroups. Analyses were adjusted for age, smoking, BMI, systolic
blood pressure, antihypertensive medication, total cholesterol, use of lipid-lowering medication, the Townsend
social deprivation score, history of diabetes (no previously diagnosed diabetes including prediabetes and undi-
agnosed, diabetes), and the use of glucose-lowering medication, with interaction terms between each variable
and sex. P-values for the sex-specific hazard ratios represent the two-way interaction terms including HbAlc and
the variable that was stratified for. P-values for the women-to-men ratio of hazard ratios represent the three-way
interaction terms including sex, HbAlc, and the variable that was stratified for. HR = hazard ratio; RHR = ratios of
hazard ratios; BMI = body mass index.
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Sensitivity analyses

There was no evidence of a difference in the multiple-adjusted association between HbAlc and M
after excluding history of diabetes from the main analysis (Supplemental table VI). Furthermore,
the results of the multiple-adjusted analyses on diabetes status, levels of HbAlc, and 1% HbA1c
increase with MI were virtually identical to the main analyses after adjusting for depression
and sleep characteristics (Supplemental tables VIl - X). Moreover, there was no evidence for
sex differences in the multiple-adjusted association between 1% HbAlc increase and Ml across
sex-specific subgroups for depression and sleep characteristics because there was no evidence
of significant differences in women-to-men RHRs by depression and sleep characteristics
(Supplemental table XI).

Discussion

This study, which included 471,399 UK Biobank participants without prevalent CVD, showed that
although the incidence of Ml was considerably higher in men than in women for diabetes status
and across levels of HbA1lc, the presence of previously diagnosed diabetes was associated with
a greater excess relative risk of Ml in women than men. Each 1% higher HbAlc, independent of
diabetes status, was associated with an 18% greater risk of Ml in both women and men.

This study adds to the growing body of evidence on sex differences in the risk of MI, and other
CVD phenotypes, associated with diabetes.?6262" Studies assessing sex-specific effects and sex
differences in the association between diabetes status by HbAlc thresholds, including prediabetes
and/or undiagnosed diabetes, and major cardiovascular events are limited and have provided
mixed results.’ 8 A large cohort study including >140,000 Mexican adults showed that both
undiagnosed and previously diagnosed diabetes were associated with a higher risk of CVD-
related mortality, with higher risks among individuals with poorer glycaemic control.** No sex
differences in the risk of mortality of vascular, renal and infectious causes according to diabetes
status were found.* The Atherosclerosis Risk in Communities (ARIC) study, which included
10,844 participants in the US without previously diagnosed diabetes, showed that both men
and women with HbAlc-defined prediabetes or undiagnosed diabetes had a higher CVD risk.?®
Although sex-stratified analyses provided some evidence for a stronger association of prediabetes
and undiagnosed diabetes with peripheral artery disease in women than men, no statistically
significant sex differences were present for CHD and/or ischemic stroke.'* A cohort study among
22,106 participants in the UK showed that undiagnosed, controlled (HbA1c<5-7% [<39mmol/
mol]), and uncontrolled (HbA1_>6-5% [z48mmol/mol]) diabetes and diabetes with moderately
raised HbAlc (HbA1_5-7-<6-5% [39-<48mmol/mol]), but not prediabetes, were associated with
anincreased risk of cardiovascular mortality. After stratification by sex, mixed results were found
regarding the presence and magnitude for the association between diabetes status and CVD
mortality.” Our study also showed that prediabetes was associated with an increased risk of Ml
in both sexes, with evidence for stronger effects in women than men. However, this sex difference
attenuated to unity and was no longer statistically significantin analyses that also accounted for
sex-specific confounding effects. Similarly, while our analyses that did not account for sex-specific
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confounding showed that the relationship between HbAlc and the risk of Ml was stronger in
women than men, accounting for sex-specific confounding demonstrated that a 1% increase in
HbAlc was associated with an 18% greater risk of Ml in both sexes.

Sex differencesin the uptake and provision of healthcare for diabetes or differences in underlying
biological mechanisms of diabetes may explain the greater excess risk of Ml conferred by diabetes
inwomen. The National Diabetes Audit among 2 million individuals with diabetes in England and
Wales showed that women were 15% less likely to receive assessment of critical care processes as
recommended by the guidelines compared with men.?® In addition, only 30% of women and 33%
of men attained all treatment targets for HbAlc, cholesterol and blood pressure.?® A population-
based study in Italy also showed that women were less likely to receive recommended care and
to attain treatment targets for HbAlc and LDL-cholesterol.?® In contrast, a large cohort study
performed in the US among 18,000 individuals with diabetes demonstrated that women were
more likely to receive recommended care than men.* Overall, previous studies on sex differences
in the provision of healthcare for diabetes have reported mixed results regarding the presence,
magnitude, and direction of sex differences in healthcare provision and no final conclusions about
the impact of differences in healthcare provision on sex disparities related to cardiovascular
complications can be drawn. Notably, sex differences in healthcare provision are also seen in
non-diabetic populations, suggesting that sex differences in care alone are unlikely to be the only
cause of the excess cardiovascular risk in women with diabetes 313

Biological differences between the sexes may therefore play a key role in explaining these sex
differences. Previous studies suggested that the cardiovascular risk profile in women needs to
deteriorate further than men before they develop overt diabetes.**? Consequently, women may
be exposed to adverse cardiovascular risk factors over a longer time period. This hypothesisisin
line with findings of a study that showed that the average duration of prediabetes was 10-3 years
in women and 8-5 years in men.** The Asia Pacific Cohort Studies Collaboration, including 161,214
individuals from the Asia-Pacific region, showed that differences in blood pressure, lipids and BMI
among individuals with and without diabetes was larger in women than men.** A recent study
among 3,400 Dutch individuals showed that several cardiovascular risk factors were already more
elevated in women with prediabetes than men, and these difference were even more pronounced
in individuals with type 2 diabetes compared to individuals with a normal glucose metabolism.®
In addition, increases in HbAlc among individuals without type 2 diabetes was more strongly
associated with systolic and diastolic blood pressure, HDL cholesterol and LDL cholesterol in
women than men.® In our study, we found no evidence of a sex difference in the association
between increases in HbAlc and the risk of MI. Instead, the notion that the sex-specific effects
attenuated after adjustment for sex-specific confounders suggest that other sex-specific pathways
may be involved. A recent Mendelian randomization study showed that the higher BMI led to
higher risk of type 2 diabetes in women than in men.* Hence, it may be that the sex differences
in the association between diabetes and Ml occur before the onset of diabetes.
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Another possible explanation for the greater relative risk of Ml found in women with diabetes
compared to men is that this may simply be a mathematical artefact as a result of the lower
cardiovascular risk in women. However, meta-analyses of sex differences in the association
between blood pressure and high BMI with CVD showed no sex difference in the relative risks.
In addition, for total cholesterol associated with CVD there is some indication of higher relative
risks in men. Thus, it seems unlikely that the finding of a greater relative risk of Ml associated with
diabetes in women compared with men is an inevitable consequence of women’s lower absolute
rates, compared with men.>%

It is surprising that while diabetes was associated with a greater relative risk of Ml in women
than men, increases in HbA1c levels did not show any sex differences. Reasons for this apparent
discrepancy warrant furtherinvestigation, ideally in studies with repeated HbAlc measurements
so as to assess the potential impact of sex differences in glycaemic control post baseline
assessment.

The strengths of this study include its prospective design, large sample size, and the extensive
phenotypic detail available on all participants. This study also has some limitations. First, people
with a higher socioeconomic status and of Caucasian background are overrepresented in the
UK Biobank, which may have limited the generalisability of our results. Second, diagnosis of
diabetes, CVD, and the use of diabetes medications were self-reported, which may have resulted
in some misclassification in both sexes. However, there is no reason to assume that women and
men reported differently on these aspects. Third, participants with missing data on self-reported
diabetes or HbAlc measurements were allocated to the best fitting diabetes status category by
using the available information, this may have resulted in some additional misclassification, most
likely resulting in underestimation of the sex-specific effects that were found in this study. Fourth,
although we adjusted for several major confounding factors, including sex-specific confounding,
residual confounding may be present.

In conclusion, the presence of diabetes is associated with a greater relative risk of Ml in women
than men. However, each 1% higher HbAlc, independent of diabetes status, was associated with
an 18% greater risk of Ml in both women and men.
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Supplemental table I. Unadjusted and multiple-adjusted rates of myocardial infarction (per 10,000 person-years)

by sex and diabetes status.

Difference of rate

Women Men differences (women-men)
Unadjusted
No diabetes 7-7(7-3;81) 24-0(23-2;24-8) Reference
Prediabetes 15-1(13-7;16-6) 382 (35-6:40-8) -6-8(-9-9;-3-6)

Undiagnosed diabetes

Previously diagnosed diabetes

232 (14-3;32-2)
27-0(23-4;30-5)

53-0(41-7:64-3)
53-6(49-2;57-9)

-13-5(-27-9;1-0)
-10-3 (-16-0;-4-6)

Multivariable-adjusted*

No diabetes
Prediabetes
Undiagnosed diabetes

Previously diagnosed diabetes

87(82;92)
10-9(9-8;12-0)
14-3(8-4;20-1)

20-4 (17-1;23-6)

254 (24-5,26-3)
297 (27:5;319)
38:9(30:2;47-6)
461 (41-4;50-8)

Reference
21(-4-8,0-5)
-7-9(-18:5;2-6)
-9:0(-14+8;-32)

* The multivariable-adjusted model is adjusted for age, smoking (never, former, current), BMI, systolic blood
pressure, lipid-lowering medication, cholesterol, antihypertensive medication, the Townsend social deprivation

score, and interaction terms between each variable and sex.

Supplemental table Il. Unadjusted and multiple-adjusted rates of myocardial infarction (per 10,000 person-years)

by sexand HbA1c levels.

Women

Difference of rate
differences (women-men)

Unadjusted

No previously diagnosed diabetes+
<6-5%

6:5-<7-5%

>7-5%

87(8:3,9-0)
189 (14-2;23-5)
27-1(20-1;34°1)
416 (32-5;50-8)

259 (25-2;26°7)
42-4(36-3;48-6)
52-5(44-3;60-6)
72:3(62:2;82+4)

Reference
63 (-14-0;1-44)
-8-1(-18-9;2-6)
13-4 (-27-0;0-2)

Multivariable-adjusted*

No previously diagnosed diabetes+
<6-5%

6-5-<7-5%

>7-5%

9-3(8-8,9-8)
12:3(8:5,16-2)
15-2(9-4:21-0)
22-3(13:8;30°7)

265 (25-6;27-4)
31:9(25-9;37-9)
387 (30-0;47-4)
515(39-6;63-3)

Reference
24 (-97;4+9)
-6-3 (-17-0;4-4)
12:0(-26°8;2+8)

* The multivariable-adjusted model is adjusted for age, smoking (never, former, current), BMI, systolic blood
pressure, lipid-lowering medication, cholesterol, antihypertensive medication, the Townsend social deprivation
score, glucose-lowering medication, and interaction terms between each variable and sex. HbA1c 6.5% = 48mmol/

mol; HbAlc 7.5% = 58mmol/mol.
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Supplementaltable Ill. Age-adjusted and multiple-adjusted hazard ratios and ratios of hazard ratios of myocardial
infarction according to diabetes status

Women, Men, Women Men Women-to-men
n (%) n (%) (HR95% Cl) (HR95%CI)  RHR(95% CI)
Age-adjusted model
No diabetes 1,533 (0:7%) 3,659 (2:1%) 1.0 10 NA
Prediabetes 417 (14%) 792 (34%)  158(142;177) 136 (126;1:47) 116 (1:02;1:33)
Undiagnosed diabetes 26 (2:1%) 84 (47%) 2:55(173;3-76)  2:03(1:63;2:52) 126 (0-81;1-96)

Previously diagnosed

dinbetes 221(24%) 584 (47%)  3.02(262;348) 185(1-69:2:02) 163 (1:381.93)

Multiple-adjusted - main effects model*

No diabetes 1,404 (07%) 3,392 (2-1%) 10 1-0 NA
Prediabetes 390 (13%) 739 (34%)  132(1-18;148) 114 (1:05124) 115 (1-00;132)
Undiagnosed diabetes 23 (2%) 78 (47%) 171(1-13;258)  1-51(120;1-89) 1113 (0-71;1-81)

Previously diagnosed

diabetos 194 (23%) 520 (4-6%)  2:66 (227:311)  172(1:55191) 154 (129;1-84)

Multiple-adjusted - full interaction model**

No diabetes 1,404 (07%) 3,392 (21%) 10 10 NA
Prediabetes 390 (13%)  739(34%)  1-25(1-11;1-40) 117 (1-08127) 1-07(0-93;1-23)
Undiagnosed diabetes 23 (2%) 78(47%)  1-64(1-08:2-49) 1-53(1-22;1-92) 1-07 (0-67;1-72)

Previously diagnosed

39 .69 . .96:2- . .63:2- . .05:1-
diabetes 194 (2:3%) 520 (46%)  2:33(1-96;2:78) 1-81(1:63;2:02) 1:29(1-05;1-58)

“The main effects model is adjusted for age, smoking (never, former, current), BMI, systolic blood pressure, lipid-
lowering medication, cholesterol, antihypertensive medication, and the Townsend social deprivation score. **The
full interaction model is additionally adjusted for interaction terms between each variable and sex. NA=not
applicable; HR = hazard ratio; RHR = ratio of hazard ratios; n (%) = number of events.

Supplemental table IV. Age-adjusted and multiple-adjusted hazard ratios and ratios of hazard ratios of Ml
according to levels of glycaemia.

Women, Men, Women Men Women-to-men

n (%) n (%) (HR95%CI)  (HR95%CI)  RHR(95% Cl)
Age-adjusted model
No previously diagnosed o700 006 4 535 (2:3%) 10 10 NA
diabetes+
HbAlc <6-5% 64 (17%)  183(37%) 195(152;2:50) 133 (114;154) 147 (110;1:97)
HbAlc>6-5% - <7-5% 58(2:4%) 160 (46%) 2:58(1:99;335)  165(141;194) 156 (115;2-12)
HbALc >7-5% 80 (37%) 198 (6:3%) 441 (353;552) 2:53(220:292) 174 (134;227)
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Supplemental table IV. Age-adjusted and multiple-adjusted hazard ratios and ratios of hazard ratios of Ml
according to levels of glycaemia. (continued)

Women, Men, Women Men Women-to-men
n (%) n (%) (HR 95% Cl) (HR95% ClI) RHR (95% Cl)

Multiple-adjusted - main effects model*

No previously diagnosed

dinbetess 1,817 (0:8%) 4,209 (2:3%) 10 10 NA

HbALc <6-5% 58 (16%) 168 (3-6%) 156 (118;206) 112(093;135) 139 (1-03;1:88)
HbALc >6-5% - <7-5% 56 (25%) 151 (47%) 2:02(149:274)  135(1:09,1:68) 150 (110:2:05)
HbALc >7-5% 73(36%) 179 (62%) 303 (228;4-03) 179(1-44;224) 169 (128;223)

Multiple-adjusted - full interaction model**

No previously diagnosed

dinbetest 1,817 (0:8%) 4,209 (2:3%) 10 10 NA

HbALc <6-5% 58 (1:6%) 168 (3-6%) 1-32(0-951-83) 120(0-99;1-46) 1-09(0-75;1-60)
HbALc >6-5% - <7-5% 56 (25%) 151 (47%) 1-63(1-09;2:43) 1-46(1-16;1-85) 1-11(0-70;177)
HbALc >7-5% 73(36%) 179 (62%) 2:40(1-61;3-58) 1-94(1:53;2:47) 124 (0-78;1-97)

*The main effects model is adjusted for age plus smoking (never, former, current), BMI, systolic blood pressure,
lipid-lowering medication, cholesterol, antihypertensive medication, the Townsend social deprivation score, and
glucose-lowering medication. **The full interaction model is additionally adjusted for interaction terms between
each variable and sex. + No previously diagnosed diabetes, including prediabetes and undiagnosed diabetes.
NA =not applicable; HR = hazard ratio; RHR = ratio of hazard ratios. n (%) = number of events. HbA1lc 6.5% = 48mmol/
mol; HbA1c 7.5% = 58mmol/mol.

Supplemental table V. Multiple-adjusted hazard ratios and ratios of hazard ratios of myocardial infarction per 1%
HbA1lc change, stratified by age, BMI, socioeconomic status, and use of glucose-lowering medication.

Women, Men, Women Men Women-to-men P for
n (%) n (%) (HR 95% ClI) (HR95% ClI) RHR (95% ClI) interaction

Multiple-adjusted main effects model*

Overall 1,936 (0-8%) 4,518 (2:5%) 124 (120;128) 114 (110;119) 1:09 (1-03;114) NA
Age

<60 669 (0:5%)  1,830(17%) 133(123;143) 117(111;122) 113 (1:04;124)

260 1,267 (13%) 2,688(35%) 121(116;127) 112 (1:07;118)  1-08(1-01;1-15) 0-355
BMI

<25 606 (0:7%) 891(19%)  136(120;1-54)  121(112;1:31)  112(0-97;130)

=25 1,330 (1:0%) 3,627 (27%) 123(119;128) 113(1:08;1-18)  1:09 (1-04;1-15) 0-744

Socioeconomic status
High 1,173 (0-8%) 2,986 (2:4%) 122 (117;128) 116 (111;122)  1:05(0-99;112)
Low 763(10%) 1,532 (2:6%) 127(129;137) 113(107;120)  113(1:04;122) 0-197

Use of glucose-lowering medication
No 1,795 (0-8%) 4,156 (2:4%) 121(1-16;,127) 1-17(1-12;123)  1-03(0-97:1-11)
Yes 141 (3-0%) 362 (52%) 120(1-08;1-34) 119(1-11;1-28) 1-01(0-89;1-15) 0735
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Supplemental table V. Multiple-adjusted hazard ratios and ratios of hazard ratios of myocardial infarction per 1%
HbAlc change, stratified by age, BMI, socioeconomic status, and use of glucose-lowering medication. (continued)

Women, Men, Women Men Women-to-men P for
n (%) n (%) (HR 95% ClI) (HR 95% ClI) RHR (95% CI) interaction

Multiple-adjusted full interaction model**

Overall 1,936 (0:8%) 4,518(2:5%) 118(1'13;1-24) 1-18(1-13;1:23) 1:00(0-94;1-07) NA
Age

<60 669 (0-5%) 1,830 (17%) 1-25(1-14;1-36) 1-19(1-14;1-25)  1-05(0-95:1-15)

=60 1,267 (1:3%) 2,688(35%) 1:16(1-09;1-24) 1-16(1-10;1-22)  1-00(0-93;1-09) 0-484
BMI

<25 606 (07%) 891(19%) 124(1-08;1-42) 1-24(1:151-34) 1-00(0-86;1-16)

>25 1,330 (1:0%) 3,627 (27%) 1-18(1:12;124) 1-17(1-12;1-22)  1-01(0-94;1-08) 0-891

Socioeconomic status
High 1,173 (0-8%) 2,986 (2:4%) 1-18(1-11;1-25) 1:19(1-14;1:25) 0-99(0-92;1:07)
Low 763(1:0%)  1,532(2:6%) 1-20(1-10;1-30) 1-16(1-10;1:22)  1:03(0-94;1-14) 0-440

Use of glucose-lowering medication
No 1,795(0-8%) 4,156 (2:4%) 1-19(1:12;1-25) 1-19(1-14;,1-24)  1-00(0-93;1-07)
Yes 141 (3:0%) 362(52%) 120(1-08;1:34) 1:19(1-11;1-28) 1-01(0-89;115) 0-880

*The main effects model is adjusted for age plus smoking (never, former, current), BMI, systolic blood pressure,
lipid-lowering medication, cholesterol, antihypertensive medication, the Townsend social deprivation score,
history of diabetes (no previously diagnosed diabetes including prediabetes and undiagnosed, diabetes), and
glucose-lowering medication. **The full interaction model is additionally adjusted for interaction terms between
each variable and sex. NA = not applicable; BMI = body mass index; HR = hazard ratio; RHR = ratio of hazard ratios;
n (%) = number of events.

Supplemental table VI. Multiple-adjusted hazard ratios and ratios of hazard ratios of myocardial infarction per

1% HbA1c change.
Women Men Women-to-men
(HR 95% CI) (HR95% Cl) RHR (95% CI)
Multlpl*e—adjusted full interaction 118 (1-13:1-24) 118 (113:1-23) 1-00 (0-94:1-07)
model
Multiple-adjusted full interaction 1.19(1.13;1.25) 1.19 (1.14:1.23) 1.00 (0.941.07)

model excl. history of diabetes

*The full interaction model is adjusted for age, smoking (never, former, current), BMI, systolic blood pressure,
lipid-lowering medication, cholesterol, antihypertensive medication, the Townsend social deprivation score,
history of diabetes (no previously diagnosed diabetes including prediabetes and undiagnosed, diabetes), glucose-
lowering medication, and interaction terms between each variable and sex. HR = hazard ratio; RHR = ratio of hazard
ratios.
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Supplemental table VII. Number (%) of women and men with depression and certain sleep characteristics.

Number (%) of women Number (%) of men
Use of antidepressants
Yes 11,548 (4.4%) 4,800 (2.3%)
No 251,747 (95.6%) 203,876 (97.7%)

Told to have depression during the verbal interview!

Yes 17,561 (6.7%) 8,466 (4.1%)
No 245,724 (93.3%) 200,210 (95.9%)

Told to have depression during the verbal interview OR using antidepressants

Yes 22,035 (8.4%) 10,229 (4.9%)
No 241,260 (91.6%) 198,447 (95.1%)

Told to have depression during the verbal interview AND using antidepressants

Yes 7,074 (2.7%) 3,037 (1.5%)

No 256,221 (97.3%) 205,639 (98.5%)

Told to have sleep apnoea during the verbal interview*

Yes 354 (0.1%) 1,025 (0.5%)
No 262,941 (99.9%) 207,651 (99.5%)

Use of medication to treat insomnia - extensive?

Yes 2,533 (1.0%) 1,277 (0.6%)
No 260,762 (99.0%) 207,399 (99.4%)

Use of medication to treat insomnia - restricted®

Yes 1,992 (0.8%) 953 (0.5%)
No 261,303 (99.2%) 207,723 (99.5%)

2“In the touch screen you selected that you have been told by a doctor that you have other (non-cancer) serious
illnesses or disabilities, could you now tell me what they are?” asked by a trained nurse during the verbal interview
stage of data collection. The nurse used a tree structure organized by system and loosely based on International
Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10), codes to record a
diagnosis of depression or sleep apnoea (UK Biobank field: 20002) using given codes 1286 and 1123 respectively.
2Participants using the following medication were considered to have trouble sleeping (insomnia): Diazepam,
Flunitrazepam, Flurazepam, Loprazolam, Lorazepam, Lormetazepam, Nitrazepam, Oxazepam, Temazepam,
Zolpidem, Zoplicon and Zaleplon. *Several drugs used to treat insomnia have multiple treatment indications
including panic disorders. The variable “use of medication to treat insomnia - restricted” included medication
with a more strict indication for insomnia, including: Flunitrazepam, Flurazepam, Loprazolam, Lormetazepam,
Nitrazepam, Temazepam, Zolpidem, Zopiclon, and Zaleplon.
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Supplemental table VIII. Multiple-adjusted hazard ratios and ratios of hazard ratios of myocardial infarction

according to diabetes status.

Women Men Women-to-men
(HR 95% CI) (HR 95% CI) RHR (95% CI)
Multiple-adjusted - fullinteraction model*
No diabetes 1-0 1-0 NA
Prediabetes 1-248 (1-112;1-401) 1170 (1-080:1-269)  1-067 (0-927;1-230)
Undiagnosed diabetes 1-642 (1-084;2-488) 1-533(1-222;1-922) 1-072 (0-668;1-720)

Previously diagnosed diabetes 2:334(1-960;2-780)

1-815 (1-630;2-020)

1286 (1-048;1-579)

+use of antidepressants

No diabetes 1-0
Prediabetes 1-245(1-109;1-397)
Undiagnosed diabetes 1-634(1-078;2-475)

Previously diagnosed diabetes 2-318 (1-946;2-760)

10

1-168 (1-077;1-268)
1-535 (1-224;1-926)
1-808 (1-624;2-012)

NA
1-065 (0-925;1-227)
1-064 (0-663;1:708)
1282 (1-045;1-574)

+told to have depression during the verbal interview!

No diabetes 1-0
Prediabetes 1-247 (1-111;1-400)
Undiagnosed diabetes 1:637 (1-081;2-480)

Previously diagnosed diabetes 2:333(1:959;2-779)

10
1-170 (1-078;1-269)
1-533 (1-222;1-923)
1814 (1-630;2-020)

NA
1-067 (0-926;1-229)
1-068 (0-665;1-714)
1-286 (1-048;1-579)

+told to have depression during the verbal interview OR using antidepressants

No diabetes 1-0
Prediabetes 1:246 (1-110;1-398)
Undiagnosed diabetes 1-643 (1-085;2-489)

Previously diagnosed diabetes 2:327(1-954;2-771)

10
1169 (1-078;1-268)
1-533 (1-222;1-923)
1-811 (1-627;2-016)

NA
1-066 (0-925;1-228)
1-072 (0-668;1-720)
1285 (1-047;1-577)

+told to have depression during the verbal interview AND using antidepressants

No diabetes 1-0
Prediabetes 1-247(1-111;1-400)
Undiagnosed diabetes 1-631(1-077,2-472)

Previously diagnosed diabetes 2:329(1:956;2-773)

10

1-169 (1-077;1-268)
1-535 (1-224;1-926)
1-811 (1-627;2-016)

NA
1-067 (0-926;1-229)
1-063 (0-662;1:706)
1286 (1-048;1-579)

+told to have sleep apnoea during the verbal interview!
No diabetes 1-0
Prediabetes 1-248 (1-112;1-401)
Undiagnosed diabetes 1:642 (1-084;2-488)

Previously diagnosed diabetes 2:334(1-960;2-780)

4

10
1169 (1-078;1-269)
1-533 (1-222;1-923)
1-813(1-629;2-019)

NA
1-068 (0-927;1-230)
1-071 (0-667;1:719)
1287 (1-049;1-581)
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Supplemental table VIII. Multiple-adjusted hazard ratios and ratios of hazard ratios of myocardial infarction
according to diabetes status. (continued)

Women Men Women-to-men
(HR 95% CI) (HR95% CI) RHR (95% Cl)

Multiple-adjusted - full interaction model*

+use of medication to treat insomnia - extensive?

No diabetes 1-0 1-0 NA

Prediabetes 1252 (1-115;1-405)  1-170 (1-078;1-269)  1-070 (0-929;1-233)
Undiagnosed diabetes 1:648 (1-088;2-497) 1:532(1-221;1-922) 1-076 (0-670;1-726)
Previously diagnosed diabetes 2-333(1:959;2-779) 1-815(1-630;2-020) 1:286 (1-047;1-578)

+use of medication to treat insomnia - restricted?

No diabetes 1-0 1-0 NA

Prediabetes 1252 (1-116:1-406)  1-170 (1-078;1-269)  1-071(0-929;1-233)
Undiagnosed diabetes 1-647 (1-087;2-494) 1-532(1-222;1-922) 1-074 (0-669;1-725)
Previously diagnosed diabetes 2-338(1:963;2:784) 1-815(1-630;2-020) 1-288 (1-050;1-582)

*The full interaction model is adjusted for age, smoking (never, former, current), BMI, systolic blood pressure,
lipid-lowering medication, cholesterol, antihypertensive medication, the Townsend social deprivation score, and
interaction terms between each variable and sex. NA =not applicable; HR = hazard ratio; RHR = ratio of hazard
ratios.“In the touch screen you selected that you have been told by a doctor that you have other (non-cancer)
serious illnesses or disabilities, could you now tell me what they are?” asked by a trained nurse during the verbal
interview stage of data collection. The nurse used a tree structure organized by system and loosely based on
International Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10), codes
to record a diagnosis of depression or sleep apnoea (UK Biobank field: 20002) using given codes 1286 and 1123
respectively. 2Participants using the following medication were considered to have trouble sleeping (insomnia):
Diazepam, Flunitrazepam, Flurazepam, Loprazolam, Lorazepam, Lormetazepam, Nitrazepam, Oxazepam,
Temazepam, Zolpidem, Zoplicon and Zaleplon. *Several drugs used to treat insomnia have multiple treatment
indications including panic disorders. The variable “use of medication to treat insomnia - restricted” included
medication with a more strict indication for insomnia, including: Flunitrazepam, Flurazepam, Loprazolam,
Lormetazepam, Nitrazepam, Temazepam, Zolpidem, Zopiclon, and Zaleplon.
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Supplemental table IX. Multiple-adjusted hazard ratios and ratios of hazard ratios of Ml according to levels of

glycaemia.
Women Men Women-to-men
(HR 95% Cl) (HR 95% CI) RHR (95% CI)
Multiple-adjusted - fullinteraction model*
No previously diagnosed diabetes+ 10 10 NA
HbAIc <6:5% 1-319 (0-949:1-833) 1-207 (0-994:1-465) 1-093 (0-746;1-602)

HbAIC >6-5% - <7:5% 1-631 (1-095:2-430)

HbALC >7:5% 2-404 (1-614:3-583)

1-465 (1-161;1-849)
1-943 (1-532;2-465)

1-113(0-702:1-767)
1237 (0-778;1-968)

+use of antidepressants

No previously diagnosed diabetes+ 1-0
HbAIc <6:5% 1-310 (0-943;1-821)
HbAIc >6-5% - <7"5% 1:646 (1-105;2-42)

HbAIc >7-5% 2-414 (1-619;3-601)

10

1:203 (0-991;1-461)
1-469 (1-164;1-853)
1-942 (1-531;2-464)

NA
1-089 (0-743;1-596)
1-121 (0-706;1:778)
1:243(0-781;1-980)

+told to have depression during the verbal interview!
No previously diagnosed diabetes+ 10
HbAIc <65% 1-313(0-945;1-825)
HbAIc >6:5% - <7-5% 1-636 (1-098;2-438)

HbAIc >75% 2-406 (1-614;3-587)

10
1206 (0-994;1-465)
1-469 (1-164;1-854)
1-947 (1-535;2-470)

NA
1-088 (0-743;1-595)
1114 (0-702;1-768)
1236 (0-776;1-967)

+told to have depression during the verbal interview OR using antidepressants

No previously diagnosed diabetes+ 1-0
HbAIC <6-5% 1-308 (0-941;1-818)
HbAIc >6:5% - <75% 1-647 (1-105;2-455)

HbALC >7:5% 2-415(1-619:3-603)

10
1204 (0-992;1-462)
1-469 (1-164;1-853)
1-944 (1-532;2-466)

NA
1-086 (0-741;1-591)
1121 (0-707;1-780)
1243 (0-780;1-979)

+told to have depression during the verbal interview AND using antidepressants

No previously diagnosed diabetes+ 1-0
HbAIc <6:5% 1-315(0-946;1-828)
HbAlc >6:5% - <7-5% 1:634 (1:096;2-435)

HbAIc >7-5% 2-404 (1-613;3-584)

10

1205 (0-993;1-464)
1-470 (1-165;1-855)
1-946 (1-534;2-469)

NA
1-091 (0-745;1-599)
1-112 (0-700;1:764)
1235 (0-776;1-966)

+told to have sleep apnoea during the verbal interview!
No previously diagnosed diabetes+ 10

HbAIc <65% 1-319 (0-949:1-833)
1-631 (1-095;2-430)

2-404 (1-614;3-583)

HbAIc >6:5% - <7-5%
HbAIc >75%

6

10
1206 (0-993;1-464)
1-465 (1-161;1-849)
1-940 (1-530:2-461)

NA
1-094 (0-746;1-603)
1113 (0:702;1:767)
1239 (0-779;1-971)
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Supplemental table IX. Multiple-adjusted hazard ratios and ratios of hazard ratios of Ml according to levels of
glycaemia. (continued)

Women Men Women-to-men
(HR 95% Cl) (HR 95% CI) RHR (95% Cl)

Multiple-adjusted - full interaction model*

+use of medication to treat insomnia - extensive?

No previously diagnosed diabetes+ 1-0 10 NA

HbAIc <6:5% 1-315 (0-946;1-828) 1206 (0-994;1-465) 1-090 (0-744;1-598)
HbAIc >6:5% - <7-5% 1:632(1-095;2-431) 1-465(1-161;1-848) 1:114(0-702;1-768)
HbAIc >7-5% 2:416 (1-621;3-601) 1-943 (1-532;2-465) 1-243(0-781;1-978)

+use of medication to treat insomnia - restricted®

No previously diagnosed diabetes+ 1-0 10 NA

HbAIc <6-5% 1-315 (0-946;1-827) 1-207 (0-994;1-465) 1-089 (0-743;1-597)
HbAIc >6:5% - <7-5% 1-632 (1-095:2-431) 1-465 (1-161;1-849) 1-114 (0-702;1-767)
HbAIc >7-5% 2:412 (1-619:3-595) 1-944 (1-532:2-465) 1241 (0-780;1-975)

*The full interaction model is adjusted for age, smoking (never, former, current), BMI, systolic blood pressure,
lipid-lowering medication, cholesterol, antihypertensive medication, the Townsend social deprivation score,
glucose-lowering medication, and interaction terms between each variable and sex. + No previously diagnosed
diabetes, including prediabetes and undiagnosed diabetes. NA=not applicable; HR = hazard ratio; RHR = ratio of
hazard ratios. HbA1c 6.5% = 48mmol/mol; HbAlc 7.5% = 58mmol/mol. “In the touch screen you selected that you
have been told by a doctor that you have other (non-cancer) serious illnesses or disabilities, could you now tell me
what they are?” asked by a trained nurse during the verbal interview stage of data collection. The nurse used a tree
structure organized by system and loosely based on International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10), codes to record a diagnosis of depression or sleep apnoea (UK Biobank
field: 20002) using given codes 1286 and 1123 respectively. ?Participants using the following medication were
considered to have trouble sleeping (insomnia): Diazepam, Flunitrazepam, Flurazepam, Loprazolam, Lorazepam,
Lormetazepam, Nitrazepam, Oxazepam, Temazepam, Zolpidem, Zoplicon and Zaleplon. *Several drugs used to
treat insomnia have multiple treatment indications including panic disorders. The variable “use of medication to
treatinsomnia - restricted” included medication with more strict indication forinsomnia, including: Flunitrazepam,
Flurazepam, Loprazolam, Lormetazepam, Nitrazepam, Temazepam, Zolpidem, Zopiclon, and Zaleplon.
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Supplemental table X. Multiple-adjusted hazard ratios and ratios of hazard ratios of myocardial infarction per

1% HbAlc change.

Women
(HR 95% Cl)

Men
(HR 95% Cl)

Women-to-men
RHR (95% Cl)

Multiple-adjusted full interaction model*
+use of antidepressants

+told to have depression during the verbal

1-184 (1-126;1-245)
1-184 (1-126;1-246)

1.185 (1.127;1.246)

1-179 (1-134;1-226)
1-179 (1-134;1-226)

1-180 (1-134;1-227)

1-004 (0-942;1-070)
1-004 (0-942;1-070)

1-004 (0-942:1-070)

interview!

+told to have depression during the verbal

interview OR using antidepressants 1185 (1.127;1.246)

1-180 (1-134;1-227)  1-005 (0-942;1-071)

+told to have depression during the verbal

. . : ) 1.184(1.126;1.24
interview AND using antidepressants 84( & 2

1-180 (1-134;1-227)  1-004 (0-942;1-070)

+told to have sleep apnoea during the verbal

) = 1.184 (1.126;1.245)
interview

1179 (1-134:1-226)  1-004 (0-942;1-070)

+use of medication to treat insomnia -

- 1.185(1.127;1.246)
extensive

1-179 (1-134;1-226)  1-005(0-943;1-071)

+use of medication to treat insomnia -

i 1.185 (1.127;1.246)

1179 (1-134:1-226)  1-005 (0-943;1-071)

*Thefullinteraction model is adjusted for age, smoking (never, former, current), BMI, systolic blood pressure, lipid-
lowering medication, cholesterol, antihypertensive medication, the Townsend social deprivation score, history of
diabetes (no previously diagnosed diabetes including prediabetes and undiagnosed, diabetes), glucose-lowering
medication, and interaction terms between each variable and sex. HR = hazard ratio; RHR = ratio of hazard ratios. *“In
the touch screen you selected that you have been told by a doctor that you have other (non-cancer) serious illnesses
or disabilities, could you now tell me what they are?” asked by a trained nurse during the verbal interview stage of
data collection. The nurse used a tree structure organized by system and loosely based on International Statistical
Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10), codes to record a diagnosis of
depression or sleep apnoea (UK Biobank field: 20002) using given codes 1286 and 1123 respectively. 2Participants
using the following medication were considered to have trouble sleeping (insomnia): Diazepam, Flunitrazepam,
Flurazepam, Loprazolam, Lorazepam, Lormetazepam, Nitrazepam, Oxazepam, Temazepam, Zolpidem, Zoplicon
and Zaleplon.*Several drugs used to treat insomnia have multiple treatment indications including panic disorders.
Thevariable “use of medication to treat insomnia - restricted” included medication with more strict indication for
insomnia, including: Flunitrazepam, Flurazepam, Loprazolam, Lormetazepam, Nitrazepam, Temazepam, Zolpidem,
Zopiclon, and Zaleplon.
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Supplemental table XI. Multiple-adjusted hazard ratios and ratios of hazard ratios of myocardial infarction per

1% HbA1c change, stratified by depression and sleep characteristics.

Women
(HR 95% CI)**

Men
(HR 95% CI)**

Women-to-men
RHR (95% CI)***

Multiple-adjusted full interaction model* 1184 (1:126;1-245)

1179 (1-134;1-226)

1-004 (0-942;1-070)

Use of antidepressants
Yes 1.196 (1.139;1.255)
No 1.001 (0.837:1.199)

P for interaction 0.054

1.187 (1.142;1.234)
0.947 (0.789:1.136)
0.015

1.007 (0.946;1.072)
1.058 (0.819;1.366)
0.708

Told to have depression during the verbal interview*
Yes 1.190 (1.133;1.250)
No 1.061 (0.869;1.294)

P for interaction 0.257

1.185(1.139;1.232)
1.054 (0.898;1.238)
0.155

1.000 (0.943:1.070)
1.006 (0.779;1.298)
0.992

Told to have depression during the verbal interview OR using antidepressants

Yes 1.196 (1.129;1.255)
No 1.048 (0.897;1.225)

P for interaction 0.099

1.187 (1.142;1.235)
1.043 (0.909;1.197)
0.066

1.007 (0.946:1.072)
1.005 (0.816;1.237)
0.985

Told to have depression during the verbal interview AND using antidepressants

Yes 1,189 (1.132;1.249)
No 1.005 (0.779;1.297)
P for interaction 0.197

1.185(1.139;1.231)
0.900 (0.706;1.148)
0.026

1.004 (0.943;1.069)
1,117 (0.785;1.588)
0.551

Told to have sleep apnoea during the verbal interview!
Yes 1.185 (1.127;1.245)
No 0.750 (0.218;2.585)

P for interaction 0.469

1.180 (1.134;1.227)
1.124 (0.854;1.479)
0.730

1.004 (0.943:1.070)
0.667 (0.188:2.370)
0.527

Use of medication to treat insomnia - extensive?
Yes 1.186 (1.128;1.247)
No 1.134(0.817;1.573)

P for interaction

1.181(1.1,135;1.228)
1.063 (0.782;1.445)

1.005 (0.943;1.070)
1.066 (0.681;1.670)
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Supplemental table XI. Multiple-adjusted hazard ratios and ratios of hazard ratios of myocardial infarction per
1% HbA1c change, stratified by depression and sleep characteristics. (continued)

Women Men Women-to-men
(HR 95% CI)** (HR 95% CI)** RHR (95% Cl)***
Use of medication to treat insomnia - restricted?
Yes 1.184(1.126;1.246)  1.179(1.134;1.226)  1.004 (0.942;1.071)
No 1.260(0.925;1.716)  1.179 (0.869;1.599)  1.069 (0.692;1,650)
P for interaction 0.696 0.999 0.780

“The full interaction model is adjusted for age plus smoking (never, former, current), BMI, systolic blood pressure,
lipid-lowering medication, cholesterol, antihypertensive medication, the Townsend social deprivation score, history
of diabetes (no previously diagnosed diabetes including prediabetes and undiagnosed, diabetes), glucose-lowering
medication, and interaction terms between each variable and sex. HR = hazard ratio; RHR = ratio of hazard ratios. *“In
the touch screen you selected that you have been told by a doctor that you have other (non-cancer) serious illnesses
or disabilities, could you now tell me what they are?” asked by a trained nurse during the verbal interview stage of
data collection. The nurse used a tree structure organized by system and loosely based on International Statistical
Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10), codes to record a diagnosis of
depression or sleep apnoea (UK Biobank field: 20002) using given codes 1286 and 1123 respectively. 2Participants
using the following medication were considered to have trouble sleeping (insomnia): Diazepam, Flunitrazepam,
Flurazepam, Loprazolam, Lorazepam, Lormetazepam, Nitrazepam, Oxazepam, Temazepam, Zolpidem, Zoplicon
and Zaleplon. *Several drugs used to treat insomnia have multiple treatment indications including panic disorders.
The variable “use of medication to treat insomnia - restricted” included medication with more strict indication
for insomnia, including: Flunitrazepam, Flurazepam, Loprazolam, Lormetazepam, Nitrazepam, Temazepam,
Zolpidem, Zopiclon, and Zaleplon **P-values for the sex-specific hazard ratios represent the two-way interaction
terms including HbAlc and the variable that was stratified for. ***P-values for the women-to-men hazard ratios
represent the three-way interaction terms including sex, HbAlc and the variable that was stratified for.
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Abstract

Objective
Whether sex differences exist in the association between diabetes, HbAlc, and risk of COVID-19
mortality is unknown.

Research Design and Methods

Sex-specific associations of diabetes and HbAlc with COVID-19 mortality were studied in the
UK Biobank (n=501,884). These were compared with sex-specific associations of death from
influenza/pneumonia and fatal coronary heart disease (CHD).

Results

Diabetes was associated with greater risk of death from COVID-19 (HR 1.52 in women vs. 1.73
in men), influenza/pneumonia and CHD in both sexes. No sex differences were found for the
association of diabetes and HbAlc with COVID-19 or influenza/pneumonia mortality, while
prediabetes, diabetes, and HbAlc were more strongly associated with fatal CHD in women than
men.

Conclusions

Diabetes has adverse mortal effects on COVID-19 in both sexes, as it does for influenza/pneumonia
and CHD. However, unlike fatal CHD, there are no sex disparities in the effects of diabetes on death
from COVID-19 or influenza/pneumonia.

84



Diabetes and COVID-19-related mortality in women and men

Introduction

There is accumulating evidence that diabetes confers a greater cardiovascular risk in women
than men.! Individuals with diabetes are also at increased risk of poor outcomes in COVID-19,
including death.2* Whether the excess risk of COVID-19 mortality associated with impaired
glucose tolerance and diabetes are different between women and men is uncertain. We used data
from the UK Biobank to investigate the sex-specific associations, and sex differences, between
diabetes status, HbAlc, and risk of COVID-19 mortality. As comparison, we also examined sex-
specific associations and sex differences of death by influenza/pneumonia, a major cause of death
from respiratory disease prior to the COVID-19 pandemic, and fatal coronary heart disease (CHD),
a condition for which sex differences are well-established.

Research Design and Methods

The UK Biobank is a prospective cohort study including over 500,000 participants aged
between 40-69 years at baseline between 2006-2010.1? Medical history of diabetes, and use of
glucose-lowering medications, were self-reported. HbAlc was measured at baseline in 466,493
participants. Diabetes status was categorised into four groups (no diabetes, prediabetes,
undiagnosed diabetes, and previously diagnosed diabetes) using available information about self-
reported diabetes, use of glucose-lowering medication, and HbAlc (those with missing data for all
three variables were excluded).” The primary study outcome was COVID-19 mortality. Secondary
outcomes were death from influenza/pneumonia and CHD. Follow-up for cause-specific mortality
was conducted up to June 30, 2020 through linkage with the national death register.

Cox regression was used to obtain sex-specific hazard ratios (HRs) and 95% confidence intervals
(CI) for mortality from COVID-19, influenza/pneumonia, and CHD for diabetes and HbAlc. For
analyses involving more than two groups, 95% Cls were estimated through floating absolute
risks.** Adjustments were made for age, BMI, socioeconomic status (SES), smoking, systolic blood
pressure, antihypertensive medication, total cholesterol, and lipid-lowering medication. Models
for levels of HbA1c ((<6.5% (<48mmol/mol), >6.5% - <7.5%, >7.5% (58mmol/mol)) were additionally
adjusted for glucose-lowering medication, and models for 1% HbAlc change (irrespective of
diabetes) were additionally adjusted for glucose-lowering medication and diabetes. Interactions
between each variable and sex were added to the model, so as to obtain the women-to-men
ratio of HRs (RHRs) for each risk factor. Available case analyses were conducted using StataSE13
and Rversion 3.3.0.

Results

Overall, 501,884 participants were included (54% women) in the analyses. At baseline, 7.1% of
men and 3.9% of women were previously diagnosed with diabetes, with a median HbAlc of 7.0%
(53mmol/mol) and 6.9% (52mmol/mol), respectively. Over a mean follow-up of 11.2 years, 408
(36% women) died of COVID-19, 549 (36% women) died of influenza/pneumonia, and 3,347 (19%
women) died of CHD.
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Diabetes was associated with a greater risk of death from COVID-19, influenza/pneumonia, and
CHD in both men and women (Table 1). In both sexes, the magnitude of the association was
strongest for CHD with a HR of 3.17 in women and 1.93 in men, followed by influenza/pneumonia
(HR2.06 vs. 1.80), and then COVID-19 (HR 1.52 vs. 1.73). For COVID-19 and influenza/pneumonia, the
magnitude of the association with diabetes was similar between the sexes. For CHD, diabetes was
associated with a 64% greater excess risk in women as compared with men. Higher levels of HbAlc
were not associated with a greater risk of COVID-19 or influenza/pneumonia death in women. In
men, a HbAlc >7.5% (58mmol/mol), compared with no diabetes, was associated with a greater
risk of COVID-19 orinfluenza/pneumonia death. Each 1% higher HbAlc was associated with a 9%
greater risk of influenza/pneumonia death in men. By comparison, higher levels of HbAlc were
associated with a greater risk of fatal CHD in both sexes, and the magnitude of the association
between a 1% higher HbAlc and CHD was 9% stronger in women as compared with men.
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Diabetes and COVID-19-related mortality in women and men

Discussion

This study of over 500,000 UK Biobank participants shows that diabetes is associated with a
greater risk of death from COVID-19, influenza/pneumonia, and CHD in women and men. In men,
the presence of diabetes was associated with an approximately similar excess risk of mortality
across the three endpoints of about 70% to 90%. In women, the excess risks of COVID-19 and
influenza/pneumonia mortality were similar to those in men. For CHD, however, diabetes was
associated with a 217% excess risk in women, which was 64% greater than that in men. Unlike
for CHD, the association between a higher HbAlc and COVID-19 and influenza/pneumonia death
was not different between the sexes.

Ourfinding that diabetes is associated with a higher risk of COVID-19 mortality is consistent with
other studies.”!* For example, a study of 61 million individuals in England showed that over a third
ofallin-hospital COVID-19-related deaths occurred in those with diabetes, and those with diabetes
had higher odds of in-hospital COVID-19-related death compared to those without diabetes.? This
study suggested that women with diabetes were at higher risk of in-hospital COVID-19-related
mortality than men?, while all HRs for COVID-19-related mortality were found to be lower in women
compared to men in our study, with exception of HbA1c>7.5% (58mmol/mol). Therefore, sex-
specific associations between diabetes status and levels of HbAlc with COVID-19-related mortality
need further study in large longitudinal studies across several populations.

Our results suggest that worse glycaemic control might further increase the risk of COVID-
19 mortality among those with diabetes. A population-based study including over 17 million
Englishindividuals and 11.000 COVID-19-related deaths showed that, compared to those without
diabetes, individuals with controlled (HbAlc <7.5% (58mmol/mol)) and uncontrolled diabetes
(HbA1c =7.5% (58mmol/mol)) were at increased risk of COVID-19-related death, with greatest risk
found among those with uncontrolled diabetes.® A retrospective, multicentre study, located in
the Hubei province (China), including ~7,300 hospitalized individuals with COVID-19, showed that
those with type 2 diabetes and poorly controlled blood glucose levels were at increased risk of
mortality compared to those with controlled diabetes.’* Moreover, analyses of the UK Biobank
showed that those with uncontrolled diabetes (HbA1c=8.6% (7T0mmol/mol)) were at highest risk of
hospitalization with COVID-19 compared to those without diabetes.*> Collectively, these findings
suggest that worse glycaemic control in those with diabetes might be more strongly associated
with increased risk of severe COVID-19 infections than those with well-controlled diabetes.
Some studies have also reported that individuals with undiagnosed diabetes are particularly
at increased risk of severe COVID-19 infections.!***Although relatively few participants had
undiagnosed diabetes in the present study, we showed that undiagnosed diabetes was associated
with a 3.5-fold excess risk of COVID-19 mortality in men. Our study add to these findings by, for the
first time, also reporting sex-specific findings. Although we found no evidence for a sex difference
in the association between HbA1c levels and COVID-19 mortality, the finding that associations are
broadly similar across sexes and diseases with the exception of women with CHD is interesting,
andisimportant when considering mechanistic explanations of the female disadvantage in CHD.
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Conclusion

Overall, these finding indicate that strategies to prevent diabetes, to timely identify individuals
with diabetes, and to improve glycaemic control among those with diabetes could lead to better
COVID-19 outcomes for both sexes.
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Abstract

Objective

Diabetes has been associated with a greater excess risk of cardiovascular disease (CVD) in women
than men. We investigated whether there are also sex differences in the association of diabetes
duration and the risk of CVD.

Research Design and Methods

Data were used from 18,961 (40% women) individuals with type 2 diabetes without a history of
CVD in the UK Biobank. Sex-specific incidence rates were calculated by diabetes duration using
Poisson regression. Cox proportional hazards analyses estimated multiple-adjusted sex-specific
hazard ratios (HR) and women-to-men ratio of HRs (RHR) by diabetes duration categorized (<5, >
5-<10, and 210 years) and per 5-year increase in duration for CVD, and separately for myocardial
infarction (MI) and stroke.

Results

Over a median follow-up of 11 years, 1,506 (29% women) CVD events, 931 (26% women) Mls, and
653 (33% women) strokes were documented. Compared with men, women had lower multiple-
adjusted incidence rates of CVD and MI per 10,000 person-years for all categories of diabetes
duration. Duration of diabetes was associated with an increased risk of CVD, and Ml and stroke
separately, in both sexes. Compared with a diabetes duration of <5 years, the HRs for CVD, in
women and men, respectively, were 1.25 (95% Cl 0.98;1.60) vs. 1.33 (1.13;1.55) for a diabetes
duration of =5 to <10 years, and 1.71 (1.34;2.17) vs. 1.68 (1.43;1.96) for a diabetes duration of 210
years, with corresponding women-to-men ratio of HRs of 0.95 (0.71;1.26) and 1.02 (0.76;1.35)
respectively. A5-year increase in diabetes duration was associated with an approximately similar
excess risk of about 20% for each of the three endpoints in both sexes.

Conclusions

The increased risk of CVD associated with longer duration of diabetes is similar in women and
men.
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Introduction

Cardiovascular disease (CVD) is the leading cause of death worldwide in both women and men;
responsible for 33% of deaths (18.6 million) in 2019.* Individuals with diabetes are at increased risk
of CVD, including stroke and myocardial infarction (MI). Among adults with type 2 diabetes, the
global prevalence of CVD is estimated to be 32% and CVD was responsible for 50% of all deaths.?
However, not every person with diabetes experiences the same excess risk of CVD; those with a
longer duration have a greater risk of a major cardiovascular events.>#Also, there is compelling
evidence that, compared with men, women bear a greater excess risk for the development of
major cardiovascular complications.>*> The mechanisms underpinning this sex differential
remain uncertain and previous studies typically assessed diabetes as a binary variable without
considering the increased risk of CVD associated with longer durations of diabetes. The few studies
examining sex differences in the association between diabetes duration and CVD have provided
mixed results.’** Therefore, we used data from the UK Biobank to examine whether there are sex
differences in the association of diabetes duration with the risk of cardiovascular disease (CVD),
and separately for Ml and stroke.

Methods

Study design and participants

The UK Biobank is a large prospective cohort study, comprising over half a million participants
aged between 40-69 years at study baseline between 2006 and 2010. Details of the study
procedures for the UK Biobank have been described elsewhere.?® In short, participants were
invited to one of the 22 assessment centres across the UK for baseline assessment, which included
questionnaires on lifestyle and medical history, and physical and functional measurements. In
addition, blood, urine, and saliva samples were taken. All participants provided written informed
consent. Participants with a history of CVD (self-reported or hospital admission of MI, stroke or
angina pectoris (n = 30.564)) at baseline were excluded from the current analyses. Analyses were
also restricted to those who were considered to have type 2 diabetes; i.e. those with a previous
diagnosis of diabetes after the age of 30 years.

Diabetes and duration

A medical history of diabetes, including age at first diagnosis and the use of glucose-lowering
medication, were self-reported. Previously diagnosed diabetes was defined as a self-reported
diagnosis of diabetes and/or the use of glucose-lowering medication. Diabetes duration was
calculated by subtracting age at diagnosis from age at study baseline. Age at diagnosis was
obtained through the touch screen question “what was your age when diabetes was first
diagnosed?” and a nurse-led interview. Participants indicating they had diabetes only during
pregnancy were excluded. A small proportion of the participants with diabetes (0.7%) seemed
to have misinterpreted the touch screen question “what was your age when diabetes was first
diagnosed?” for “How long ago were you diagnosed?” For those with conflicting data, information
from the nurse-led interview was used to obtain information about the age at diagnosis when the
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sum of ‘age at diagnosis’ (touch screen question) and the ‘year of diagnosis’ (nurse-led interview)
corresponded to the year of the baseline visit.

Study outcomes

The primary study outcome was CVD, defined as incident non-fatal or fatal Ml or stroke, identified
by codes 121-121.4, 121.9, 122-122.1, 122.8,122.9, 123-123.6, 123.8, 124.1, 125.2 160-160.9, 161-161.9, 163-
163.9, 164.Xin the tenth edition of the International Classification of Diseases (ICD-10). Secondary
outcomes were incident Ml and stroke. Outcome adjudication involved linkage with hospital
admissions data from England, Scotland, and Wales and the national death register to identify
the date of Ml and stroke after the date of baseline assessment.?*?? Follow-up started at inclusion
in the UK Biobank and ended on June 30 2020, date of death, or date of the event, whichever
camefirst.

Statistical analyses

Baseline characteristics were summarized by sex and diabetes duration, classified into three
ordinal groups (< 5;>5-<10;> 10 years). Information on missing data can be found in supplemental
table Il. Sex-specific incidence rates of CVD, MI, and stroke, and women minus men differences-
of-rate differences, were calculated by diabetes duration, using Poisson regression models. Two
levels of adjustments were used, each including interaction terms between each variable and sex.
The first model adjusted for baseline age. The second model additionally adjusted for smoking,
BMI, systolic blood pressure, use of anti-hypertensive medication, total cholesterol, use of lipid-
lowering medication, the Townsend (area-level) social deprivation index, and ethnicity.

Cox regression models, with identical adjustments, were used to obtain the sex-specific hazard
ratios (HRs) and the women-to-men ratio of hazard ratios (RHR) with 95% confidence intervals
(Cl) of CVD, Ml and stroke per 5 years of diabetes duration and by categories of diabetes duration
(<5;25-<10;>10years), using diabetes duration of <5 years as reference. In prespecified subgroup
analyses, results for CVD were stratified by baseline age (<60 years and =60 years), BMI (<30kg/m?
and =30kg/m?), socioeconomic status (SES) based on the Townsend deprivation index (> -0-56
(SES lower than the national average) and <-0-56), and ethnicity (white vs. non-white). Penalized
spline models, with four degrees of freedom, were used to examine the sex-specific shape of the
associations. Adjustments were as in the second model. The sex-specific penalized spline models
were obtained using stratification by sex. Therefore, additional adjustments for each variable in
the model and sex were not included.

Sensitivity analyses were performed to examine the effect of: (1) adjusting for HbAlc and glucose-
lowering medication; (2) excluding BMI from the second (main) model; (3) excluding participants
what was your age when diabetes
was first diagnosed?” as “how long ago were you diagnosed?”; (4) excluding participants who

.

who seemed to have misinterpreted the touch screen question

used insulin only; and (5) excluding participants who did not use glucose-lowering medication.
Available case analyses were conducted using StataSE13 and RStudio version 1:1-456.
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Results

Baseline characteristics are presented by sex (Table 1) and diabetes duration (Supplemental
Table I). Overall, 18,961 participants were included (40% women), with a median HbAlc of 6:7%
(50mmol/mol) and median duration of 5 years in both sexes. Over a median follow-up of 11
years, 1,506 (29% women) CVD events, 931 (26% women) Mls, and 653 (33% women) strokes
were documented.

Table 1. Baseline characteristics by sex.

Women Men

n=7,559 n=11,402
General characteristics
Age, years 59.5(6.9) 59.6 (7.0)
White ethnicity 6,373 (85%) 9,919 (88%)
Socioeconomic status*
Higher than average 4,136 (55%) 6,634 (58%)
Lower than average 3,409 (45%) 4,750 (42%)
Smoking
Never 4,389 (59%) 4,591 (41%)
Past 2,465 (33%) 5,334 (47%)
Current 628 (8%) 1,367 (12%)
Diabetes characteristics
Median diabetes duration, years (IQR) 5(2-9) 5(2-9)
Median HbAlc, % (IQR) 6.7 (6.1-7.5) 6.7 (6.1-7.5)
Risk factors
BMI, kg/m? 32.5(6.6) 30.9 (5.3)
Systolic BP, mmHg 140.1 (17.6) 142.7 (16.6)
Diastolic BP, mmHg 81.2(9.5) 82.8(9.4)
Cholesterol, mmol/L 4.7(1.0) 4.4(1.0)
Prescribed medication
Antidiabetic medication
No medication 2,615 (35%) 4,078 (36%)
Oral 3,854 (51%) 5,802 (51%)
Insulin 481 (6%) 654 (6%)
Oral +Insulin 609 (8%) 868 (8%)
Antihypertensive medication 4,170 (55%) 6,472 (57%)
Lipid-lowering medication 4,995 (66%) 7,733 (68%)

Data are mean (SD) or n (%) unless otherwise indicated. * Socioeconomic status was determined using the postcode-
based Townsend deprivation index and dichotomised using the national median Townsend score (high: <-0.56;
low > -0.56). IQR = interquartile range; BMI=body mass index; BP = blood pressure. Due to missing data, not all
variables included add up to n =11,402 for men and n =7,559 for women.

97



Part Il | Chapter 6

Sex-specific rates of CVD, Ml and stroke according to diabetes duration

After multiple adjustments, women had lower incidence rates of CVD and Ml per 10,000 person-
years than men for all categories of diabetes duration. Women-versus-men incidence rates of
CVD were 43.8 (36.7;50.9) vs. 73.4 (65.5;81.3) for <5 years, 54.9 (44.5;65.4) vs. 97.1 (85.9;108.3) for
>510 <10 years, and 74.4 (61.0;87.9) vs. 122.2 (108.3;136.1) for =10 years. The incidence rates of Ml
inwomen versus men were 23.6 (18.4;28.8) vs. 49.8 (43.3;56.3) for <5 years, 29.0 (21.5;36.6) vs. 56.8
(48.3;65.4) for =5 to <10 years, and 40.7 (30.8;50.6) vs. 80.1 (68.8;91.4) for =10 years. For stroke, the
incidence rates per 10,000 person-years were 21.6 (16.6;26.5) in women vs. 25.6 (21.5;30.2) in men
for a diabetes duration of <5 years, 27.1 (19.8;34.4) vs. 42.8 (35.6;50.0) for =5 to <10 years, and 36.1
(26.9;45.4) vs. 46.1 (37.9;54.3) for 210 years). (Figure 1 and Supplemental table I1l).

Figure 1. Multiple-adjusted rates of cardiovascular disease (A), myocardial infarction (B), and stroke (C) (per 10,000
person years) by diabetes duration and sex. Analyses were adjusted for age, smoking (never, former, current), BMI,
systolic blood pressure, lipid-lowering drugs, cholesterol, antihypertensive medication, socioeconomic status,
ethnicity, and interaction terms between each variable and sex. Bars show 95% confidence interval.

Diabetes duration and the risk of CVD

Compared to those with a diabetes duration of <5 years, diabetes durations of =5 to <10 years
and =10 years were associated with ever increasing risk of CVD in both sexes (p for trend <0.001).
The sex-specific HRs, in women and men respectively, were 1.25 (95% Cl 0.98;1.60) vs. 1.33
(1.13;1.55) for a diabetes duration of =5 to <10 years, and 1.71 (1.34;2.17) vs. 1.68 (1.43;1.96) for
a diabetes duration of 210 years. No sex differences were found in the association between
diabetes duration categories and CVD, with corresponding women-to-men ratio of HRs of 0.95
(0.71;1.26) for a diabetes duration of =5 to <10 years and 1.02 (0.76;1.35) for a diabetes duration
of 210 years. (Figure 2A and Supplemental table IV) There was an approximately log-linear
association between diabetes duration and CVD in both sexes. (Figure 3A) A 5-year increase in
diabetes duration was associated with an 20% and 16% increased CVD risk in women and men,
respectively: the HRs were 1.20 (95% Cl 1.12;1.28) in women and 1.16 (1.11;1.22) in men, with a
corresponding women-to-men RHR of 1.03 (0.95;1.12). (Supplemental table V). There was no
evidence for a sex difference in the association between a 5-year increase in diabetes duration and
CVD across sex-specific subgroups, with two exceptions. First, the association between diabetes
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duration and CVD was stronger among women with a BMI =30 (HR 1.29 [1.18;1.41]) than those
with a BMI <30 (1.08 [0.97;1.21]) (p for interaction = 0.02). The women-to-men RHR in those with
a BMI =30 was 1.11 (0.99;1.24). Second, the association between diabetes duration and CVD
was stronger in non-white men (1.31 [1.17;1.45]) compared to white men (1.13 [1.08;1.19]) (p
for interaction = 0.02) without evidence for a sex difference in either of the ethnicity categories.
(Figure 4 and Supplemental Table VI).

Figure 2. Multiple-adjusted sex-specific hazard ratios of cardiovascular disease (A), myocardial infarction (B) and
stroke (C) according to diabetes duration. Analyses were adjusted for age, smoking (never, former, current), BMI,
systolic blood pressure, lipid-lowering drugs, cholesterol, antihypertensive medication, socioeconomic status,
ethnicity, and interaction terms between each variable and sex.. Bars show 95% confidence interval.
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Figure 3. Multiple-adjusted hazard ratios for cardiovascular disease (A), myocardial infarction (B), and stroke (C)
according to diabetes duration, stratified by sex. Penalized spline models with 4 degrees of freedom and reference
diabetes duration set at 5 years. Analyses were adjusted for age, smoking, BMI, systolic blood pressure, antihy-
pertensive medication, total cholesterol, use of lipid-lowering medication, socioeconomic status, and ethnicity.
Shaded lines show 95% confidence intervals. Figure was trimmed at a diabetes duration of 20 years.
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Diabetes duration and the risk of Mi

Compared to those with a diabetes duration of <5 years, a diabetes duration of 210 years, but not
>5to <10 years, was associated with increased risk of Ml in both sexes, without evidence for a sex
difference. (Figure 2B and supplemental table IV) There was an approximate log-linear association
between diabetes duration and Ml in both sexes. (Figure 3B) A 5-year increase in diabetes duration
was associated with a HR for Ml of 1.23 (95% CI 1.12;1.35) in women and 1.16 (1.09;1.23) in men,
with a corresponding women-to-men RHR of 1.06 (0.95;1.18). (Supplemental Table V)

Diabetes duration and the risk of stroke

Compared to those with a diabetes duration of <5 years, a diabetes duration of =10 years, was
associated with increased risk of stroke in both sexes. A diabetes duration of =5 to <10 years
was associated with in increased stroke risk in men (HR 1.67 [1.31;2.14]), but not in women (1.26
[0.89;1.78]). No statistically significant sex differences were found (Figure 2C and supplemental
table IV) There was an approximate log-linear association between diabetes duration and stroke
in both sexes. (Figure 3C) A 5-year increase in diabetes duration was associated with a HR for
stroke of 1.16 (95% CI 1.05;1.28) in women and 1.17 (1.09;1.26) in men, with a corresponding
women-to-men RHR of 0.99 (0.88;1.12). (Supplemental Table V)

Sensitivity analyses

The results from the five sensitivity analyses were broadly similar to the multiple-adjusted
analyses, with no evidence of any sex difference in the multiple-adjusted association between
CVD and diabetes duration. (Supplemental Tables VIl and X).

Discussion

This study 0f~19.000 UK Biobank participants with type 2 diabetes shows that duration of diabetes
isindependently associated with a greater risk of CVD, MI, and stroke in women and men, without
evidence of sex differences in the strength of the association. In both sexes, a 5-year increase in
diabetes duration was associated with an approximately similar excess risk of CVD, MI, and stroke
of about 20%.

Comparison with existing literature

Our finding that duration of diabetes is associated with higher risk of major CVD is consistent
with several other studies.®*16:1%23-26 Sty dies assessing sex-specific effects and sex differences
in the association between duration of diabetes and CVD are limited and have provided mixed
results.’®* The study most similar to our study is the ADVANCE-ON study. This study, including
11,000 participants with type 2 diabetes, showed that every 5-year increase in diabetes duration
was associated with 24% and 10% increased risk of MI in women and men, respectively.'®
Compared with men, women had a 13% higher excess risk of MI (women-to-men ratio of HRs: 1.13
[1.00;1.26]). After stratifying their results by region of residence, women-to-men ratio of HRs were
1.32(1.08;1.61) in those living in Asia versus 1.04 (0.90;1.20) in those living in Australia, Europe, or
Northern America (p for interaction 0.23).18 Explanations as to why our study, in contrast to the
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ADVANCE-ON study, did not find evidence for sex differences in the strength of the association
between duration of diabetes and CVD remain speculative, but might be explained by differences
in underlying population characteristics such as ethnicity. In contrast to the UK Biobank cohort,
with all participants living in the UK and majority being white, over 37% of the participantsin the
ADVANCE-ON study were living in Asia.'® Although subgroup analyses in the ADVANCE-ON study
showed consistent estimates of women-to-men ratio of HRs across those living in Asia and those
not living in Asia, confidence intervals were relatively wide.*® Analyses of the 1971-1992 National
Health and Nutrition Examination Survey Epidemiologic Follow-up Study (NHANES), including
10,871 participants, showed that both women and men with longer diabetes duration (=10 years)
without prevalent Ml were at increased risk of CHD mortality compared to those without diabetes;
the sex-specific hazard ratios were 4.8 in women and 2.6 in men with no statistically significant
difference between the sexes.” Lastly, a cohort study including 89,443 Ukrainian individuals
with type 2 diabetes showed no sex differences in the association between duration of diabetes
and cardiovascular mortality.?® In the present study we showed that the increased risk of CVD
associated with longer duration of diabetes was similar in both sexes. Our study add to these
previous findings by including non-fatal events, and by studying Ml and stroke separately and
combined.

Underlying mechanisms

Individuals with type 2 diabetes are at increased risk of major cardiovascular complications
due to a complex interplay of traditional (i.e. hyperlipidaemia, hypertension, obesity, smoking)
and non-traditional risk factors (i.e. microalbuminuria, thrombogenetic factors, inflammatory
markers, glucose variability) that, among other things, contribute to the progressive development
of atherosclerosis.?” However, the Emerging Risk Factor Collaboration meta-analysis showed
that the increased CVD risk associated with diabetes is only partially explained by these risk
factors, and it has been suggested that other factors, including those yet to be discovered, may
beinvolved.” Explanations as to why diabetes duration is independently associated with CVD risk
are not fully understood but includes chronic exposure to hyperglycaemia, worsening of f-cell
function, and increased insulin insufficiency'®? For example, hyperglycaemia is known to induce
oxidative stress thereby triggering various pathways involved in vascular damage. Moreover, it
is well known that glucose can react with various proteins to form advanced glycaemic end
products i.e. glycosylated haemoglobin (HbAlc) and glycosylated albumin.*® These advanced
glycosylated end products may result in long-term diabetes-related complications including
plaque formation, atherosclerosis, and micro- and macrovascular disease.® Insulin insufficiency
and resistance could also play a role in the development of diabetes-related complications as
endogenous insulin is involved in many pathways and tissues beyond glucose-metabolism.*

Clinicalimplications

The apparent gradual association between duration of diabetes and the risk of major
cardiovascular complications indicate that effective prevention and adequate treatment of
cardiovascular complications requires awareness and active screening at all stages of the disease.
Moreover, the incidence rates and relative risks were highest in the groups with longest diabetes
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duration in both sexes, suggesting that screening for cardiovascular complications should be
intensified with increasing diabetes duration.®

Strengths and limitations

The strengths of this study include its prospective design, large cohort of individuals with type
2 diabetes, and the extensive phenotypic detail available on all participants. In addition, several
sensitivity analyses were performed to minimize the impact of potential misclassification of type
of diabetes, and all CVD outcomes were adjudicated by the UK Biobank outcome adjudication
group. Lastly, sex-specific effects and sex difference were assessed both on absolute and relative
scales. Although, incidence rates are less likely to be applicable in other populations, they should
be considered when making clinical decisions.

This study also has some limitations. First, people with a higher socioeconomic status and
of Caucasian background are overrepresented in the UK Biobank, which may have limited the
generalisability of our results. Second, duration of diabetes was self-reported, which may have
resulted in some misclassification in both sexes. Especially, for those with longer diabetes
duration it may have been more challenging to report the age at diagnosis accurately. However,
thereis no reason to assume that women and men reported differently on these aspects. Third,
although we adjusted for several major confounding factors, including sex-specific confounding,
residual confounding may be present.

Conclusions
The increased risk of CVD, MI, and stroke associated with longer duration of diabetes is similar
forwomen and men.

Acknowledgements

This research has been conducted using the UK Biobank Resource (application No 2495).
Permission to use the UK Biobank Resource was approved by the access subcommittee of the
UK Biobank Board.

104



Diabetes duration and the risk of CVYD in women and men

References

1

GBD Compare | IHME Viz Hub. https://vizhub.
healthdata.org/gbd-compare/. 2019. Accessed
October 25, 2020.

Einarson TR, Acs A, Ludwig C, Panton UH. Preva-
lence of cardiovascular disease in type 2 diabetes:
a systematic literature review of scientific evidence
from across the world in 2007-2017. Cardiovasc Dia-
betol. 2018 17(1):83. doi:10.1186/512933-018-0728-
6.

Fox CS, Sullivan L, D’Agostino RB, Wilson PWF,
Framingham Heart Study. The significant effect of
diabetes duration on coronary heart disease mor-
tality: the Framingham Heart Study. Diabetes Care.
2004;27(3):704-708. doi:10.2337/diacare.27.3.704.
Zoungas S, Woodward M, Li Q, et al. Impact of age,
age at diagnosis and duration of diabetes on the
risk of macrovascular and microvascular compli-
cations and death in type 2 diabetes. Diabetologia.
2014;57(12):2465-2474. doi:10.1007/500125-014-
3369-7.

Lee WL, Cheung AM, Cape D, Zinman B. Impact
of diabetes on coronary artery disease in women
and men: a meta-analysis of prospective studies.
Diabetes Care. 2000;23(7):962-968. doi:10.2337/
diacare.23.7.962.

Millett ERC, Peters SAE, Woodward M. Sex differ-
ences in risk factors for myocardial infarction:
cohort study of UK Biobank participants. BMJ.
2018;363:k4247. d0i:10.1136/bmj.k4247.

Ohkuma T, Komorita Y, Peters SAE, Woodward M.
Diabetes as a risk factor for heart failure in women
and men: a systematic review and meta-analysis of
47 cohortsincluding 12 million individuals. Diabe-
tologia. 2019;62(9):1550-1560. doi:10.1007/s00125-
019-4926-x.

Peters SAE, Huxley RR, Woodward M. Diabetes as
a risk factor for stroke in women compared with
men: a systematic review and meta-analysis of
64 cohorts, including 775 385 individuals and
12 539 strokes. Lancet. 2014;383(9933):1973-1980.
doi:10.1016/S0140-6736(14)60040-4.

10

11

12

13

14

15

Peters SAE, Huxley RR, Woodward M. Diabetes as
risk factor for incident coronary heart disease in
women compared with men: a systematic review
and meta-analysis of 64 cohortsincluding 858,507
individuals and 28,203 coronary events. Diabetolo-
gia.2014;57(8):1542-1551. doi:10.1007/s00125-014-
3260-6.

Ballotari P, Ranieri SC, Luberto F, et al. Sex Differ-
ences in Cardiovascular Mortality in Diabetics
and Nondiabetic Subjects: A Population-Based
Study (Italy). Int J Endocrinol. 2015;2015:914057.
doi:10.1155/2015/914057.

Bragg F, Holmes M V., lona A, et al. Association
Between Diabetes and Cause-Specific Mor-
tality in Rural and Urban Areas of China. JAMA.
2017;317(3):280-289. doi:10.1001/jama.2016.19720.
de Jong M, Woodward M, Peters SAE. Diabetes,
Glycated Hemoglobin, and the Risk of Myocardi-
al Infarction in Women and Men: A Prospective
Cohort Study of the UK Biobank. Diabetes Care.
2020;43(9):2050-2059. doi:10.2337/dc19-2363.
Prospective Studies Collaboration and Asia Pacif-
ic Cohort Studies Collaboration. Sex-specific rele-
vance of diabetes to occlusive vascular and other
mortality: a collaborative meta-analysis of individ-
ual data from 980 793 adults from 68 prospective
studies. Lancet Diabetes Endocrinol. 2018;6(7):538-
546.d0i:10.1016/52213-8587(18)30079-2.
ShenY,CaiR,Sun J,etal. Diabetes mellitus as a risk
factor forincident chronic kidney disease and end-
stage renal disease in women compared with men:
a systematic review and meta-analysis. Endocrine.
2017;55(1):66-76. d0i:10.1007/s12020-016-1014-6.
Huebschmann AG, Huxley RR, Kohrt WM, Zeitler
P, Regensteiner JG, Reusch JEB. Sex differences
in the burden of type 2 diabetes and cardiovas-
cular risk across the life course. Diabetologia.
2019;62(10):1761-1772. d0i:10.1007/s00125-019-
4939-5.

105




Part Il | Chapter 6

16

17

18

19

20

21

22

106

Wannamethee SG, Shaper AG, Whincup PH, Lennon
L, Sattar N. Impact of diabetes on cardiovascular
disease risk and all-cause mortality in older men:
influence of age at onset, diabetes duration, and
established and novel risk factors. Arch Intern
Med. 2011;171(5):404-410. doi:10.1001/archin-
ternmed.2011.2.

Roche MM, Wang PP. Sex Differences in All-Cause
and Cardiovascular Mortality, Hospitalization for
Individuals With and Without Diabetes, and Pa-
tients With Diabetes Diagnosed Early and Late.
Diabetes Care. 2013;36(9):2582-2590. doi:10.2337/
dc12-1272.

Ohkuma T, Peters SAE, Jun M, et al. Sex-specific as-
sociations between cardiovascular risk factors and
myocardialinfarction in patients with type 2 diabe-
tes: The ADVANCE-ON study. Diabetes, Obes Metab.
2020;22(10):1818-1826. d0i:10.1111/dom.14103.
Natarajan S, Liao Y, Sinha D, Cao G, McGee DL,
Lipsitz SR. Sex differences in the effect of diabe-
tes duration on coronary heart disease mortality.
Arch Intern Med. 2005;165(4):430-435. doi:10.1001/
archinte.165.4.430.

Sudlow C, Gallacher J, Allen N, et al. UK biobank: an
open access resource for identifying the causes of
awiderange of complex diseases of middle and old
age. PLoS Med. 2015;12(3):1001779. doi:10.1371/
journal.pmed.1001779.

UK Biobank Outcome Adjudication Group. Defi-
nitions of MI for UK Biobank Phase 1 Outcomes
Adjudication. 2017. http://biobank.ctsu.ox.ac.uk/
crystal/crystal/docs/alg_outcome_mi.pdf. Ac-
cessed June 5,2019.

UK Biobank Outcome Adjudication Group. Defini-
tions of Stroke for UK Biobank Phase 1 Outcomes
Adjudication. 2017. http://biobank.ndph.ox.ac.uk/
showcase/showcase/docs/alg_outcome_stroke.
pdf. Accessed June 4,2019.

23

24

25

26

27

28

29

Cho E, Rimm EB, Stampfer MJ, Willett WC, Hu FB.
The impact of diabetes mellitus and prior myo-
cardial infarction on mortality from all causes
and from coronary heart disease in men. JAm Coll
Cardiol. 2002;40(5):954-960. doi:10.1016/s0735-
1097(02)02044-2.

Hu FB, Stampfer MJ, Solomon CG, et al. Theimpact
of diabetes mellitus on mortality from all causes
and coronary heart disease in women: 20 years of
follow-up. Arch Intern Med. 2001;161(14):1717-1723.
doi:10.1001/archinte.161.14.1717.

Khalangot M, Tronko M, Kravchenko V, Kulchins-
ka J, Hu G. The joint effects of different types of
glucose-lowering treatment and duration of
diabetes on total and cardiovascular mortality
among subjects with type 2 diabetes. Diabetes
Res Clin Pract. 2008;82(1):139-147. doi:10.1016/j.
diabres.2008.07.002.

Kuusisto J, Mykkdnen L, Pyorald K, Laakso M.
NIDDM and its metabolic control predict coro-
nary heart disease in elderly subjects. Diabetes.
1994;43(8):960-967. doi:10.2337/diab.43.8.960.
Martin-Timén |1, Sevillano-Collantes C, Segu-
ra-Galindo A, Del Cafiizo-Gémez FJ. Type 2 dia-
betes and cardiovascular disease: Have all risk
factors the same strength? World J Diabetes.
2014;5(4):444-470. doi:10.4239/wjd.v5.i4.444.
Emerging Risk Factors Collaboration, Sarwar N,
Gao P, et al. Diabetes mellitus, fasting blood glu-
cose concentration, and risk of vascular disease:
a collaborative meta-analysis of 102 prospec-
tive studies. Lancet. 2010;375(9733):2215-2222.
doi:10.1016/50140-6736(10)60484-9.

Beverly JK, Budoff MJ. Atherosclerosis: Patho-
physiology of insulin resistance, hyperglycemia,
hyperlipidemia, and inflammation. J Diabetes.
2020;12(2):102-104. doi:10.1111/1753-0407.12970.



Diabetes duration and the risk of CVD in women and men

30 Zhang Y, Hu G, Yuan Z, Chen L. Glycosylated
hemoglobin in relationship to cardiovascular
outcomes and death in patients with type 2 di-
abetes: a systematic review and meta-analysis.
PLoS One. 2012;7(8):e42551. doi:10.1371/journal.
pone.0042551.

107



Part Il | Chapter 6

oney (60 €y 018 01)97¥ oLy T8y /10w fjoisnsajoyd
(G6) 708 (ce)gzs (te) evs (9°6) L'8L (T'6) 6'08 (G6)5C8 SHWW ‘dg d1jo3selq
(TsT) Levt (891) vt (T9T) ¥'zvT (¢81) L0ovT (L) s6eT (GLr) Tovt SHWW ‘dg o1103shs
(99)9°0¢ (s o1e (s 60e (89)0ze (99)9z€ (G9)9Ce W/3% ‘Ing
sJojoe} sy

(08-59) L (927989 (116919 (1859 ¢L (92-€9)69 (T1-09) 69 (401) % OT¥gH uelpapy
(L1-11) %1 (8-9) L €1e (8T-TT) €T (8-) L ene (40I) sieak ‘uoneinp salaqelp uelpap
sonsLvdeIRYD S9)9qelq

(92T) TEE (%2T) SO (9%2T) T€9 (%2) Gzt (%8) 59T (%6) 8€€ SIIEY o)
(%L¥) 082‘T (%8%) 619°T (%L¥) GEv'T (%€¢€) 555 (9%1€) 059 (%¥€) 092°T 150
(%T¥) TTTT (906€) 07€‘T (%T¥) 65TC (%65) 166 (%19) G8¢°T (%15 €TT°C JEYETY
Supows

(90€Y) ¥6T°T
(928) T95°T

(%07%) GS€°T
(9609) STO'C

(9%¢y) T0T'T
(%85) 850°€

(%09t) €82
(%%5) 506

(%Sv) 876
(9S8) 2LT'T

(9S¥) 8L9°T
(9655) 650°C

2b0JaAD UDYI JOMOT
aboianp unyy soybiH

,SN1LIS D]LIOUODB0ID0S

(%58) Lte'T (%068) 186'C (%88) T19'Y (%£8) L8€°T (%¥8) LT (%218) CTIT'E Apruyie auym
(9 €19 (69) 009 (€1)58S (G9) 509 (69) L'6S (T2) 065 sieah 98y
solisiiv)oeseydjerauan
09°7=U p/€e=U 89Z°G=U 769°T=U Szr'Z=U Tl e=u
sieak 1= Sieak OT> 01 G= SIeak G> sieak 0T=< SJeak 0T> 01 G=< sieak G>
usim uswom

"uoljeINp salagelp pue xas Aq solislialoeleyd auljaseq °| ajqel jeyusawajddng

108



Diabetes duration and the risk of CYD in women and men

ppe papnjoul sajgelea e jou ‘eyep Suissiw 03 anq ‘ainssaid pooiq = 4g xapul ssew Apoq = [Ng @8ued ajiuenbiaiul = 4O (950~ < MO ¢

"USWOM 10§ 6GG°/= U pue UBW J0J Z0F TT= U 03 dn
G'0-5:yS1Y) 9100S PUISUMO] UBIPaW |eUOBU

a3 Buisn pasiwoloyd1p pue xapul uoiealdap puasumo] paseq apodisod ay} uisn paullLISISp Sem SNIEIS JILOU0I30[0S, "PaIeIIPUI 3SIMIBYI0 SSAIUN (%) U 10 (QS) Ueaw aie eyeq

(9%¢L) 000°C (%tl) 0Tv'T (%g9) £TE'E (%02) LLT°T (%069) €L¥'T (96€9) S¥EC uoledipaw 3uiamol-pidr
(%699) £€8°T (%19) 650°C (%61) 085C (9609) €201 (%09) 6.2°T (9605) 698°T uoiedipaw snisualadAyinuy
(98T) 98% (%L) €5¢ (%7) 62T (9T12) 85€ (%8) 29T (%) v8 ulinsuj + 0i0
(99T) ¥ (%) ¥ZT (%7) 98 (%8T) 80€ (%5) 66 (%2) ¥ ulnsuy
(%15) YOr'T (%19) €50°C (%S¥) Sve'T (%5¥) G9L (%¥9) 99€°T (%9%) €2L°T [X0o}
(9%ST) 92¥ (98¢) v76 (%T1S) 80L'C (%ST) 192 (%€2) €61 (%05) 198°T uojLIIPI ON
UoI3edIpa ulIMO]-9500N|9
uonedipaw paqlidsaid
09/°7=U p/Ec=U 892°G=U 769°T=U Szr'Z=U ol e=u
sieak 1< SIeak 07> 03 G< SJeak G> sieak 0T=< SJeak 0T> 01 G= sieak G>
usiy uswom

(PaNURUOD) "UOIIBIND SBIBCEIP PUE X3S Ag SONISII9IoRIRYD dUljaseq *| d)qe} jeyuawalddns

109



Part Il | Chapter 6

Supplemental table Il. Overview of missing data

Missing data
n=18,961
Age 0(0%)
Ethnicity 161 (0.8%)
Socioeconomic status 32 (0.2%)
Smoking 187 (1.0%)
HbAlc 1,502 (7.9%)
Body mass index 196 (1.0%)
Systolic blood pressure 77 (0.4%)
Diastolic blood pressure 77 (0.4%)
Cholesterol 1,311 (6.9%)
Antidiabetic medication 0(0%)
Antihypertensive medication 0(0%)
Lipid-lowering medication 0 (0%)

Supplementaltable lll. Age-adjusted and multiple-adjusted rates of cardiovascular disease, myocardial infarction,
and stroke (per 10,000 person-years) by sex and diabetes duration.

Women Men ] Difference of rate
differences (women-men)

CVD
Model 1
<5 years 44.9(38.3:51.5) 71.0 (63.8;78.2) NA
=5 to <10 years 56.4 (46.6;66.1) 91.3(81.4;101.3) -8.9(-26.0;8.1)
=10 years 76.0 (63.3;88.6) 124.1(111.2;137.0) 22.1(-42.7;-1.5)
Model 2
<5years 43.8(36.7;50.9) 73.4(65.5;81.3) NA
=5to <10 years 54.9 (44.5,65.4) 97.1(85.9;108.3) -12.6(-30.9;5.7)
=10 years 74.4 (61.0;87.9) 122.2(108.3;136.1) -18.2 (-40.1;3.7)
Mi
Model 1
<5 years 24.0(19.2;28.9) 47.9 (42.0;53.7) NA
=5 to <10 years 30.5 (23.3;37.6) 53.3 (45.7;60.8) 1.0 (-11.9;13.9)
=10 years 427 (33.3;52.1) 80.4 (70.1;90.7) -13.9(-29.9;2.1)
Model 2
<5years 23.6(18.4;28.8) 49.8(43.3;56.3) NA
>5to <10 years 29.0(21.5:36.6) 56.8 (48.3;65.4) 1.6 (-15.5:12.3)
>10years 40.7 (30.8;50.6) 80.1 (68.8;91.4) -12.2(-30.3;3.8)
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Supplementaltable Ill. Age-adjusted and multiple-adjusted rates of cardiovascular disease, myocardial infarction,
and stroke (per 10,000 person-years) by sex and diabetes duration. (continued)

Difference of rate
Women Men .
differences (women-men)
Stroke
Model 1
<5years 22.0(17.4:26.7) 25.1(20.9;29.4) NA

>5to <10 years

27.3(20.6;34.1)

41.5 (34.8;48.1)

-11.0 (-22.4;0.4)

>10 years 36.5 (27.8;45.2) 49.3 (41.3;57.2) 9.7(23.1;3.7)
Model 2

<5years 21.6(16.6;26.5) 25.6 (21.5;30.2) NA

>5 to <10 years 27.1(19.8;34.4) 42.8(35.6;50.0) -11.6 (-23.7;0.5)
>10years 36.1(26.9:45.4) 46.1 (37.9:54.3) -5.9(-19.9;8.1)

Model 1: Analyses were adjusted for age. Model 2: model 1 + smoking (never, former, current), BMI, systolic
blood pressure, lipid-lowering drugs, cholesterol, antihypertensive medication, Townsend score, ethnicity, and
interaction terms between each variable and sex. NA=not applicable; CVD = cardiovascular disease, M = myocardial

infarction.

Supplementaltable IV. Age-adjusted and multiple-adjusted sex-specific hazard ratios and women-to-men ratio

of hazard ratios of cardiovascular disease, myocardial infarction and stroke according to diabetes duration.

Number of events (%)

Hazard ratios (95% Cl)

Women Men Women Men Women-to-men RHR
cvD
Model 1
<5 years 176 (4.7%) 378 (7.2%) 1.0 1.0 NA
=5 to <10 years 128 (6.0%) 323(9.6%)  1.26(1.00;1.58)  1.29(1.11;1.50) 0.97(0.74;1.28)
>10 years 139 (8.2%) 362 (13.1%) 1.70(1.36;2.13)  1.76(1.52;2.04) 0.97 (0.74;1.26)
Model 2
<5 years 160 (4.7%) 346 (7.2%) 1.0 1.0 NA
>5to <10 years 112 (5.9%) 301(9.7%)  1.25(0.98;1.60)  1.33(1.13;1.55) 0.95(0.71;1.26)
>10years 123(8.2%)  316(12.7%)  1.71(1.34;2.17)  1.68(1.43;1.96) 1.02(0.76;1.35)
Mi
Model 1
<5 years 95 (2.5%) 259 (4.9%) 1.0 1.0 NA
=5 to <10 years 70 (3.3%) 191 (5.7%)  1.27(0.93;1.73)  1.11(0.92;1.34) 1.14 (0.79;1.63)
>10years 79 (4.7%) 237(8.6%)  1.78(1.32;2.40)  1.69(1.41;2.02) 1.05(0.74;1.49)
Model 2
<5 years 87 (2.6%) 236 (4.9%) 1.0 1.0 NA
>5to <10 years 60 (3.2%) 177 (5.7%) 1.23(0.88;1.71)  1.14(0.94;1.39) 1.08(0.73;1.58)
=10years 68 (4.5%) 206 (8.3%)  1.73(1.25;2.39)  1.62(1.34;1.96) 1.06 (0.73;1.55)
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Supplementaltable IV. Age-adjusted and multiple-adjusted sex-specific hazard ratios and women-to-men ratio of
hazard ratios of cardiovascular disease, myocardial infarction and stroke according to diabetes duration. (continued)

Number of events (%) Hazard ratios (95% Cl)

Women Men Women Men Women-to-men RHR
Stroke
Model 1
<5 years 87 (2.3%) 135 (2.6%) 1.0 1.0 NA
>5to <10 years 63 (3.0%) 150 (4.5%)  1.24(0.90;1.72)  1.66(1.31;2.09) 0.75(0.50;1.12)
>10years 68(4.0%)  150(5.4%)  1.66(1.21;2.29)  1.97 (1.56;2.50) 0.84 (0.57:1.25)
Model 2
<5 years 79(2.3%)  125(2.6%) 1.0 1.0 NA
>5 to <10 years 56(3.0%) 140 (4.5%)  1.26(0.89;1.78)  1.67(1.31;2.14) 0.75 (0.49;1.15)
>]10years 61 (4.1%) 130 (5.2%) 1.68(1.20;2.37) 1.81(1.41;2.33) 0.93(0.61;1.42)

Model 1: Analyses were adjusted for age. Model 2: model 1 + smoking (never, former, current), BMI, systolic
blood pressure, lipid-lowering drugs, cholesterol, antihypertensive medication, Townsend score, ethnicity, and
interaction terms between each variable and sex. NA= not applicable; CVD = cardiovascular disease; MI = myocardial
infarction.

Supplemental table V. Age- and multivariable adjusted sex-specific hazard ratios and women-to-men ratio of
hazard ratios of cardiovascular disease, myocardial infarction, and stroke per 5 years of diabetes duration.

Number of events Hazard ratios (95% Cl)

Women Men Women Men Women-to-men RHR
CVD
Model 1 443(5.9%) 1,063(9.3%) 1.19(1.12;1.27) 1.18(1.13;1.23) 1.01(0.94;1.09)
Model 2 395 (5.8%) 963(9.3%) 1.20(1.12;1.28) 1.16(1.11;1.22) 1.03(0.95;1.12)
Mi
Model 1 244 (3.2%) 687 (6.0%) 1.23(1.13;1.34) 1.18(1.12;1.25) 1.04(0.95;1.15)
Model 2 215(3.2%)  619(5.9%) 1.23(1.12;1.35) 1.16(1.09;1.23) 1.06(0.95;1.18)
Stroke
Model 1 218(2.9%)  435(3.8%) 1.16(1.05:1.27) 1.20(1.12;1.28) 0.96 (0.86;1.08)
Model 2 196 (2.9%)  395(3.8%) 1.16(1.05;1.28) 1.17(1.09;1.26) 0.99(0.88;1.12)

Model 1: Age-adjusted; Model 2: model 1 + smoking (never, former, current), BMI, systolic blood pressure, lipid-
lowering medication, cholesterol, antihypertensive medication, Townsend score, ethnicity, and interaction terms
between each variable and sex. CVD = cardiovascular disease; MI = myocardial infarction.
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Supplemental table VI. Multiple-adjusted sex-specific hazard ratios and women-to-men ratio of hazard ratios of
cardiovascular disease per 5 years of diabetes duration, stratified by age, BMI, socioeconomic status and ethnicity.

Number of events Hazard ratios (95% Cl)
Women Men Women Men Women-to-men RHR

Age

<60 109 (3.9%) 288 (6.7%) 1.27(1.09;1.49)  1.23(1.11;1.36) 1.03 (0.86;1.25)
>60 286 (7.2%) 675(11.0%)  1.20(1.11;1.29)  1.16(1.10;1.22) 1.03(0.94;1.13)
BMI

<30 154 (5.8%) 448 (8.7%) 1.08(0.97;1.21)  1.16(1.09;1.23) 0.94 (0.83;1.06)
=30 241 (5.9%) 515 (9.8%) 1.29(1.18:1.41)  1.17(1.09;1.25) 1.11(0.99;1.24)

Socioeconomic status*

High 191 (5.0%) 546 (8.9%) 1.23(1.12;1.36)  1.17(1.10;1.25) 1.05(0.94;1.18)
Low 204 (6.8%) 417 (9.7%) 1.17(1.07;1.29)  1.15(1.08;1.23) 1.02(0.91;1.14)
Ethnicity**

White 333(5.7%) 848 (9.2%) 1.18(1.10;1.28) 1.13(1.08;1.19) 1.04(0.95;1.14)
Non-white 62 (6.3%) 115 (9.3%) 1.27(1.08;1.50) 1.31(1.17;1.45) 0.98(0.80;1.18)

Analyses were adjusted for age, smoking (never, former, current), BMI, systolic blood pressure, lipid-lowering drugs,
cholesterol, antihypertensive medication, socioeconomic status, ethnicity,, and interaction terms between each
variable and sex. Subgroup analyses by age were not adjusted for age. Subgroup analyses by BMI were not adjusted
for BMI. Subgroup analyses by socioeconomic status were not adjusted for socioeconomic status. Subgroup analyses
by ethnicity were not adjusted for ethnicity. BMI = body mass index. * Socioeconomic status was determined using
the postcode based Townsend deprivation index and dichotomised using the national median Townsend score
(high: <-0.56; low >-0.56); ** Non-white includes Asian or Asian British, black or black British, Caribbean, African,
any other black background, Chinese, other ethnic group, white and black Caribbean, white and black African,
white and Asian, any other mixed background, Indian, Pakistani, Bangladeshi, any other Asian background.

Supplemental table VII. Age-adjusted and multiple-adjusted sex-specific hazard ratios and women-to-men ratio
of hazard ratios of cardiovascular disease, excluding those who misinterpreted the touch screen question “what
was your age when diabetes was first diagnosed?”

Hazard ratios (95% Cl)

Women Men Women-to-men RHR
Model 1
<5years 1.0 1.0 1.0
=5to <10 years 1.24(0.98;1.58) 1.27(1.09;1.48) 0.98 (0.74;1.30)
>10years 1.71(1.36;2.16) 1.73(1.49;2.01) 0.99 (0.75;1.30)
Per 5-year increase 1.19(1.11;1.27) 1.17(1.12;1.23) 1.01(0.94;1.10)
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Supplementaltable VII. Age-adjusted and multiple-adjusted sex-specific hazard ratios and women-to-men ratio
of hazard ratios of cardiovascular disease, excluding those who misinterpreted the touch screen question “what
was your age when diabetes was first diagnosed?” (continued)

Hazard ratios (95% Cl)

Women Men Women-to-men RHR
Model 2
<5years 1.0 1.0 1.0
>5to<10years 1.22(0.95;1.57) 1.31(1.12;1.54) 0.93(0.69;1.25)
>10 years 1.74 (1.36;2.23) 1.65 (1.41;1.94) 1.05 (0.78;1.41)
Per 5-yearincrease 1.21(1.12;1.29) 1.16(1.11;1.21) 1.04(0.96;1.13)

Model 1: Analyses were adjusted for age. Model 2: model 1 + smoking (never, former, current), BMI, systolic blood
pressure, lipid-lowering drugs, cholesterol, antihypertensive medication, socioeconomic status, ethnicity, and
interaction terms between each variable and sex.

Supplementaltable VIIl. Age-adjusted and multiple-adjusted sex-specific hazard ratios and women-to-men ratio
of hazard ratios of cardiovascular disease excluding those with insulin only.

Hazard ratios (95% Cl)

Women Men Women-to-men RHR

Model 1

<5years 1.0 1.0 1.0

>5to <10 years 1.23(0.98;1.55) 1.27(1.10;1.48) 0.97 (0.73;1.28)
=10 years 1.64(1.29;2.09) 1.72 (1.47;2.00) 0.96 (0.72;1.27)
Per 5-yearincrease 1.20(1.11;1.29) 1.19(1.14;1.25) 1.00(0.91;1.10)
Model 2

<5years 1.0 1.0 1.0

>5to <10 years 1.24(0.97;1.59) 1.30(1.11;1.53) 0.95(0.71;1.27)
=10 years 1.63(1.26;2.10) 1.62 (1.37;1.91) 1.01(0.74:1.36)
Per 5-yearincrease 1.19(1.10;1.28) 1.18(1.11;1.24) 1.01(0.92;1.11)

Model 1: Analyses were adjusted for age. Model 2: model 1 + smoking (never, former, current), BMI, systolic blood
pressure, lipid-lowering drugs, cholesterol, antihypertensive medication, socioeconomic status, ethnicity, and
interaction terms between each variable and sex.
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Supplemental table IX. Multiple-adjusted sex-specific hazard ratios and women-to-men ratio of hazard ratios of
cardiovascular disease without adjustment for BMI.

Hazard ratios (95% Cl)

Women Men Women-to-men HR
<5years 1.0 1.0 1.0
>5to <10 years 1.28(1.00;1.63) 1.32(1.13;1.54) 0.97(0.72;1.29)
>10years 1.70 (1.34;2.16) 1.69 (1.45;1.97) 1.01(0.76;1.34)
Per 5-yearincrease 1.19(1.12;1.28) 1.16(1.10;1.21) 1.03(0.95;1.12)

Analyses were adjusted for age, smoking (never, former, current), systolic blood pressure, lipid-lowering drugs,
cholesterol, antihypertensive medication, socioeconomic status, ethnicity, and interaction terms between each
variable and sex.

Supplemental table X. multiple-adjusted sex-specific hazard ratios and women-to-men ratio of hazard ratios of
cardiovascular disease additionally adjusted for glucose-lowering medication and HbA1lc.

Hazard ratios (95% Cl)

Women Men Women-to-men RHR
<5years 1.0 1.0 1.0
=5to<10years 1.22(0.95;1.58) 1.22(1.04;1.44) 1.00(0.74;1.36)
210 years 1.51 (1.16;1.96) 1.43(1.21;1.70) 1.05(0.77;1.44)
Per 5-year increase 1.15(1.07;1.24) 1.11(1.05;1.17) 1.04 (0.95;1.14)

Analyses were adjusted for age, smoking (never, former, current), systolic blood pressure, BMI, lipid-lowering drugs,
cholesterol, antihypertensive medication, socioeconomic status, ethnicity, glucose-lowering medication, HbA1c,
and interaction terms between each variable and sex.

Supplemental table XI. Age- and multiple-adjusted sex-specific hazard ratios and women-to-men ratio of hazard
ratios of cardiovascular disease excluding participants without glucose-lowering medication.

Hazard ratios (95% Cl)

Women Men Women-to-men RHR

Model 1

<5years

>5t0 <10 years 1.35(1.02;1.78) 1.27(1.05;1.1.53) 1.06 (0.76;1.49)
>10years 1.63(1.24:1.16) 176 (1.47:2.12) 0.93(0.66:1.29)
Per 5-yearincrease 1.19(1.10;1.28) 1.18(1.12;1.24) 1.00(0.91;1.10)
Model 2

<5years 1.0 1.0 1.0
=>5to<10years 1.31(1.97;1.76) 1.37(1.12;1.67) 0.96 (0.67;1.37)
>10 years 1.62(1.21;1.18) 1.75 (1.44;2.13) 0.93(0.65;1.32)
Per 5-year increase 1.19(1.10;1.30) 1.17(1.11;1.24) 1.02(0.92;1.12)

Analyses were adjusted for age, smoking (never, former, current), systolic blood pressure, BMI, lipid-lowering drugs,
cholesterol, antihypertensive medication, socioeconomic status, ethnicity, and interaction terms between each
variable and sex.
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Abstract

Objective

Diabetes is a stronger risk factor for cardiovascular complications in women than men. The aim
of this study is to evaluate whether there are sex differences in cardiovascular risk management
in patients with diabetes in primary care.

Research Design and Methods

A cross-sectional study was undertaken using data from 12,512 individuals with diabetes within
the Dutch Julius General Practitioners Network (JGPN) from 2013. Linear and Poisson regression
analyses were used to assess sex differences in risk factor levels, assessment, treatment, and
control.

Results

No sex differences were found in HbA1c levels and control, while small differences were found for
cardiovascular risk management. Blood pressure levels were higher (mean difference [MD] 1.09
mmHg; 95% confidence intervals [Cl] =0.41 to 1.77), while cholesterol levels (MD -0.38 mmol/|;
95% Cl=-0.42 to -0.34) and body mass index ([BMI] MD -1.79 kg/m2; 95% CI =-2.03 to -1.56)
were lower in men than women. Risk factor assessment was similar between sexes, apart from
high-density lipoprotein cholesterol (HDL cholesterol), which was more commonly assessed in
women (risk ratio [RR] 1.16; 95% Cl = 1.13 to 1.19). Among those with a treatment indication for
prevention, women with cardiovascular disease (CVD) were less likely to receive lipid-lowering
drugs (RR 0.84; 95% Cl =0.76 to 0.93) than men, while women without CVD were more likely to
receive lipid-lowering drugs (RR 1.16; 95% CI = 1.04 to 1.20). Among those treated, women were
more likely to achieve systolic blood pressure (SBP) control (RR 1.06; 95% CI=1.02 to 1.10) and
less likely to achieve low-density lipoprotein cholesterol (LDL cholesterol) control (RR 0.88; 95%
Cl=0.85100.91) than men.

Conclusions

In this Dutch primary care setting, sex differences in risk factor assessment and treatment of
people with diabetes were small. However, women with diabetes were less likely to achieve
control for LDL cholesterol and more likely to achieve blood pressure control than men with
diabetes.
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Introduction

Diabetes mellitus is one of the most prevalent chronic disorders globally, with an estimated
prevalence of 425 million affected individuals in 2017.* Individuals with diabetes are two to
three times more likely to develop cardiovascular disease (CVD) compared to individuals
without diabetes. Large-scale meta-analyses have demonstrated that the excess risk of major
cardiovascular complications associated with diabetes is substantially greater in women
than men.?3 So far, no clear explanation for the greater excess risk of major cardiovascular
complications in women has been identified, although sex differences in cardiovascular risk
management may be involved.* Guideline-recommended management for the prevention and
delay of cardiovascular complications in individuals with diabetes focuses on optimizing lifestyle
factors, including smoking behaviour, physical activity, diet, and weight control, and adequate
management of blood pressure, cholesterol, and glucose levels.>®

Previous studies have reported mixed findings regarding the presence, magnitude, and direction
of sex differences in cardiovascular risk management for people with diabetes.”'? For example,
the National Diabetes Audit in the UK demonstrated that women were less likely than men to
receive annual tests for cardiovascular risk factors and to achieve treatment targets.” In contrast,
alarge cross-sectional study among 18,000 men and women with diabetes in the United States
showed that women with diabetes were more likely than men to receive annual tests for dilated
eye exams, blood pressure control, and to visit a doctor than men with diabetes: Moreover, while
the magnitude of the sex difference in the complications of diabetes varies by age, it remains
unknown whether any difference in cardiovascular risk management is age-specific.*?

Therefore, this study evaluated the presence of sex differences in cardiovascular risk management
for individuals with diabetes across different age groups in a large Dutch population attending
primary care.

Methods

Routinely collected data from the Julius General Practitioner Network (JGPN) from 2013 were
used. The JGPN is a large, ongoing, dynamic cohort of primary care patients that anonymously
extracts routine healthcare data from electronic primary care records at one of the included
general practices in Utrecht (the Netherlands) and its vicinity, as detailed elsewhere.* All
individuals in care at one of the JGPN practices are included in the JGPN cohort. Adult individuals
were included in this study if they were previously diagnosed with diabetes mellitus (ICPC T90),
and had been registered at the primary care practice for at least 12 months in 2013 (n = 12,512).

Data extraction

Data on cardiovascular risk factors, blood tests, physical measurements, history of cardiovascular
events, and drug prescriptions were extracted from the medical records. The last available
measurement in 2013 of the following cardiovascular risk factors of importance in diabetes
care were included: HbAlc, systolic blood pressure (SBP), diastolic blood pressure (DBP),
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total cholesterol (TC), LDL cholesterol, HDL cholesterol, and BMI. Medical history of CVD was
determined according to the international classification of primary care (ICPC-1) (supplemental
data Table 1).** Data on drug prescriptions for glucose-lowering drugs (A10), lipid-lowering drugs
(C10), and antihypertensive drugs (C02, C03, C07, C08, C09) were coded using the anatomical
therapeutic chemical classification (ATC) system.

Outcomes of interest

Four aspects of cardiovascular risk management were assessed by sex. First, it needed to be
determined whether an assessment had been performed for each of the cardiovascular risk
factors. Second, the difference between the sexes for the last measured value of cardiovascular
risk factors in 2013 was assessed. Third, among those with a treatment indication, as detailed
below, for lowering HbAlc, SBP or LDL cholesterol, the proportion of individuals that received
pharmacological treatment was assessed. Fourth, among those receiving pharmacological
treatment, the proportion of individuals that attained adequate levels according to Dutch
guidelines was examined. These guidelines say that individuals at 10-year risk of CVD of >20%
and with inadequate levels of SBP (>140mmHg) or LDL cholesterol (>2.5mmol/L) are eligible for
antihypertensive or lipid-lowering drugs, and individuals with HbAlc being off target (53mmol/
mol (>7.0%)) are eligible to receive glucose-lowering drugs.>® CVD risk was assessed using the
Systematic Coronary Risk Evaluation (SCORE).® Since all individuals in this study were previously
diagnosed with diabetes, 15 years were added to their original age, as recommended by the Dutch
cardiovascular risk management classification tool.® Additionally, all individuals with a known
history of CVD were classified as high risk (>20%).

Statistical analysis

Sex-specific baseline characteristics are presented as N and percentages for categorical variables,
and as means with standard deviations (SD) for continuous variables, overall and stratified by
age group. Age groups were categorized as 20-39, 40-49, 50-59, 60-69, 70-79, 80-99 years, and
also as <60 years and =60 years. Poisson regression analyses with robust standard errors were
used to estimate women-to-men risk ratios (RR) and 95% Cls for analyses on sex associated with
assessment, treatment, and control of cardiovascular risk factors. Linear regression analyses
were used to calculate men-to-women mean differences (MD) and 95% Cls for cardiovascular risk
factor levels. Participants with missing data were not included in the relevant model. Analyses
were adjusted for age in the overall analyses but not in the analyses by age group. In secondary
analyses, men-to-women MDs and 95% Cls in cardiovascular risk factor levels were adjusted for
drug prescriptions. Additionally, analyses were stratified according to previous history of CVD. An
interaction term was added to the models for sex with age (as a continuous variable) and for sex
with known history of CVD, to assess whether the effect of sex on the outcomes of interest varied
with age and known history of CVD. All analyses were performed using SPSS Statistics Version 21.
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Results

For this study, routine care data were used from all 193,643 registered individuals aged =20 and
<100 years in care in 2013 at one of the 53 JGPN general practices. The 2013 JGPN database
included 12,512 (50% women) individuals with diabetes with a mean age of 64 years. Of those,
31% of men and 27% of women had a known history of CVD. Women were slightly older, less likely
to smoke, and more likely to have a higher BMI than men. (Table 1 and Supplemental Table 1)

Table 1. Baseline characteristics.

Men Women

n=6,276 n=6,236
General characteristics
Age, years 63.1(12.9) 65.1(14.1)
Smoking
Current 1,168 (22) 815 (15)
Never 1,583 (30) 3,069 (58)
Former 2,489 (48) 1,418 (27)
10-year cardiovascular disease risk
Low (<10%) 146 (4) 364 (8)
Intermediate (10-20%) 173 (4) 563 (13)
High (>20%) 3,888 (92) 3,548 (79)
Known history of cardiovascular disease 1,968 (31) 1,670 (27)
Measurements
HbAlc, mmol/mol 54.6(12.8) 54.0(11.6)
HbAlc, % 7.2(3.3) 7.1(3.2)
Systolic blood pressure, mmHg 137.9(17.2) 137.5(18.0)
Diastolic blood pressure, mnmHg 79.3(10.1) 78.5(10.3)
Total cholesterol, mmol/L 4.4(1.0) 47(1.0)
LDL cholesterol, mmol/L 2.4(0.8) 2.6(0.9)
HDL cholesterol, mmol/L 1.2(0.3) 1.4(0.3)
Body mass index, kg/m? 29.1(4.6) 30.7 (6.0)
Glucose-lowering drugs 4,475 (71) 4,209 (68)
Lipid-lowering drugs 3,966 (63) 3,592 (58)
Antihypertensive drugs 4,139 (66) 4,245 (68)

Data are mean (SD) or n (%). Due to missing data not all variablesincluded add up ton =6,276 formen and n=6,236
forwomen.

Assessment of cardiovascular risk factors

Assessment of all cardiovascular risk factors was performed in 43% of the included individuals,
while assessment of the three main risk factors - HbAlc, SBP and LDL cholesterol combined -
was performed in 63% of the included individuals. Moreover, 84% received testing for at least
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one cardiovascular risk factor. Blood pressure was most often assessed (79%), followed by
HbA1c (75%), TC (73%), LDL cholesterol (70%), HDL cholesterol (62%), and BMI (62%). Testing
of all cardiovascular risk factors was more likely to have been performed in women than men;
the age-adjusted RR was 1.19 (1.14-1.23). HDL cholesterol alone was more commonly assessed
in women than men (1.16 [1.13-1.19]). Assessment of SBP, DBP and LDL cholesterol separately,
and of one or more cardiovascular risk factors combined, was slightly greater in women than
men with age-adjusted RRs of 1.02 (1.00-1.03), 1.02 (1.00-1.03), 1.02 (1.00-1.05), and 1.01 (1.00-
1.05), respectively. No differences were found for assessment of HbA1c (1.00 [0.98-1.02), TC (1.00
(0.98-1.02), BMI (1.01 [0.98-1.03) or HbA1lc, SBP and LDL cholesterol combined (1.02 [0.99-1.05).
(Figure 1 and Supplemental Table Ill) Although differences between age groups were small, the
interaction term for sex with age as a continuous variable showed significant differences for
assessment of SBP (p=0.02), DBP (p=0.01), LDL cholesterol (p=0.01), HDL cholesterol (p<0.01),
BMI (p<0.01), testing of all cardiovascular risk factors (p<0.01), assessment of HbAlc, SBP and
LDL cholesterol combined (p=0.01), and assessment of one or more cardiovascular risk factors
(p=0.02) (Supplemental Table Ill). No significant results were found for the interaction term of
sex with CVD status (Supplemental Table V).

Figure 1. Women-to-men risk ratios for the assessment of cardiovascular risk factors. The analyses are adjusted for
age. SBP =systolic blood pressure; DBP = diastolic blood pressure; TC = total cholesterol. Men = reference category.

Cardiovascular risk factor levels

Individuals included in this study had a mean HbA1c of 54 mmol/mol (7.1%), SBP of 138 mmHg,
DBP of 79 mmHg, TC of 4.5 mmol/L, LDL cholesterol of 2.5 mmol/L, HDL cholesterol of 1.3 mmol/L,
and a BMI of 30 kg/m2. Age-adjusted analyses showed that blood pressure was higher in men than
women by 1.09 mmHg (0.41;1.77) for SBP and 0.41 mmHg (0.01;0.80) for DBP. In contrast, TC, LDL
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cholesterol, HDL cholesterol, and BMI were lower in men than women; mean differences were
-0.38 mmol/L (-0.42;-0.34) for TC, -0.19 mmol/L (-0.23;-0.15) for LDL cholesterol, -0.17 mmol/L
(-0.18;-0.16) for HDL cholesterol, and -1.79 kg/m? (-2.03;-1.56) for BMI. No differences were seen
for HbAlc (0.45 mmol/mol [-0.05;0.95]) (Figure 2 and Supplemental Table V). The results were
similar after adjustment for drug prescriptions (Supplemental Table V). The interaction term
for sex with age as a continuous variable showed significant differences for HbAlc (p=0.01), SBP
(p<0.01), DBP (p<0.01), TC (p<0.01), LDL cholesterol (0.04) and BMI (<0.01), showing that the effect
of sex on last measured cardiovascular risk factors changes with age, although actual differences
were small (Supplemental Table V). The interaction term for sex with known history of CVD
showed a significant difference for DBP (p=0.03), showing that the effect of sex on last measured
DBP differed for individuals with CVD (-0.35 [-1.09;0.40) and without CVD (0.84 [-0.38;1.31])
supplemental table VI).

Figure 2. Men-to-women differences of cardiovascular risk factor levels. The analyses are adjusted for age.
SBP =systolic blood pressure; DBP = diastolic blood pressure; TC = total cholesterol. Women = reference category.
*Increased HDL cholesterolis in favour of women. Mean (SD) for men and women separately not adjusted for age.

Treatment

Among those with a treatment indication for receiving drugs, 92% received glucose-lowering
drugs when indicated, 84% received antihypertensive drugs when indicated, and 52% received
lipid-lowering drugs when indicated. No sex differences were found for receiving glucose-lowering
drugs with age-adjusted RR of 0.99 (0.98-1.01), for antihypertensive drugs (1.00 [0.96-1.03), and
for lipid-lowering drugs (1.00 [0.93-1.08]) (Figure 3 and Supplemental Table VII). The interaction
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term for sex with age as a continuous variable showed significant difference for receiving blood-
pressure lowering drugs when indicated (p<0.01) (Supplemental Table VII). Sex differences in LDL
cholesterol treatment were revealed after stratification for known CVD history; women without a
known history of CVD were more likely to receive lipid-lowering drugs than men (1.16 [1.04-1.29]),
whereas women with a known history of CVD were less likely to receive lipid-lowering drugs than
men (0.84 [0.76-0.93]) (p forinteraction = <0.01) (Supplemental Table VIII).

Figure 3. Women-to-men risk ratios for treatment and control of cardiovascular risk factors. The analyses are
adjusted for age. SBP = systolic blood pressure; RR = risk ratio.. Men = reference category.

Risk factor control

Among those receiving glucose-lowering drugs, 49% were on target (<7% (<53mmol/mol)). For
those receiving antihypertensive drugs or lipid-lowering drugs, 58% and 70% were on target for
SBP (<140mmHg) and LDL cholesterol (2.5mmol/L), respectively. Among those treated, women
were more likely than men to be on target for SBP (1.06 [1.02-1.10]) and less likely to be on target
for LDL cholesterol (0.88 [0.85-0.91]). No sex differences were found for control of HbAlc (0.99
[0.94-1.04]) (Figure 3 and Supplemental Table IX). Similar results were found after stratification for
known CVD history (supplemental Table X). The interaction term for sex with age as a continuous
variable was significant for being on target for SBP while receiving antihypertensive drugs (p=0.02)
and no significant interaction term was found for history of CVD (Supplemental Table X and
Supplemental Table XI).

126



Sex differences in CVRM for people with diabetes in primary care

Discussion

In this study, the presence of sex differences in cardiovascular risk management in a Dutch
population of individuals with diabetes mellitus in routine primary care was assessed. We found
that only 43% of the included individuals received assessment of all cardiovascular risk factors,
while 63% of the included individuals received assessment of the main cardiovascular risk
factors - HbAlc, SBP and LDL cholesterol combined - and 83% received testing of one or more
cardiovascular risk factors. Among those with a treatment indication for lowering HbA1lc, 92%
received glucose-lowering drugs, while only 84% and 52% of those with a treatment indication
for lowering SBP or LDL cholesterol received prescriptions for antihypertensive drugs or lipid-
lowering drugs, respectively. Furthermore, among those receiving glucose-lowering drugs,
antihypertensive drugs, or lipid-lowering drugs, only 49%, 58% and 70% were on target for HbALc,
SBP and LDL cholesterol, respectively. Sex differences in risk factor assessment and treatment
were generally small and an interaction term for sex with age as a continuous variable was found
to be significant for several of the analyses, although actual differences were small. Blood pressure
levels were lower and cholesterol levels were higher in women than men. Among those treated,
women were less likely than men to achieve adequate control for LDL cholesterol, but more likely
to achieve blood pressure control.

Strengths and limitations

Using routinely collected data from 53 primary care practices in the Netherlands, this study
provides a representative evaluation of sex differences in cardiovascular risk management among
Dutch individuals with diabetes attending primary care. A limitation of using routinely collected
data is that the completeness of data depends on recording practices of general practitioners.
For example, recording of smoking status in primary care data was incomplete. While it may be
that some aspects of cardiovascular risk management were performed but not recorded, we have
no reason to assume that underreporting of delivered care differs between women and men.
Also, diabetes is a rapidly changing field and management guidelines may have changed after
the data were collected. Nevertheless, more recent guidelines have notimplemented sex-specific
approaches for the management, treatment, and control of diabetes. Therefore, we anticipate
that the sex differences found in this study are still valid. Moreover, we had no information on
healthcare provided by healthcare professionals other than the general practitioner. Hence,
it may be that other health care professionals than the general practitioner had conducted
cardiovascular risk assessment or had prescribed drug therapy. For example, roughly 20% of
individuals with diabetes in The Netherlands are referred to a specialist for specialized care. For
the analyses, we were unable to assess whether there were meaningful differences between men
and women in care provided by other health care professionals. For the analyses on treatment
indication and drugs prescription history, we decided to only include individuals with a treatment
indication based on CVD risk score and last measured levels of SBP or LDL cholesterol for
antihypertensive drugs and lipid-lowering drugs, and last measured HbAlc levels for glucose-
lowering drugs. Consequently, individuals being on target for last measured HbAlc, SBP, or LDL
cholesterol, while receiving glucose-lowering drugs, antihypertensive drugs or lipid-lowering
drugs, were not included. Moreover, individuals that received either glucose-lowering drugs,
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antihypertensive drugs, or lipid-lowering drugs, but with missing data on either CVD risk score
for the analyses on SBP or LDL cholesterol or missing data on last measured levels of HbAlc,
SBP or LDL cholesterol were not included, which must be taken into account when interpreting
the results.

Comparison with existing literature

Previous studies on differences in cardiovascular risk management between women and men with
diabetes have reported mixed findings.”*> A study in the US including 18,000 individuals showed
that women had higher odds of receiving dilated eye exams (1.14:1.04-1.24), blood pressure
control (1.44:1.13-1.84), and to visit a doctor (1.39:1.22-1.58) than men, while no differences
were found for testing HbAlc (1.01:0.89-1.14) and feet checked in a given year (0.91: 0.83-1.00) ®
In contrast, a population-based study in Spain among 290,000 individuals showed that women
had worse overall control of cardiovascular risk factors than men.® These differences, stratified
for history of CVD, were mainly evident for BMI with adjusted odds ratios (ORs) of 0.50 (0.48-0.52)
and 0.53 (0.52-0.54) and for LDL cholesterol with ORs of 0.67 (0.64-0.70) and 0.74 (0.72-0.76), while
differences in blood pressure were less evident with ORs of 0.88 (0.84-0.92) and 1.08 (1.06-1.13) for
women compared to men with and without CVD respectively. In contrast, women were more likely
than men to be non-smoker with adjusted ORs of 4.20 (3.86-4.58) and 4.01 (3.39-4.13) with and
without CVD respectively and no differences were found for HbAlc control.*® A population-based
study from Italy including 415,000 individuals showed that women were more likely to be off target
for HbA1c (OR 1.14:1.10-1.17) in spite of insulin treatment, LDL cholesterol (1.42:1.38-1.46) in spite
of receiving lipid-lowering drugs, and BMI =30kg/m? (1.50:1.50-1.54), while no differences were
found for blood pressure while receiving antihypertensive drugs (1.02:1.00-1.04)."

The present study demonstrates that sex differences in cardiovascular risk management among
patients with diabetes are relatively small in The Netherlands. Control of blood pressure, one
of the biggest risk factors for cardiovascular disease, was even more favourable among women
than men, suggesting that differences in cardiovascular risk management alone may not fully
account for the higher relative risks, previously found in women, compared to men.?® Other
factors, such as biological differences between men and women and differences in treatment
adherence, may therefore play a key role in explaining the sex differences in the cardiovascular
complications conferred by diabetes. For example, it has been suggested that the metabolic
state and cardiovascular risk profile of women needs to deteriorate further than in men before
the transition to overt diabetes occurs, especially with regard to adiposity. * A large population-
wide study among 95,000 individuals in Scotland showed that women had on average a 2-point
higher BMI than men at diagnosis of diabetes. *® Fat distribution differs by sex, with greater
subcutaneous fat storage in women, on average, and greater visceral and ectopic fat storage in
men. Since visceral and ectopic fat are associated with insulin resistance and development of
diabetes, it has been hypothesized that men develop diabetes at lower BMI than women because
women can store more fat subcutaneously before transition to visceral and ectopic tissues.'
Moreover, compared with men, women may be exposed to adverse cardiovascular risk factors for
a longer period before they eventually are diagnosed with overt diabetes and receive adequate
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treatment.*®In line with this hypothesis, an Australian review and meta-analyses on the duration
of pre-diabetes showed that the duration of prediabetes was 10.3 years in women, compared
with 8.5 years in men.*

Inadequate adherence to cardiovascular drugs often leads to suboptimal cardiovascular risk factor
control and has been associated with adverse cardiovascular outcomes.?*-?2 Several studies in
the general population have suggested that adherence to statins, antihypertensive drugs, and
insulin is worse in women than men 2-2°. Nevertheless, it is unknown to what extent sex differences
in drug adherence among individuals with diabetes exist and to what extent such differences, if
present, may explain the greater excess cardiovascular risk in women with diabetes compared
with men. Future research should therefore evaluate whether sex differences in medication
adherence among patients with diabetes are present. Such studies should also consider possible
sex differences in drug type and dosage, especially since we observed that, given treatment,
control of LDL cholesterol was worse among women than men, but control of SBP was better
among women than men.

Implications for research and/or practice

In conclusion, the implementation of cardiovascular risk management can be improved on
multiple aspects for both sexes, including assessment of cardiovascular risk factors. No sex
differences in HbAlc levels and control were found, and sex differences in cardiovascular risk
factorassessment and treatment were small in this population of patients with diabetes attending
primary care. Nevertheless, women with diabetes were less likely to achieve control for LDL
cholesterol and more likely to achieve blood pressure control than men with diabetes. Moreover,
weight loss strategies will be required to reduce the high levels of BMI, of 29.1 kg/m?in men and
30.7 kg/m?in women, in both sexes.

This study mainly focused on screening and control of HbAlc, blood pressure, lipid spectrum,
and BMI. However, while not assessed here, adequate diabetes management goes beyond the
management of HbAlc alone and also involves the assessment of renal function (serum creatinine
and urine albumin/creatinine ratio), smoking status, foot surveillance, and retinal screening.?’
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Supplemental Table I. ICPC-1 codes for medical history/comorbidities.

Medical history ICPC code
History of diabetes T90
History of heart failure K77
History of angina pectoris K74
History of other chronic coronary heart disease K76
History of acute myocardial infarction K75
History of coronary disease KT7/K74//K76/KT5
History of cerebrovascular accident K90
History of transientischemic attack K89
History of stroke K90/K89
History of atherosclerosis K91l
History of aortic aneurysm K99.01

History of (cardio)vascular disease

History of hypertension

K77/K74//K76/K75/K91/K90/K89/K99.01
K85/K86/K87
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Supplemental Table IV. Women-to-men risk ratios for assessment of cardiovascular risk factors stratified for
history of cardiovascular disease.

Total/ Overall, no known Total/ Overall, known

cases history of CVD cases history of CVD p-valuet

HoALe st 097109 Yo oslos 098
8P prt 055104 Yo (obios 059
bep 8(52%%/ (0.919?11.04) 33%86%/ (1.01(59506) 063
c et 097109 Y osios 091
LDL cholesterol 86’%2847/ (0.919'?12.04) 32668786/ (0.9;?13.07) 086
HDL cholesterol 85’221%/ (l.lt—lflS) 32’,628786/ (1.121?25) 047
B e 095105 pyee 024
Allof the above %,87532/ (1,112'}17.23) 31’,66825;/ (1.112211.30) 091
HbAlc+SBP + 8,824/ 1.01 3,688/ 1.04 -
LDL cholesterol 5,436 (0.98-1.04) 2,415 (1.00-1.10)

21 of theabove 87’233‘;/ (0919'?11‘03) 33’,6287%1/ (0.915911.04) 0.21

The analyses were adjusted for age. CVD = cardiovascular disease; DBP = diastolic blood pressure; SBP = systolic
blood pressure; TC =total cholesterol. Men =reference category. 1 =Interaction term (sex and history of
cardiovascular disease). Total refers to the total number of men and women included, and cases refer to the number
of men and women that received risk factor assessment.
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Supplemental Table VI. Mean differences in cardiovascular risk factor levels stratified for known history of CVD.

Total/ Overall, no known Total/ Overall, known p-value

cases history of CVD cases history of CVD T
HoALe Vet cozwe e cossi 085
se are0 045207 Y osin 052
oe G0 eosmis) o L05040)
TC G cosom  ame tossioss 016
Dicholesteol GO (odoan a6 Loaro 030
Wotcholesterol YO (glgi01s o Losio 044
o I 024

The analyses were adjusted for age. CVD = cardiovascular disease; SBP = systolic blood pressure; DBP = diastolic
blood pressure; TC = total cholesterol. Women = reference category. 1t = Interaction term (sex and history of
cardiovascular disease). Total refers to the total number of men and women, and cases refer to the number of men
and women that received risk factor assessment and were included in the analyses.
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Abstract

Introduction

Sex differences in cardiometabolic risk factors and their management in type 2 diabetes (T2D)
have not been fully identified. Therefore, we aimed to examine differences in cardiometabolic
risk factor levels, pharmacological treatment, and achievement of risk factor control between
women and men with T2D.

Research Design and Methods

Cross-sectional data from the Dutch Diabetes Pearl cohort were used (n=6,637, 40% women).
Linear and Poisson regression analyses were used to examine sex differences in cardiometabolic
risk factor levels, treatment, and control.

Results

Compared with men, women had a significantly higher body mass index (BMI) (mean difference
1.79 kg/m2 (95% Cl 1.49 to 2.08)), while no differences were found in haemoglobin Alc (HbAlc)
and systolic blood pressure (SBP). Women had lower diastolic blood pressure (-1.94 mm Hg (95%
Cl -2.44 to -1.43)), higher total cholesterol (TC) (0.44 mmol/L (95% CI 0.38 to 0.51)), low-density
lipoprotein cholesterol (LDL cholesterol) (0.26 mmol/L (95% CI 0.22 to 0.31)), and high-density
lipoprotein cholesterol (HDL cholesterol) sex-standardized (0.02 mmol/L (95% ClI 0.00 to 0.04)),
and lower TC:HDL ratio (-0.29 (95% CI-0.36 to —=0.23)), and triglycerides (geometric mean ratio 0.91
(95% C1 0.85 t0 0.98)). Women had a 16% higher probability of being treated with antihypertensive
medication in the presence of high cardiovascular disease (CVD) risk and elevated SBP than
men (relative risk 0.84 (95% CI 0.73 to 0.98)), whereas no sex differences were found for glucose-
lowering medication and lipid-modifying medication. Among those treated, women were less
likely to achieve treatment targets of HbA1c (0.92 (95% CI 0.87 to 0.98)) and LDL cholesterol (0.89
(95% Cl 0.85 to 0.92)) than men, while no differences for SBP were found.

Conclusions

In this Dutch T2D population, women had a slightly different cardiometabolic risk profile
compared with men and a substantially higher BMI. Women had a higher probability of being
treated with antihypertensive medication in the presence of high CVD risk and elevated SBP than
men, and were less likely than men to achieve treatment targets for HbAlc and LDL cholesterol
levels.
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Introduction

Sexual heterogeneity has emerged as a major topic in several medical areas, including metabolic
disorders such as type 2 diabetes (T2D).! A growing body of evidence shows that the relative
risk (RR) of cardiovascular complications associated with T2D is different for women and men.
In fact, T2D may attenuate the protective effect that female sex usually confers on the risk of
cardiovascular disease (CVD).> Meta-analyses have shown that the RR of coronary heart disease
is up to 50% higher in women with diabetes, compared with their male counterparts.®® For
stroke, this RR is 27% greater in women with diabetes than in men.® The reasons for these sex
differences are likely multifactorial. For example, physiological differences between women and
men, including the impact of sex hormones,**? female-specific factors such as age of menarche,
menopause, and childbearing history, oral contraception, and hormone replacement therapy**-1,
and a more adverse cardiometabolic risk profile among women than men with T2D.1*"" In
addition, healthcare provision for the prevention and delay of cardiovascular complications
between women and men with diabetes may differ.131517-22

Understanding of the sex differences in major modifiable risk factors with respect to their
quantity, treatment, and control in specific healthcare settings may help healthcare professionals
to reduce these differences. In order to evaluate sex differences in the levels of cardiometabolic
risk factors, pharmacological treatment and achievement of treatment targets for haemoglobin
Alc (HbA1c), systolic blood pressure and low-density lipoprotein cholesterol (LDL cholesterol), in
alarge, well-phenotyped cohort of Dutch individuals with T2D, we used data from the Diabetes
Pearl cohort. The Diabetes Pearl is a large Dutch cohort involving all eight academic medical
centres in the Netherlands, covering different geographical areas, and has collected data from
over 6,500 individuals with T2D who are being treated in primary, secondary, and tertiary care.??

Research design and methods

Study population

Cross-sectional data from the Diabetes Pearl, an observational cohort study, involving all eight
Dutch academic medical centres covering different geographical areas in the Netherlands, and
covering individuals treated in primary, secondary, and tertiary care, were used, as described in
detail elsewhere.?? In short, individuals previously diagnosed with T2D who received secondary or
tertiary medical care in one of the six academic medical centres in Amsterdam, Utrecht, Nijmegen,
Rotterdam, Leiden, or Groningen, primary medical care in the area of Hoorn, or who received
primary, secondary, or tertiary care in the region of Maastricht were eligible for participation.?
In 2018, an estimated 1.2 million (47% women) individuals in the Netherlands had diabetes, with
majority suffering from T2D (91%).2° Individuals with T2D are predominantly being treated in
primary care (up to 85%). In the occurrence of complications or whenever glycaemic control is
not achieved by primary care, the patient will be referred to secondary care (i.e. internal medicine,
cardiology, ophthalmology, endocrinology). Only when high specialist care is needed, in complex
cases, the patient is referred to tertiary care.?? Data were collected over a 6-year period (2009-
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2015) and included information on demographics, physical measurements, laboratory tests,
and questionnaires. Individuals were not included in the cohort if their ability to understand and
write in Dutch language was too limited to provide written informed consent.?? A total of 6,666
individuals diagnosed with T2D were included in the Diabetes Pearl. After excluding participants
of whom sex was not known (missing), 6,637 remained for analyses.

Measurements

Data on educational level (as a proxy for socioeconomic status), smoking behaviour, alcohol
consumption, history of diabetes, stroke, and CVD was obtained at baseline, using a self-report
questionnaire. Information on sex and date of birth was obtained using the hospital information
systems at all recruitment centres. Weight and height were measured bare foot and wearing light
clothing using a clinical stadiometer and scale. Blood pressure was determined three times on
the right arm after a 10 minute rest period, using a non-invasive blood pressure monitor (Omron
7051 Tin seven centres, Colin Press BP 8800p in one centre). Final blood pressure was calculated
asthe mean of the last two measurements. Fasting venous blood plasma was used to determine
total cholesterol (TC), HDL cholesterol, and triglycerides. A fasting whole blood sample was used
for the determination of HbA1lc level. All the laboratories were certified and located on site in
the eight clinics.??

Cardiometabolic profile

The following cardiometabolic risk factors were analysed: systolic blood pressure (SBP), diastolic
blood pressure (DBP), triglycerides, TC, HDL cholesterol, LDL cholesterol, TC/HDL-ratio, body
mass index (BMI), and HbAlc. Triglyceride levels were log-transformed due to non-normality
and back transformed to a geometric mean ratio. For HDL cholesterol, specific cut-offs apply
for women and men. Therefore, sex-standardized variables for HDL cholesterol were used in
the analyses of mean differences between women and men. Sex-standardized HDL cholesterol
was calculated as: observed value minus 1.2 mmol/L for women, and observed value minus 1.0
mmol/L for men.

Pharmacological treatment and achievement of cardiometabolic risk factor targets
Information on medication use for the treatment of hyperglycaemia, dyslipidaemia, and
hypertension was collected either by asking participants to bring their medication on the day
of visit to the clinic or by use of pharmacy lists. Majority of individuals receiving treatment for
hyperlipidaemia (Anatomical Therapeutic Chemical (ATC) Classification System C10) were treated
with statins (95%). Treatment with other types of lipid-modifying medication (i.e. fibrates) was
limited. Although, newer antidiabetic medication became available during study period (i.e. GLP1
analogues and SGLT2 inhibitors in 2009 and 2011 respectively), these were not yet prescribed
to the study population. Pharmacological management of hyperglycaemia, dyslipidaemia, and
hypertension was each categorized into four groups, based on the individuals’ medication use, the
levels of SBP, LDL cholesterol, and HbAlc at target (i.e. below or above cut-off), and the individuals’
estimated 10-year CVD risk (Supplementary table 1):
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1. No treatment and no treatment indication: not receiving glucose-lowering medication and
HbAlc <53mmol/mol; not receiving antihypertensive medication and SBP <140mmHg, or
SBP >140mmHg with low or intermediate 10-year CVD risk; not receiving lipid-modifying
medication and LDL cholesterol <2.5mmol/L, or >LDL cholesterol 2.5mmol/L with low or
intermediate 10-year CVD risk.

2. Optimal treatment: receiving glucose-lowering medication and HbAlc <53mmol/mol; receiving
antihypertensive medication and SBP <140mmHg; receiving lipid-modifying medication and
LDL cholesterol <2.5mmol/L.

3. Suboptimal treatment: receiving glucose-lowering medication and HbAlc >53mmol/mol;
receiving antihypertensive medication and SBP >140mmHg; receiving lipid-modifying
medication and LDL cholesterol >2.5mmol/L.

4. No treatment despite a treatment indication: not receiving glucose-lowering medication
despite HbAlc >53mmol/mol; not receiving antihypertensive medication despite high CVD
risk and SBP >140mmHg; not receiving lipid-modifying medication despite high CVD risk and
LDL cholesterol >2.5mmol/L.

The individual’s 10-year risk of CVD was estimated by use of an adapted version of the SCORE
risk model. Estimation of the 10-year CVD risk was based on sex, age (biological age + 15 years
to compensate for the increased CVD risk associated with T2D as recommended by the adapted
version of the SCORE risk model according to Dutch guidelines), current smoking, SBP and TC/
HDL-ratio, and classified as low (<10%), intermediate (10-20%), or high (>20% or prevalent CVD).>

Statistical analysis

Population characteristics were described, by sex, as mean + standard deviation (SD) or median
(IQR) where appropriate for continuous variables, and n(%) for categorized variables. Information
on missing data can be found in supplementary table 2. Age and medication-adjusted linear
regression analyses were performed to study sex differences in cardiometabolic risk factor levels.
Linear regression analyses on HbAlc were adjusted for glucose-lowering medication; analyses on
the lipid-spectrum were adjusted for lipid-modifying medication; and analyses on blood pressure
were adjusted for antihypertensive medication. Age-adjusted Poisson regression analyses? with
robust standard errors were used to obtain relative risks (RRs) with 95% confidence intervals
(Cls) for sex differences in the treatment and achievement of cardiometabolic risk factor targets
(HbA1, SBP, and LDL cholesterol). Given that the data used for this study was collected over a
6-year period and guidelines have changed over time, we additionally analysed treatment based
on risk factor levels irrespective of 10-year estimated CVD risk. Secondary interaction analyses
on history of CVD (yes vs. no), health care setting (primary care vs. secondary and tertiary care),
age (<60 years vs. 260 years), BMI (<25kg/m?vs. 225kg/m?), and educational level (low, middle,
high) were performed. We decided to only adjust our analyses for age as other variables such as
BMI are thought to be mediating factors and our goal was to examine the independent effects of
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sexon treatment and achievement of risk factor targets. Available case analyses were performed
using SPSS version 25.0 for Windows (IBM SPSS, IBM Corp, Armonk, NY, USA).

Results

Data from 6,637 individuals (40% women) with a mean age of 62 years and a median T2D duration
of 9 years were used. On average, men were more likely than women to smoke, drink alcohol,
have a known history of CVD, have a high 10-year CVD risk, and to use lipid-modifying medication.
Women had higher TC, LDL and HDL cholesterol levels, and higher BMI than men (Table 1).

Table 1. Study population characteristics stratified by sex.

Men Women

n=3,969 (60%) n=2,668 (40%)
General characteristics
Age, years 62.7+9.6 61.8+11.1
Diabetes duration, years 9.1(4.3-15.1) 9.0 (4.4-15.1)
Educational level*
Low 1,169 (32%) 1,066 (43%)
Moderate 1,558 (42%) 1,065 (43%)
High 968 (26%) 335 (14%)
Smoking status
Never 935 (27%) 1,111 (46%)
Former 1,904 (54%) 925 (39%)
Current 690 (20%) 360 (15%)
Alcohol use~
No 1241 (33%) 1,484 (60%)
Low 1,987 (53%) 738 (30%)
High 516 (14%) 248 (10%)
Prior CVD 1,420 (40%) 673 (30%)
10-year CVD risk
Low risk 108 (3%) 288 (12%)
Intermediate risk 187 (5%) 336 (14%)
High risk 3,271 (92%) 1,759 (74%)
Health care setting
Primary care 2,238 (57%) 1,489 (56%)
Secondary/tertiary care 1,701 (43%) 1,154 (44%)
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Table 1. Study population characteristics stratified by sex. (continued)

Men Women

n=3,969 (60%) n=2,668 (40%)
Cardiometabolic factors
Systolic blood pressure, mmHg 142.6+18.9 141.3+20.1
Diastolic blood pressure, mmHg 78.6+10.4 76.7+10.0
Triglycerides, mmol/L 1.6(1.1-2.3) 1.5(1.1-2.1)
Total cholesterol, mmol/L 4.28+1.12 473+1.39
HDL cholesterol, mmol/L 1.14+0.32 1.36+0.39
LDL cholesterol, mmol/L 2.3+0.8 26+1.0
Cholesterol ratio (total/HDL) 397+1.42 3.69+1.27
Weight, kg 94.2+17.9 85.5+18.8
Height,cm 177 +7 164+7
Body mass index, kg/m? 30.0+£5.2 31.9+6.7
Waist circumference, cm 108.4+13.6 104.5+15.6
HbAlc, mmol/mol 55.0+13.6 55.4+14.2
Medication use
Diabetes medication
None 538 (14%) 403 (16%)
Oral only 1,769 (46%) 1,097 (42%)
Insulin and oral 1,053 (27%) 690 (27%)
Insulin only 518 (13%) 401 (16%)
Lipid-modifying medication 2,740 (71%) 1628 (63%)
Antihypertensive medication 2,688 (69%) 1,807 (70%)
Antithrombotic medication 1,689 (44%) 802 (31%)

Data are presented as mean + SD for continuous variables, and n(%) for categorized variables. *Low education
includes no education, primary school not finished, primary education, and low vocational education. Moderate
education includes intermediate vocational education, high secondary education, and high vocational education.
High education includes high professional education and university education. ~ Alcohol use was divided into 3
categories: none = no alcohol use; low= <7 glasses per week forwomen and <14 glasses per week for men; high=>7
glasses perweek forwomen and >14 glasses per week for men. CVD = cardiovascular disease; HDL cholesterol = high-
density lipoprotein cholesterol; LDL cholesterol = low-density lipoprotein-cholesterol. Due to missing data not all
variables add up to n=2,668 for women and n=3,969 for men.

Cardiometabolic risk factor levels

Figure 1 shows the sex-specific cardiometabolic risk factor levels and age-adjusted associations
between sex and cardiometabolic risk factor levels. Results are expressed as mean differences
(MD) and 95%-confidence intervals. Compared to men, women had a higher BMI (MD 1.79 kg/m?
[95% ClI 1.49;2.08]), and similar levels of HbA1c (0.32 mmol/mol [-0.37;1.00]), and SBP (-0.86 mmHg
[-1.80;0.09])). Furthermore, women had lower DBP (-1.94mmHg [-2.44;-1.43], higher TC (0.44mmol/L
[0.38;0.51]), LDL cholesterol (0.26mmol/L[0.22;0.31]), and HDL cholesterol-standardized
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(0.02mmol/L [0.00;0.04], and, lower TC/HDL-ratio (-0.29 [-0.36;-0.23]) and triglycerides (geometric
mean ratio: 0.91 [95% Cl: 0.85;0.98]) than men. Results did not change after additional adjustments
for medication use (results not shown).

Figure 1. Age-adjusted women-to-men mean differences of cardiometabolic risk factors levels. A mean difference
in BMI of 1.79kg/m2 means that the age-adjusted BMI in women is 1.79kg/m2 higher than in men. Back transforma-
tion of log-transformed triglycerides results in a geometric mean ratio of 0.91 (0.85;0.98). BMI = body mass index;
SBP = systolic blood pressure; DBP = diastolic blood pressure; TC = total cholesterol; LDL-c = low-density lipoprotein
cholesterol; HDL = high-density lipoprotein cholesterol. Men = reference.

Pharmacological treatment of cardiometabolic risk factors

Figure 2 shows the pharmacological treatment of hyperglycaemia, hypertension and
dyslipidaemia, among those without relevant missing data. Overall, 84%, 71% and 64% of women
and 86%, 71% and 72% of men with known risk factor levels were treated with glucose-lowering,
blood pressure-lowering or lipid-modifying medication respectively.
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Figure 2. Pharmacological treatment and achievement of treatment targets of hyperglycaemia (upper panel), hy-
pertension (middle panel), and dyslipidaemia (lower panel) in percentages forwomen and men. No treatment and
no indication (no medication use and no indication for treatment (risk factor below cut-off or either low or medium
10-year CVD risk in case of SBP >140mmHg or LDL cholesterol >2.5mmol/L)); Optimal treatment (medication use
and risk factor below cut-off); Suboptimal treatment (medication use and risk factor above cut-off); No treatment
despite indication (no medication use, but HbAlc >53mmol/mol or high 10-year CVD risk and SBP >140mmHg or
LDL cholesterol >2.5 mmol/L). CVD = cardiovascular disease, SBP = systolic blood pressure; LDL-c = low-density
lipoprotein cholesterol.

Compared to men, women had a 16% higher probability of being treated with antihypertensive
medication in the presence of high CVD risk and elevated SBP (RR 0.84 [0.73;0.98]), whereas
no statistically significant sex difference was found for being treated with antihypertensive
medication in the presence of elevated SBP irrespective of high CVD risk (0.91 [0.80;1.02]). No sex
differences were found for glucose-lowering medication in the presence of elevated HbA1c levels
(0.98 [0.67;1.45]), and lipid-modifying medication in the presence of elevated LDL cholesterol
levels and high CVD risk (1.06 [0.97;1.16) and irrespective of CVD risk (1.07 [0.99;1.15]) (Figure 3).
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Figure 3. Age-adjusted women-to-men risk ratios with 95%-Cls for the treatment of cardiometabolic risk factors
according torisk factor levels and 10-year CVD risk score. Men and women refer to the total number of participants
included in the analyses and (%) refers to the number of participants not receiving glucose-lowering, antihyper-
tensive or lipid-modifying medication. SBP = systolic blood pressure; LDL-c = low-density lipoprotein cholesterol.
Men = reference.

Achievement of treatment targets

Among those treated with glucose-lowering medication, blood pressure-lowering medication
or lipid-modifying medication, 45%, 45% and 69% of women and 50%, 44% and 78% of men
achieved targets of HbAlc (s53mmol/mol), SBP (<140mmHg) or LDL cholesterol (<2.5mol/L),
respectively. After adjustment for age, women were less likely to achieve risk factor targets of
HbAlc (RR 0.92 [95% Cl 0.87;0.98]) and LDL cholesterol (0.89 [0.85;0.92]) than men, while no sex
differences were found for control of SBP (1.03 [0.96;1.10]).

Subgroup and interaction analyses

Results from the interaction analyses on history of CVD, health care setting (primary, secondary
and tertiary care), age, BMI, and educational level are summarized in supplementary Tables 3
and 4.

For cardiometabolic risk factors, the interaction analyses by history of CVD, health care setting,
age, BMl and educational level showed several significant interactions, but most differences were
very small and unlikely to be clinically relevant (Supplementary Table 3), with two exceptions.
First, women with high educational level had lower systolic blood pressure (mean difference (MD)
-4.34 [-6.89;-1.80]) than men, compared to lower educational levels (p=0.046). Second, women
with low and middle educational levels had higher BMI compared to their male counterparts
(MD 2.13 [1.58;2.67] and MD 1.29 [0.80;1.78] respectively), while no statistically significant sex
differences were found for high educational level (MD 0.49 [-0.22;1.20]) (p<0.001).
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Women with a history of CVD had a higher likelihood of not receiving lipid-modifying medication
despite high CVD risk and elevated LDL cholesterol than men (RR 1.26 [1.03;1.53]), while no such
sex difference was found for participants without CVD (0.94 [0.83;1.05]). Similar results for not
receiving lipid-modifying medication in the presence of elevated LDL cholesterol were found
irrespective of high CVD risk. Women in primary care had a lower likelihood of not receiving
antihypertensive medication despite high CVD risk and elevated SBP than men (0.73 [0.61;0.88])
in contrast to secondary or tertiary care (1.12 [0.85;1.49]), and women in secondary or tertiary
care had a higher likelihood of not receiving lipid-modifying medication despite high CVD risk
and elevated LDL cholesterol than men (1.28 [1.08;1.53]) (Supplementary Table 4). Women with
higher educational levels had a higher likelihood of not receiving antihypertensive medication
despite elevated SBP and high CVD risk than men (RR 1.27 [0.92;1.76]) , while women with lower
educational levels were more likely to receive antihypertensive medication (0.74 [0.56;0.97] and
0.74[0.56;0.97], respectively. Similar results for not receiving antihypertensive or lipid-modifying
medication were found irrespective of high CVD risk.

With regard to achievement of treatment targets, women in secondary or tertiary care were less
likely to attain HbAlc<53mmol/mol than men when receiving glucose-lowering medication
(0.80 [0.71;0.90]), while no such sex difference was found for participants in primary care (0.96
[0.89;1.03]) (Supplementary Table 4). Moreover, women with higher educational levels were more
likely to attain SBP <140mmHg than men, when receiving antihypertensive medication (1.34
[1.13:1.58)).

Discussion

Data from the Dutch Diabetes Pearl show that sex disparities in cardiometabolic risk factor levels,
pharmacological treatment, and achievement of cardiometabolic risk factor control exist, with
three major findings: 1. Women, especially those with lower and middle educational levels,
had a substantially higher BMI than men, while other cardiometabolic risk factors were highly
comparable, albeit statistically significantly different for DBP and markers of dyslipidaemia; 2.
Women were more likely to receive antihypertensive medication in the presence of high CVD
risk and increased SBP, while no differences were found for treatment with glucose-lowering
medication or lipid-modifying medication; 3. Proportions of men and women that did not achieve
optimal treatments targets for glucose-, blood pressure- and lipids, despite their treatment, were
large, ranging from 22 to 56%, and women were less likely to achieve treatment targets of HbAlc
and LDL cholesterol, while receiving glucose-lowering and lipid-modifying medication.

Cardiometabolic risk factor levels

In women with T2D, BMI was 1.79 kg/m2 higher than in men with T2D, which is in line with
several previous studies conducted in various countries including the Netherlands, Spain, Italy,
and the UK, and more effective weight loss interventions are clearly needed.??° It has been
hypothesized that cardiometabolic risk factors need to deteriorate further in women than men
before they develop overt T2D.216:1830:31 As 3 consequence, women may be exposed to hazardous
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cardiometabolic risk factors for a longer period of time, which may increase their CVD risk. Sex
differences in the metabolism and the storage of fat may be of particular interest, and several
studies have shown that fat storage and distribution differ by sex, with women having a greater
subcutaneous fat storage, while on average men have greater visceral and ectopic fat storages 118
Visceral and ectopic fat have been linked to insulin resistance. As a consequence, compared with
men, women may need to gain more weight to store visceral and ectopic fat before developing
insulin resistance and overt T2D. Thus, women may be exposed to hazardous cardiometabolic
risk factors for an extended period of time before they are diagnosed with T2D and receive
treatment.2'16’18’3o’3l

Treatment of cardiometabolic risk factors

Proportions of both men and women that did not receive antihypertensive or lipid-modifying
treatment, despite high CVD risk and SBP >140mmHg or LDL cholesterol >2.5mmol/L were
substantial, ranging from ~20% for hypertension to ~50% for dyslipidaemia, and women were
more likely to receive antihypertensive treatment than men in the presence of high CVD risk and
SBP >140mmHg. These results are comparable to those of a Dutch primary care study, which
found that 16% and 48% of those with a treatment indication did not receive prescriptions
for antihypertensive or lipid-modifying medication respectively.?” Based on our data we
cannot assess the ground for this suboptimal CVD risk factor treatment. However, a focus on
antihyperglycaemic treatment rather than the treatment of hypertension or on individualized care
with personalised treatment targets could play a role. Furthermore, patients may be reluctant to
start certain medications, i.e. statins, due to the fear of side effects.

Control of cardiometabolic risk factor levels

Women with T2D receiving glucose-lowering or lipid-modifying medication were, respectively, 8%
(RR0.92 (95% C10.87 t0 0.98)) and 11% (RR 0.89 (95% CI 0.85 t0 0.92)) less likely to attain treatment
targets than men, while no differences were found for antihypertensive treatment. Other studies
on sex differences in achieving HbAlc targets have reported mixed findings. In agreement with
our findings, some other studies found that women were less likely to attain HbAlc targets,263
while others did not.?" Arecent study including 53,602 Dutch individuals with pharmacologically
treated T2D found no clear sex differences in goal attainment of HbAlc and SBP, while women
were less likely to attain LDL cholesterol control compared with men.* A higher BMI of women
with T2D, presumably with higher insulin resistance, could explain the lower attainment of HbA1c
targets in our study. The finding of worse LDL cholesterol control among women with T2D is
consistent with previous studies which showed an OR of up to 44%.1"%-2832 Possible explanations
include a differential biological response to lipid-modifying medication, or sex differences in
dosage, type of medication, medication tolerance, or adherence. In the general population,
several studies have shown the adherence to blood pressure-lowering and lipid-lowering
medication to be lower in women than in men.**= To our knowledge, such studies have not yet
been conducted in individuals with T2D. Furthermore, a recently published systematic review
studying the participation of women in 740 cardiovascular clinical trials with 862,652 participants
showed that, although this has improved over the last decade, men still predominate majority
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of cardiovascular clinical trials.*"Reporting sex-specific results from clinical trials is important to
obtain more insight into potential sex differences of treatment benefit and medication tolerance.
Therefore, novel approaches to the recruitment and enrolment process and novel trial designs
are needed to ensure that sex-specific results may be meaningfully obtained and applied to
clinical practice.®” Another possible explanation may be found in differences of cardiometabolic
risk factor levels at treatment initiation. As discussed earlier, it has been hypothesized that
cardiometabolic risk factors need to deteriorate further in women than men before they are
diagnosed with overt T2D. Therefore, it may take more aggressive treatment strategies to lower
cardiometabolic risk factor levels in women compared with men.

Sex-specificrisk factors

Certain factors that may impact cardiovascular risk are unique to women, including higher levels
of female hormones, age of menarche, age of menopause, and use of oral contraceptive and
hormonal therapy. Studying the impact of sex hormones on the development of cardiovascular
complications is challenging, especially given the cyclic fluctuations in hormone levels among
women. However, we did not find evidence in the magnitude of sex differences among younger
and older (as proxy for menopausal status) participants in subgroup analyses. Previous
studies have found several female reproductive factors, including childbearing history, age at
menarche, and age at menopause to be associated with adiposity***, thereby suggesting that
female reproductive factors may be involved in the development of T2D and cardiovascular
complications.’ Future studies are needed to further investigate the direct impact of sex
hormones on the onset of cardiovascular disease.

Clinical Implications

The development of diabetes and cardiovascular complications is a process of decades. As
mentioned before, it has been hypothesized that women may be exposed to a hazardous
cardiovascular environment for a longer period than men before the onset of diabetes. This
hypothesis is supported by a study showing that, on average, men have prediabetes for 8 years
and women for 10 years.“* This time window may offer clinicians the opportunity to identify those
atincreased risk for diabetes, and subsequently, offer the opportunity for timely intervention.*

As cardiovascular risk factor levels seem to deteriorate more strongly in women than men,
before the onset of diabetes®, it is of great importance to conduct a thorough cardiovascular
risk assessment in women at risk of diabetes and those with overt diabetes, whilst not neglecting
men.* Moreover, increasing the awareness among physicians about the stronger deterioration
of risk factors in women is recommended to prevent that women with diabetes are treated less
aggressively than men

Finally, this study showed that both men and women with T2D had high BMI levels, with women
having a considerably higher BMI than men. These results are in accordance with previous
literature and effective weight loss strategies seem urgently needed with better facilitation of
lifestyle changes.®
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Strengths and limitations

This large cohortincluded individuals with T2D receiving primary, secondary, and tertiary care in
one of eight medical centres across the Netherlands covering different geographical areas, and
thereby provides a well phenotyped cohort of Dutch individuals with T2D. Nevertheless, our study
also has limitations. Data was collected over a 6-year period (2009-2015).% Given the rapid change
of guidelines for the treatment of diabetes, some of our results may be less generalizable to
current clinical practice. Nevertheless, the main aim of our study was to investigate sex differences
in the management of diabetes. Since most of the evidence-based guidelines provide similar
recommendations for both sexes and no sex-specific recommendations were published over
time, valid conclusions about sex differences can be drawn from the available data that was used
for this study. Guidelines on diabetes care increasingly focus on individualized care. Therefore,
the more general treatment targets used in this study may have limited the generalizability of
the findings to clinical practice. Moreover, a strict definition of CVD risk was used in this study
without taking risk enhancing factors, i.e. family history of CVD, into account.? As a result, the
proportion of individuals with a treatment indication at baseline might be underestimated.
Although we do not expect substantial differences in risk-enhancing factors between women
and men, the proportions of women and men with an intermediate CVD risk did differ (14% vs.
5% respectively), which might have led to more misclassified women than men. As a result, sex
differences might be under- or overestimated. Furthermore, individuals were indicated to receive
lipid-modifying medication in case of a high 10-year CVD risk combined with a LDL cholesterol
level >2.5mmol/L. This cut-off value was adopted from the Dutch guideline cardiovascular risk
management which is used in primary care.* In secondary and tertiary care physicians often
use a cut-off value of >1.8mmol/L when patients have a history of CVD, which means that we
have been less strict than in clinical practice. Finally, in this study we examined sex differences
in the management of diabetes using a cross-sectional design. However, the management of
diabetes and the prevention and delay of diabetes complications is an ongoing dynamic process.
For example, optimal treatment was defined as achievement of prespecified treatment targets
according to current guidelines, while in reality the absolute drop in cardiovascular levels from
the start of treatment may be more important. Also, medication use and risk factor levels are
obtained at the same time, while setting the right treatment regimen takes time. Unfortunately,
due to the cross-sectional design we do not have the information to take the dynamics of this
process into account. This requires further investigation, ideally in studies with repeated risk
factor measurements and longitudinal follow-up of pharmacological interventions.

Conclusions

In summary, in this population of Dutch individuals with T2D from primary, secondary, and tertiary
care, women had a considerably higher BMI than men and a greater difficulty to attain HbAlc
and LDL cholesterol treatment targets, while men were less likely to receive antihypertensive
medication despite high CVD risk and elevated SBP. Effective weight loss strategies seem urgently
needed.
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Supplementary table 2. Overview of missing data after exclusion of participants with missing data on sex (n=29).

Men Women
n=3,969 n=2,668
Age 0(0%) 0(0%)
Educational level 274 (7%) 202 (8%)
HbAlc 116 (3.1%) 54 (2.0%)
Systolic blood pressure 35(0.9%) 34 (1.3%)
Diastolic blood pressure 35(0.9%) 35 (1.3%)
Total cholesterol 99 (2.7%) 41 (1.5%)
LDL cholesterol 1905.1%) 82 (3.1%)
HDL cholesterol 118 (3.2%) 56 (2.1%)
Triglycerides 113 (3.1%) 59 (2.2%)
BMI 339 (9.2%) 251 (9.4%)
CVDrisk score 403 (10.9%) 285 (10.7%)
Health care centre 30 (0.8%) 25 (0.9%)
Cardiovascular history 406 (11.0%) 404 (15.1%)
Smoking status 440 (11.9%) 272 (10.2%)
Lipid-modifying medication 91 (2.5%) 77 (2.9%)
Antihypertensive medication 91 (2.5%) 77 (2.9%)
Glucose-lowering medication 91 (2.5%) 77 (2.9%)
Antithrombotic medication 91 (2.5%) 77 (2.9%)

LDL cholesterol = low-density lipoprotein cholesterol; HDL cholesterol = high-density lipoprotein cholesterol;
BMI = body mass index; CVD = cardiovascular disease.
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Abstract

Objective

Insight in sex disparities in the detection of cardiovascular risk factors and diabetes-related
complications may improve diabetes care. The aim of this systematic review is to study whether
sex disparities exist in the assessment of cardiovascular risk factors and screening for diabetes-
related complications.

Research Design and Methods

PubMed was systematically searched up to April 2020, followed by manual reference screening
and citation checks (snowballing) using Google Scholar. Observational studies were included if
they reported on the assessment of cardiovascular risk factors (HbAlc, lipids, blood pressure,
smoking status, or BMI) and/or screening for nephropathy, retinopathy, or performance of feet
examinations, in women and men with diabetes separately. Studies adjusting their analyses
for at least age, or when age was considered as a covariable but left out from the final analyses
for various reasons (i.e. backward selection), were included for qualitative analyses. No meta-
analyses were planned because substantial heterogeneity between studies was expected. A
modified Newcastle-Ottawa Quality Assessment Scale for cohort studies was used to assess
risk of bias.

Results

Overall, 81 studies were included. The majority of the included studies were from Europe or
North America (84%).The number of individuals per study ranged from 200 to 3,135,019 and
data were extracted from various data sources in a variety of settings. Screening rates varied
considerably across studies. For example, screening rates for retinopathy ranged from 13% to
90%, with half the studies reporting screening rates less than 50%. Mixed findings were found
regarding the presence, magnitude, and direction of sex disparities with regard to the assessment
of cardiovascular risk factors and screening for diabetes-related complications, with some
evidence suggesting that women, compared with men, may be more likely to receive retinopathy
screening and less likely to receive foot exams.

Conclusions

Overall, no consistent pattern favouring men or women was found with regard to the assessment
of cardiovascular risk factors and screening for diabetes-related complications. Screening rates
can be improved for both sexes.
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Introduction

In 2019, an estimated 463 million adults aged between 20 and 79 years had diabetes, affecting
9.0% of women and 9.6% of men globally. Cardiovascular disease (CVD) is one of the most
common complications of diabetes, with individuals with diabetes being two to three times more
likely to develop CVD compared to those without diabetes.! Other common diabetes-related
complications include diabetic nephropathy, retinopathy, neuropathy, certain cancers, physical
and cognitive impairment, depression and several types of infectious diseases.'?

Although incidence rates of major CVD have been reported to be higher in men than women
with and without diabetes®#, there is a growing body of evidence showing that the relative risk
of major cardiovascular complications conferred by diabetes is larger in women than men.®
Several large studies have shown that the relative risk of ischemic heart disease conferred by
diabetes can be up to 50% higherin women than men 3¢ A sex differential in the consequence of
diabetes has also been reported for stroke, where the relative risk of stroke was 27% higher among
women than men.® Less is known about sex differences in the effects of diabetes on microvascular
complications. A meta-analysis has demonstrated that diabetes confers a 19% higher relative risk
of vascular dementia in women than men.® Sex differences have also been shown for end-stage
renal disease but not for chronic kidney disease.’® Underlying mechanisms that explain the higher
excess risk of (vascular) complications, conferred by diabetes, in women remain uncertain but
may include sex disparities in the uptake and provision of healthcare.?

More insight in sex disparities concerning the uptake and provision of diabetes management
may eventually result in more personalized diabetes care, thereby helping to further diminish the
burden in both sexes. We conducted a systematic review to study whether sex disparities exist in
the assessment of cardiovascular risk factors and screening for diabetes-related complications
among people with diabetes.

Methods

The protocol of this study was registered at the international prospective register of systematic
reviews (PROSPERO) registry (registration number: CRD42018104414). We performed this review
according to the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA).1t

Search strategy and study selection

Observational studies (including before-after studies) on the assessment of cardiovascular risk
factors (HbA1c, lipids, blood pressure, BMI, and smoking status) and screening for complications
(retinopathy, nephropathy, and foot ulcerations/deformities/sensory decline), in men and women
with diabetes, were identified through systematically searching PubMed (January 2009 up to
April 2020) (Supplemental Table ). After having identified a set of eligible studies using our search
strategy, we performed manual reference and citation screening (snowballing) using Google
Scholar. This method has previously been described as a good alternative to database searches
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once a number of eligible studies have been identified.!? Studies were included if data on the
assessment of cardiovascular risk factors or screening for diabetes-related complications were
provided separately for men and women. Studies presenting insufficient information about the
effect size or direction of sex disparities were excluded (i.e. studies only presenting p-values). Only
full-text articles written in English or Dutch were considered eligible for inclusion. Studies also
including individuals without diabetes were eligible if results for individuals with diabetes were
presented separately. Studies on gestational diabetes were excluded, as well as studies on which
data on risk factor assessment were only adjusted for, rather than analysed by, sex. Furthermore,
studies primarily focusing on children or adolescents were excluded.

Outcomes

The outcomes of interest were; assessment of HbA1c, lipids, blood pressure, smoking status,
and BMI, screening for nephropathy, retinopathy, and performance of foot examinations, or any
combination, all reported as binary variables (yes vs. no). For all outcomes of interest we used
“assessment of cardiovascular risk factors” and “screening for complications” as defined by the
original article. When studies showed multiple outcome definitions we chose the one closest to
(inter)national guidelines.

Data collection and management

Data extraction was performed by one author (MJ) and checked by a second author (RV). Any
discrepancies between the authors during data collection were discussed with a third author (SP).
The extracted data comprised: authors’ names and year of publication, country, study period,
number of participants (% women), age, reported outcomes (including measures of association
with corresponding confidence intervals (Cls)), and data source. (Supplemental table 1)

Quality assessment

The methodological quality of the included studies was assessed by one author (MJ) and checked
by a second author (RV) using a modified Newcastle-Ottawa Quality Assessment Scale for cohort
studies.* The modified scale includes six items under three categories: selection, comparability
and outcome. Any discrepancies were discussed with a third author (SP).

Data synthesis and analyses

It was decided beforehand not to perform any meta-analyses due to the expected heterogeneity
between the included studies. Qualitative analyses were restricted to studies adjusting their
analyses for age or when age was considered as an important covariable but left out from the final
analyses for various reasons (i.e. backward selection). Studies only presenting crude numbers and
percentages or unadjusted results are presented in Supplemental table Ill. Where reports with
overlapping study populations were found and similar outcomes of interest were studied, the
study presenting data from the most recent study period or the study with most participants was
included. Similarly, where studies were repeated over time, only studies with the most recent data
or largest number of study participants were included. For example, the UK National Diabetes
Auditis repeated every year and only data from the most recent report relevant for the outcomes
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of interest were extracted. Characteristics of the studies excluded from qualitative analyses are
shown in supplemental table IV.

The results are presented as odds ratios (ORs) or risk ratios (RRs) with 95% Cls, with men as the
reference category, unless otherwise specified. When studies only reported stratified results,
e.g. by age group, ORs/RRs and the 95% Cls in each stratum were summarized using a fixed
effect model. For studies that stratified the results by year, with potential overlap of included
participants between strata, results from the most recent year were extracted. If studies presented
multiple models, only the most extensive adjusted models were extracted. Forest plots without
pooled effects were used to visualize the adjusted estimates and corresponding Cls across studies
included for qualitative analysis.

Results

Overall, 81 studies were included for qualitative analyses.’*? (Figure 1) Characteristics of the
included studies are presented in Supplemental table Il. The majority of studies were from Europe
or Northern America (37% and 47% respectively), eight from Asia, two from Oceania, one from
Africa, and one from South America. Of the 81 studies, 55 (68%) reported data on individuals with
diabetes (without specifying subtype) and 24 (30%) reported on individuals with type 2 diabetes. In
addition, two reports from the UK National Diabetes Audit reported data on individuals stratified
by diabetes subtype. Given that no other reports presented data on individuals with type 1
diabetes, only data from individuals with type 2 diabetes were extracted from the two reports. The
number of included individuals per study ranged from 200 to 3,135,019. Data were extracted from
various data sources (i.e. (population-based) surveys, medical records, and administrative claims
data) in a variety of settings, including primary care, outpatient clinics, and hospital settings.

Risk of Bias

The risk of bias was moderate with 78% of studies showing either fair or good study quality with
clearly reported information about study design, in- and exclusion criteria, data collection, and
assessment of the outcome. Although most studies included a representative sample, there was
considerable heterogeneity between studies with regard to the study populations making it more
challenging to score this aspect. (Supplemental table IV)
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Figure 1. Flowchart of study selection. PubMed search was used to obtain a suitable start set for snowballing.

Assessment of HbA1lc

In total, 36 studies including 6.6 million individuals were included with median assessment rates
of 74% in women and 73% in men. Most studies showed no statistically significant sex disparities
in the assessment of HbA1c (70%), while 19% showed that women were more often receiving
assessment of HbAlc than men, and 11% showed that men were more often receiving assessment
of HbAlc than women. (Figure 2)
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Figure 2. Assessment of HbAlc expressed as adjusted odds ratios (OR) or relative risks (RR) with corresponding
95% confidence intervals (Cl). Two studies are not presented in this figure because of their measure of association:
Swietek et al.33: Average Marginal Effect, (SE; p-value): —0.00031 (-0.0044;>0.05), Du et al.92: Prevalence difference
(95% Cl): 3.5 (-1.0;8.0). W =% of screened women; M =% of screened men; US = United States; UK = United King-
dom; +=99% Cl; # =Relative risk; » = Weighted %; " = Kaplan-Meyer estimates; A" = Estimated %; * = statistically
significant. Men = reference.

Assessment of blood pressure
The assessment of blood pressure by sex was reported by nine studies including 3.7 million
individuals. Median assessment rate across studies was 79% (range 48% - 98%). Sex-specific
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percentages of blood pressure assessment were reported by three studies ranging from 78% to
949% in women and 77% to 96% in men. Five studies showed no statistically significant disparities
in the assessment of blood pressure, while three studies showed that women were more likely
to receive blood pressure screening and one study reported men being more likely to receive
blood pressure screening. (Figure 3)

Figure 3. Assessment of blood pressure expressed as adjusted odds ratios (OR) or relative risks (RR) with corre-
sponding 95% confidence intervals (Cl). W =% of screened women; M =% of screened men; US = United States;
UK = United Kingdom; # = Relative risk; » = Assumed to be weighted %; * = statistically significant. Men = reference.

Assessment of lipids

The assessment of lipids by sex was reported by 27 studies including 5.4 million individuals. These
studies reported onvarious lipid measurements including the assessment of LDL cholesterol, HDL
cholesterol, lipid profile, (total) cholesterol, HDL/TC-ratio, and triglycerides. Among the fifteen
studies reporting the assessment of either lipids or (total) cholesterol, assessment rates ranged
from 40% to 96% with a median of 73%. Over half the studies (eight out of fifteen) reported no
statistically significant or only small sex disparities, while four studies reported that, compared
with men, women were less likely to receive screening. Three studies showed that women were
more likely to receive screening.

Twelve studies including data from 829,819 individuals reported sex-specific assessment of LDL
cholesterol. Five studies reported that women were less likely to receive screening, four studies
reported that women were more likely to receive screening than men, and the remaining three
studies showed no sex disparities. Two studies investigated sex disparities in the assessment of
HDL measurements, with one reporting that women were more likely to receive screening. One
study reported on the assessment of triglycerides, showing that women were less likely to receive
screening than their male counterparts. (Figure 4)
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Figure 4. Assessment of lipids expressed as adjusted odds ratios (OR) or relative risks (RR) with corresponding
95% confidence intervals (Cl). One study is not presented in this figure because of the measure of association:
Swietek et al.33: Average Marginal Effect (LDL), (SE; p-value): 0.0045 (-0.0042; >0.05). W = % of screened women;
M =% of screened men; US = United States; UK = United Kingdom; # = Relative risk; * = Kaplan-Meyer estimates;

* = statistically significant. Men = reference.
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Assessment of BMI
Two studies reported sex-specific BMI assessment; one study found that women were less likely
to receive screening and the other found no sex differences. (Figure 5)

Figure 5. Assessment of BMI expressed as adjusted odds ratios (OR) or relative risks (RR) with corresponding 95%
confidenceintervals (Cl). W= 9% of screened women; M =% of screened men; UK = United Kingdom; # = Relative risk;
* = statistically significant. Men = reference.

Nephropathy screening

Twenty studies including 3.9 million individuals examined sex disparities in nephropathy
screening. These studies reported on various measures to assess renal function including
estimated glomerular filtration rate (eGFR), microalbuminuria, urine albumin, albumin/creatinine
ratio, and serum creatinine. Two-thirds of studies reported screening rates less than 70%. Overall,
there was no consistent pattern in nephropathy screening favouring either women or men (Figure
6).

Retinopathy screening

Fifty studies including 3.4 million individuals reported on retinopathy screening. Screening rates
ranged from 13% to 90% across studies with nearly half the studies reporting screening rates
equalto or less than 50%. Five studies reported that women were less likely to receive retinopathy
screening than men and 22 studies showed that women were more likely to receive screening.
(Figure 7)
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Figure 6. Nephropathy screening expressed as adjusted odds ratios (OR) or relative risks (RR) with corresponding
95% confidence intervals (Cl). One study is not presented in this figure because of the measure of association:
Swietek et al.33: Average Marginal Effect, (SE; p-value): =0.0073 (-0.0042; <0.05 (women less likely to receive screen-
ing). W =% of screened women; M = % of screened men; US = United States; UK = United Kingdom; # = Relative risk;
N =Kaplan-Meyer estimate; * = statistically significant. Men = reference.
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Figure 7. Retinopathy screening expressed as adjusted odds ratios (OR) or relative risks (RR) with corresponding
95% confidence intervals (Cl). Two studies are not presented in this figure because of their measure of associa-
tion: Swietek et al.33: Average Marginal Effect, (SE; p-value): 0.017 (-0.0043; <0.01 (women more likely to receive
screening), Du etal.92: Prevalence difference (95% Cl): 12.6 (4.1;21.2). W = % of screened women; M = % of screened
men; US = United States; UK = United Kingdom; # = Relative risk; * = weighted %; " = assumed to be weighted %;
MA =Kaplan-Meyer estimate; + = Studies assessing screening adherence after screening invitation; * = statistically
significant. Men = reference.

Foot exams

Thirteen studies including >3.9 million individuals reported on the sex-specific performance of
foot exams. Screening rates varied from 13% to 99% across studies with a median screening rate
of 58%. Six reported that women were less likely to receive foot exams and one study reported
women being more likely to receive foot exams. The other studies reported no sex differences
(Figure 8).

Figure 8. Foot exams, expressed as adjusted odds ratios (OR) with corresponding 95% confidence intervals (ClI).
One study is not presented in this figure because of the measure of association: Du et al.92: Prevalence difference
(95% Cl 4.2 (-6.4; 14.9).W = % of screened women; M =% of screened men; US = United States; UK = United King-
dom; ” = assumed to be weighted %; * = statistically significant. % Chen et al. extracted from the last available
year. Men = reference.

Assessment of smoking status
Two studies reported on the assessment of smoking status. Both studies found high screening
rates (95%) and women were more likely to be screened for smoking status than men. (Figure 9)

Figure 9. Assessment of smoking status expressed as adjusted odds ratios (OR) with corresponding 95% confi-
denceintervals (Cl). W =% of screened women; M = % of screened men; * = statistically significant. Men = reference.
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Combination

Fifteen studies reported on the assessment of a combination of risk factors and screening
activities. The presence and direction of sex disparities varied across studies with a third of
the included studies reporting that, compared with men, women were less likely to receive a
combination of care, one-third of studies found no sex disparities, and one-third found that
women were more likely to receive a combination of care than men. (Figure 10)

Figure 10. Combination of risk factor assessment and screening expressed as adjusted odds ratios (OR) or risk
ratios (RR) with corresponding 95% confidence intervals (Cl). # =risk ratio; * = Kaplan-Meyer estimates; * = sta-
tistically significant. W =% of screened women; M =% of screened men. Men = reference. 1 = All measurements
received within 12 months: blood pressure, HbAlc, cholesterol, urine albumin: creatinine ratio/protein:creatinine
or proteinuria, eGFR or serum creatinine, foot and eye exams, BMI, smoking status, within 15 months (6 for HbAlc).
2 =Receiving at least 2 HbAlc measurements and 1 LDL measurement received within 12 months. 3 =All mea-
surements received within 12 months: HbAlc, blood pressure, cholesterol, smoking status. 4 = At least one of the
following measurements received within 12 months: HbAlc, proteinuria, foot exam. 5 = All measurements received
within 15 months: HbAlc, blood pressure, cholesterol, serum creatinine, urine albumin, foot exam, BMI, smoking
status. 6 = All measurements received within 24 months: eye exam, four HbA1c tests, and two cholesterol tests.
7=Assessment of HbAlc and at least two measurements from among eye exams, total cholesterol, and microalbu-
minuria. 8 = Receiving one or more measurements within 12 months: HbAlc, blood pressure, total cholesterol, LDL,
HDL, or BMI. 9 = All measurements received within 36 months: HbA1c, lipid profile, urine albumin, eye exam, and
footexam. 10 = All measurements received within 12 months: HbAlc, LDL, microalbuminuria, eye and foot exams,
blood pressure and BMI. 11 = All measurements received within 12 months: HbAlc, LDL, eye exam, and medical
attention for nephropathy (including screening and treatment). 12 = Receiving at least two out of three measure-
ments: albuminuria and monofilament (foot exam) within 12 months, eye exam within 30 months. 13 = Receiving all
measurements within 12 months: HbAlc, eye and foot exams. 14 = Receiving all measurements within 12 months:
HbA1lc, LDL, eye and foot exams. 15 = Receiving at least 2 measurements: HbAlc during the measurement year, eye
exam, LDL, and medical attention for nephropathy (screening test during the past year or evidence of nephropathy).
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Discussion

This systematic review including 81 studies showed that the presence, magnitude, and direction of
sex disparities in the assessment of cardiovascular risk factors and screening of diabetes-related
complications varied considerably across studies, with some evidence suggesting that women,
compared with men, may be more likely to receive retinopathy screening and less likely to receive
foot exams. In addition, only two studies reported on the assessment of smoking status; both
showing that women were more likely to be screened. Overall, screening rates can be improved
for both sexes.

To ourknowledge, this is the first systematic review studying sex disparities in the assessment and
screening of cardiovascular risk factors and diabetes-related complications among individuals
with diabetes. A recent meta-analysis, including 22 studies with 4,754,782 individuals from the
general population in primary care setting, showed that assessment rates of CVD risk scores
and risk factors were similar between the sexes.” In contrast to our study, the authors did find
evidence of women being less likely to be assessed for smoking.” Nevertheless, the results were
comparable to our study in that no consistent pattern in risk factor assessment and complication
screening favouring either men or women was found and screening rates could be improved for
both sexes.

Assessment of cardiovascular risk factors and screening for diabetes-related complications is
criticalin guiding treatment decisions. The present study demonstrates that there is no consistent
pattern in screening activities favouring women or men, suggesting that disparities in risk factor
assessment and screening activities do not account for the higher relative risk of CVD conferred
by diabetes previously found in women compared with men.?® However, other factors related to
the uptake and provision of healthcare, such as treatment and adherence, may still be involved
in explaining these sex differences. Although assessment of cardiovascular risk factors is one
of the first steps in guiding treatment decisions, it may not necessarily be followed by equal
treatment. For example, a recently published meta-analyses, including data from<2.2 million
individuals in primary care, showed that women at high risk or with established CVD were less
likely to be prescribed aspirin, statins, and angiotensin-converting enzyme (ACE) inhibitors, and
more likely to be prescribed diuretics than men.?* Other studies have suggested that women are
less adherent to statins than men.**" Differences in biology may also impact women’s excess
risk of CVD and it has previously been hypothesized that women experience a relatively greater
increase of cardiovascular risk factor levels in the transition from normal glycaemia to diabetes.*®
Differencesin body anthropometry and fat storage may be of particular interest in explaining the
excess risk of CVD in women as fat distribution differs by sex. Sex differences in fat distribution may
impact the duration of the transition from normoglycaemia to overt diabetes and consequently
impact the increase of other related cardiovascular risk factor levels.?

Strengths and limitations

The main strength of this systematic review is the inclusion of a large number of studies providing
sex-specific data. The majority of studies included more than 1,000 individuals of which 41 (51%)
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studies included over 10,000 individuals. This study also has several limitations. First, there was
substantial heterogeneity between studies regarding patient population, outcome definitions,
and data source, and no meta-analyses were performed. Second, there was a lack of studies
that specifically evaluated risk factor assessment in type 1 diabetes patients. The results of
this systematic review are therefore mainly applicable to those with type 2 diabetes. Third, the
majority of studies were from Europe and North America, thereby limiting the generalizability to
other parts of the world.

Conclusions

Mixed findings were found regarding the presence, magnitude, and direction of sex disparities
with regard to the assessment of cardiovascular risk factors and screening for diabetes-related
complications. Overall, no consistent pattern favouring women or men was found and screening
rates can be improved for both sexes.
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[Title/Abstract] OR vascular complication[Title/Abstract] OR vascular complications[Title/Abstract] OR
cardiovascular risk [Title/Abstract] OR cardiovascular risk factors[Title/Abstract] OR CVD risk[Title/Abstract]))

AND

((sex[Title/Abstract] OR gender[Title/Abstract]) AND (disparity[Title/Abstract] OR (disparities[Title/Abstract]
OR difference [Title/Abstract] OR disparities[Title/Abstract] OR variation[Title/Abstract] OR variations[Title/
Abstract])) OR (sex disparities[MeSH Terms])

AND

(diabetes[MeSH Terms] OR diabetes[Title/Abstract] OR diabetic[Title/Abstract] OR DM1[Title/Abstract] OR
DM2[Title/Abstract] OR DMI[Title/Abstract] OR DMII[Title/Abstract] OR T2DM[Title/Abstract] OR T1IDM[Title/
Abstract] OR DM)

NOT

animal
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Risk factor assessment and complication screening in women and men

Supplemental table I11. Studies excluded from the qualitative analyses because of overlapping patient populations
or because studies were repeated over time.

First author,
year

(Partial) overlap with/
more recent data
available from

Outcomes not included in qualitative Level of
analyses OR (95% Cl), ref=men, adjustment
unless otherwise specified

Perajetal., 2019%

Kamatetal., 2019

Foot exam prior 12 months: 0.91 (0.67, 1.25)  Multivariable

(Fully excluded)
Barkeretal.,2018% Kiranetal., 2012 >1 Measurements during study period: Multivariable
(Fully excluded) Less recent but larger Eye exam: 1.13(1.08;1.19)
study population not HbAlc (24):1.06 (1.01;1.12)
restricted to those with Dyslipidaemia: 1.04 (0.99;1.11)
mentalillness. HbA1c:1.20(1.10;1.30)
Combination (=1 of the above):1.16
(1.08;1.24)
Canedoetal,, Comer-HaGans et al., 2020 HbALlc (2) prior 12 months: 1.14 (0.82;1.58)  Multivariable
2018% and Bennet et al., 2017 Foot exam prior 12 months: 0.95 (0.72;1.26)
(Fully excluded) Eye exam prior 12 months:1.14 (0.87;1.47)
Cholesterol prior 12 months: 1.03 (0.76;1.41)
Williams et al., Comer-HaGans et al., 2020 HbAlc (=2) prior 12 months: 1.01 (0.89;1.14)  Multivariable
2017% (Partially Eye exam prior 12 months: 1.14 (1.04;1.24)
excluded) Foot exam prior 12 months: 0.91 (0.83;1.00)

National Diabetes
Audit 2016-2017%
(Partially excluded)

National Diabetes Audit
2018-2017

>1 measurements during study period Multivariable
HbAlc: 1.12 (1.11;1.14)

Blood pressure: 1.16 (1.14;1.17)

Cholesterol:0.97 (0.96;0.98)

Urine albumin: .89 (0.88;0.89)

Smoking: 87 (0.87;0.88)

Combination: 0.92 (0.91;0.92)

National Diabetes
Audit 2015-2016%
(Fully excluded)

National Diabetes Audit
2018-2017

>1 measurements during study period Multivariable
Urine albumin: 0.90 (0.89;0.91)

Foot exam: 0.99 (0.98;1.00)

BMI: 0.98 (0.97;0.99)

Smoking: 0.86 (0.85;0.86)

Combination: 0.91 (0.90;0.91)

National Diabetes
Audit 2014-2015%
(Fully excluded)

National Diabetes Audit
2018-2017

>1 measurements during study period Multivariable
Blood pressure: 1.12 (1.10;1.13)

Cholesterol: 0.98 (0.97;0.99)

Urine albumin: 0.93 (0.92;0.94)

Foot exam: 0.99 (0.98;1.00)

BMI: 0.98 (0.97:0.99)

Smoking: 0.87 (0.86;0.88)

Combination: 0.94 (0.93;0.95)

National Diabetes
Audit 2014-2013%
(Fully excluded)

National Diabetes Audit
2018-2017

>1 measurements during study period Multivariable
Urine albumin: 0.93(0.92;0.94)

Smoking: 0.86 (0.85;0.87)

Combination: 0.93 (0.92;0.94)
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Supplementaltable lll. Studies excluded from the qualitative analyses because of overlapping patient populations
or because studies were repeated over time. (continued)

First author, (Partial) overlap with/  Outcomes notincluded in qualitative Level of

year more recent data analyses OR (95% Cl), ref=men, adjustment
available from unless otherwise specified

National Diabetes ~ National Diabetes Audit >1 measurements during study period Multivariable

Audit2013-20122  2018-2017 HbAlc: 1.01 (1.00;1.03)

(Partially excluded) Blood pressure: 1.14 (1.12;1.16)

Cholesterol: 0.93 (0.92;0.94)
Urine albumin: 0.85 (0.85;0.86)
Foot exam: 0.97 (0.97;0.98)
BMI:0.92 (0.91;0.93)

Smoking: 0.87 (0.86;0.88)
Combination:0.85 (0.85;0.86)

National Diabetes  National Diabetes Audit =1 measurements during study period Multivariable
Audit2012-2011% 2018-2017 HbAlc: 1.04 (1.03;1.05)
(Fully excluded) Blood pressure: 1.14 (1.13;1.16)

Cholesterol: 0.95 (0.94;0.96)
Creatinine: 1.04 (1.03;1.05)
Urine albumin: 0.89(0.88;0.89)
Foot exam: 0.98 (0.98;0.99)
BMI: 0.92 (0.91;0.93)

Smoking: 0.89 (0.88;0.89)
Combination: 0.88 (0.88;0.89)

Bennetetal.,, 2017%" Comer-HaGansetal., 2020 Eye exam prior 12 months: 1.01 (0.92;1.10) Multivariable
(Partially excluded) Foot exam prior 12 months: 0.85 (0.78;0.92)
HbA1lc (2) prior 12 months: 0.86 (0.79;0.95)

Siengetal,2017%*  Siengetal.,2015%* Eye exam prior 12 months: 1.20 (1.12-1.29)  Multivariable
(Fully excluded) Foot exam prior 12 months: 1.12 (1.04-1.21)

Combination (LDL, foot exam, eye

exam, HbAlc (=2)) prior 12 months: 1.11

(1.03-1.21)
Doucetteetal., Chenetal, 2014 HbAlc (=2) prior 12 months: 1.07 (0.89, 1.29) Multivariable
2017% Less recent but larger Foot prior 12 months: 1.00 (0.83, 1.21)
(Fully excluded) study population Eye exam prior 12 months: 1.05 (0.88, 1.25)
Storeyetal.,2016%  Murchinson et al.,2017*°  Follow-up eye exam <15 months for Multivariable
(Fully excluded) mild, <12 months for moderate diabetic

retinopathy and <4 months from the index
visit for severe diabetic retinopathy: 0.83

(0.68;1.02)
Sohnetal.,, 2016% Chenetal., 2014 Eye exam prior 12 months: 1.07 (1.00;1.15) Multivariable
(Fully excluded) Foot exam prior 12 months: 0.90 (0.84;0.96)

>2 HbAlc prior 12 months: 1.09 (1.02;1.16)
Mahmoudietal., Comer-HaGans et al., 2020 Eye exam prior 12 months: 1.03 (0.81;1.25) Multivariable
2016%7 Foot exam prior 12 months: 0.78 (0.62;0.94)
(Fully excluded) Cholesterol prior 12 months: 1.25 (0.86;1.64)
Doucette etal., Kamatetal., 2019% Eye exam prior 12 months: 1.69 (0.94;3.03) Multivariable
2016%¢ Foot exam prior 12 months: 1.30 (0.82;2.08)
(Fully excluded)
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Supplementaltable . Studies excluded from the qualitative analyses because of overlapping patient populations
or because studies were repeated over time. (continued)

First author, (Partial) overlap with/  Outcomes notincluded in qualitative Level of
year more recent data analyses OR (95% Cl), ref=men, adjustment
available from unless otherwise specified

Shietal., 2014% Comer-HaGans et al., 2020 Eye exam prior 12 months persurvey year:  Multivariable
(Fully excluded) 2002:0.92 (0.69:1.22)

2003:0.70 (0.51;0.98)

2004: 0.95 (0.68;1.32)

2005:0.91 (0.65;1.27

2006: 0.83 (0.63;1.08)

2007:0.85(0.65;1.10)

2008: 0.71 (0.53:0.94)

2009:0.82 (0.64;1.05)
Huetal., 2014 Comer-HaGans et al., 2020 Eye exam prior 12 months: 1.35(1.07;1.70) Multivariable
(Fully excluded) and Bennetetal., 2017 Foot exam prior 12 months: 0.83 (0.63;1.10)

Cholesterol prior 12 months: 1.21 (0.91;1.61)

HbA1c prior 12 months: 1.31 (0.84;2.04)
Chouetal., 2012 Chenetal., 2014> Eye exam prior 12 months: 1.16 (1.03;1.30) Multivariable
(Fully excluded)
Haleetal., 2010 Chenetal.,2014% Eye exam prior 12 months: 1.12 (0.96;1.30) Multivariable
(Fully excluded) Foot exam prior 12 months: 0.86 (0.75; 1.00)

>2 HbAlc prior 12 months: 1.18 (1.01;1.35)
Byunetal., 2013% Rimetal, 2013 Eye exam prior 12 months: 1.19 (0.88;1.62) Multivariable
(Fully excluded)
Richardetal.,2012** Comer-HaGansetal., 2020 HbAIc prior 12 months: 1.20 (0.93;1.47) Multivariable
(Fully excluded) Eye exam prior 12 months: 1.07 (0.88;1.26)

Foot exam prior 12 months: 0.91 (0.72;1.11)
Richardetal.,2011%* Comer-HaGansetal.,2020 Eye exam prior 12 months: 1.14 (0.93;1.40) Multivariable
(Fully excluded) Foot exam prior 12 months: 1.10 (0.90;1.35)

HbA1c (=2) prior 12 months: 1.14 (0.96;1.35)
Doetal, 2011°% Rim et al., 2013 Eye exam prior 12 months: 1.59 (1.21;2.07) ~ Multivariable
(Fully excluded) Microalbuminuria prior 12 months: 1.34

(1.04:1.72)
Ngetal., 20107 Comer-HaGans et al., 2020 HbAlcin prior 12 months: 1.26 (0.95;1.67) Multivariable

(Partially excluded)

and Williams et al., 2017

Blood pressure in prior 12 months: 1.65
(0.93:2.94)

Cholesterolin prior 24 months: 1.44
(0.95:2.18)

Eye examin prior 12 months: 1.10 (0.94;1.30)
Foot exam in prior 12 months: 0.97
(0.80;1.17)

Pooled data

OR = odds ratio; Cl = confidence interval.
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Supplemental table IV. Studies only presenting unadjusted data.

First author, Country Study period Study size Outcome OR (95% Cl), ref=men,
year (% women)  unless otherwise specified
Backeetal,2020”  Greenland  30/11/2018 1,498 (48%)  HbAlc 1.48 (1.08:2.03)+
(data extraction) Blood pressure 1.55(1.20,2.01)+
Microalbuminuria 1.00 (0.81;1.25)+
Eye exam 1.10(0.86;1.42)+
Foot exam 0.99(0.81;1.22)+
Boucheretal., Canada 3/2018-6/2018 148 (45%) Eye exam 0.64(0.20;2.08)+
2020%7 (Survey period)
Benoitetal., 2019% United 2010-2014 355,384 (52%) Eye exam 1.05(1.03;1.07)+
States
Gediminasetal., Lithuania 2011 382 (61%) BMI 1.0(0.6-1.6)
20191 Foot exam 1.3(0.8-2.2)
Eye exam 1.6(1.1-24)
HbAlc 1.4(0.9-2.1)
LDL 1.3(0.7-2.2)
Creatinine 1.0(0.7-1.6)
Blood pressure -
Wrightetal.,2019'*  England 2006-2013 Presented by  Years2-3
years since HbAlc 1.02(0.92;1.13)
diagnosis: Blood pressure 1.15(1.03;1.30)
4,221 (46%) to  Microalbuminuria 0.88(0.84;0.92)
30,501 (43%)  eGFRor 1.20(1.08:1.33)
creatinine
BMI 0.98 (0.90;1.06)
Years 4-5
HbAlc 0.98 (0.85;1.14)
Blood pressure 1.15(0.97;1.35)
Microalbuminuria 0.88(0.82;0.94)
eGFRor 1.04(0.89;1.20)
creatinine
BMI 0.98 (0.87:1.10)
Years 6-7
HbAlc 0.84 (0.63;1.12)
Blood pressure 0.81(0.60;1.08)
Microalbuminuria 0.82(0.72;0.93)
eGFRor 0.85 (0.64;1.14)
creatinine
BMI 0.80 (0.65;0.99)
Nazu et al.,, 201912 Finland 2011-2016 8,429 (47%)  2015-2016
HbAlc 1.35(1.18;1.54)+
LDL 0.93 (0.82;1.04)+
Corraoetal.,2019'  Italy 2010 (year of 77,285 (47.5%) Combination 0.85 (0.82;0.88))+
diagnosis)
Tracey etal., 2019  Ireland 11/2013-8/2015 582 (39%) Eye exam 0.33(0.12;0.92)+
(data extraction)
Mesa et al., 20181% Unites 2015 100 (50%) HbAlc 0.74(0.30;1.79)+
States LDL 1.71(0.52;5.66)%
Eye exam 0.71(0.31;1.60)+
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Supplemental table IV. Studies only presenting unadjusted data. (continued)

First author, Country Study period Study size Outcome OR (95% Cl), ref=men,
year (% women)  unless otherwise specified
Al-Salameh et al., France 4/2009-6//2014 983 (47%) Lipid profile 0.96 (0.65;1.42)+
201810¢ (inclusion period:
4/2009 - 6/2011)
Birdetal., Unites 2011 and 2012 Varies per LDL 1.09(1.07:1.12)
2018b7 Stated outcome of HbAlc 1.19(1.16;1.22)
interest Eye exam 1.28(1.26;1.30)
Renal test 1.04(1.01;1.06)
Diabetic Retina- Ireland 2013-2014 69,894 (41%)  Eyeexamyearl 0.77(0.74;0.81)+
Screen 2013-201587
2015 88,668 (41%) Eyeexamyear2  0.84(0.81;0.88)+
Statistical Bulletin Ireland 2016 105,915 (41%) Eye examyear3 0.86 (0.83;0.89)+
2016-201719
2017 114,078 (41%) Eyeexamyear4d  0.83(0.80;0.86)+
Kekalédinen et al., Finland 2013-2014 1,075 (41%) HbAlc 2.24(1.32,3.82)+
201610 LDL 2.12(1.36,3.33)+
Hanetal., 2016 Korea 2013 (survey year) 20,806 (52%) Combination 0.89 (0.84;0.94)+
Ferronietal.,2016*?  Italy 2013 139,935 (43%) HbAlc 1.04(1.02;1.07)+
Microalbuminuria 0.94(0.92;0.96)+
Lipid profile 1.01(0.99;1.04)+
Cambraetal., 2016'**  Spain 15/5/2014 (index 32,220 (44%) HbAlc 1.03(0.99;1.09)+
date) Blood pressure 1.30(1.24;1.37)+
LDL 1.09 (1.04,1.15)+
HDL 1.06 (1.0L;1.12)+
Triglycerides 1.06 (1.01;,1.12)+
BMI 1.02 (0.97;1.06)+
Smoking 0.91(0.87;0.96)+
Seghierietal., 2016 Italy 2006 91,826 (49.7%) Urine albumin 0.93(0.91,0.97)+
HbAlc 1.08(1.06:1.11)+
Eye exam 1.09 (1.06:1.12)+
Lipid profile 1.08(1.051.10)+
Combination 1.04 (1.01;,1.07)+
Cleland et al., 2016 Tanzania 2011-2014 5,729 (60%) Eye exam 1.36(1.22;1.52)
Manicardietal., Italy 2011 28,802 (46%) HbAlc 1.03(0.94;1.14)+
201610 lipid profile 1.01(0.96;1.07)+
Blood pressure 1.03(0.97;1.09)+
Renal function 1.02(0.98;1.07)+
Eye exam 1.01(0.97;1.06)%
Hwangetal., 2016'"  Korea 2005,2007-2009 2,214 (53%) Eye exam 1.15(0.97;1.36)
Keenum et al., United 26/1/2012- 949 (65%) Eye exam 1.16 (0.87;1.56)+
2016187 States 1/5/2015
Szabo et al., 2015 United Arab 2010 150 (69%) HbAlc -
Emirates LDL 2.83(0.90;8.94)+
Eye 0.57(0.27;1.19)+
Renal exam 0.53(0.24;1.19)+
Combination 1.26(0.63;2.52)%
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Supplemental table IV. Studies only presenting unadjusted data. (continued)

First author, Country Study period Study size Outcome OR (95% Cl), ref=men,
year (% women)  unless otherwise specified
Afandietal., 2015 United Arab 2013 240 (58%) BMI 100%/100%
Emirates
Hendriksetal., 2015 The 2013 42,641 (46%) HbAlc 1.10(1.00;1.21)+
Netherlands Systolic BP 1.07(0.96;1.19)+
Smoking 1.15(1.04;1.28)+
TC/HDL-ratio 1.12(1.02;,1.23)+
ACR 0.93(0.88;0.98)+
Foot exam 1.09 (1.03;1.15)+
Eye exam 1.03(0.98;1.09)+
BMI 1.10 (1.00;1.20)+
Ballotari et al, 2015 Italy 2010 16,903 (42%)  HbAlc 1.10(1.03;1.18)+
Russo etal.,, 2015 Italy 2009 415.294 (45%) Lipid profile 0.91(0.90;0.93)+
Onakpoya et al., Nigeria 7/2010-11/2010 179 (49%) Eye exam 0.71(0.39;1.28)+
20157 (inclusion period)
Kiranetal., 2014'* Canada 2006-2008 734,739 (48%) Eye exam 1.15(1.14;1.16)+
HbAlc 1.00(0.99;1.01)+
Cholesterol 0.93(0.92,0.94)+
Combination 1.03(1.02;1.04) +
Bayeretal., 2014 United 2003 1,797 (17%) Combination 0.79 (0.55;1.14)+
States
Chou et al., 20147 United 2006-2010 27,699 (NR) Eye exam P-value
States (survey period) 0.089
Matheka et al., 2013'* Kenya 10/2012-11/2012 198 (70%) HbAlc 0.33(0.16;0.67)+
(survey period)
Kautzky-Willeretal.,  Austria 3/2009-8/2009 225 (45%) HbAlc 0.82(0.31;2.14)+
2013 (data collection)
Kiran et al., 2013 Canada 2010 851,193 (48%) Eyeexam 1.15(1.14,1.16)+
Cetinetal,, 2013"! Turkey 1/2010-5/2010 437 (52%) Eye exam 0.81(0.51;1.28)+
(survey period)
Paksinetal., 20132 United 2009 52,386 (59%) Eyeexam P-value
States (survey year) (49% 0.641
weighted)
Driskell et al.,2012**  England 2010 54 537 (47%) HbAlc 0.90 (0.86;0.93)+
Ortonetal.,2013"*"  England 1/2009-7/2010 47,111 (44%)  Eyeexam 1.04(0.99;1.08)
(screening
invitation period)
Sachdevaetal,, England 2008 611 (47%) Eye exam 1.24(0.89;1.72)+
2012135/\
Arcury et al., 20121 United 6/2009-2/2010 563 (62%) HbAlc 1.04(0.61;1.78)+
States (data collection) Feet exam 1.37(0.90;2.08)+
Van Eijketal., 20125 The 2008 1,891 (51%)  Eyeexam 1.00 (0.78;1.28)+

Netherlands (questionnaire)
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Supplemental table IV. Studies only presenting unadjusted data. (continued)

First author, Country Study period Study size Outcome OR (95% Cl), ref=men,
year (% women)  unless otherwise specified
Wongetal., 2012%** China 2008-2009 1,970 (55%) HbAlc 0.84(0.58;1.20)
Multivariable analyses Cholesterol 0.92 (0.66;1.28)
but not for age and NS Smoking 0.61(0.43;0.87)
therefore excluded Microalbuminuria 0.83(0.67;1.03)
from qualitative Eye exam 1.13(0.93;1.38)
analyses BMI 0.95(0.75;1.21)
Sundquist et al., Sweden 2005 5,048 (42%) HbAlc 1.27(1.03;,1.56)+
2011+ Lipids 1.30(1.13;1.50)+
Sadowskietal., United 9/2009-12-2009 134 (59%) HbAlc 1.73(0.74;4.05)+
201140 States (data collection) Foot exam 1.39(0.63;3.05)+
Eye exam 0.45(0.19;1.06)%
Cholesterol 0.32(0.03;2.97)+
Combination 1.07(0.54;2.14)+
De Lusignanetal., England 2007 6,897 (47%) Creatinine 1.18(0.92;1.50)+
2011+ Microalbuminuria 0.91(0.81;1.03)+
Macroalbuminuria 0.99 (0.87;1.11)%
Morrenetal., 2011  Caribbean  28/10/2007- 225 (65%) Total cholesterol  2.14 (1.20;3.82)+
29/11/2007 HbAlc 2.19(1.24;3.87)+
(patient
interviews)
Onakpoya et al., Nigeria 11/2007 83 (61%) Eye exam 0.94 (0.35;2.50)+
2010
Goh et al., 2010 Malaysia 2006 2,373 (57%) Eye exam 0.94(0.75;1.19)+
Gossain etal., 2010*  United 1/2006-6/2008 499 (52%) HDL year 1 1.10(0.57;2.09)+
States (data extraction) HDL year 2 1.05(0.66;1.68)+
Blood pressure -
Shireman etal., United 9/2006-8/2007 666 (50%) Lipids 0.89 (0.65;1.20)+
20106 States Microalbuminuria 1.30(0.88;1.92)+
Eye exam 1.01(0.73;1.42)+
Bantaetal., 20097 United 5/2004-4/2005 482 (68%) HbAlc 1.21(0.82;1.78)+
States Lipid 1.60(1.09;2.36)+
Eye exam 1.33(0.87;2.03)+
Fischbacheretal,, Scotland  11/2003-12/2004 9,833 (47%)  HbAlc 0.90(0.73;1.10)+
20098 Cholesterol 0.86(0.73;1.01)+
Blood pressure 0.97(0.85;1.11)+
Eye exam 0.88(0.79;0.99)+
BMI 0.92 (0.82;1.04)+

If studies presented sex-specific numbers and percentages without reporting a measure of association, crude odds
ratios (ORs) and 95% confidence intervals (Cls) were calculated using Review Manager 5.3. = Eye exam attendance

afterinvitation.
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General discussion

Diabetes is a strong risk factor for cardiovascular disease (CVD) in both sexes, with compelling
evidence showing that, compared to those without diabetes, women with diabetes bear a greater
relative risk for the development of major cardiovascular complications than men with diabetes.!
The mechanisms underpinning the greater relative risk of major CVD, conferred by diabetes, in
women are uncertain, and there is need for a better understanding of these sex differences.
The majority of studies have assessed diabetes as a binary variable, without considering a sex
differential in the risk of cardiovascular complications across the glycaemic spectrum or with
increased diabetes duration. This thesis aimed to provide new insights in the disease course
and the mechanisms underpinning these sex differences, with a focus on differences in diabetes
management.

In this final chapter, the key findings of this thesis will be summarized and discussed, along with
several aspects that should be taken into account when interpreting these key findings. Finally,
a general conclusion of this thesis will be provided including several recommendations for future
research.

Key findings

1. When studying sex-specific effects and sex differences, it is important to consider the
possibility of sex-specific confounding, as confounders themselves may have sex-specific
effects, potentially obscuring the evaluation of sex differences. (Chapter 3)

2. The presence of diabetes is associated with a greater relative risk of incident myocardial
infarction (MI) in women than in men. However, we found no evidence of a sex difference in
the association between higher levels of glycated haemoglobin (HbAlc) and the risk of MI
after sex-specific adjustments for confounding.? (Chapter 4)

3. Diabetesis associated with an increased risk of COVID-19 mortality in both sexes, as it is for
influenza/pneumonia and coronary heart disease (CHD). However, unlike fatal CHD, there are
no sex differences in the effects of diabetes on death from COVID-19 or influenza/pneumonia.
In contrast to the results of chapter 4, where we found no sex differences in the association
between levels of glycaemia and incident M, prediabetes and higher levels of HbAlc were
more strongly associated with fatal CHD in women than in men. (Chapter 5)

4. Longerduration of type 2 diabetes is associated with increased risk of incident CVD, including
MI and stroke, in both sexes, without evidence for a sex difference in the magnitude of the
associations. (Chapter 6)

5. Sex differences in risk factor assessment, treatment and control of Dutch individuals with

diabetes are small. Women with diabetes were found to have slightly different cardiometabolic
risk profiles compared with men, and a substantially higher BMI. Cardiovascular risk
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management should be improved for both sexes. Effective weight loss strategies are needed
to reduce the high levels of BMI in both sexes, and especially in women > (Chapter 7 & 8)

6. No consistent pattern in the assessment of cardiovascular risk factors and diabetes-related
screening activities favouring women or men was found on a global scale, suggesting that
disparities in risk factor assessment and screening activities do not account for the higher
relative risk of major CVD, conferred by diabetes, in women compared with men. (Chapter 9)

Sex, diabetes, and disease risk

Diabetesis defined by an, arguably, arbitrary threshold value of fasting blood glucose, 2-h postload
glucose, and/or HbAlc. However, evidence suggests that there is a progressive association
between various measures of dysglycaemia, both above and below this arbitrary threshold, and
the risk of major cardiovascular events.>® As highlighted in chapter 2 of this thesis, several studies
have observed that women have a worse progression of several cardiovascular risk factors in their
transition from normoglycaemia to diabetes. In other words, women’s cardiometabolic profile has
to deteriorate further than men to develop diabetes.”*? It has also been observed that women, on
average, have a 2-year longer pre-diabetic phase compared to their male counterparts.’® Given
these findings, it has been hypothesized that the observed sex differences in the diabetes-related
risk of CVD reflect a continuous process that may already emerge early across the dysglycaemic
spectrum, rather than sex differences in the physiological effects of diabetes itself.>** However,
sex differences across the glycaemic spectrum, in the association with cardiovascular events,
have rarely been assessed and were inconclusive. Therefore, in chapter 4 of this thesis, we
aimed to study the sex-specific associations, and the sex differences, between various levels of
dysglycaemia (prediabetes, undiagnosed diabetes, diagnosed diabetes) and levels of HbAlc with
the risk of incident MI. Although we did find diabetes to be associated with a greater relative risk
of Mlin women compared to men, we found no evidence of sex differences across the glycaemic
spectrum. Instead, the observation that the sex-specific associations disappeared after adjusting
for sex-specific confounding may suggest that other sex-specific pathways are involved.?

Sex differences in diabetes diagnosis

At present, different diagnostic tools can be used to screen for prediabetes and diabetes,
including fasting blood glucose measurements, the oral glucose tolerance test (OGTT), and
measurements of HbA1c.8*® Two definitions of prediabetes are frequently used in clinical
practice.® One definition comes from the American Diabetes Association (ADA), and the other
from the International Expert Committee (IEC) and the World Health Organization (WHO).® Both
definitions include measurements of fasting blood glucose, OGTT measurements, and/or levels
of HbAlc; the ADA using lower cut points compared with the IEC/WHO criteria.® A systematic
review observed that there was only limited overlap in the detection of prediabetes according
to the criteria of impaired fasting glucose (IFG), impaired glucose tolerance (IGT), and elevated
HbA1c.*> Similar results were reported by the population-based KORA study from Germany, with
only a small overlap of individuals with IFG, IGT, and raised HbAlc levels using ADA criteria.*®
In other words, different measures of dysglycaemia identified different subpopulations with
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different glycaemic abnormalities (i.e. 47% of individuals with impaired fasting glucose had no
other glycaemic abnormalities). The KORA study also showed different diagnostic patterns for
men and women. Men were more likely to be diagnosed with prediabetes via the IFG criteria,
whereas women were more likely to be diagnosed with prediabetes because of raised HbAlc
levels or IGT.® To my knowledge, the KORA study is one of the first studies to report that the
distribution of IFG, IGT, and elevated HbAlc differs between women and men, which might
suggest different underlying pathophysiological mechanisms and causal pathways. Additionally,
several systematic reviews have also suggested that individuals with combined IGT and IFG have
highest risk of progressing to diabetes, while elevated levels of HbAlc and isolated IFG have lower
progression rates.!>!” Combined, these observations suggest that different pathophysiological
mechanisms may underlie the development of prediabetes and progression to diabetes. Indeed,
IFG is characterized by increased hepatic insulin resistance, pancreatic 3-cell dysfunction and/
or reduced B-cell mass, modified glucagon-like peptide-1 secretion, and altered secretion of
glucagon, while the underlying pathophysiology of impaired glucose tolerance seems to include
increased peripheral insulin resistance, close to normal hepatic insulin sensitivity, increased loss
of B-cell function, and increased secretion of glucagon.’® Subsequently, these pathophysiological
mechanisms may differ between women and men.

Sex differences in fatal coronary heart disease

In chapter 6 of this thesis, we assessed the sex-specific effects and sex differences in the
association between various measures of glycaemia and fatal CHD. In contrast to the results of
chapter 4, we found that prediabetes and higher levels of HbAlc were more strongly associated
with the risk of fatal CHD in women than in men. Explanations for this discrepancy remain
speculative, but may include differences in the ICD-10 based definitions of Ml and CHD being in
part different disease entities. Furthermore, in chapter 4, we included both incident non-fatal and
fatal events, while in chapter 6, we studied fatal events. In contrast to incident MI, death from CHD
isa composite measure including (1) incidence (primary CHD event); (2) mechanisms of recovery
and damage control; (3) treatment in the acute phase, and; (4) long-term secondary treatment for
the prevention of recurrent events. Diabetes was previously found to be more strongly associated
with fatal than non-fatal MI,** which might suggest more severe coronary atherosclerosis,
impaired angiogenesis, or a differential ischemic responses from the myocardial tissue in those
with diabetes compared to those without.**?° At present, it is well known that diabetes enhances
thrombogenesis and lowers fibrinolytic sensitivity.?! It has also been observed that women with
type 2 diabetes have more dense clots and more severe compromised fibrinolysis than men.?
Diabetes has also been associated with impaired development of collaterals within the coronary
circulation, which may in part explain the more severe outcomes of those with diabetes after an
acute MIL.Z In this respect, women with obstructive coronary artery disease (CAD) have been found
to have significantly lower rates of collaterals as compared to men. Since collateral formation
is a protective mechanism after an obstructive ischemic event, women might be more likely to
have poorer outcomes following CAD than men.* Sex differences in the treatment of acute CHD
and secondary prevention of recurrent events have been reported as well.>* However, these sex
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differences might not be specific to those with diabetes, and therefore less likely to be explanatory
for the sex differences in diabetes-related cardiovascular risk.

Disparities in the uptake and provision of healthcare

As stated in the introduction of this thesis, and as discussed in chapter 2, the mechanisms
underpinning the excess risk of major CVD consequent to diabetes in women is multifactorial
and may include disparities in the uptake and provision of healthcare. Sex disparities in the
detection and management of diabetes may broadly occur at four levels: (1) diagnostic delay; (2)
screening and monitoring of cardiovascular risk and diabetes-related complications; (3) primary
and secondary prevention when needed, including promotion of a healthy lifestyle, psychological
support, and pharmacological interventions; and (4) achievement of treatment targets according
to the guidelines, and in agreement with the patient. At all four levels, both patient- and provider
factors, and, sex and gender components, may contribute to the origin of these disparities.

Sex disparities in the diagnostic delay of diabetes

Prevention and delay of diabetes-related complications, including cardiovascular events, may
depend on the early diagnosis of diabetes and subsequent interventions.?”* However, the exact
moment at which an individual develops diabetes is practically impossible to determine, and, as
a consequence, diabetes may remain undetected for many years.?” Globally, an estimated 30%
to 50% of individuals with type 2 diabetes are unaware of having the disease, thereby preventing
them from receiving the necessary care.” The prevalence of undiagnosed diabetes in adults living
with diabetes varies widely across regions, with higher prevalences in African countries (60%) and
lowest prevalence in the Northern American and Caribbean Region (38%). Approximately 41%
of adult Europeans with diabetes are currently undiagnosed.?” When stratified by income, low-
income countries have the highest prevalence of undiagnosed diabetes. However, the proportion
of individuals with undiagnosed diabetes in high-income countries was still estimated at 38%.%’
As a result of this diagnostic delay, individuals with diabetes may present with diabetes-related
complications (i.e. diabetic retinopathy) at the time of diagnosis.?” The EUROHEART Survey, a
multicentre study including 1,920 participants with CAD without known history of diabetes, found
that one-third of the participants had undiagnosed diabetes, while over 35% of the participants
either had IGT or IFG.%%° A Danish cross-sectional study, using data from the Danish Centre for
Strategic Research in Type 2 Diabetes (DD2) project, reported that 35% of newly diagnosed
type 2 diabetes patients had micro- or macrovascular complications at the time of diagnosis.
Male sex was associated with a higher prevalence of macrovascular complications, while no sex
differences were found for microvascular complications.®* A population-based cohort, including
51,526 individuals with newly diagnosed type 2 diabetes, reported a 19% prevalence of diabetic
retinopathy at first retinal screening following diabetes diagnosis, and men were more likely to
present with retinopathy at first screening than women.®2 Given that the duration of detectable
diabetic retinopathy has been estimated at several years, there may have been a significant
delay in the diagnosis of diabetes in those presenting with diabetic retinopathy at the time of
diagnosis.®*
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To my knowledge, sex disparities in the diagnostic delay of diabetes have not been studied
extensively. Several studies have shown that women experience a relatively greater increase
in cardiovascular risk factor levels and endothelial dysfunction in the transition from normal
glycaemia to diabetes, as opposed to their male counterparts,* which may reflect a longer
diagnostic delay. However, the relatively greater increase in cardiovascular risk factor levels
was also observed in women with prediabetes, suggesting that the more adverse changes in
cardiovascular risk factors already occur before the onset of diabetes and not necessarily as
a consequence of a longer diagnostic delay.* Several studies have looked at the prevalence
and severity of diabetic retinopathy at the time of diagnosis, as a marker of diagnostic delay,
and these studies either found no sex difference in the prevalence of diabetic retinopathy or
reported (slightly) higher prevalences in men 3333536 Studies focusing on sex as a determinant
of diabetic retinopathy have been inconsistent, and it is hitherto unclear whether both sexes
experience the same risk of developing diabetic retinopathy.®>3™% Therefore, it might be arguable
whether diabetic retinopathy is a good marker for studying sex disparities in diagnostic delay. A
population-based register study, including 95,000 individuals with type 2 diabetes from Scotland,
observed that earliest HbAlc levels after diabetes diagnosis were broadly similar in women
and men, indicating that there was no difference in diagnostic delay between the sexes.* In
contrast, a Canadian cross-sectional population-based study, including 197,998 individuals with
diabetes, reported that women had a lower likelihood of a diagnostic delay than men based on
the observation that a higher proportion of men had HbA1lc levels >8.0% at the time of diagnosis.®
These observations contribute to the hypothesis that women do not have a longer diagnostic
delay compared to their male counterparts. Nevertheless, studies focusing on sex disparities in
the diagnostic delay of diabetes are limited, and there is no consensus among researchers on
how to correctly estimate the diagnostic delay.®**

Sex disparities in the assessment of cardiovascular risk factors and screening for diabetes-related
complications

In chapter 9, we studied sex disparities in the assessment of cardiovascular risk factors and
screening for diabetes-related complications, concluding that there is no consistent pattern
favouring women or men on a global scale, thereby suggesting that disparities in risk factor
assessment and screening activities in those with diabetes do not account for the higher relative
risk of diabetes-related CVD previously found in women compared with men. Nonetheless, sex
disparities on a national or more regional level could be important obstacles for further improving
diabetes management to the benefit of both sexes. Therefore, national and more local initiatives,
such as clinical audits (i.e. the UK National Diabetes Audit) and electronic healthcare registries (i.e.
the Dutch Julius General Practitioners Network), are important initiatives to provide researchers
with the opportunity to identify the existence of any sex disparities on a smaller scale. These
initiatives not only enable researches to study sex disparities in the assessment of cardiovascular
risk factors and screening for diabetes-related complications on a more national and regional
level, but also enables researchers to study the existence of disparities in specific subgroups (i.e.
type of diabetes, ethnicity, insurance coverage, age, gender-related factors).
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Sex disparities in treatment and achievement of intermediate outcomes

The assessment of cardiovascular risk factors and screening for diabetes-related complications in
those with diabetes is one of the first steps in guiding treatment decisions. No consistent pattern
in sex disparities favouring either women or men in the assessment of cardiovascular risk factors
were identified in chapter 9. However, we argue that other factors related to the uptake and
provision of healthcare, such as disparities in treatment and attainment of intermediate outcomes,
may still be involved in explaining the observed sex differential. Over the previous years, many
studies have assessed sex disparities in the treatment and control of cardiovascular risk factors
in populations with and without diabetes, and results appear to be mixed regarding the presence,
magnitude, and direction of these sex disparities.! Nonetheless, a detailed overview of studies
assessing disparities in treatment and risk factor controlis largely missing, and the extent to which
these disparities may in part explain the observed sex differences in the diabetes-related risk of
CVD remains uncertain. In addition, sex differences in the treatment and control of cardiovascular
risk factors might not be specific to those with diabetes, and therefore less likely to be explanatory
for the sex differences in cardiovascular risk conferred by diabetes.

Some studies have also observed sex disparities in risk factor control among those with diabetes
receiving pharmacological interventions.*“**° In other words, even when treated ‘similarly’, women
may be less likely to achieve treatment targets compared to their male counterparts. For example,
both Dutch cohorts included in this thesis, showed that, among those receiving lipid-lowering
medication, women had a lower likelihood of achieving LDL targets than men.3* Similar results
were observed by several other studies.**" Explanations that underlie these observations may
include sex differences in (1) risk factor levels at the start of pharmacological therapy or change
of risk factor levels; (2) pharmacological treatment regimens; (3) adherence and persistence to
pharmacological therapy; (4) pharmacokinetics and pharmacodynamics, and; (5) lifestyle and
psychosocial related-factors. Sex differences in pharmacological treatment regiments and
differences in adherence and persistence are briefly discussed in the following two paragraphs.

Pharmacological treatment regimens

Back in 1997, a meta-analysis showed that the pattern of blood pressure-lowering medication
prescription differed between men and women. Women with hypertension were more likely to
be prescribed diuretics and less likely to receive 3-blockers, ACE-inhibitors, or calcium-blockers
than men.®® A recently published meta-analysis, including individuals at high risk of (recurrent)
cardiovascular eventsin primary care, reported similar differences in medication prescription, with
women being more often prescribed diuretics, and less likely to use ACE-inhibitors than their male
counterparts.® A retrospective cohort study, including 88,000 US beneficiaries who filled a statin
prescription following hospitalization for Ml, reported that women were less likely to be prescribed
a high-intensity statin than men.* Similar results were reported by a nationwide register study,
including 5,693 individuals with or at high risk of CVD. Women were less likely to receive a
statin prescription (67% vs. 78%), and less likely to receive the guideline-recommended statin
intensity (37% vs. 45%).% This study showed similar sex disparities in the guideline-recommended
statin prescription in a subgroup of individuals with diabetes.>* Reasons for a sex differential in
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pharmacological treatment regimens and the impact of different treatment regiments on CVD risk
require further study. Reasons for sex differences in treatment regiments may include a variety
of explanationsincluding, but not limited to, differences in experiencing adverse effects, severity
of disease, comorbidities, treatment effectiveness, provider or patient preferences, reluctance
to take certain drugs, provider perception of anticipated patient tolerance, and patient-provider
interactions.’***To my knowledge, sex disparities in pharmacological treatment regiments
(i.e. start of the intervention, type of medication prescription, dosing, and up-titration), and its
determinants, have not been extensively evaluated among populations with diabetes, and this
needs to be addressed in future research.

Adherence to pharmacological therapy

Non-adherence to cardiovascular drugs is a widely recognized and challenging problem in
both sexes.! The World Health Organization (WHO) has defined non-adherence as ‘the primary
reason for suboptimal benefit of therapy’.>® Non-adherence undermines the effectiveness of any
pharmacological intervention, and has been associated with increased risk of cardiovascular
events and premature mortality.””*® Despite non-adherence being an important driver of
suboptimal benefit of therapy, underlying determinants, including sex, have not been fully
identified. Several studies have identified female sex as a negative predictor of therapy adherence,
however the impact of sex on adherence may vary per drug type, setting, and underlying
disease.*** For example, a meta-analysis, including 53 studies, observed that men were 10% more
likely to be adherent to statin therapy for primary or secondary prevention, whereas a systematic
review of glucose-lowering medication showed that sex is not a predictor of non-adherence.®% A
retrospective cohort study, including over 3 million US individuals, showed that individuals who
started a statin following an acute Ml were less likely to be non-adherent, whereas those with
diabetes without CHD were more likely to be non-adherent, compared to those without a history
of CHD or diabetes, illustrating the difference of drug adherence in populations with different
clinical characteristics.*

At present, there is a wide range of methodologies used to study non-adherence and its underlying
determinants. However, consensus on how to best measure non-adherence is largely lacking,
in part because non-adherence includes distinct behaviours across different phases of non-
adherence (initiation, implementation, and discontinuation).®2%5%¢ This lack of consensus
precludes direct comparison between studies.®®¢ A systematic review and meta-analysis,
studying blood pressure-lowering medication adherence in individuals with treatment resistant
hypertension, suggested that the type of methodology used to assess non-adherence had
significantimpact on non-adherence estimates across studies.® Highest rates of non-adherence
were found in studies using direct measures of non-adherence (i.e. measurement of drug
compounds in body fluids).® Although different methodologies yield varying estimates of non-
adherence, each type of methodology has its own strengths and limitations, thereby providing
different forms of information that may contribute to our understanding of non-adherence. For
example, subjective measures of non-adherence (i.e. self-reported through questionnaires) are
prone to many biases, but also offers researchers the opportunity to study underlying reasons
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of non-adherence (i.e. underestimation of disease risk, experience and perception of side effects
) in a way objective methodologies cannot.® Many objective measures of non-adherence (i.e.
refill data) do not directly measure medication-taking behaviour, but provide information about
medication-collection behaviour.®*™ Even the Medication Event Monitoring System (MEMS) does
not directly measure medication-taking behaviour, but rather measures package opening.®
Direct measures of medication-taking behaviour, include direct observation of drug taking and
measuring drug compounds in body fluids. Nonetheless, the use of direct observations is mostly
impractical in most research settings, whereas measurement of drug compounds in body fluids
only gives information about the short-term drug usage.” Given the wide variety of methodologies
used to study non-adherence and given that each type of methodology contributes to our
understanding of non-adherence in a different way, future studies should include a combination
of non-adherence measures to improve our understanding of non-adherence and to identify
determinants of non-adherence including sex.*®

Sex differences in biology

Although men and women are alike in many ways, they are biologically different. For that reason,
as briefly discussed in chapter 2, the underlying mechanisms of the observed sex differential may
very well be due to biological differences between men and women. Given that these biological
differences are largely beyond the scope of the work presented in this thesis, | will only briefly
touch upon them with a focus on differences in (1) fat metabolism and body anthropometry,
and; (2) sex hormones.

Differences in fat metabolism and body anthropometry

Given the observation that, on average, women with (newly diagnosed) diabetes have a higher BMI
than men, and given the pronounced differences in fat metabolism between men and women in
general, it has been hypothesized that sex differences in fat metabolism and body anthropometry
might play a significant role in explaining the observed sex differential in diabetes-associated
cardiovascular risk.1%4247273 While adipose tissue serves as the primary site for energy storage,
itis also one of the largest endocrine organs in the human body.” Although adipose tissue has
been associated with increased risk of cardiometabolic disorders, such as type 2 diabetes and
CVD, it is becoming increasingly apparent that different types of adipose tissue exert different
metabolic effects.! While subcutaneously stored peripheral (lower body) fat has been linked
to lower cardiometabolic risk, abdominal and ectopic adiposity are associated with increased
insulin resistance, postprandial glucose, free fatty acids, triglycerides and low-grade chronic
inflammation.”™" In addition, subcutaneously stored fat in the abdominal region may exert
different metabolic effects in comparison to subcutaneously stored lower body fat.”” Given the
observation that, on average, premenopausal women are more likely to store fat subcutaneously
in the gluteofemoral region (lower body), and men more likely to store fat in the abdominal region,
ithas been hypothesized that sex differences in the preferred location of fat storage may provide
women with more cardiometabolic reserves.’ As a consequence, men need to gain less weight
and progress more quickly to insulin resistance and diabetes, whereas women need to put on
more weight and other cardiovascular risk factors may need to deteriorate further before reaching
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the amount of abdominal and ectopic fat required to develop type 2 diabetes Data from the UK
Clinical Practice Research Datalink supports this hypothesis by showing that differences in weight,
blood pressure, and levels of HDL at the time of diabetes diagnosis were larger in women than
in men, when compared to those without diabetes.’® Whereas men tend to be diagnosed with
diabetes at lower BMI, a recently published Mendelian randomization study showed that BMI is
more strongly associated with the development of type 2 diabetes in women compared to men.”
Some studies have also suggested that the strength of the association between different types
of adiposity and cardiometabolic risk may differ between women and men, with accumulation
of visceral adiposity being particular detrimental among women.>"""% Gjven the pronounced
differences in fat metabolism and body anthropometry between women and men, and the
complexity of fat metabolism itself, more research is needed to improve our understanding of
the sex-specific effects of adipose tissue. Detailed information of body composition and body
fat distribution has been provided by the UK Biobank using DEXA scans and MRI.®*% These data
provides researchers with the unique opportunity of studying the sex-specificimpact of fat storage
subtypes and the relative distribution of adipose tissue on the development of cardiometabolic
disease.

Sex hormones, diabetes, and cardiovascular disease

Women and men are fundamentally different when it comes to the expression of sex hormones,
and these sex hormones underlie many biological differences between women and men. For that
reason, the excess risk of diabetes-associated CVD in women could in part be due to hormonal
differences. Sex hormones are involved in many pathways beyond the reproductive system,
including those related to cardiovascular health, obesity, glucose metabolism, inflammation,
pharmacodynamics and pharmacokinetics, and it has been shown that these hormones exert
different effects in women and men .84 At present, it is well recognized that women develop CVD
on average 7 to 10 years later than men, which resulted in the hypothesis that the exposure to
oestrogens during the reproductive period of life has a cardioprotective effect in women #8" This
hypothesisis strengthened by the observation that women with premature or early menopause
are atincreased risk of CVD, compared to those with normal or late menopause.®-° The amount
of adipose tissue and body fat distribution are associated with sex hormones in a bidirectional
fashion in both sexes. White adipose tissue is the primary source of oestrogen in men and
postmenopausal women.® Postmenopausal women have been observed to shift from a ‘pear-
shaped’ fat distribution prior to menopause, with fat storage in the gluteofemoral region, to a
more android fat distribution with abdominal adiposity (‘apple-shaped distribution’), which is
mostly seen in men. In men, abdominal obesity has been associated with low levels of androgen
and increased levels of oestrogens.® Testosterone has been reported to have an ambivalent
role in women and men. Low levels of testosterone in men have been associated with impaired
glucose homeostasis and type 2 diabetes, whereas women with higher levels of testosterone are
atincreased risk of developing type 2 diabetes and have worse cardiovascular risk profiles.8>-93
Studying the sex-specificimpact of reproductive hormones is complex, especially given the cyclic
fluctuations in hormone levels among women. Therefore, the impact of sex hormones on the
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excess risk of cardiovascular complications, as a consequence of diabetes, are uncertain and
require further study.

Aspects to take into consideration when interpreting the findings of this thesis

Low response rate and ‘healthy volunteer’ bias in the UK Biobank cohort

Half the studies presented in this thesis made use of data from the prospective UK Biobank
cohort. One of the strengths of well-designed cohort studies, including extensive phenotypic
(and genotypic) detail of the participants, is that they allow researchers to study the association
between many determinants and health-related outcomes.** In many instances, randomized-
controlled trials are not ethically or practically feasible, and prospective cohort studies may offer
good alternatives.® However, one of the limitations of prospective cohort studies, like the UK
Biobank, is that these cohorts are prone to selective non-response. Participants are required to
fill in long questionnaires, undergo extensive physical exams, and are required to travel to the
research facilities, all which may be too burdensome for many reasons. The 5.5% response rate
of the UK Biobank was low, with evidence of a ‘healthy volunteer’ bias.*** The low response
rate, combined with evidence of a ‘healthy volunteer’ bias, has led to much debate about the
generalisability of the determinant-outcome relations within the UK Biobank.**% It has been
argued, however, that generalisability of the determinant-outcome relations can be assured
because the determinantsincluded in the UK Biobank showed sufficient variance and the study
sizeis large.” It has also been argued that prospective studies do not need to be representative
to the whole population to produce generalizable results into etiology.!® For example, other
cohort studies that included highly selected populations, such as the Framingham Heart Study,
the British Doctor’s Study, and the Nurses’ Health Study, have provided many insights on health
and disease that go well beyond the highly selected populations included in these cohorts®1%
Nonetheless, given that sex differences in the cardiovascular consequences of diabetes are
not unique to the UK, and the notion that the UK Biobank is biased towards the more health
conscious part of the UK society, it is important to undertake complementary work in other
study populations as well.

Type 1 diabetes

This thesis mainly focused on diabetes in general, while acknowledging that most individuals with
diabetes would have been diagnosed with type 2 diabetes. Therefore, the results of this thesis
will mostly be applicable to those with type 2 diabetes. Nonetheless, as with type 2 diabetes,
there is accumulating evidence that type 1 diabetes is a stronger risk factor for cardiovascular
complications in women than in men.’*¢1% As with diabetes in general, the exact mechanisms
underpinning the excess cardiovascular risk in women as a consequence of type 1 diabetes are
uncertain and need further study.

Mathematical explanation

Apart from disparities in the uptake and provision of healthcare and intrinsic differences in
biology, there may also be a simple mathematical explanation as to why women, compared to
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men, experience higher relative risk of diabetes-related cardiovascular complications. Women
generally have a lower absolute risk of macrovascular disease than men. Consequently, a similar
increase in cardiovascular events, in the consequence of diabetes, should result in a higher relative
effect in women 111 This mathematical explanation is supported by the observation that sex
differences in relative risks for CVD decrease with increasing age, that is, as the absolute risk
of CVD increases.!'2 However, meta-analyses of sex differences in the association between
systolic blood pressure and BMI with CHD showed no sex differences in relative risks.}**1 Thus,
the association between cardiovascular risk factors and CVD does not inevitably result in a higher
relative risk in women. In addition, some studies have shown that women with type 1 diabetes
have nearly the same absolute CVD risk as observed in men, while having lower baseline rates.**11#
In other words, although women without type 1 diabetes have fewer CHD events than men, this
advantage is lost in the context of type 1 diabetes. Additionally, a large meta-analysis, studying
sex differences in the association between type 1 diabetes and all-cause and cause-specific
mortality, reported that large sex differences were found in studies with little sex differences in
baseline mortality and studies in which baseline mortality rates were higher in women than in
men.% Thus, it seems unlikely that the finding of a greater relative risk of major CVD associated
with diabetes in women, compared with men, is an inevitable consequence of women’s lower
absolute rates, compared with men,106:110.111

Conclusion and recommendations for future research

While progress has been made towards understanding the underlying mechanisms of women’s
higher relative risk of diabetic cardiovascular complications, many uncertainties remain. Future
research to understand these mechanisms would contribute to more awareness of the sex- and
gender-specific risk factors, and could ultimately result in more personalized diabetes care to
reduce the burden of CVD in women and men. Reflecting on the key findings of this thesis and the
topics discussed in the discussion, several recommendations for future research will be presented
in the following paragraph and subsequently summarized in figure 1.

Recommendations for future research
The numbers of the ‘recommendations for future research’ refer to the numbers presented in
figure 1.

1+ 2. Majority of the work presented on sex differences in the risk of diabetes-related
macrovascular disease has focussed on individuals with established diabetes. However,
sex-specific effects and sex differences in the underlying pathophysiology and aetiology
of diabetes have been less well studied. Given the observation that the underlying
pathophysiological mechanisms of prediabetes and diabetes might differ between the
sexes, it may be worthwhile to take a step back and study sex differences in the causal
pathway of diabetes itself.
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5+T7.

General discussion

Albeit not yet extensively studied, differences in the sex-specific distribution of IFG, IGT,
and elevated HbAlc have been reported.’® Future studies are required to study whether
these separate markers of glucose homeostasis differentially relate to the progression of
type 2 diabetes and subsequent development of cardiovascular complications in women
and men.

Prevention and delay of diabetes-related complications, including cardiovascular events,
depend on the early diagnosis of diabetes and subsequent interventions.?”?° Nonetheless,
many individuals with diabetes are unaware of having the disease?’, and it is uncertain
whether men and women have different lengths of diagnostic delay. Studies focusing on
sex disparities in the diagnostic delay of diabetes are limited, and there is no consensus
among researchers on how to correctly estimate the diagnostic delay. However, prospective
cohorts and (national) biobanks, preferably with repeated measurements over time, may
offer new opportunities for future research. For example, linking repeated measurements
of glucose metabolism in study settings to electronic healthcare data may offer researcher
the opportunity of measuring the time between an abnormal measurement indicating
diabetes and the date of diabetes diagnosis recorded in the corresponding health record.

At present, many studies have assessed sex disparities in the treatment of cardiovascular
risk factors and achievement of risk factor control. However, a comprehensive overview of
these studies is largely missing, and the extent to which these disparities may in part explain
the observed sex differences in diabetes-related cardiovascular risk remains uncertain.
Therefore, as a future study it would be useful to perform a systematic review to summarize
the findings of the existing studies and potentially elucidate gaps for further research.

Optimal adherence is essential in the successful management of diabetes in both sexes.
Identifying and understanding sex differences in medication adherence is of major
importance to be able to furtherimprove healthcare in both women and men. Since there is
no golden standard for the assessment of non-adherence, and given that the different type
of methodologies harbour different forms of information, new studies should present and
compare various measurement approaches including direct and indirect measures of non-
adherence.®® Furthermore, when studying sex differences in medication adherence, one
might consider to compare adherence in populations with different clinical characteristics
to determine whether the extent of sex differences in non-adherence are different in those
with diabetes compared to those without diabetes.

263




Chapter 10

Figure 1. Recommendations for future research. The mechanisms underpinning the excess risk of major car-
diovascular disease consequent to diabetes in women is multifactorial and may include disparities in biology
and disparities in the uptake and provision of healthcare. While progress has been made towards understand-
ing these underlying mechanisms, many uncertainties remain. Therefore, future studies are needed to improve
our understanding of these underlying mechanisms. Potential differences between women and men 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. The green-coloured
box displays normal glucose metabolism, and the red-coloured boxes display negative events (i.e., type 2 diabetes,
cardiovascular complications) irrespective of the sexes. The numbers presented in the figure refer to the section
‘recommendations for future research’. (Figure adapted from de Ritter et al., 2020").
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Summary

Sex and gender are fundamental drivers of health and there are sex and gender differences across
many biomedical areas. For example, there is compelling evidence showing that diabetes is a
stronger risk factor for the development of major cardiovascular complications in women than
men. The mechanisms underpinning this sex difference have yet to be unravelled. The overarching
objective of this thesis was to provide further insight in the mechanisms underpinning the sex
differential observed in the risk of macrovascular disease consequent to diabetes.

While the work presented in this thesis has sex and gender elements,

the term ‘sex’is used to improve readability.

Sex differences in both biological factors as in the uptake and provision of health care may
contribute to women'’s higher relative risk of diabetic vascular complications. In chapter 2,
an overview is provided of the current knowledge regarding the role of sex differences in both
biological factors, with a specific focus on differences in adipose tissue, and management of
diabetes.

In chapter 3, we provide an overview of several statistical methods that can be used to obtain
sex-specific estimates and estimates of sex differences. Although sex-specific analyses are
increasingly performed, they typically dismiss the potential impact of sex-specific confounding,
that is, sex differences in the impact of confounders on the sex-specific risk factor - disease
estimates. This potentially leads to erroneous conclusions. Common statistical approaches to
assess sex differences in risk factor - disease associations are (1) stratification by sex and (2) the
use of a single interaction term with sex. In the first approach, associations are studied in separate
strata for men and women, and, as such accounts for sex-specific confounding. However, as two
models are used, estimates of sex differences cannot be extracted from the same model. In the
second approach, the single interaction model, an interaction term between sex and the risk
factor of interest is included in the model, together with potential confounders. The advantage of
the second approach is that estimates of sex differences can be extracted from the same model.
However, the second approach does not adjust for sex-specific confounding. This problem can be
circumvented by a third approach, the full interaction model, in which interaction terms between
sex and each variable are included the model. Using this approach, one adjusts for sex-specific
confounding whilst also being able to extract sex-specific effects and sex differences from the
same model. Using data from the UK Biobank, including 471,929 participants with no history
of CVD, we demonstrated that the estimates of sex differences could be biased if sex-specific
confounding is not considered in the model or accounted for through stratification. As such, we
recommend the use of a full interaction model including interaction terms between sex and each
of the variables in the model.

While diabetes has shown to be a stronger risk factor for myocardial infarction (Ml) in women than

men, it is unknown whether sex differences exist across the glycaemic spectrum. In chapter 4,
we examined the association between diabetes status (no diabetes, prediabetes, undiagnosed
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diabetes, and diagnosed diabetes) and glycated haemoglobin (HbA1lc) with the risk of MI. Data
was used from 471,399 (56% women) individuals without CVD included in the UK Biobank. Sex-
specific incidence rates were calculated by diabetes status and across levels of HbAlc, using
Poisson regression. Cox proportional hazards analyses estimated sex-specific hazard ratios (HR)
and women-to-men ratio of HRs by diabetes status and HbAlc for Ml during a mean follow-up of
9 years. Although the incidence of Ml was considerably higher in men than women for diabetes
status and across levels of HbAlc, the presence of previously diagnosed diabetes was associated
with a greater relative risk of Ml in women than men. Prediabetes was associated with an increased
risk of Ml in both sexes, with evidence for stronger effects in women than men. However, this
sex difference attenuated to unity and was no longer statistically significant in analyses that
also accounted for sex-specific confounding effects. Similarly, whilst our analyses that did not
accounted for sex-specific confounding showed that the relationship between HbAlc and the risk
of Ml was stronger in women than in men, accounting for sex-specific confounding demonstrated
thata 1% increase in HbAlc was associated with a 18% greater risk of Ml in both sexes.

Individuals with diabetes are also at increased risk of poor outcomes in Coronavirus disease
2019 (COVID-19), including death. Whether the excess risk of COVID-19 mortality associated with
impaired glucose tolerance and diabetes is different between women and men is uncertain. In
chapter 5, we used data from the UK Biobank to investigate the sex-specific associations, and sex
differences, between diabetes status, HbAlc, and risk of COVID-19 mortality. As comparison, we
also examined sex-specific associations and sex differences of death by influenza/pneumonia, a
major cause of death from respiratory disease prior to the COVID-19 pandemic, and fatal coronary
heart disease (CHD), a condition for which sex differences are well established. Diabetes was found
to be associated with greater risk of death from COVID-19 (HR 1.52 in women vs. 1.73 in men),
influenza/pneumonia (HR 2.06 in women vs. 1.80 in men), and CHD (HR 3.17 in women vs. 1.93
in men), in both sexes. No statistically significant sex differences were found for the association
of diabetes and HbAlc with COVID-19 or influenza/pneumonia mortality. Prediabetes, diabetes,
and HbAlc were more strongly associated with fatal CHD in women than men. There are no sex
disparities in the effects of diabetes on death from COVID-19 or influenza/pneumonia.

In chapter 6, we examined whether there are sex differences in the association of diabetes
duration with the risk of CVD, and separately for Ml and stroke. Data were used from 18,961 (40%
women) individuals with type 2 diabetes without a history of CVD in the UK Biobank. Sex-specific
incidence rates were calculated by diabetes duration, using Poisson regression. Cox proportional
hazard analyses estimated multiple-adjusted sex-specific HRs and women-to-men RHRs by
diabetes duration categorized (< 5; = 5-< 10; 210 years) and per 5-year increase in duration for
CVD, and separately for Ml and stroke. This study found that duration of diabetes is independently
associated with a greater risk of CVD, MI, and stroke, in women and men, without evidence of sex
differences in the strength of the association. In both sexes, a 5-year increase in diabetes duration
was associated with an approximately similar excess risk of CVD, Ml, and stroke of about 20%.
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In chapters 7 and 8, we studied sex disparities in the management of diabetes and cardiovascular
complications using two Dutch cohorts: the Julius General Practitioners Network (JGPN) (chapter
7) and the Diabetes Pearl Cohort (chapter 8). The JGPN is a large ongoing dynamic cohort of
primary care patients that anonymously extracts routine healthcare data from electronic records
atone of theincluded general practices in Utrecht and vicinity, the Netherlands. Cross-sectional
data from 12,512 individuals with diabetes from 2013 were used to assess sex differences in risk
factor levels, assessment, treatment, and control. The Diabetes Pearl cohortis an observational
cohort involving eight Dutch academic medical centres including 6,637 individuals with type 2
diabetes receiving primary or secondary/tertiary care. Overall, we found that sex differences
in risk factor assessment, treatment, and control of Dutch individuals with diabetes are small.
Women with diabetes had slightly different cardiometabolic risk profiles compared with men
and a substantially higher BMI.

Further insight in sex disparities concerning the detection of cardiovascular risk factors and
diabetes-related complications may improve diabetes care. In chapter 9, which involves a
systematic review, we explored sex disparities in the assessment of cardiovascular risk factors
and screening for diabetes-related complications. PubMed was systematically searched up to
April 2020, followed by manual reference screening and citation checks (snowballing) using
Google Scholar. Observational studies were included if they reported on the assessment of
cardiovascular risk factors (HbAlc, lipids, blood pressure, smoking status, or BMI) and/or screening
for nephropathy, retinopathy, or performance of feet examinations, in women and men with
diabetes separately. Studies adjusting their analyses for at least age, or when age was considered
as a covariable but left out from the final analyses for various reasons (i.e. backward selection),
were included for qualitative analysis. No meta-analyses were planned because substantial
heterogeneity between studies was expected. Overall, 81 studies were included. The majority
of the included studies were from Europe or North America (84%). The number of individuals
per study ranged from 200 to 3,135,019, and data were extracted from various data sources in a
variety of settings. Screening rates varied considerably per study outcome and across studies.
For example, screening rates for retinopathy ranged from 13% to 90%, with half the studies
reporting screening rates less than 50%. Mixed findings were found regarding the presence,
magnitude, and direction of sex disparities with regard to the assessment of cardiovascular risk
factors and screening for diabetes-related complications, with some evidence suggesting that
women, compared with men, may be more likely to receive retinopathy screening and less likely to
receive foot exams. Assessment of cardiovascular risk factors and screening for diabetes-related
complicationsis critical in guiding treatment decisions. The study demonstrates that there is no
consistent pattern in screening activities favouring women or men, suggesting that disparities in
risk factor assessment and screening activities do not account for the higher relative risk of CVD
conferred by diabetes previously found in women compared with men.

In chapter 10, we conclude by discussing the main findings of this thesis and explore implications

for future research. While progress has been made towards understanding the underlying
mechanisms of women’s higher relative risk of diabetic cardiovascular complications, many
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uncertainties remain. Future research to understand these mechanisms is needed to increase
the awareness of the sex- and gender-specific risk factors and may ultimately result in more
personalized diabetes care to reduce the burden of CVD in women and men.
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Geslacht en gender zijn belangrijke determinanten voor ziekte en gezondheid. Zo vormt
bij vrouwen diabetes een sterkere risicofactor voor de ontwikkeling van cardiovasculaire
complicaties dan bij mannen. De mechanismen die aan dit man-vrouw verschil ten grondslag
liggen zijn onduidelijk en meer onderzoek daarna is noodzakelijk. Nieuwe inzichten in de
geslachtsspecifieke aspecten van diabetes en cardiovasculaire complicaties kunnen mogelijk
bijdragen aan veranderingen in de richtlijnen voor preventie en behandeling van diabetes en
diabetes-gerelateerde complicaties en daarmee de zorgverlening voor mannen en vrouwen verder
optimaliseren. Het overkoepelende doel van dit proefschrift was dan ook om meer inzicht te
verkrijgen in de mechanismen die ten grondslag liggen aan het man-vrouw verschil dat wordt
waargenomen in het risico op cardiovasculaire complicaties ten gevolge van diabetes.

Hoewel het werk dat in dit proefschrift wordt gepresenteerd zowel geslacht als genderelementen bevat,

wordt de term ‘geslacht’ gebruikt om de leesbaarheid te verbeteren.

Verschillen tussen mannen en vrouwen met betrekking tot biologische eigenschappen als ook
verschillenin de zorgverlening en het zorggebruik dragen mogelijk bij aan het man-vrouw verschil
in het risico op cardiovasculaire complicaties ten gevolge van diabetes. In hoofdstuk 2 wordt een
overzicht gegeven van de huidige kennis over de rol van man-vrouw verschillen met betrekking tot
(1) biologische factoren, met een specifieke focus op lichaamssamenstelling en voorkeurslocaties
van vetopslag, en (2) zorggerelateerde verschillen.

In hoofdstuk 3 wordt een overzicht gegeven van verschillende statistische methoden die kunnen
worden gebruikt om geslachtsspecifieke schattingen en schattingen van geslachtsverschillen
te verkrijgen. Hoewel geslachtsspecifieke analyses steeds vaker worden uitgevoerd, wordt de
mogelijke impact van geslachtsspecifieke confounding niet altijd meegenomen in de analyses, dat
wil zeggen, geslachtsverschillen in de impact van confounders op de te onderzoeken associatie
tussen determinant en uitkomst van interesse. Dit leidt mogelijk tot onjuiste conclusies. Veelvuldig
gebruikte statistische methoden om geslachtsverschillen in de associatie tussen determinant en
uitkomst van interesse te analyseren omvatten (1) stratificatie naar geslacht en (2) het gebruik van
een enkele interactieterm met geslacht. Met de eerste methode worden associaties bestudeerd
in afzonderlijke strata voor mannen en vrouwen en corrigeert men daarmee automatisch voor
geslachtsspecifieke confounding. Aangezien er echter twee modellen worden gebruikt, kunnen
schattingen van geslachtsverschillen niet uit hetzelfde model worden gehaald. Met de tweede
methode, het enkelvoudige interactiemodel, wordt een interactieterm tussen geslacht en de
determinant aan het model toegevoegd. Additioneel worden mogelijke confounders in het model
opgenomen. Het voordeel van de tweede benadering is dat schattingen van geslachtsverschillen
uit hetzelfde model kunnen worden geéxtraheerd. De tweede benadering corrigeert echter
niet voor geslachtsspecifieke confounding. Dit probleem kan worden omzeild door een derde
statistische methode, namelijk het toepassen van een volledige interactiemodel, waarin
interactietermen tussen geslacht en elke variabele (determinant en confounders) aan het model
worden toegevoegd. Met deze benadering corrigeert men voor geslachtsspecifieke confounding,
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terwijl men ook geslachtsspecifieke effecten en geslachtsverschillen uit hetzelfde model kan
extraheren. Met behulp van data verkregen uit de UK Biobank toonden we aan dat de schattingen
van geslachtsverschillen vertekend kunnen zijn als geslachtsspecifieke confounding niet in het
model wordt meegenomen. Daarom raden we het gebruik van een volledig interactiemodel aan.

Hoewel voormalige systematische reviews en meta-analyses hebben aangetoond dat diabetes
een sterkere risicofactor is voor het ontwikkelen van een myocardinfarct (M) bij vrouwen dan bij
mannen, is vooralsnog onbekend of deze man-vrouw verschillen ook bestaan over het glycemische
continuim. In hoofdstuk 4 zijn daarom de geslachtsspecifieke associaties en geslachtsverschillen
met betrekking tot diabetes status (geen diabetes, prediabetes, niet-gediagnosticeerde
diabetes en gediagnosticeerde diabetes), HbAlc en het risico op Ml onderzocht. Voor deze
studie is data gebruikt van 471.399 (56% vrouwen) studiedeelnemers aan de UK Biobank. Deze
studiedeelnemers hadden geen hart- en vaatziekten in de voorgeschiedenis. Middels Poisson
regressie zijn geslachtsspecifieke incidentiecijfers berekend voor diabetes status en verschillende
HbAlc niveaus. Middels ‘Cox proportional hazards’ analyses zijn geslachtsspecifieke hazard ratio’s
(HR) en geslachtsverschillen verkregen voor de associatie tussen diabetes status, HbAlc en het
risico op MI. De incidentie van Ml was bij mannen hoger dan bij vrouwen voor zowel diabetes status
als de verschillende HbA1c niveaus. Echter een voorgeschiedenis van diabetes werd geassocieerd
met een groter relatief risico op MI bij vrouwen dan bij mannen. Prediabetes en een toename
van 1% HbAlcvormden een verhoogd risico op Ml in beide geslachten, met bewijs voor sterkere
effecten bij vrouwen dan bij mannen. Dit geslachtsverschil was echter niet langer statistisch
significant in de analyses die ook rekening hielden met geslachtsspecifieke confounding.

Naast een verhoogd risico op hart- en vaatziekten vormt diabetes ook een risicofactor voor een
gecompliceerd verloop van COVID-19 inclusief een verhoogd risico op overlijden. Het is echter
onduidelijk of het risico op een gecompliceerd beloop op COVID-19 dat wordt gezien bij individuen
met diabetes ook verschillend is tussen vrouwen en mannen. In hoofdstuk 5 is data van de UK
Biobank gebruikt om de geslachtsspecifieke associaties en geslachtsverschillen tussen diabetes
status, HbA1c en het risico op COVID-19-mortaliteit te onderzoeken. Ter vergelijking zijn ook de
geslachtsspecifieke associaties en geslachtsverschillen van overlijden door influenza/pneumonie
(een belangrijke doodsoorzaak door luchtwegaandoeningen voorafgaand aan de COVID-19
pandemie) en fatale coronaire hartziekte (CH) (een aandoening waarbij geslachtsverschillen
welbekend zijn) onderzocht. De resultaten van de studie toonden aan dat diabetes het risico
verhoogd op overlijden door COVID-19 (HR 1,52 bij vrouwen vs. 1,73 bij mannen), influenza/
pneumonie (HR 2,06 bij vrouwen vs. 1,80 bij mannen) en fataal CH (HR 3,17 bij vrouwen vs. 1,93
bij mannen) bij beide geslachten. Er werden geen statistisch significante geslachtsverschillen
gevonden voor de associatie tussen diabetes en HbAlc met het risico op sterfte door COVID-19 of
influenza/pneumonie. Daarentegen waren prediabetes, diabetes en HbAlc sterker geassocieerd
met het risico op sterfte door CH bij vrouwen dan bij mannen.

In hoofdstuk 6 is onderzocht of er sprake is van geslachtsverschillen in de associatie tussen
diabetesduur en het risico op hart- en vaatzieken en afzonderlijk voor Ml en beroerte. Voor deze
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studie is data gebruikt van 18.961 (40% vrouwen) studiedeelnemers aan de UK Biobank. Deze
deelnemers hadden diabetes type 2 zonder een voorgeschiedenis van hart- en vaatziekten.
Middels Poisson regressie zijn geslachtsspecifieke incidentiecijfers berekend voor diabetesduur.
Middels ‘Cox proportional hazards’ analyses zijn geslachtsspecifieke associatiematen en
geslachtsverschillen in de associatie tussen diabetesduur (<5; = 5- <10; = 10 jaar en per 5-jaar)
en hart- en vaatziekten (en afzonderlijk voor Ml en beroerte) berekend. De resultaten uit deze
studie laten zien dat de duur van diabetes een hoger risico geeft op het ontwikkelen van hart- en
vaatziekten, Ml en beroerte bij zowel mannen als vrouwen zonder bewijs voor geslachtsverschillen
in de sterkte van de associatie. Bij zowel mannen als vrouwen was een 5 jaar langere diabetesduur
geassocieerd met een ongeveer vergelijkbaar verhoogd risico op hart- en vaatziekten, Ml en
beroerte van ongeveer 20%.

In de hoofdstukken 7 en 8 hebben we onderzocht of er verschillen tussen vrouwen en
mannen bestaan met betrekking tot de behandeling van diabetes en het cardiovasculaire
risicomanagement. Voor deze studies is data gebruikt van twee Nederlandse cohorten: het
Julius Huisartsen Netwerk (JHN) (hoofdstuk 7) en de Diabetes Parel van het Parelsnoer instituut
(hoofdstuk 8). Het JHN is een groot doorlopend dynamisch cohort van eerstelijns patiénten
van aaneengesloten huisartsenpraktijken in en nabij Utrecht, waarvan routinematig data uit
elektronische medische dossiers wordt geéxtraheerd. Cross-sectionele data afkomstig uit 2013
van 12.512 studiedeelnemers met diabetes is gebruikt om geslachtsverschillen in de behandeling
van diabetes en het cardiovasculaire risicomanagement te onderzoeken. De Diabetes Parel
van het Parelsnoer instituut, welke data bevat van 6.637 studiedeelnemers met diabetes type
2 die primaire of secundaire / tertiaire zorg ontvangen, is een observationeel cohort waarbij
acht Nederlandse academische medische centra betrokken zijn. De resultaten uit deze studies
toonden aan dat geslachtsverschillen in de behandeling van diabetes en het cardiovasculaire
risicomanagement in Nederland klein zijn. Vrouwen met diabetes hadden een iets ander
cardiometabool risicoprofiel dan mannen en een aanzienlijk hogere body mass index (BMI).

Meer inzicht in het bestaan van geslachtsverschillen met betrekking tot de screening op
cardiovasculaire risicofactoren en diabetes-gerelateerde complicaties kan bijdragen aan
het optimaliseren van de diabeteszorg. In hoofdstuk 9, dat een systematisch review omvat,
is onderzocht of er verschillen bestaan tussen vrouwen en mannen met diabetes in de mate
waarop zij screening ontvangen voor cardiovasculaire risicofactoren en het hebben van diabetes-
gerelateerde complicaties. Voor deze studie is gebruik gemaakt van een literatuurscreening
middels PubMed, gevolgd door Snowballing waarbij gebruik is gemaakt van Google Scholar.
Observationele studies werden geincludeerd indien ze rapporteerden over het screenen van
cardiovasculaire risicofactoren (HbA1c, lipiden, bloeddruk, rookstatus of BMI) en/of screening op
nefropathie, retinopathie of het onderzoeken van de voeten, bij zowel vrouwen als mannen met
diabetes. Studies die hun analyses adjusteerden voor ten minste leeftijd, of wanneer leeftijd als
een covariabele werd beschouwd maar om verschillende redenen (0.a. ‘backward selection’) werd
weggelaten uit de uiteindelijke analyses, werden geincludeerd voor kwalitatieve analyse. Vooraf
is besloten om geen meta-analyses uit te voeren, omdat een substantiéle heterogeniteit tussen
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de te includeren studies werd verwacht. In totaal zijn 81 studies geincludeerd. Het merendeel
van de geincludeerde studies was afkomstig uit Europa of Noord-Amerika (84%). Het aantal
studiedeelnemers per studie varieerde van 200 tot 3.135.019. De percentages screening voor
risicofactoren en diabetes-gerelateerde complicaties varieerden aanzienlijk per uitkomstmaat
en tussen de geincludeerde studies. De screeningspercentages voor retinopathie varieerden
bijvoorbeeld van 13% tot 90%, waarbij de helft van de studies screeningpercentages van minder
dan 50% rapporteerden. Vrouwen hadden meer kans op het ontvangen van retinopathiescreening
dan mannen, terwijl mannen meer kans hadden op het ontvangen van voetonderzoek.
Duidelijke geslachtsverschillen voor screening van de overige cardiovasculaire risicofactoren
en diabetes-gerelateerde complicaties ontbraken. Tijdige screening op het voorkomen van
cardiovasculaire risicofactoren en diabetes-gerelateerde complicaties is van cruciaal belang bij
het maken van een behandelstrategie. Deze studie toonde aan dat er geen consistent patroon is
in screeningsactiviteiten in het voordeel van vrouwen of mannen. Dit suggereert dat verschillen
in screening geen verklaring vormen voor het hogere relatieve risico op hart- en vaatziekten bij
vrouwen ten gevolge van diabetes.

In hoofdstuk 10 wordt afgesloten met het bespreken van de belangrijkste bevindingen van
dit proefschrift. Daarnaast worden in dit hoofdstuk aanbevelingen voor toekomstig onderzoek
gegeven. Hoewel er vooruitgang is geboekt in het verkrijgen van inzicht in de mechanismen
die ten grondslag liggen aan het man-vrouw verschil dat wordt waargenomen in het risico
op cardiovasculaire complicaties ten gevolge van diabetes, blijven er nog veel onzekerheden
over deze mechanismen bestaan. Verder onderzoek naar mogelijke geslachtsverschillen in
de (1) onderliggende pathofysiologie en etiologie van prediabetes en diabetes, (2) vertraging
van het stellen van de diagnose diabetes en (3) therapietrouw is nodig om deze onderliggende
mechanismen verder te ontrafelen.
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Dankwoord

Het zit er (bijna) op! Het schrijven van een proefschrift is een proces waarbij veel mensen betrokken
zijn. Aangekomen aan het einde van mijn promotietraject wil ik dan ook graag iedereen die heeft
bijgedragen aan dit proefschrift en iedereen die mij de afgelopen jaren heeft aangemoedigd en
gesteund bedanken. Een aantal mensen wil ik graag in het bijzonder bedanken.

Allereerst natuurlijk mijn promotieteam dat werd gevormd door prof. dr. M.L. Bots, prof. dr. M.
Woodward, dr. S.A.E. Peters en dr. R.C. Vos. Bedankt dat jullie mij de kans hebben gegeven
om aan dit onderzoek te werken. Ik had me geen fijner promotieteam kunnen wensen. Bedankt
voor alles!

Prof. dr. M.L. Bots, beste Michiel, zelf kan ik nog wel eens beren op de weg zien en jouw denken in
‘mogelijkheden in plaats van beren’ was dan ook ontzettend inspirerend. Ik wil je bedanken voor
aljeinhoudelijke feedback en persoonlijke betrokkenheid. Het binnenwandelen op de werkkamer,
de traktaties tijdens Sinterklaas, je enthousiasme tijdens alle weekstarts, je telefoontjes (vanuit
thuis op de trap) en je ‘huis’ bezoek heb ik altijd ontzettend gewaardeerd.

Prof. dr. M. Woodward, dear Mark, at a later time during my PhD trajectory you were asked to
become part of my PhD team. Nonetheless, you were involved with all of the projects from the
start of my PhD adventure. Thank you for giving me the opportunity to work with the UK Biobank
data. | really appreciated your expertise and | am very happy that you became part of my PhD
team. It was inspiring to work with you!

Dr. S.A.E. Peters, beste Sanne, drie jaar lang hebben we elkaar bijna wekelijks gesproken. Ik wil
je bedanken voor alle fijne gespreken en je betrokkenheid. Jouw gedrevenheid, kennis en ervaring
hebben mij geinspireerd. Dank voor jouw fijne begeleiding en betrokkenheid de afgelopen jaren!

Dr. R.C. Vos, beste Rimke, ik kon bij jouw terecht voor inhoudelijke vragen, maar ook op
persoonlijk vlak was je er altijd voor mij. Wat vond ik het dan ook jammer om te horen dat je
het Julius Centrum zou gaan verruilen voor nieuwe uitdagingen die lagen in Den Haag. Gelukkig
bleef je mijn copromotor en ben je zelfs meermaals afgereisd naar Utrecht om persoonlijk bij de
overleggen aanwezig te kunnen zijn. Helaas bracht Corona roet in het eten en heb ik je maar één
keer in Den Haag kunnen bezoeken. Als copromotor ben je altijd ontzettend zorgzaam geweest
en is je positieve houding en enthousiasme aanstekelijk. Bedankt voor je fijne begeleiding en
persoonlijke interesse!

Mijn dank gaat tevens uit naar alle collega’s uit Maastricht. Wat was het leuk om in een
consortium samen met jullie te werken. Diverse keren hebben we zeer inspirerende bijeenkomsten
in Maastricht of Utrecht gehad. In het bijzonder wil ik Rianneke de Ritter bedanken. Lieve
Rianneke, samen zijn we aan dit grote avontuur begonnen; jij in Maastricht en ik in Utrecht. Het
was erg fijn om samen aan verschillende projecten te werken en samen naar meerdere congressen
en trainingen te gaan. Ik ben ontzettend blij dat we dit met elkaar hebben kunnen delen, met
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natuurlijk als ultieme kers op de taart onze reis naar Canada! Jij hebt nog een paar maanden te
gaan voor het afronden van je proefschrift, maar ik kijk uit naar het eindresultaat en weet zeker
dat het een prachtig proefschrift gaat worden!

Geachte leden van de beoordelingscommissie, prof. dr. H.A.H. Kaasjager, prof. dr. F.H.
Rutten, prof. dr. ir. H.M. den Ruijter, prof. dr. ir. Y.T. van der Schouw en prof. dr. S. Oertelt-
Prigione, hartelijk dank voor het lezen en beoordelen van dit proefschrift. Daarnaast wil ik alle
leden van de oppositie bedanken voor de bereidheid om plaats te nemen in de oppositie tijdens
mijn verdediging.

Prof. dr. ir. Y.T. van der Schouw en dr. N.C. Onland-Moret, beste Yvonne en Charlotte, het
laatste half jaar van mijn geneeskundeopleiding heb ik bij jullie mijn laatste onderzoeksproject
van de opleiding mogen doen. Dat was tegelijkertijd ook mijn eerste kennismaking met het Julius
Centrum. Het moge duidelijk zijn dat die kennismaking goed bevallen is. Dank jullie wel voor de
fijne begeleiding en alle opgedane kennis die ik mee heb kunnen nemen in mijn promotietraject.

Dr. J. Westerink, beste Jan, mijn eerste epidemiologische onderzoekservaring heb ik bij jou
opgedaan gevolgd door mijn allereerste wetenschappelijk publicatie. Wat bijzonder dat je nu ook
aan het einde van mijn promotietraject betrokken bent! Dank voor je bereidheid om plaats te
nemen in de oppositie. Het is een eer en genoegen om mijn proefschrift tegenover jou te mogen
verdedigen.

Special thanks to all the co-authors of the papers that are included in this thesis. Your input and
feedback greatly improved the content of the papers.

Ik wil graag alle studiedeelnemers van de UK Biobank, het Julius Huisartsen Netwerk en
de Diabetes Parel van het Parelsnoer instituut die hun gegevens beschikbaar hebben gesteld
voor onderzoek hartelijk bedanken.

Mijn dank gaat tevens uit naar alle collega’s van het Julius Centrum. Henk, Coby, Inge, Veerle
en Wout, bedankt voor jullie gezelligheid en hulp op zo veel vlakken! Deelnemers aan de
weekstart, het Geoffrey Rose overleg en de JOB bijeenkomsten, bedankt voor alle leerzame
momenten. Lieve (oud)mede-promovendi, bedanktvoor alle goede gesprekken en gezelligheid.

Lieve (oud)kamergenoten van 6.118, wat was het fijn om met jullie op dezelfde kamer te
werken. Bedankt voor alle gezelligheid! Katrin, Noor en Sieta, al snel ontdekten we dat we
dezelfde voorliefde voor paarden hebben. Het duurde dan ook niet lang voordat de eerste plannen
om samen te gaan paardrijden gemaakt waren. Ik heb er van genoten en denk er nog vaak met
veel plezier aan terug! Dank voor al jullie gezelligheid en jullie luisterend oor tijdens de leuke en
minder leuke kanten van een promotietraject.
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Beste medewerkers en bewoners van Tuindorp Oost, bedankt voor jullie oprechte interesse en
steun over de afgelopen jaren. Het was ontzettend bijzonder om twee jaar in dit verzorgingstehuis
te mogen wonen als ‘jongere’ tussen de ouderen. Ik denk nog regelmatig met veel plezier terug
aan deze bijzondere tijd! Lieve Sanne, dankjewel voor alle fijne avondwandelingen die we samen
gemaakt hebben. Ik al druk kletsend de dag van me afpratend me niet bewust van de route die
we nu eigenlijk liepen en jij geduldig als altijd met een luisterend oor en navigerend.

Lieve Wouter en Martijn, samen zijn we met elkaar en vele anderen het avontuur aangegaan
om verandering in de ouderenzorg teweeg te brengen. Klein gestart om de woonsituatie van
onze buren en vrienden te verbeteren en van daaruit uitgegroeid naar een landelijk manifest.
Van kleine gesprekken met omwonenden tot aan gesprekken met politici en als hoogtepunten
de uitzendingen bij Zembla en De Wereld Draait Door. Ik ben blij dat ik jullie tot mijn vrienden
mag rekenen!

Lieve familie van der Meulen, Carin, Nicolien, Layla en Cees, we hebben elkaar onder minder
leuke omstandigheden leren kennen maar wat ben ik blij dat we elkaar hebben ontmoet. Dank
jullie wel voor al jullie steun en betrokkenheid!

Lieve buren van De Nieuwe Eyk, bedankt voor jullie oprechte interesse en steun over de
afgelopen jaren. Lieve Suus, wat is het toch fijn om jou als buurvrouw te hebben. Dank voor al je
betrokkenheid en gezelligheid!

Annemarijn en Anneke, wat ben ik blij dat jullie mijn paranimfen zijn. Lieve Annemarijn, bedankt
dat je altijd voor me klaar staat. Ik kon tijJdens mijn promotietraject altijd bij je terecht met de leuke
en minder leuke kanten van mijn PhD en je wist altijd precies aan te voelen wanneer ik behoefte
had aan contact. Ook in de laatste fase van mijn PhD, waarin thuiswerken de normale gang van
zaken werd en ik worstelde met mijn discussie, belde je regelmatig even om te vragen hoe het
ging. Nu zijn de rollen omgedraaid en ben jij druk bezig met het afronden van je promotietraject.
Ik weet zeker dat het een prachtig proefschrift gaat worden! Anneke, lieve buddy, we hebben
elkaar leren kennen als kamergenoot van 6.118. Ik net beginnend aan mijn promotietraject en
jij toen alweer bezig aan je eindsprint. Onze vriendschap ontstond dan ook aan het begin van
mijn PhD avontuur. Ik heb genoten van alle gezellige wandelingen samen en ik hoop dat erin de
toekomst nog vele zullen volgen!

Lieve mam en pap, ik wil jullie bedanken dat jullie er altijd voor mij zijn en dat ik altijd op jullie
terug kan vallen. Heerlijk lange wandelingen maken met de honden en gezellig samen tuinieren
zijn altijd momenten waar ik ontzettend naar uit kan kijken en het zijn de momenten waarop ik
al het werk even van mij af kan zetten. Dankjewel voor al jullie steun en betrokkenheid! Tanja,
Mattanja en Redmar, thuis is natuurlijk het meest thuis als jullie er ook zijn! Ik kijk er naar uit om
samen met jullie op 3 juni mijn promotie te kunnen vieren.
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