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Abstract

Cardiovascular disease (CVD) continues to be the leading cause of death in adults, highlighting
the need to develop novel strategies to mitigate cardiovascular risk. The advancing obesity
epidemic is now threatening the gains in CVD risk reduction brought about by contemporary
pharmaceutical and surgical interventions. There are sex differences in the development and
outcomes of CVD; premenopausal women have significantly lower CVD risk than men of

the same age, but women lose this advantage as they transition to menopause, an observation
suggesting potential role of sex hormones in determining CVD risk. Clear differences in obesity
and regional fat distribution among men and women also exist. While men have relatively high
fat in the abdominal area, women tend to distribute a larger proportion of their fat in the lower
body. Considering that regional body fat distribution is an important CVD risk factor, differences
in how men and women store their body fat may partly contribute to sex-based alterations in
CVD risk as well. This article presents findings related to the role of obesity and sex hormones in
determining CVD risk. Evidence for the role of sex hormones in determining body composition
in men and women is also presented. Lastly, the clinical potential for using sex hormones to alter
body composition and reduce CVD risk is outlined.

Introduction

Cardiovascular disease (CVD) including coronary heart disease (CHD), myocardial
infarction (MI), and heart failure (HF) continues to be the leading cause of death in the
United States (260). Alarmingly, declines in CVD mortality has diminished over the past
decade and the CVD prevention goals set up by the US Department of Health and Human
Services, such as the Million Heart Initiatives, are unlikely to be met (368, 531, 593).

The stalling of declines in CVD mortality in recent years may be partly ascribed to the
continued obesity epidemic and the aging population (287). Evidence for the role of obesity
in CVD mortality is apparent from the upward trends in deaths attributed to CVD causes
in middle-aged Americans (35-65 years) in geographic locations overlapping with high
prevalence of obesity (368, 593). Importantly, obesity continues to be widespread in the
US adult population with 36.0% men and 40.4% women reported to have body mass index
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(BMI) of >30 kg/m2 (603). Being overweight and obese are also associated with an earlier
development of CVD. Notably, the CVD risk attributed to being obese is equivalent to that
of traditional risk factors such as hypertension, dyslipidemia, and diabetes in women and
men (422).

Another important aspect of CVD mortality is related to age and sex. For example, mortality
statistics are largely driven by deaths in adults aged =65 years where CVD events account
for 25.3% of all deaths (260). In younger adults, heart disease accounts for 10.3% and
20.9% of deaths in the age group between 25 and 44 years, as well as 45 and 64 years,
respectively. Importantly, death from CVD is similar between men and women in the United
States (260). In 2016, approximately 1 in 4 deaths (24.2%) in men and 1 in 5 deaths (22.0%)
in women were attributable to CVD. Strikingly, in earlier decades of life, CVD mortality in
women is much lower than in similarly aged men suggesting important sex differences in the
development and progression of the disease (59). Also, men are more likely than women to
have traditional CVD risk factors, namely, hypertension, dyslipidemia, and smoking (208).
Therefore, it is not surprising that the common CVDs including HF, atrial fibrillation, and
ischemic heart disease are also sex specific (52, 422). Of note, sex-specific differences have
also been well documented for obesity, body composition, and regional fat deposition (422).
Some of these differences are highlighted in Figure 1.

Together, the above trends highlight the need for continued efforts to reduce CVD burden

in the US adult population and a heightened focus on sex-specific primary and secondary
prevention strategies. In this article, we aim to discuss findings related to obesity and sex as
CVD risk factors along with an in-depth presentation of the literature related to the influence
of sex hormones on CVD risk and body fat distribution. To conclude, we will discuss the
potential of sex hormones as an intervention for CVD prevention. The article does not
examine the molecular mechanisms through which the hormones may contribute to the CVD
risk and mortality (Table 1).

Obesity as CVD Risk Factor

Despite unwavering public health focus, the prevalence of obesity has continued to rise over
the past 20 years. From 1999 through 2018, age-standardized estimates from the National
Health and Nutrition Examination Surveys (NHANES) showed that obesity prevalence in
the US adult population, defined as a BMI equal to or greater than 30 kg/m2, increased
from 30.5% to 42.4%. At the same time, severe obesity (BMI =40 kg/m2) nearly doubled,
from 4.7% to 9.2% (245). Obesity rates are largely similar between sexes and across age
groups, rendering it a ubiquitous condition. However, severe obesity is more prevalent in
women (11.5%) than men (6.9%). These growing national trends reflect worldwide statistics
pointing towards a soaring burden of obesity. The Global Burden of Disease study evaluated
35 years of data collected from over 68 million individuals across 195 countries to analyze
temporal gradients in obesity status and obesity-related disease. Since 1980, the proportion
of individuals with BMI >30 kg/m2 has increased in near every country and doubled in
more than 70 countries (214). As a result, in 2015, there were over 600 million obese adults
globally. Even more sobering are the projections that anticipate further increases in obesity
prevalence in the next decades (197, 298).
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These estimates become especially alarming when considering the health hazards of excess
adiposity. Obesity is a well-recognized leading determinant of morbidity and mortality, with
4 million deaths globally attributable to high BMI, of which nearly 70% are attributable

to CVD (214). Importantly, the growing obesity trend is thought to contribute to the
decelerated rates of improved cardiovascular (CV) mortality seen in recent years (403).
However, the association between BMI and mortality is typically described as curvilinear
rather than monotonic, with lower survival rates seen in individuals at both extremes of the
BMI continuum (62, 119, 474, 479, 487). The Prospective Studies Collaboration pooled data
from nearly 900,000 adults worldwide and showed that, in subjects with BMI >25 kg/m2,
risk of all-cause and CVD mortality increased by 29% and 41% for each 5-unit increase

in BMI, respectively (479). Optimal survival was noted in those with BMI between 22.5
and 25 kg/m2, while a negative relation with mortality was manifest in those with lower
BMI. These association patterns were consistent in men and women and across age strata.
Accordingly, multiple meta-analyses provide summary evidence consistent with a U- or
J-shape association between BMI and mortality (27, 108, 200).

With regard to CVD, elevated BMI independently predicts development of atrial fibrillation
(609, 635), HF (26), CHD (77, 379, 422), and stroke (379). During a 5.7 year follow-up

of a population-based cohort aged 50 to 64 years (207), adjusted hazard ratios for atrial
fibrillation or flutter were 1.75 to 1.39 times greater in overweight men and women,
respectively, compared to normal weight. Among adults with obesity, the risk of developing
atrial fibrillation or flutter was twofold greater than those with normal weight. Obesity also
predisposes to postoperative new-onset atrial fibrillation (87, 656). In a large community
sample, the probability of incident HF increased by 5% in men and 7% in women per

each 1-unit increase in BMI, and adults with obesity had a double risk of developing

HF compared to those with normal weight (328). Considering the HF categories, elevated
BMI appears to especially predispose to the subtype with preserved ejection fraction (268,
455). With regard to CHD, obesity accelerates progression of subclinical atherosclerosis

as determined by coronary artery calcification (111), and increments in BMI over time

are associated with increases in CHD risk score (630). Relative to normal weight, hazard
ratios for M1 were 1.38 and 2.04 in adults with overweight and obesity, respectively, in the
Copenhagen General Population Study (579). Greater risk of ischemic stroke was associated
with BMI =30 kg/m2 at study entry and weight changes over time in 15,792 subjects from
the Atherosclerosis Risk in Communities (ARIC) Study (557).

Overall, compelling data from several cohorts including the Framingham Heart Study (278),
the Nurses’ Health Study (395, 396), and Buffalo Health Study (175) have identified obesity
as a predictor of composite CVD endpoints. A follow-up examination of the Framingham
Heart Study on individuals aged 35 to 75 years found that, compared to normal weight, the
age-adjusted risk for future CVD events (angina, MI, CHD, and stroke) was 1.21 to 1.20
times greater in overweight men and women and 1.46 to 1.64 times greater in obese men and
women, respectively (631). A similar graded increase in the relative risk of incident CVD,
starting from a BMI =25 kg/m2, was noted in a 10-year follow-up of the Nurses’ Health
Study and the Health Professional Follow up Study (195), which also reported comparable
estimates for new-onset diabetes, hypertension, and hypercholesterolemia. In this regard,
individual BMI data for 221,934 people from 58 cohorts pooled by the Emerging Risk
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Factors Collaboration (184) showed that BMI predicted future CVD in models adjusted for
age, sex, and smoking status, with stronger hazard ratios for CHD than for stroke. However,
further correction for established prognostic markers such as total cholesterol, high-density
lipoprotein cholesterol (HDL-C), systolic blood pressure, and diabetes largely attenuated
these associations, in line with previous studies (395). Nevertheless, these observations
highlight the pathogenic role of other obesity-related complications in the premature CVD
mortality connected with obesity.

In addition to direct biological actions inducing structural and functional alterations in the
CV system, excess adiposity predisposes to a multitude of CVD risk factors, including
dyslipidemia, hypertension, and diabetes, to name a few. The prevalence of these metabolic
syndrome components progressively increases with higher BMI, accentuating the related
health burden. Dyslipidemia is a hallmark of excess body fat, resulting from multiple
mechanisms including increased free fatty acid fluxes to the liver, upregulation of hepatic
very-low-density lipoprotein synthesis, defective free fatty acid uptake, and reduced lipolysis
of circulating triglycerides (340). The lipid profile in obese patients typically shows high
levels of circulating triglycerides and free fatty acid, lower levels of HDL-C, and increased
small dense low-density lipoprotein cholesterol (LDL-C). Apolipoprotein B is also often
elevated. Serum total cholesterol levels progressively increase with increasing BMI in

both men and women, while HDL-C displays a reverse profile (90). Consistently, while
dyslipidemia is present in 28.6% of normal-weight individuals, its prevalence increases

to 49.7% among those with obesity (514). A prominent CVD risk factor in the general
population, type 2 diabetes (T2D) affects 18.5% of adults with obesity versus 5.4% with
normal weight, and prevalence peaks at 23.2% in those with severe obesity (514). The risk
of developing T2D is three- and sevenfold higher in individuals with overweight and obesity,
respectively, relative to those with normal weight (2). Obesity-related diabetes is primarily
caused by insulin resistance, in turn, largely mediated by increased plasma free fatty acid
and aggravated by systemic inflammation and oxidative stress. Insulin deficiency due to
pancreatic beta-cells dysfunction also ensues as a result of hepatic and local triglycerides
accumulation and contributes to diabetes onset (596). More than one-third of patients with
obesity suffer from hypertension, compared to one-fifth of those with normal weight (514).
Pooled relative risk of incident hypertension is 1.49 for each 5-unit increment in BMI (302),
and up to 60% to 80% of new cases of hypertension can be ascribed to obesity (213). Similar
to other obesity-related complications, blood pressure elevation due to excess adiposity is
elicited by the interplay of numerous mechanisms, including sympathetic hyperactivation,
impaired baroreflex, endothelial dysfunction, increased renal sodium reabsorption, renin-
angiotensin system stimulation, and insulin resistance (520).

Even though obesity is a well-recognized CVD risk factor, certain nuances in the
relationship between obesity and CVD need to be considered. These are highlighted in
the sections below.

BMI as a Surrogate Marker for Obesity and CVD Risk

Although collective evidence strongly supports a detrimental impact of excess adiposity on
CVD outcomes, it is important to point out that large heterogeneity exists. In this regard,
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a critical aspect of the assessment of the health implications of body fatness pertains to

the definition of obesity. In the vast majority of the literature, especially epidemiological
studies, adiposity status is typically defined according to BMI categories. This approach,
based on height and weight measures, has gained popularity due to being inexpensive,
easily obtainable, and yielding immediate results. Nevertheless, this anthropometric measure
suffers from considerable limitations, being merely a proxy for fatness. Compared to
classifications based on body fat percentages, the BMI has elevated (90%) specificity

for the detection of obesity, but only modest (50%) sensitivity (448), thus failing to
correctly identify approximately one in two individuals with obesity. It follows that the true
prevalence of obesity is likely largely underestimated, and its burden even more dramatic.
Furthermore, it has also been suggested that obesity in midlife women may be more
appropriately defined by BMI =25 kg/m? rather than the generally accepted definition of
>30 kg/m? (38, 73). In spite of the close relationship between BMI and body fat percentage
and mass (40), there is ample variability in body fat content at any given BMI, particularly
in the normal weight and overweight BMI ranges (293). Sex and racial/ethnic differences
exist, with fat percentage being about 10% greater in women compared to men at a given
BMI (293), and Black women exhibiting lower body fat than white women at a similar BMI
(190). These observations underscore how the BMI is an imperfect anthropometric index,
as it does not discriminate between fat mass and fat-free mass, or takes into account body
shapes.

Body Fat Distribution in CV Health

In addition to the differential prognostic significance of body composition, evidence has
been gathered highlighting the role of fat localization, rather than general body fatness,

for risk stratification. As mentioned above, another limitation of using BMI, as well as of
direct indices of total body fat, is the lack of information on regional fat partitioning. The
expression “android” or “upper body” obesity refers to the body shape more frequently
noted in men, in whom fat is mainly stored in the abdominal (trunk) region, while “gynoid”
or “lower body” obesity indicates accumulation of fat in the lower body (gluteo-femoral
region) and is more common in women (322). These body shapes are associated with
distinct risk trajectories based on the location of excess body fat. It is now well recognized
that fat accumulated in the android region is strongly linked to adverse CV outcomes, while
fat stored in the gynoid region appears to be protective (465, 590, 594, 626). As documented
by a cross-sectional analysis of the Dallas Heart Study, lower body fat quantified from dual-
energy x-ray absorptiometry (a gold standard to determine body composition and regional
fat distribution), negatively correlated with the HOMA index, C-reactive protein (CRP),
triglyceride/HDL-C ratio, and systolic blood pressure after adjusting for total body fat (594).
Conversely, abdominal (trunk) fat was positively associated with these cardiometabolic risk
indicators, and the magnitude of these associations was greater compared to those with total
body fat percentage. Opposite relations of android and gynoid fat with arterial stiffness
have also been observed (193). In Chinese individuals aged 50 to 70 years, higher trunk fat
mass was positively associated with higher levels of plasminogen activator inhibitor 1, CRP,
interleukin-6, retinol-binding protein 4, and lower levels of adiponectin. Conversely, higher
leg fat mass correlated with higher adiponectin and lower plasminogen activator inhibitor-1
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and retinol-binding protein 4 (638). Additionally, odds ratio of metabolic syndrome for
those in the highest tertile of leg fat mass compared to the lowest tertile were 0.33 for men
and 0.43 for women, further corroborating the concept that lower body adiposity conveys
metabolic benefits. The gluteo-femoral compartment is indeed regarded as a “metabolic
sink”, allowing storage of excess fatty acids thus protecting from ectopic fat deposition

and related adverse consequences. This is mediated by increased adipose tissue lipoprotein
lipase activity and decreased hormone-sensitive lipase which favor storage of fatty acids and
inhibit lipolysis, respectively. Furthermore, the secretive profile of lower-body adipose tissue
is more benign compared to upper body fat, producing greater quantities of adiponectin and
lower proinflammatory cytokines (393).

In lieu of gold standard imaging modalities, anthropometric measures of central fatness
such as waist circumference, waist-to-hip ratio, or waist-to-height ratio are more typically
used in epidemiological studies. Despite being closely correlated with BMI, these measures
are superior as indices of total body fat content and abdominal adiposity (102, 500,

594), and convey better predictive value. Anthropometric measurements of central fatness
discriminate cardiometabolic abnormalities better than BMI in both men and women (359).
In a nationally representative sample of 12,606 adults, waist circumference was a stronger
predictor of hypertension, diabetes, and low HDL-C than BMI and total body fat in both
men and women (540). Greater prognostic power of abdominal adiposity indices is evident
also with regard to incident fatal and nonfatal CVD events. A large case-control study on
incident coronary events found that the association between waist-to-hip ratio and MI was 3
times more robust than that with BMI (655).

The abdominal fat compartment is further partitioned in subcutaneous and intra-abdominal
(visceral) fat depots, with the former being additionally dissected into deep and superficial
adipose tissue. There is a gradient in the abdominal adipose tissue characteristics and
metabolism from the outermost to the innermost depots that is reflected in their prognostic
implications. Compared to the superficial compartment, deep subcutaneous fat is more
closely associated with measures of hepatic and peripheral insulin sensitivity, triglycerides,
HDL-C, and blood pressure (327, 398, 417). mRNA expression of inflammatory, lipogenic,
and lipolytic genes is higher in the deep subcutaneous depot, together with higher saturated
fatty acids content (398). Notably, the abdominal superficial adipose tissue follows a
similar pattern compared to leg fat (327), suggesting a more benign profile exhibited by
this depot. On the other hand, visceral adiposity is more pathogenic than the combined
subcutaneous compartments. Using data from the Multi-Ethnic Study of Atherosclerosis
cohort, studies have shown that individuals with higher visceral fat, as quantified from
abdominal computed tomography, have lower HDL-C, and higher triglycerides, HbA1C,
and blood pressure, and are more likely to have diabetes than those with lower visceral fat
(420). Visceral fat is also a stronger predictor of incident metabolic syndrome, CVVD, and
mortality than subcutaneous fat (89, 344, 420, 523). The greater hazard posed by visceral
adiposity is thought to be due to its peculiar structural and functional attributes. While
subcutaneous fat secretes more leptin and adiponectin, visceral adipose tissue produces more
inflammatory and proatherogenic adipokines such as interleukin-6, plasminogen activator
inhibitor 1, vascular endothelial growth factor, and monocyte chemoattractant protein-1,
along with higher number of resident macrophages. Visceral fat is also more lipolytically
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active, innervated, and vascularized than subcutaneous fat, and renin-angiotensin system
components are overexpressed in visceral fat cells (285). Excess visceral adiposity may also
contribute indirectly to raise CV risk, being an indicator of adipose tissue dysregulation

that results in ectopic fat accumulation. According to the adipose tissue expandability
hypothesis, subcutaneous adipose tissue has a limited capacity to expand to accommodate
excess energy in the form of triglycerides. Once subcutaneous adipose tissue expansion
reaches a threshold, excess energy begin to be stored in ectopic sites and adipose tissue
dysfunction ensues, with profound health consequences. Ectopic fat deposition within and
around tissues and organs such as the heart, liver, and pancreas may cause dysfunction due
to mechanical compression or by exposing the organ to substances secreted by the ectopic
adipose tissue cells in a paracrine way. Hepatic fat accumulation favors development of
systemic insulin resistance and T2D (468), while epicardial adipose tissue is associated with
coronary atherosclerosis and CVD risk (543).

Measures of abdominal adiposity are not only associated with CVD risk factors

and outcomes independently of total adiposity or BMI, but they confer incremental
predictive values. Thus, supplementing conventional BMI-based characterization with waist
circumference or waist-to-hip ratio yields better assessment of risk. Central obesity defined
by waist circumference is associated with increased prevalence of cardiometabolic risk
markers across BMI-defined normal weight, overweight, and class 1 obese (BMI of 30-34.9
kg/m?2) subjects (468). In the European Prospective Investigation into Cancer and Nutrition
(EPIC) study, adjusting for BMI in models testing the relation between waist circumference
or waist-to-hip ratio and mortality significantly improved risk prediction (474): at a given
BMI, a 5 cm increase in WC portended a 1.17-times and 1.13-times increased risk of death
in men and women, respectively. A recently published dose-response meta-analysis that
combined data from over 2.5 million participants of 72 cohorts confirmed peculiar patterns
of associations with mortality across central adiposity metrics (303). A J-shaped relation
emerged for waist circumference and waist-to-hip ratio, while a positive linear relation was
observed for waist-to-hip ratio. However, aggregate data showed that the slope of these
relations increased markedly after taking into account BMI, further supporting the notion
that both indicators of general and central fatness should be used for risk stratification.
Combination of standard BMI classification with measures of body composition and fat
partitioning yields various obesity phenotypes, with related different health status and
prognosis.

As mentioned above, there is large variability in body fat percentage at any given BMI.

It follows that even within the normal weight BMI category, individuals may have high
adiposity and be obese based on their body fat content. Using the NHANES datasets,
Romero-Corral et al. (496) categorized 6171 normal BMI (18.5-24.9 kg/m?2) individuals
into sex-specific tertiles according to their body fat percentage and found that prevalence
of metabolic syndrome and its components increased with higher body fat. Compared

to their respective lower tertiles of body fat, men with normal BMI but body fat >23%
(higher tertile) were more likely to have dyslipidemia and hypertension, while normal
weight women with body fat >33% were more likely to have dyslipidemia and CVD. Other
investigations have corroborated these findings, reporting greater risk of cardiometabolic
abnormalities in subjects with normal BMI but elevated body fat relative to their low body
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fat counterparts (305, 341, 524). Normal weight obesity also predicts CVD mortality in
older adults (50). When localization of excess adiposity is taken into account, mortality risks
associated with this obesity phenotype appear to be exacerbated. Individuals with normal
BMI but high waist-to-hip ratio are at greater risk of total and CVD death than both those
with normal BMI and normal waist-to-hip ratio and those who are overweight or obese
based only on BMI, across all ages (508). A prospective evaluation of the Women’s Health
Initiative (WHI) cohort corroborated these results, with normal weight women with central
obesity having 25% greater risk of CVD mortality than those without central obesity, and
similar to overweight and obese women (564). These data collectively underscore the health
hazards posed by normal weight obesity (202), which are under-recognized.

Metabolically Healthy Obesity and CV Health

The notion of metabolically healthy obesity, which integrates fatness information with
clinical and laboratory parameters, has been gaining attention in recent times. This
phenotype refers to individuals who are obese based on BMI, waist circumference, or

body fat content but do not manifest the expected pattern of complications such as insulin
resistance, hyperlipidemia, or arterial hypertension. Due to the heterogeneous definitions
used in studies to identify metabolically healthy obesity, estimates of its prevalence diverge
considerably, ranging between 6% and 75% (490). Earlier studies noted that subjects

with obesity lacking cardiometabolic abnormalities also exhibited a favorable risk profile
relative to those with metabolically abnormal obesity, and comparable to normal weight
populations (476). Stefan et al. (553) showed that subjects with obesity who are insulin
sensitive had lower intrahepatic fat accumulation and skeletal muscle fat infiltration, and
lower carotid intima-media thickness (CIMT) than those with obesity and insulin resistance,
in spite of similar total body fat. Additionally, insulin sensitivity and CIMT were similar
between insulin-sensitive obese and normal weight subjects. Metabolically healthy obese
individuals also display better cardiorespiratory fitness (450), higher adiponectin (7), lower
CRP (320), and interleukin-6 (527). However, the clinical significance and prognostic value
of this obesity phenotype remain controversial, potentially in part because of the lack of a
standardized definition. Longitudinal studies have largely shown that metabolically healthy
obesity may not be advantageous in the long term, failing to protect against CV events

and mortality. Even in the absence of concurrent metabolic derangements, subjects with
obesity are at similar (421) or higher risk of incident CVD compared to their normal

weight counterparts (99). Collective evidence indicates that those with metabolically healthy
obesity have 52% higher risk of CVD and 23% higher risk of total mortality compared to
metabolically healthy normal weight individuals (650), thus rejecting the concept that it is a
benign condition. Furthermore, data suggest that nearly half of metabolically healthy obese
individuals (48%) transition to a metabolically abnormal phenotype (421), suggesting that
this population should be regarded as being at a preclinical stage of metabolic dysfunction.

Muscle Mass in CV Health

While the health impact of body fat is complex, as described above, a large body of evidence
consistently supports protective effects of lean (muscle) mass. Muscle mass is inversely
related to T2D and HbALC levels (250). While the prevalence of hypertension decreases
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with increasing skeletal muscle, a positive relation is seen with body fat percentage (251).
Lean mass is also negatively associated with arterial stiffness (193, 443). In terms of
mortality, loss of muscle mass, indicative of sarcopenia, is a robust predictor of mortality
(19). The opposite implications of high-fat mass and low fat-free mass (body weight minus
fat mass) for mortality risk are also thought to contribute to the curvilinear pattern of lower
life expectancy typically noted at both ends of the BMI continuum. In a large Danish

cohort of 50 to 64 years old men and women (69), in whom body composition was
assessed via bioelectrical impedance, a J-shaped association was found between fat mass
and risk of death, while a reverse J-shaped association was evident for fat-free mass. Thus,
the U-shaped relation between BMI and mortality likely reflects the combination of such
opposite patterns. Comparable trajectories were reported by a study using dual-energy X-ray
absorptiometry to determine body composition, with total fat mass predicting increased risk
of death and lean mass predicting better survival (582).

Sarcopenic Obesity and CV Health

Another obesity phenotype is sarcopenic obesity. This condition is characterized by loss

of skeletal muscle mass and strength accompanied by gain in fat mass. Because the

BMI may remain stable, sarcopenic obesity remains often masked when only using this
anthropometric measure. Sarcopenic obesity is thought to be present in 5% to 10% of
older adults (360), although prevalence estimates vary greatly (49), likely as a function

of the different operational definitions. Currently, there is indeed no consensus on this
classification, as multiple indices and cutoffs of both sarcopenia and obesity are applied
(641). With regard to the former, muscle strength, muscle quality and quantity, and physical
performance can be used to indicate sarcopenia. A number of studies have suggested that
sarcopenic obesity may confer disadvantages compared to obesity alone. In comparison

to subjects with nonsarcopenic obesity, those with sarcopenic obesity have been found to
have higher circulating triglycerides, insulin, lower HDL-C (121), higher blood pressure
(461), and altered glucose metabolism (545). However, others have disputed these findings,
failing to find greater degrees of cardiometabolic dysfunction in sarcopenic obesity versus
nonsarcopenic obesity, especially in women (176, 411). Mixed observations have been
reported also with regard to future CVD risk in individuals with sarcopenic obesity (25,
191). However, in pooled estimates, sarcopenic obesity was associated with 21% increased
risk of mortality in older adults (657). Notably, the association persisted irrespective of the
indices used to define sarcopenia or obesity.

Obesity Paradox in CVD

The discrete predictive values of body composition and fat distribution may be implicated
in the so-called “obesity paradox.” This expression has been coined to describe the
paradoxically better prognosis associated with elevated BMI in patients with established
CVD and challenges the concept of obesity as a predictor of adverse CV sequelae. An
obesity paradox has been observed in relation to outcomes of multiple manifestations of
CVD, including acute coronary syndromes (18, 172, 611), stable CHD (161, 356), atrial
fibrillation (29, 509), HF (236, 357), and stroke (15, 595). A large Swedish registry of
patients with acute coronary syndromes showed a curvilinear relation between BMI and
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mortality over a 3-year period, with the lowest risk of death in overweight patients and
decreased risk in obese patients up to a BMI of 35 kg/m? (18). Combining three cohorts of
patients following coronary artery bypass grafting, Schwann et al. (518) showed that a BMI
of 29 kg/m? was associated with best survival, and overweight and class 1 obese patients
had better CV and non-CV free survival over a 15-year follow-up. However, there was a
temporal gradient showing that overall superior life expectancy was evident in the early (0-1
year) and intermediate (1-8 years) postoperative time, but the advantage dissipated over

the late period (8-15 years). Pooled estimates support a time trend, with overweight and
obesity conferring survival advantages in the short- and long-term period (=6 months), but
with benefits curbing after 5 years (615). In patients with chronic HF, the obesity paradox

is evident in both preserved and reduced ejection fraction forms, with lower mortality

risk in those with BMI of 25 to 34.9 kg/m? (452). Overall, the nadir mortality is seen

within the overweight and moderately obese range, while data are more conflicting with
regard to severe and morbid obesity (172, 219, 236, 329). It has been argued whether

the obesity paradox represents a true phenomenon or is rather a manifestation of residual
confounding, unmeasured risk factors, unintentional weight loss, or selection bias (194).
CVD patients with obesity are younger, more likely to exhibit multimorbidity and to receive
CVD pharmacotherapy (172, 452). Superior control of comorbidities and risk factors may
improve neurohormonal status thus enhancing survival. Other mechanisms include increased
calorie reserve, lower circulating levels of natriuretic peptides, and greater cardiorespiratory
fitness (107, 355). Additionally, aspects related to adiposity assessment are likely to play a
role. Indeed, when other adiposity measures are used, or when fat distribution is considered,
no obesity paradox is noted. Abdominal obesity, determined by waist circumference, is
positively associated with mortality (144). Patients with HF and abdominal obesity had 1.52
greater risk of all-cause mortality and 1.50 times greater risk of CVD mortality than those
without in multivariable analysis (588). Conversely, when using BMI, the expected obesity
paradox with improved life expectancy in the patient groups with overweight and obesity
emerged. Furthermore, increased lean mass has been linked to improved survival in stable
CHD (356) and adjustment for lean mass nullified the association between high-fat mass and
lower mortality in HF patients (162).

Brown Adipose Tissue and CV Health

To evaluate the effects of excess fat mass, an important parameter to consider is the type
of fat. Most fat in adult humans consists of white fat depots which store excess energy.
However, metabolically active brown fat depots are known to exist as well and are being
targeted to improve metabolic profile (126, 147, 604, 652). A recent study examined the
relationship between brown fat and CV health using 18F-flurodeoxyglucose PET/CT scans
from 52,487 cancer patients (53). This study showed that the presence of brown fat depots
was negatively associated with BMI and age. Also, compared to men (4.9%), the presence
of brown fat was noted to be more in women (13.8%). The higher prevalence of brown

fat in women has been previously documented as well (147). Importantly, Becher et al.
show that individuals with brown fat have lower prevalence of CV risk factors and were
associated with decreased odds for T2D, dyslipidemia, hypertension, atrial fibrillation,
coronary artery disease (CAD), and HF. Moreover, the beneficial effects of presence of
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brown fat were more pronounced in overweight and obese individuals. Another study has
shown that polymorphism in key proteins associated with brown fat metabolism such as
uncoupling proteins are associated with development of obesity, dyslipidemia, T2D, and
CVD (475). Evidence from clinical studies suggests that increased brown fat may improve
CV health via increasing energy expenditure, enhancing glucose and free-fatty acid disposal,
and improving lipid utilization (45, 118, 252, 652, 653) These findings are concordant with
a recent study showing a positive relationship between high brown fat activity and future
improvement in CV risk parameters (483). However, factors contributing to inter-individual
variability in brown fat depots are not completely understood and represent an active area of
research. Overall, studies suggest even though brown fat may improve CV risk, it is unlikely
to play a role in weight control (399).

Lipodystrophy and CV Health

While excess body fat is detrimental, reduced body fat also has adverse effects on CV
health. Body fat may be diminished in conditions of lipodystrophy resulting in increases in
traditional CV risk factors including hypertriglyceridemia, low HDL-C, insulin resistance,
and diabetes (91, 281). Lipodystrophy is also often accompanied with body fat redistribution
resulting in lipoatrophy in lower body fat and face, and lipohypertrophy of fat depots located
in abdomen, breasts, and the supraclavicular region (281). While metabolic and hepatic
effects of lipodystrophy are well studied, there is a paucity of data related to its CV effects.
Based on limited data, lipodystrophy patients often have hypertrophic cardiomyopathy,
CHD, diabetes, and hypertension (91, 281, 366, 380, 510). The frequent cardiomyopathies
contribute to sudden cardiac arrest and a shortened lifespan as well. Importantly, sex
differences exist, and compared to men, diabetes, dyslipidemia, and atherosclerotic disease
burden including CHD and stroke have been reported to be prominent in women with
familial partial lipodystrophy (212). Importantly, mechanisms adversely affecting CV

health in lipodystrophy are not completely understood but alterations in lipid metabolism,
lipotoxicity, insulin resistance, and leptin deficiency are considered important contributors
(281).

Sex as a CVD Risk Factor

Along with age, hypertension, smoking, dyslipidemia, and diabetes, sex is recognized

as major risk factor for developing CVD. Sex-based differences in development and
progression of CVD are well established (215) and clinical calculators routinely used to
estimate CVD risks such as Atherosclerotic CVD Risk Estimator (369) and Framingham
Risk Calculator (148) use sex-specific algorithms to predict 10-year risk for individual
CVD events to inform potential preventive measures. For exactly similar age and CV health
profile—total cholesterol, HDL-C, blood pressure, smoking status, and his-tory of diabetes,
young and middle-aged men (20-59 years) have approximately twice as high probability to
develop CVD in the next 10 years than women.

Sexual dimorphism is also evident in prevalence of certain CVD risk factors including
dyslipidemia (110), hypertension (603), diabetes (603), and certain CVDs such as HF and
atrial fibrillation (391). For example, the prevalence of unhealthy total cholesterol (=200
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mg/dL) in women is 40.4% compared to 35.4% in men (603). On the other hand, more

men are likely to have low HDL-C (<40 mg/dL) than women (28.5%in men vs. 8.9% in
women) (110). Prevalence data for sex differences in other risk factors are presented in Table
2. Importantly, these sex differences in risk factors translate to differences in development of
different CVDs as well. An increased age-adjusted prevalence of all heart diseases (11.8%
vs. 9.5%, men vs. women, respectively), CAD (7.2%vs. 4.2%), and hypertension (26.0% vs.
23.1%) is observed in men (603). For HF, it is well documented that women constitute the
majority of patients with preserved ejection fraction while HF with reduced ejection fraction
is more common in men (267, 268).

The sex differences in CVD are specifically prominent in certain age groups (603). The
prevalence of CVD in women aged 20 to 39 years is much lower than similarly aged men
(17.2% vs. 29.8% in women vs. men, respectively). In the age group of 40 to 59 years, the
prevalence of CVD increases to 56.9% in men and 51.6% in women but still remains lower
in women. In contrast, however, the CV protective effects of female sex are diminished
after menopause, and women over the age of 60 years have CVD prevalence and CVD
mortality which is comparable to men (78.2% vs. 77.2%; women vs. men respectively) (517,
603). The marked change in CVD risk profile in women during aging occurs in parallel

to menopause transition suggesting that the sex differences in cardiometabolic risk profile
maybe partly attributed to gonadal hormones such as estrogens (mainly estradiol, E2) and
testosterone (T).

Contradictory to cardioprotective effects seen in healthy women, established CVD risk
factors such as diabetes, and smoking, confer higher CVD risk and consequent CVD
mortality in women than in men (282, 283, 469, 614). Compared to men, women with

type 1 diabetes have 154%higher incidence of CHD and 86% higher mortality related

to CV causes (282). In a meta-analysis including more than 5 million participants from

86 prospective cohort studies, Wang et al. (614) showed a 13% greater risk for all-cause
mortality and a 30% greater risk for CVD mortality in women with diabetes compared with
men. The increase in CVD mortality in women was driven by increased relative risk for
CHD. Notably, these sex differences were not evident for cancer-related mortality in this
study, suggesting that the existence of sex-specific all-cause mortality differences may likely
stem from CV causes. Likewise, cigarette smoking confers 25% higher CVD risk in women
than in men (283) and hypertension increases the risk for HF 3 times in women compared to
2 times in men (363).

These sex differences extend to CVD prevention as well. As an example, in spite of overall
lower prevalence of hypertension in women, it is projected that elimination of hypertension
could reduce CVD mortality by 30.4% among men and 38.0% among women (464).
Furthermore, elimination of hypertension would be most effective in women aged 65 to 79
years where it may have the potential to reduce CVD mortality by 48.8%. This discordance
in prevalence of hypertension and CVD mortality reduction may be explained by higher
blood pressure-related mortality in women (52.1%) than in men (47.9%) (603).

There are several factors which may contribute to sexual dimorphism in CVD. These
factors may include differential regulation of traditional CVD risk factors including lipid
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metabolism, insulin sensitivity, and hypertension in men and women. Compared to men,
women especially at younger ages tend to have a more favorable lipid profile and

remain insulin-sensitive even with higher adiposity (418). In addition, the underlying
pathophysiological responses are also different in men and women which contribute the
sexual cardiometabolic dimorphism. For example, fibrosis is an important pathological
mechanism which differs in men and women. Myocardial fibrosis affects men to a greater
degree than women partially due to greater induction of the renin-angiotensin system in
men than in women (319). During stress, men activate more pro-fibrotic genes and generate
more collagen and fibrous tissue than women (470). How-ever, among these factors, sex
hormones play a prominent role through the interplay with other possibly sex-specific
processes such as lipid metabolism, insulin sensitivity, and adiposity (388, 389, 467). Of
note, cellular receptors through which sex hormones such as T and E2 may directly regulate
metabolism and pathological processes are expressed throughout the CV system. To gain
further understanding, we provide below an in-depth review of findings related to sex
hormones and CVD risk in men and women.

Sex Hormones and CV Health in Men

In adult men, T is the predominant sex hormone, which is enzymatically converted

to other sex hormones relevant to CV system including E2, progesterone, and
dehydroepiandrosterone (DHEA) (338, 371). The conversion of T to other sex hormones
occurs in testis and other tissues of importance to CV physiology including adipose tissue,
skeletal muscle, heart, blood vessels, kidney, brain, and bone where these hormones can
directly mediate cellular effects via specific androgen and E2 receptors (133, 599). A
simplified schematic of the process of steroidogenesis is presented in Figure 2.

Relationship between T and CVD in men

An understanding of the role of T in CVD in men can be gained through several sources
including observational and interventional studies in different populations. These studies are
presented below.

Evidence from observational studies

Circulating T concentrations are known to decrease with age and certain metabolic
conditions established to contribute to cardiometabolic pathophysiologies such as obesity,
T2D, and metabolic syndrome (255, 339). Therefore, it is not surprising that several cross-
sectional epidemiological studies show that low T is associated with increased risk for

CVD (137, 254, 353) and consequent CVVD mortality as well (20, 140). Conversely, high

T levels are associated with reduced CVD risk (332, 446). In a meta-analysis including 37
prospective observational studies examining the relationship between endogenous T levels
and CVD risk in more than 43,000 men with a mean age of 63.5 years and an approximately
6.4 years of follow-up, Corona et al. (137) showed that low endogenous T was associated
with 54% higher risk of CVD mortality and 17% higher risk for incident CVD. However,
the higher risks for CVD morbidity and mortality were evident only after adjustment for age,
diabetes, and smoking were considered and the strength of these associations varied with
method used to measure T. Importantly, this meta-analysis acknowledged several limitations
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including publication biases related to studies reporting CVD mortality, lack of precise
definition related to CVD events, and missing data which confounded the findings (137).
Nevertheless, findings from this latest meta-analysis confirm reports from previous pooled
analysis which showed low T to have a tendency to increase CVD mortality and increased
risk for CVD events in men (20, 140).

Similar to CV mortality and CV events, low T is also associated with higher prevalence

of CV risk factors. In a post hoc analysis of 2118 participants from the AIM-HIGH trial,
compared to men with high T, the study reported a clustering of CVD risk factors including
diabetes, hyper-tension, high triglycerides, and obesity in men with low T (76). Similarly, in
a recent prospective study of 612 men with stable CAD and a median follow-up of 5 years,
high serum free T levels were shown to be associated with less C\VD mortality independent
of traditional risk factors including age, diabetes, cholesterol, hypertension, smoking, and
family history of CAD (484). However, these findings are in contrast with another meta-
analysis (503), which included nested case-control studies along with prospective studies of
population-based cohorts and showed no association between endogenous T and CV disease
in men younger than 70 years and a weak protective effect of T in older men aged =70 years.
Few studies also noted no association of T levels with CVD events and mortality (22, 129,
253, 546).

An important confounding in our understanding of the physiological effects of T relates

to total circulating versus bioavailable T. Most studies rely on the measurement of total T
which includes both free molecules and those which are bound to other molecules including
albumin and sex-hormone binding globulin. The distinction between free and bound form
of T is important as when bound with sex-hormone bind-ing globulin, the circulating T

is unable to activate cellular signaling. Therefore, in certain conditions, high circulating T
may not translate into high bioavailable T. Nevertheless, in conditions of low circulating T,
bioavailable T levels will also be low and unlikely to change the relationship between T
and CVD. Indeed, in the Osteoporotic Fractures in Men study low total circulating T levels
continued to associate with high CV risk even after adjustment for sex-hormone binding
globulin levels (446). This study included 2416 men aged 69 to 81 years with a median
5-year follow-up for CVD events and showed that men with T levels higher than 550 ng/dL
had an approximately 30% lower risk for CVD events and death.

The overall consensus from these observational studies agrees to the presence of an inverse
relationship between T and CVD risk in men.

Evidence from observational T replacement studies

Glimpses into the causal role of T in development and progression of CVD can be derived
from findings from studies of testosterone replacement therapy (TRT) in hypogonadal men
with decreased T levels. Considering the inverse relationship between T and CVD, a TRT-
associated increase in circulating T would be expected to decrease CV risk. However, most
observational studies comparing CVD events between men using versus not using TRT do
not report differences in CVD events or CVD mortality and only few studies report decrease
in CVD risk in T users (34, 171, 237, 505, 529).
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Overall, the findings from T replacement in patients with CVD are controversial. In four
clinical trials including HF patients, T therapy was associated with improvement in exercise
capacity without incident CVD events (581). However, in a subsequent clinical trial, 12-
month TRT in hypogonadal men with chronic HF with reduced ejection fraction was not
associated with any improvements in clinical symptoms or functional capacity (436). In
contrast, a retrospective study including participants with coronary angiography showed that
TRT was associated with 29%increased risk for all-cause mortality, MI, and ischemic stroke
(601). However, this study generated scientific controversy due to their analytical approach
and several professional societies called for a retraction (428). Similarly, in a case-control
study, Etminan et al. (188) showed that TRT was associated with a 41% increased risk

for Ml and a retrospective cohort study including individuals with prior history of heart
disease also showed increased risk for nonfatal M1 among T users (199). Importantly, the
findings from these observational studies should be cautiously interpreted as they have
marked methodological heterogeneity and overall evidence has been rated as very low
quality (10, 428). Nevertheless, evidence from observational studies of anabolic androgen
substance abuse also supports androgen excesses to increased CVD risk (31, 205, 441). In
a study of 86 experienced male weight lifters with =2 years of cumulative use of anabolic
androgen and 54 nonusing controls, a decrease in left ventricular systolic and diastolic
function, as well as increased prevalence of advanced coronary artery plaque volume, was
observed among androgen abusers (31). The detrimental effects of anabolic androgens on
CV system are also corroborated by histopathological findings from deaths attributed to
anabolic androgen which showed cardiac hypertrophy and fibrosis, thrombotic events, and
cardiac necrosis (205).

Evidence from randomized clinical trials (RCTS)

Similar to the observational T replacement studies, there are several inconsistencies in
findings from randomized clinical trials (RCT)s of TRT as well (10, 78, 100, 135, 138,

171, 192, 238, 428, 581, 642). The US Food and Drug Administration has approved T
products for replacement therapy in men with classical hypogonadism but not age-related
hypogonadism. However, T is frequently over-prescribed in middle-aged and elderly

men without discernable T deficiencies and the effects of such therapy on CVD are

not completely understood (438). This prompted the American College of Physicians to
undertake a meta-analysis of TRT-associated harms and benefits and they determined that
the evidence related to CVD risks and events were insufficient (171). Among the clinical
trials examining the effects of T therapy in hypogonadal men, only 14 clinical trials
including 2415 participants reported CVD events as adverse events. Also, participants with
high CVD risk including recent history of Ml or stroke, and advanced HF were not included
in these clinical trials thereby limiting our understanding of the beneficial or harmful effects
of TRT on CVD. In spite of these limitations, this meta-analysis revealed that, com-pared

to placebo, TRT did not alter the risk for CVD events (171, 481). These findings are
concordant with a previous meta-analysis including 20 RCTs which demonstrated that TRT
did not change the risk for M1, stroke, or mortality (10). However, these findings are
discordant from another meta-analysis which only included placebo-controlled RCTs of
TRT lasting more than 12 weeks (conducted prior to 2012) which demonstrated that TRT
was associated with 54% higher risk of CVD events (642). Interestingly, this meta-analysis
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showed that the results were biased by the source of funding with increases in CVD events
apparent only in studies not funded by the pharmaceutical industry.

An important aspect to consider when examining effects of TRT on CVD may be related

to the route of administration. In a meta-analysis of RCTs, Borst et al. (78) observed no
significant of effect of TRT on CVD risk when all routes of administration were grouped
together. However, when the studies were analyzed separately based on administration
routes, increased CVD risk was apparent when T was administrated orally. Interestingly, the
oral formulation of T has been shown to increase blood pressure and is contraindicated in
men with age-related hypogonadism (171).

Among the RCTs conducted so far, the TOM trial (T in Older men with Mobility
Limitations) may be considered landmark for its association of TRT with increased
incidence of adverse CV events (46). Of note, the TOM trial was not included in the

recent meta-analysis conducted on behalf of the American College of Physicians to reduce
risk of bias based on attrition rate (171). This placebo-controlled RCT included community-
dwelling men aged 65 years or older with hypogonadism and mobility limitations and

was designed primarily to compare the effects of transdermal T gel versus placebo on
muscle strength. While the study showed improvement in muscular strength in the T-treated
participants, it required an early termination due to higher occurrence of CVD events in the
participants assigned to TRT (46). However, it is noteworthy that the adverse events were
only evaluated as a part of safety monitoring and were not a part of the planned primary

or secondary endpoints. Importantly, in a subsequent RCT of TRT in older men, the rate
for adverse CV events did not differ between in the placebo and T treated group (537).

The difference in these two RCTs may be related to degree of therapy-induced increases

in circulating T levels. The latter study aimed to achieve increases in T only to the levels
compatible with mid-normal range observed in younger men aged 19 to 40 years while the
increase in T in the former study were much higher (135, 199, 601, 642). Indeed, most
adverse CV events were noted in men in with highest quartile of T during the interventional
period (46).

Considering the inconsistent findings of the effects of TRT on CVD, a double-blind placebo-
controlled 12-month T supplementation trial was undertaken to examine the effects of

T supplementation on CV risk factors. This study enrolled 788 men with =65 years of

age and T levels less than 275 ng/dL (419). The main outcome measures of this study
included traditional cardiometabolic risk factors such as lipid profile, glucose metabolism,
fibrinolysis, inflammation, and myocardial damage. However, individuals with high risk for
CVD including prior history of Ml, hypertension, elevated creatinine, and diabetes were
excluded from participation. The study showed that compared to placebo, TRT decreased
total cholesterol, HDL-C, and LDL-C. A slight reduction in fasting insulin and HOMA-IR
were also seen. However, TRT was not associated with changes in triglycerides, d-dimer,
CRP, interleukin-6, troponin, glucose, or HbA1C. In other words, T supplementation was not
associated with overall improvement in CV risk profile.

The evidence for the effect of TRT on insulin sensitivity is conflicting with some studies
showing improvement (168, 318) and others reporting no benefit (220, 233, 277). Similarly,
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with regard to the effects of TRT on glycemic control, conflicting findings have also been
reported. Meta-analyses of heterogeneous studies that included open-label and cross-over
studies of varying durations reported that TRT led to a small reduction in HbA1C (98, 136,
365). In a recent 2-year clinical trial including 1007 men of 50 to 74 years with central
obesity and impaired glucose homeostasis, TRT was associated with decreased prevalence
of T2D beyond the effects of lifestyle interventions (633). Compared to participants who
received placebo, the risk for T2D in the TRT group was reduced by 40%. However,
increased incidence of hematocrit greater than 54% was noted in the TRT group (22%

vs. 1%, TRT vs. placebo, respectively), suggesting that TRT would potentially have safety
concerns including increased CVD risk. With regard to CVD risk with TRT, meta-analyses
have also yielded conflicted findings of increased risk (642) or no overall increased

risk (9, 10, 100, 138, 183, 192, 238, 458). These meta-analyses were, how-ever, limited

by inclusion of low-to-medium quality trials, variable treatment durations, heterogeneous
patient characteristics, varied definitions, and low numbers of adverse CV events, thus
lacking adequate statistical power. Considering differential effects of TRT on various CV
risk factors, its clinical importance with regard to overall health and CVD risk reduction
remains undiscernible.

Evidence from androgen deprivation therapy in cancer patients

Summary

Sex-hormone targeted therapy is frequently used for treatment of cancer patients sensitive
to these hormones. In patients with metastatic prostate cancer, androgen deprivation therapy
(ADT) is the main therapeutic approach (362). T reduction in these patients is mainly
achieved via use of gonadotropin-releasing hormone (GnRH) agonists, orchiectomy, GnRH
antagonists, estrogen analogs (diethylstilbestrol), antiandrogens, and androgen receptor
antagonists. While ADT is effective in management of prostate cancer, the adverse CVD
effects of ADT therapy are not completely understood. A meta-analysis including 8
observational studies showed that compared to men not treated with ADT, use of GhnRH
agonist increases the risk for nonfatal CVD by 38% (80). Similar increases in risk were
observed for use of GnRH agonist and increases in ischemic heart disease, M1 and stroke
as well. Orchiectomy and antiandrogen therapy also showed increased risk of nonfatal

CVD events by 44% and 21%, respectively. In contrast, the findings from RCTs do not
consistently demonstrate that ADT is associated with increased CVD mortality. In a meta-
analysis of 8 RCTs including 4141 patients, Nguyen et al. (439) showed that the CVD death
was not increased in patients receiving ADT. In another study including a long-term follow-
up of RCTs of with and without ADT, survival benefits from CV causes for not using ADT
were noted in participants who had presence of moderate or severe comorbidities (151).
Compared to patients receiving ADT, CVD mortality was similar without ADT use when
patients had none or minimal comorbidities. In spite of all the nuances and controversies
around clinical recommendations related to use of ADT in prostate cancer patients (68,
362, 504), the increased CVD risk in men undergoing ADT suggests that T might have
cardioprotective effects (275, 362).

Overall evidence from observational studies and RCTs do not support the causal role
between low T and CVD risk. It is likely that low T may not contribute to CVD but
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rather be a biomarker of poor health and lifestyle associated with CVD. However, an
important aspect related to the age range of participants included in the studies remains
lacking. Representation from hypogonadal men aged 18 to 45 years is deficient (171).

The discrepancy related to age range may be important as the CV risk directly related to
low T may be more apparent in younger men in absence of other prevalent confounding
comorbidities such as diabetes and hypertension. The higher prevalence of cardiometabolic
comorbidities in older population may lead to a lesser contribution for low T with
consequent smaller improvements with T therapy. In the context of the inconclusive
evidence, the US Food and Drug Administration and professional medical societies have
called for a rigorous clinical trial to overcome the shortcomings from prior studies including
short follow-up duration, exclusion of participants with high CVD risk, and lack of CVD
endpoints as primary outcomes. Consequently, the TRT for assessment of long-term vascular
events and efficacy response in hypogonadal men trial (TRAVERSE trial, NCT03518034)
has begun in 2018 with expected completion date in June 2022 to include 6000 participants
aged 45 to 80 years with preexisting CVD or significant CVD risk factors and examine
participants for 5 years for CV safety (210). The primary endpoint for this study is a
composite of major adverse cardiac events comprising of nonfatal MI, nonfatal stroke, or
death due to CVD. The secondary out-comes include cardiac revascularization procedures,
cardiac percutaneous interventions, and coronary artery bypass graft.

Relationship between estrogen and CVD in men

In men, estrogens are formed by the aromatization of andro-gens and have several important
roles in male physiology (133). Importantly, in the last few decades, there has been

a paradigm shift in our understanding of E2 in men and its role in development and
progression of CVD is being increasingly recognized (133, 312). The circulating levels of
E2 in an individual are largely determined by levels of T, aromatase activity, and rates of
estrogen breakdown and clearance (374, 534). Therefore, evidence for the role of E2 in
CVD in men can be largely gathered from (i) observational cross-sectional and longitudinal
studies; (ii) case reports of estrogen deficiencies resulting from mutation in aromatase

and estrogen receptors; and (iii) longitudinal studies of aromatase inhibition or estrogen
treatment. Lastly, estrogen activity in men may also be modulated by estrogen-mimicking
compounds associated with environmental and dietary factors. The findings from these
sources are presented below.

Evidence from observational studies

Compared to T, studies investigating E2 in men are very few which has led to inconsistent
findings. In a meta-analysis including 14 prospective population-based cohorts and nested
case-control studies, Vandenplas et al. (592) reported no association between E2 and
incident CVD. These findings are also concordant with findings from subsequent studies
which show no significant relationship between E2 and CVVD or CVD mortality (114, 253,
271, 272, 446, 646, 647). In contrast, in a previous meta-analysis of cross-sectional and
prospective studies, elevated circulating E2 was reported in men with CVD (140). This
analysis showed that after adjustment for age and BMI, each 1 pmol/L increment of E2
increased CVD risk by 1.5%. However, unlike T, baseline E2 did not predict future CVD
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development (140). Indeed, earlier studies examining the effects of conjugated E2 on CVD
in the Coronary Drug Projects were shown to associate high 5.0 mg/day of estrogen therapy
with increased incidence of MI, pulmonary embolism, and thrombophlebitis. However, these
adverse events were not observed at lower E2 dose of 2.5 mg/day. In contrast, other studies
have shown that low E2 levels are associated with higher risk for CVD and mortality

(22, 580). In a study including 1114 men with a median follow-up of 16 years, men with
low E2 were shown to be associated with a significantly higher risk of CVD mortality
during the baseline to 9-year follow-up but not during the 9 to 18 year follow-up period
(410). Likewise, compared to healthy controls, low E2 levels were observed in men with
progressive CAD (36). These inconsistencies in findings may be partly related to limited
availability of the data and also a result of complex relationship between T and E2. Since T
is substrate for E2; T deficiency is likely to cause lowering of E2 as well. Therefore, low T
and low E2 may be expected in individuals with high CVD risk. On the other hand, elevated
E2 can decrease T expression via inhibitory effects on release of gonadotropin hormone
through the hypothalamic-pituitary axis. Therefore, it is likely that high E2 may cause T
deficiency and be asso-ciated with high CVD risk. It is also possible that the relationship
between E2 and CVD risk is U shaped rather than linear. Indeed, in men with chronic
systolic HF, both low and high levels of E2, compared to middle quintile, have been shown
to be associated with increased CVD mortality (295).

Evidence from rare genetic estrogen deficiencies

An important source of evidence for the physiological role of E2 in men comes from the
rare, documented cases of aromatase and estrogen-receptor deficiencies. In all cases of E2
deficiencies arising from loss-of-function mutation, adults have sought medical attention due
to bone pain or continuous increases in height, emphasizing the importance of E2 in bone
metabolism, hamely bone turnover, and mineralization (51, 70, 82, 106, 116, 263, 350, 386,
387, 414, 429). The metabolic effects of E2 deficiency are varied with dyslipidemia being a
fairly common feature (51, 70, 106, 116, 262, 263, 350, 387, 429, 493). E2 deficiency is also
frequently characterized by alterations in glucose metabolism with increased fasting insulin
and glucose along with impaired insulin sensitivity being reported in several individuals
(70, 116, 350, 387, 429, 536). Hypertension has also been reported in some individuals
(310). Importantly, the detrimental effects on glucose homeostasis and lipid metabolism

are reversed during E2 replacement therapy in men with dysfunction aromatase protein
(263). The variations in metabolic manifestation of the mutations may be related to the
degree of functional loss as well as exposure to dietary and environmental E2 which may
obscure the full manifestation of endogenous E2 deficiency. Nevertheless, these frequently
documented metabolic effects of E2 deficiency are also likely to increase CVD risk. Indeed,
flow-mediated brachial artery vasodilation (an early marker for CVD) was shown to be
absent in a man reported to have estrogen receptor-1 deficiency along with a subsequent
documentation for accelerated coronary arteriosclerosis in the same individual (501, 561,
562). Likewise, a polymorphism in aromatase gene has also been shown to be associated
with CHD and hypertension in men (56, 124). On the other hand, mutations in aromatase
with increase in function have also been identified which shows that having T in normal
range along with elevated E2 does not have any metabolic effects (93, 125, 163, 209, 229,
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402). Collectively, data from these case reports suggest that E2 may have cardioprotective
role in men.

Evidence from E2 supplementation or inhibition therapy

E2 is targeted for management of certain conditions in men. Supplemental E2 and synthetic
E2 analogs may be therapeutically used to induce androgen deficiency in prostate cancer
patients. On the other hand, inhibition of E2 is targeted via use of aromatase inhibitors (Als)
and selective estrogen receptor modulators (SERMs) in patients with hormone-sensitive
breast cancer. Als are also used for the management of gynecomastia and T deficiency

in some men. Synthetic estrogens including diethylstilbestrol were successfully used to
treat prostate cancer in the 1960s and 1970s but were later found to be associated with
increased risk for M1 and its use was significantly curtailed (32). However, compared to
other ADT strategies, E2 supplementation at optimal dose and route is not associated with
further elevation of CV risk (488). This suggests that increases in E2 in itself may not be
detrimental to CV health. In fact, transdermal E2 therapy has been shown to improve lipid
profile without changes in inflammatory profile in men with prostate cancer in small RCTs
(480). However, these findings related to E2 in lipid measures were not corroborated in other
studies (95, 333, 377, 494, 539). Nonetheless, Al and SERM use has not been shown to be
associated with any change in CVD risk markers nor any major CV adverse events (28, 378,
623).

Evidence from exposure to environmental estrogen analogs

In addition to endogenous E2, there are several environmental pollutants such as bisphenol
A (BPA), and dichloro-diphenyl-trichloroethane, and dietary compounds (phytoestrogens)
such as isoflavones derived from soybeans and other legumes, and resveratrol, found in
grapes and wine with E2 mimicking ability which can contribute to estrogenic effects in
men (174, 227). Indeed, a number of cross-sectional epidemiological studies have implicated
excessive exposure to environmental E2 signaling modulators with obesity, diabetes, and
CVD which led the US Endocrine Society to issue a scientific statement on the impact

of endocrine-disrupting chemicals on health (120, 227, 249). In a prospective cohort study
from the European Investigators of the Cancer-Norfolk UK including 1619 participants and
mean follow-up of 10.7 years, Melzer et al. (408) showed that each standard deviation
increase of urinary BPA (4.56 ng/mL) was associated with 13% increased incidence for
CAD after adjustments for age, sex, and urinary creatinine. Similarly, data from two nested
case-control studies (ESTHER and SURDIAGENE cohorts) have shown that exposure to
BPA as determined by urine analysis, is associated with 97% higher incidence of Ml (274).
In a representative US population derived from NHANES, compared to individuals with
lowest levels of urinary BPA, high levels of urinary BPA were shown to be associated with
73% increased prevalence of MI and 61%increased prevalence of stroke (97). Interestingly,
a cross-over RCT showed that BPA exposure from canned drinks acutely caused increase in
blood pressure by approximately 4.5 mmHg (30). Importantly, in this study, the associations
between BPA and CVD were more evident in men.

Evidence from epidemiological studies and clinical trials suggests that the phytoestrogens
may affect CV health, but well-controlled studies are lacking (174). In an RCT examining

Compr Physiol. Author manuscript; available in PMC 2023 April 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Singh et al.

Summary

Page 21

the effects of soy isoflavones in 200 men with hypogonadism and diabetes, 3 months of

soy protein intake with 66 mg of isoflavones was associated with improvement in glycemic
control and vascular endothelial function along with reduction in triglycerides, CRP, and
diastolic blood pressure (513). In another RCT including healthy men and postmenopausal
women, soy protein intake with 118 mg of isoflavones for 3 months was shown to associate
with greater reduction in blood pressure and improvements in lipid profile (573). However,
a decline in vascular endothelial function was observed only in men. Studies examining

the role of resveratrol on CVD are more complex as it has been shown to have both E2
agonist as well as antagonist properties based on cell type (375). Nevertheless, these studies
corroborate the potential cardioprotective effects of dietary E2 supplementation especially in
T-deficient men and warrant further investigation.

Lastly, it should be noted that these E2 mimicking com-pounds do not entirely represent the
actions of endogenous E2 mainly due to differential selectivity to E2 receptors along with
their ability to activate receptors for other metabolically important hormones such as thyroid
receptors (591). These caveats must be kept in mind when drawing conclusions about the
role of E2 in CV physiology from these studies of environmental and dietary compounds.
Nevertheless, these studies highlight that exogenous environmental and dietary factors may
confound our understanding to the role of E2 and estrogen-like compounds in development
and progression of CV diseases.

Together, the studies examining the role of E2 in development and progression of CVD
in men suggest possible cardioprotective effects, but further clinical studies are needed
to delineate the underlying mechanisms with a goal to develop interventions aimed at
activation of estrogenic pathways which may be targeted to reduce CV risk in men.

Relationship between progesterone and CVD in men

Progesterone is one of the earlier products of steroidogenesis which may act as a precursor
for T as well as cortisol and aldosterone (570). In men, progesterone is synthesized in the
testicles and adrenal glands and remains largely stable with age (57, 444). Progesterone

is well established in reproductive fields but is also recognized for its anxiolytic,
antidepressant, anesthetic, anticonvulsant, and analgesic effects making it a potential tool
for the management of other clinical conditions (392, 473). While the role of progesterone
in CVD in women has received a lot of attention, its role in men remains scarce leading to
inconsistent findings (444).

Evidence from observational studies

Some cross-sectional and longitudinal studies have shown high circulating progesterone to
be associated with increased CVD risk (442, 451, 662). In a case-control study including
411 participants, compared to healthy participants with no family history of premature CAD,
high progesterone levels were found to be associated with family history of premature

CAD. Importantly, these associations were independent of traditional risk factors for CAD
(451). In this study, progesterone was also shown to be weakly correlated with factors
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associated with insulin resistance, including waist-to-hip ratio, fasting glucose, and HbA1C.
In another study, Zitzmann et al. (662) reported a positive association between inflammatory
markers such as interleukin-6, CRP, VCAM, e-selectins, and leptin with progesterone in 67
healthy men aged 20 to 50 years. The role of progesterone in progression of CVD was also
corroborated in a prospective study including 230 men at baseline and 132 men at 8-year
follow-up which showed that progesterone was elevated in men with chronic HF and in
participants who died during the follow-up period. Importantly, men who developed chronic
HF also demonstrated increases in progesterone (442). In contrast, in a cross-sectional
study including 181 elderly men aged 71.8 + 7.1 years, an inverse relationship between
CIMT and circulating progesterone was observed independent of several traditional CV risk
factors including age, triglycerides, total cholesterol, LDL-C, CRP, systolic blood pressure,
waist-to-hip ratio, and BMI (381). Individuals with low progesterone were also shown to
have elevated risk for higher CIMT. In another study of 95 men with idiopathic pulmonary
arterial hypertension and median follow-up of 65 months, low levels of progesterone were
associated with increased risk of pulmonary arterial hypertension but not mortality (640).

Evidence from progesterone supplementation studies

Summary

Progesterone therapy has been examined in the settings of contraceptive use and is also
prescribed to increase body weight in elderly men to overcome cachexia. In men, efficacious
hormonal contraception requires administration of both T and progesterone. RCTs of T

and progesterone for male contraception revealed inconsistent effects on CV risk factors
(55, 315, 661). While decreases in HDL-C have been consistently reported, clinical trials
examining different progesterone analogs for contraception have shown inconsistent effects
on other measures of lipid profile and glucose metabolism (541, 661). Megestrol, a
synthetic progesterone analog, has been shown to decrease total cholesterol and HDL-C

in elderly men treated for cachexia (349). However, in middle-aged men, in addition to
reproductive effects on sperm counts, studies show that a single injection of 200 mg
norethisterone enanthate (NEN-EN, synthetic progesterone analog) was associated with
depletion of T and E2, no changes in lipid profile and glucose tolerance, and marked

shift in hemostatic parameters (315, 663). In contrast, detrimental effects of progesterone
analogs on lipid profile were apparent when administered in combination with T (316,

317). A deterioration of insulin sensitivity as determined by QUICKI index was also seen
(664). It is noteworthy that synthetic progesterone analogs do not exactly mimic the actions
of endogenous progesterone and their downstream consequences may be different (23).
Importantly, synthetic progestin analogs can bind to progesterone receptors as well as to
androgen receptors leading to ambiguous findings for the physiological role of progesterone.

Together, the current studies suggest that progesterone may have some detrimental as

well as protective CV effects which largely work in conjunction with other sex hormones
including T and E2. However, well-controlled prospective studies are needed to elucidate the
relationships along with interventional studies to determine causality.
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Relationship between DHEA and CVD in men

DHEA is produced by the adrenals and is a precursor of bioactive androgens and E2

(177, 343, 522). Dehydroepiandrosterone and its sulfate (DHEAS) are abundantly present in
circulation and are known to decline with age (449). DHEA and DHEAS are implicated in a
broad range of metabolic dis-orders including osteoporosis, cancer, and mental disorders.

Evidence from observational studies

Earlier studies from the 1960s and 1980s laid foundation for potential cardioprotective
effects of DHEA. Several cross-sectional and case-control studies showed that low levels

of DHEA accompanied CV risk factors such as hypertension, dyslipidemia along with

CVD (323, 401, 485). In a prospective 12-year study of 242 men aged 50 to 79 years,
Barrett-Connor et al. (44) showed that DHEAS levels decreased with age and were lower in
men with a history of heart disease. Importantly, in men with low DHEAS levels (below 140
ug/dL) in whom there was no history of heart disease, the risk for CVD mortality was 3.3
times higher during the follow-up period. Similar high risk was also observed for death from
ischemic heart disease. While the inverse relationship between DHEA/DHEAS and CVD
has been reported by several studies, there are some inconsistent findings as well. DHEAS
has been shown to be low in patients with chronic HF and associated with decreased
all-cause mortality, but this association was abolished when adjusted for age and HF severity
(234). In another study of 1251 men participating in the Framingham Heart Study, DHEAS
was not associated with increased risk for atrial fibrillation (390). Similarly, DHEAS but not
DHEA has been shown to be predictive of adverse adrenal functional outcomes in ischemic
stroke patients but not mortality (75). In a prospective study including 46 men with CAD
and 124 healthy men and a mean follow-up of 9.5 years, no difference in DHEAS was found
between healthy men and patients with CAD. Furthermore, among healthy men, DHEAS
was not predictive of CAD risk (132). Therefore, it was not surprising that a meta-analysis
of 11 cross-sectional studies in men (conducted up to 2011) showed that DHEA is not
associated with CVD or mortality (140).

In contrast, a longitudinal study including 4255 Vietnam-era US army veterans with 15 years
of follow-up, high DHEA was associated with low all-cause mortality and CVD mortality in
models adjusted for age and other covariates including smoking, comorbidities, household
income, ethnicity, and marital status (471). Of note, this study was not included in the above
meta-analysis. In a more recent meta-analysis including 18 prospective studies of 92,489
patients with CVD conducted up to 2016 and a follow-up period ranging from 1 to 19

years, Wu et al. (639) showed that low DHEAS were associated with increased risk for all-
cause mortality, CVD mortality, and nonfatal C\VVD events. Importantly, these associations
remained significant when analyzed only for men (639). A subsequent meta-analysis in 6744
elderly individuals (aged 65 years or more) also confirmed the increased risk associated with
low DHEAS for all-cause mortality and CVD mortality (364). The follow-up duration for
the studies included in this meta-analysis ranged from 2.7 to 8.0 years and the increased risk
of all-cause mortality and CVVD mortality was only apparent in men (364).

In a recent report of 4107 men participating in the ARIC study, Zhao et al. (658) showed that
each standard deviation decrease in DHEAS was accompanied by 7% increase in HF risk in
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men during the median 19.2-year follow-up period. In a separate analysis of 3650 healthy
men participating in the ARIC study, low baseline DHEAS was shown to be associated

with 30% increased hospitalization for HF but not CHD (306). The low DHEAS were also
associated with higher age, BMI, triglycerides, and comorbidities such as hypertension, and
dyslipidemia. Furthermore, the study showed that the greater decreases in DHEAS during
the follow-up period were predictive of higher risk for HF hospitalization. Importantly,
these associations between DHEAS and HF were not significant when adjusted for age and
other HF-associated covariates such as proBNP. The relationship between low DHEA and
DHEAS with higher risk for T2D has also been reported in a study of 2171 middle-aged and
elderly men during a median 10.9-year follow-up period (85). In another study, a positive
relationship between DHEAS and ambulatory diastolic blood pressure but not systolic blood
pressure was noted only in 229 normotensive men (308).

Notwithstanding some inconsistencies, most observational studies suggest that low DHEA/
DHEAS levels may be associated with increased risk for at least certain CVDs in men.

The discrepancies in findings from different studies may likely stem from age of the
participants as well as different pathological mechanisms involved during the development
and progression of various CVDs.

Evidence from DHEA supplementation studies

Summary

Over the years, the cross-sectional and longitudinal studies have encouraged the use

of DHEA as dietary supplement to improve health. However, the benefits of DHEA
supplementation remain inconclusive. In a meta-analysis of all RCTs conducted up to

2013 which included 1353 elderly men with a median follow-up of 36 weeks, DHEA
supplementation led to 1.24 nMol/L increases in T and 24.76 pMol/L increase in E2. But
these alterations in sex hormones did not translate to any changes in glycemia, insulin, or
total cholesterol (139). Similar lack of protective effects of DHEA supplementation on lipid
profile was also noted in a more recent meta-analysis of RCTs in men and women. Qin et
al. (482) showed that compared to control group, DHEA intake was associated with a mean
3.13 mg/dL decrease in HDL-C while other parameters including total cholesterol, LDL-C,
and triglycerides remained unchanged. However, the decreases in HDL-C were lacking in
men and the overall decreases were largely driven by women. Notably, the meta-analysis
also highlighted the heterogeneity in the clinical trials including differences in inclusion
criteria, DHEA dosage, and length of treatment duration. In contrast to the previous meta-
analysis, Wang et al. (613) showed that DHEA consumption was associated with a mean 2.2
mg/dL decrease in fasting glucose with no effects on insulin and HOMA-IR. However, the
decreases in glucose were not apparent in men.

Overall, the findings from the RCT suggested a lack of direct causal effects of DHEA on
CVD and did not support the use of DHEA supplementation to improve cardiometabolic
health. It is likely the low DHEA is a mere marker for poor CV health and may be used to
identify CVD risk in men.
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Sex Hormones and CV Health in Women

While E2 is predominant sex hormone in women, other sex hormones including T,
progesterone, and DHEA have been shown to be associated with CV risk as well. The
prevalence of CVD increases with age in both men and women. While women have a

lower prevalence of CVD until midlife, the prevalence rates are similar between men and
women in the decades just after menopause (58, 498, 659). As a result, it has been suggested
that menopause represents an ideal time to monitor women’s CV and metabolic risk and a
critical window for implementing early intervention strategies to reduce CVD risk in women
as they age (130, 178). The lower prevalence of CVD in premenopausal women has been
attributed to estrogens—particularly estradiol (E2)—which declines substantially with the
menopause transition. The impact of E2, as well as other hormones like T, progesterone,

and DHEA, on vascular aging may explain the age-related increases in CVD risk in midlife
women.

Relationship between T and CVD in women

In healthy premenopausal women, adrenal contribution to endogenous T is relatively
constant throughout the menstrual cycle (varying between 40% and 66%) (3). Furthermore,
the ovarian contribution of endogenous T in healthy women reaches maximum levels during
midcycle (60%), and the early follicular and late luteal phases of the menstrual cycle both
contributing to approximately one-third of total endogenous T levels (3). As women get
older, ovarian function declines, menstrual cycles become more irregular and cease, and T
levels decline. T also declines with oophorectomy, hypopituitarism, adrenal insufficiency,
chemotherapy and radiation therapy, oral contraception, glucocorticoid therapy, and oral E2
therapy. Although CVD risk increases in women as they age which coincides with declining
T levels, this relationship is complex.

Evidence from observational studies

Traditionally, the effect of hyperandrogenemia on CV risk was mostly studied in

women with polycystic ovarian syn-drome (PCOS). Women with PCOS have the

hallmark trait of high levels of circulating free T, which is shown to be associated

with endothelial dysfunction (460) and arterial disease (156). Premenopausal women

with hyperandrogenemia also have a higher prevalence of CVD risk factors including
central obesity, insulin resistance, dyslipidemia, and chronic inflammation (627). Studies
investigating the association between endogenous T levels and CVD risk in non-PCOS
women often examine older women and demonstrate more inconsistent findings. In these
studies, both high and low levels of endogenous T have been associated with CVD, while
other studies report no such association. One study that demonstrates the complexity of such
associations includes older women with both lower and higher levels of T having increased
risk of CHD compared to women with normal T (354).

Associations between lower T and higher CVD risk and mortality have also been reported.
In a large, population-based cohort of women over 40 years of age, lower levels of T were
marginally associated with risk of acute MI (149). Similarly, lower T was also associated

with increased CAD, as well as increased CVD, and all-cause mortality in postmenopausal
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women with and without diabetes (313, 617). A large cohort of 2914 women in Germany
between the ages 18 and 75 years revealed that lower baseline T levels were associated with
increased all-cause mortality and incident CVD events that were independent of traditional
CV risk factors (532). Studies demonstrating an association between higher T and CVD
risk are also available. For example, in a Danish prospective cohort study, women with
very high T levels had a 68%bhigher risk of ischemic heart disease and a 36% higher

risk of death compared to women with lower T levels (60). Another large cohort of
postmenopausal women participating in the Multi-Ethnic Study of Atherosclerosis study
revealed that higher T-to-E2 ratio, as well as higher T levels alone, were associated with
higher risk for incident CVD, CHD, and HF (659). Other studies show no relationship with
CVD risk and total T, free T, or low or high total T (273, 515). Potential mechanisms

that may explain this increased risk include the link between T and vasoconstriction of
blood vessels and increased platelet aggregation (8). T is also associated with increased
accumulation of visceral (abdominal) fat, lipids, as well as increased blood pressure, CRP,
and insulin resistance (145, 225, 406, 565, 612, 617).

Evidence from T supplementation studies

Summary

Even though T is frequently prescribed (off-label) for hypoactive sexual desire disorder,
(155, 625), its effects on CVD have not been thoroughly explored. One study has
demonstrated that 6 weeks of parenteral T improved endothelial function in postmenopausal
women who were chronically taking E2 therapy (637). Conversely, in premenopausal
women, microvascular vasodilation in response to administration of GnRH antagonist with
and without T add-on does not appear to be different (621). In another RCT, administration
of 300 ug transdermal T in women with chronic HF was associated with improvement in
6-min walk test and insulin sensitivity (286).

Although data from observational studies suggest that T might have CV protective effects in
women, there is inadequate research on therapeutic application of exogenous T for reduction
of CV risk (155).

Relationship between E2 and CVD in women

The hallmark decline in estrogen with aging (particularly E2), with its protective effects
against CVD in women is thought to be the primary reason for these increases in CVD risk
in women.

Evidence from observational studies

The incidence of CHD increases after menopause, as well as after bilateral oophorectomy
in the absence of E2 supplementation (127, 178). Early menopause is also associated

with shorter CHD-free survival (619), while older age at menopause onset is associated
with reduced CVD mortality (157). Nevertheless, studies of age of natural menopause and
incident morbidity and mortality have yielded inconsistent findings (178).
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The cardioprotective effects of E2 are thought to be partly related to its positive effects

on vasculature. Specifically, E2 contributes to reduction in blood pressure via promoting
vasodilation through increasing endothelial nitric oxide synthesis and inhibiting the renin-
angiotensin system (415). E2 is also thought to regulate specific inflammatory markers
and cytokines (37). The loss of antioxidant and anti-inflammatory effects observed with
E2 decline is linked with low-grade inflammatory condition and development of CVD

(4, 618). Flow-mediated vascular dilation, an established early marker for CVD risk, has
been reported to decline in women as they near menopause onset (425) but improves

with E2 treatment (426, 427, 526, 606). Similarly, other markers of CV risk including
pulse wave velocity and arterial compliance also decline with age in women (548, 608).
Furthermore, data from the Study of Women’s Health Across the Nation (SWAN) revealed
associations between low E2 and increased CIMT, a strong predictor of subclinical CVD,
in perimenopausal women (179). Interestingly, improvements in endothelial function in
postmenopausal women during endurance training appear to be effective in only those
women treated with E2, suggesting an essential role of E2 in vascular adaptations

to endurance training in women (427). Furthermore, certain metabolites are converted
into cardio-protective molecules only in presence of E2. For instance, arachidonic acids
are converted in epoxyeicosanoids, which have antiarrhythmic properties and are partly
responsible for lower prevalence of atrial fibrillation only in women (431, 622).

Evidence from E2 supplementation studies

The observational and mechanistic studies suggest favorable effects of E2 on lipid

profile, and CVD risk reduction (43, 96, 230, 409, 492, 549, 576). This led to off-

label use of Premarin (conjugated equine estrogens, CEE) and Prempro (CEE plus
medroxyprogesterone) which skyrocketed in the 1990s (342). Although these hormonal
therapies were approved for relief of menopausal symptoms and prevention of osteoporosis,
they were largely prescribed for preventing heart disease and other chronic diseases with the
hope of slowing or reversing the manifestations of aging among postmenopausal women.
Following publication of the principal results of the WHI trials in 2002 and 2004 which
suggested more harm than benefit from treatment with CEE in combination with progestin
(499) or CEE alone (17), the use of menopausal hormone therapy (MHT) for prevention of
chronic diseases decreased dramatically and remained at a low level (544).

The WHI hormone trials comprised of two large RCTs—one comparing CEE 0.625 mg/day
plus medroxyprogesterone acetate (MPA) 2.5 mg/day vs. placebo, and the other comparing
CEE-only vs. placebo. Because of the established risk of unopposed E2 for endometrial
cancer, menopausal women with an intact uterus were enrolled in the CEE + MPA trial
(V= 16,608) and those who had hysterectomy were included in the CEE-only trial (M=
10,739). In both trials, the primary efficacy outcome was CHD, a composite of nonfatal

MI and CHD death. Based on observational data of the effect of E2 on the risk of breast
cancer (555), invasive breast cancer was designated as the primary adverse outcome in
both trials. The sample sizes were based on estimated event rates, and benefits and risks.
Both trials were stopped earlier than the planned 8.5-year treatment period. The CEE +
MPA (estrogen plus progestin) intervention was stopped as recommended by the study’s
Data Safety Monitoring Board after a median 5.6-year treatment duration on the basis of
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increased risk of breast cancer in the active drug therapy arm (499), and the CEE (estrogen)
monotherapy intervention was discontinued by a decision made by the National Institutes
of Health after a median 7.2-year treatment period because of an increased risk of stroke

in the CEE arm (17). The study participants in both trials were followed for several years
after discontinuation of the interventions. Over a cumulative 18-year follow-up, there were
1088 and 6401 deaths during the intervention and postintervention phases, respectively, for
a total of 7489 deaths in the CEE-only and CEE + MPA trials (394). In the pooled cohort,
all-cause mortality was 27.1% in the hormone therapy group vs. 27.6% in the placebo group.
Mortality rates related to CVD and cancer were also not different between hormone therapy
and placebo groups. The results were not different between the CEE-only and CEE + MPA
trials.

In the intervention phase of the CEE + MPA trial (499), several CV outcomes suggested
harm. Increased risks for CHD, stroke, deep vein thrombosis, pulmonary embolism, and
total CVD were observed in the CEE + MPA group vs. placebo. Interestingly, during the
intervention phase of the CEE-only trial (17), no increased risk for CHD was observed
with CEE vs. placebo although there were significantly increased risks for stroke, deep
vein thrombosis, and total CVD. In both trials, CHD risk increased in the first year of
intervention, albeit more significantly with CEE + MPA. Whereas CHD risk persisted with
the combination therapy, the risk diminished with CEE-only with no overall increased

risk after 6.8-year treatment. Stroke risk was significantly elevated with both CEE + MPA
(41% increase; 29 vs. 21 per 10,000 person-years) and CEE-only (39% increase; 44 vs.

32 per 10,000 person-years). However, the increased CVD risks observed during treatment
with CEE + MPI and CEE-only were no longer present during long-term follow-up after
treatment discontinuation (258, 348). The primary publications of both WHI trials concluded
that CEE alone or in combination with MPA should not be recommended for prevention of
chronic disease in postmenopausal women.

The results of the WHI trials further confirmed the findings of the Heart and Estrogen/
progestin Replacement Study, a placebo-controlled trial of CEE + MPA in 2763 women
with preexisting CHD, which reported an increased risk of CHD events in the first year

of treatment and no overall reduction in CHD events during an average treatment period

of 4.1 years (280). Concordant with these findings, a recent meta-analysis (334) of 26
RCTs found that MHT was associated with a 14% increased risk of stroke, 70% increased
risk for venous thromboembolism and 26% increased risk for pulmonary embolism, but no
significant increase in the risk of Ml or overall CHD.

While the MHT may not benefit all postmenopausal women, there are some caveats. \Women
who are 10 years or more beyond menopause onset are likely to not benefit from the
cardioprotective effects of estrogen due, in part, to its coagulative effects (370). It is also
recommended that hormone therapy be primarily estrogen-based and that progesterone use,
to protect against endometrial hyperplasia, should be minimized as they may attenuate

the coronary benefits of E2 (370). MHT has also been shown to lower LDL and total
cholesterol, as well as increase HDL cholesterol (384). These improvements in cholesterol,
as well as lowering of triglyceride levels, are diminished with use of orally administered E2
(but not transdermal) (224). MHT is also associated with increased nitric oxide production
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and decreased vascular inflammation (489). The “timing hypothesis” proposes that hormone
therapy started in the perimenopausal, or early postmenopausal period is cardioprotective,
while hormone therapy late after menopause increases CVD risk (221, 472). Indeed, data
from the Early versus Late Estrogen Trial demonstrated that while women who were 10
years past menopause experience no coronary benefit from hormone therapy, women who
were less than 6 years past menopause has less progression of subclinical atherosclerosis
(269). Furthermore, clinical trials of secondary prevention of CHD and stroke also show

no benefit with hormone therapy in women with average ages of 67 to 72 years, which

is the age beyond 10 years of average menopause onset (280, 605). The WHI trials

further demonstrate that hormone therapy appears to protect again CV diseases in recently
menopausal women (550), and in those at greater CV risk. The literature supporting a
critical role for the time of initiation of MHT use relative to menopause, with initiation

at <60 years of age or within 10 years of menopause appearing to be associated with
reduced CVD risk, strongly calls for further research assessing MHT use, including
potential contrasts by form, route, and duration of administration, on cardiometabolic
effects in women traversing menopause, a large proportion of whom experience menopausal
symptoms before even reaching menopause.

Evidence from E2 agonists or inhibition therapy

Apart from changes in estrogen resulting from natural menopause, E2 levels are clinically
modulated via use of Al and SERMS in hormone receptor-positive breast cancer patients.
Contrasting effects of Ais and SERMS (tamoxifen) have been observed in these patients.

Al use is associated with increase in incidence of hyperlipidemia and hyper-tension in some
studies and not in others (228, 372, 616). Most studies have reported an improvement in
lipid profile among tamoxifen users (14, 201). Compared to tamoxifen, use of Al was
associated with increased risk for CVD by 30% (86, 123). Ais seem to accelerate CVD
progression which is lacking in women receiving SERMs (14, 521). Cardioprotective effects
of tamoxifen have also been shown for CVD (86, 123).

Summary

Together, evidence from cross-sectional studies and therapeutic trials suggests that E2 has
cardio-protective effects. However, the use of E2 to improve cardiometabolic profile requires
consideration of many other factors of which time from menopause is the most important
consideration.

Relationship between progesterone and CVD in women

In women, progesterone plays a critical role during pregnancy and is responsible for many
physiological adaptations required for a successful gestation (570). However, the impact of
progesterone on CV health is not well understood.

Evidence from observational studies

Most studies examining the relationship between sex steroids and CVD have not measured
progesterone. In a study of post-menopausal women, high serum progesterone was shown to
be associated with increased mortality, and chronic HF (442). Considering the wide variation
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in circulating progesterone observed during the menstrual cycle, epidemiological studies
have not evaluated the relationship between progesterone and CVD risk in premenopausal
women. However, clues into the effects of progesterone on CVD risk can be derived

from studies examining the effects of progestin-only contraceptive (POC) use. In a pooled
analysis of 19 observational studies, compared to nonusers, POC users did not exhibit any
changes in the risk for venous thromboembolism, MI, and stroke (223). This meta-analysis
included data from 11,930 women using POCs. However, closer examination of the data
revealed that injectable POC was associated while oral POCs were not associated with
increased risk for venous thromboembolism risk. Furthermore, POC use was not associated
with changes in blood pressure or diabetes risk. Based on these studies, the US medical
guidelines for contraceptive use advocate POCs for women at high risk for CVD but
contraindicate the use of injectable POCs in women with a history of MI and stroke (574).

Along with estrogen, women experience declines in endogenous progesterone levels with
age. It is well known that estrogen and progesterone treatments are highly effective

at treating vasomotor symptoms, including hot flashes and night sweats. The use of
progesterone was initially limited by poor gastrointestinal absorption and only the
development of an oral micronized form made it possible to achieve adequate and consistent
physiologic blood levels. Now, progesterone is US Food and Drug Administration approved
in oral micronized form, as well as in the form of a vaginal gel or as an over-the-counter
cream. Progesterone is used in combination with estrogens to treat vasomotor symptoms in
women during menopause transition. Use of progesterone alone for treatment of menopause
symptoms has also been suggested (477).

Evidence from progesterone supplementation studies

Unlike estrogen, there is less known about the effects of endogenous progesterone and
synthetic progestins on CVD risk. Additionally, the androgenic nature of progestogens
suggests that different progestogen agents may have different effects on CVD risk.

An in-depth meta-analysis of 248 prospective studies published from 1974 to 2000
summarized serum lipid levels that encompassed 42 different hormone therapy regimens
(224). Unfortunately, separating the effects of progestins from estrogen-alone or combined
therapies on CV risk was difficult. While progestogens did not appear to alter the estrogen
effects on LDL-C and total cholesterol, estrogen-induced increases in HDL and triglycerides
were diminished according to the type of progestogen (224). Specifically, they were
opposed in the order of progestogen (from least to greatest effect): dydrogesterone and
medrogestone, progesterone, cyproterone acetate, MPA, transdermal norethindrone acetate,
norgestrel, and oral norethindrone acetate. One of the major trials examining the effect

of hormone therapy with progestogens was the Postmenopausal Estrogen/Progestogen
Intervention Study. Specifically, the study was a prospective, 3-year, randomized trial in

875 postmenopausal women between 45 and 65 years of age that compared placebo,
unopposed CEE, CEE plus continuous MPA, CEE plus cyclical MPA, and CEE plus
cyclical micronized progesterone. This study found that postmenopausal women treated with
estrogen and micronized progesterone had significantly higher HDL cholesterol levels than
women treated with estrogen and MPA (576). Importantly, HDL-C is more closely related
to CVD than LDL-C, making these findings highly relevant (294). More recent studies
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in premenopausal women also indicate that administration of either MPA or micronized
progesterone alone or combined with E2 abolished the beneficial effect of E2 on endothelial
function (407, 416). In contrast, others have reported that micronized progesterone did not
negate the effects of E2 on vasodilation in postmenopausal women (216).

Overall, the relationship between progesterone and CVD risk remains unclear. Studies
exclusively examining the effects of progesterone on CVD are lacking.

Relationship between DHEA and CVD in women

Fewer studies have examined the relationship between DHEA and CVD risk in women, and
most are associated with inconclusive findings.

Evidence from observational studies

In The Rancho Bernardo Study, investigators found that, unlike in men, DHEAS levels in
postmenopausal women did not predict CV mortality (42). Another analysis from the ARIC
cohort further supports the lack of association between CVD risk and DHEAS levels (226).
Concordant with these findings, in a recent meta-analysis which included all longitudinal
and observational studies up to 2019, the association of low DHEAS with all-cause mortality
and CV mortality was shown to be only limited to men (364).

In contrast, a recent analysis of the ARIC cohort showed that 1 standard deviation decrease
in DHEAS was associated with 1.17 higher odds of HF (658). Low DHEAS (<27.4 ug/dL)
was also associated with increased HF hospitalization in women and increased CVD death
(306). However, no association with CAD was noted. Low DHEAS have been also found

to be associated with higher CVD and all-cause mortality in postmenopausal women with
coronary risk factors (530). Low DHEAS has also been shown to be associated with higher
risk for venous thromboembolism in women using MHT (495). Severe disease and worse
outcomes in postmenopausal women with pulmonary arterial hypertension were also seen

in presence of low DHEAS (35). Similarly, among patients with CVD, low DHEAS was
associated with 67% higher all-cause mortality, and 52%higher nonfatal C\VVD events but not
CVD mortality (639). Meanwhile, other studies have reported increased rates of CVD and
all-cause mortality in women with higher DHEAS levels (309, 586). In a nested case-control
study within the Nurses’ Health Study cohort, the risk for MI was shown to increase with
increases in DHEA and DHEAS (453). In another study, Jimenez et al. (307) examined

the relationship between DHEAS and CVD risk among Latinos participating in the Boston
Puerto Rican Health study and observed higher DHEAS in women with hypertension and

in women with a history of CVD. Adding to these inconsistencies, a U-shaped relationship
between DHEAS and 5-year mortality has also been shown (104, 447). Interestingly, women
with higher DHEAs levels tended to have higher cancer mortality and those with lower
DHEAS tended to have a greater CVD mortality (104).
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Evidence from DHEA supplementation studies

Summary

DHEA is a precursor to estrogen. Therefore, DHEA supplementation has the potential

to improve hormonal profile in postmenopausal women (154). While exogenous DHEA
treatment is shown to improve hormonal profile (345, 346, 457), no meaningful or consistent
improvements in lipid pro-file or glucose metabolism have been observed in RCTs (154,
457). The discordant effects observed in the different DHEA supplementation studies may
be partly due to differences in route of administration—oral versus transdermal, strength of
the supplement (25-1600 mg/day), and length of treatment (4-52 weeks). However, most
studies show that DHEA use is associated with decrease in HDL-C and total cholesterol
which was more prominent in women (154, 482). Similar inconsistent findings were
reported for insulin sensitivity as well (47, 48, 112, 351, 423, 430, 435, 456). Importantly,
none of the RCTs of DHEA in women had sufficient size to provide data pertaining to CVD
events (154).

Taken together, the relationship between DHEA, DHEAS, and CVD observed in men has
not been consistently replicated among women (577). As with men, DHEA supplementation
does not have any favorable effect on CVD risk profile but its effect on major adverse CV
events remains largely unknown.

Sex hormones and CVD Risk in Transgender Individuals

The contributory role of gonadal hormones in CV health is highlighted by findings

from transgender patients who undergo hormonal therapy to develop and maintain the
physical characteristic consistent with their gender identity. Current evidence suggests

that gender affirmative hormonal therapy increases the risk for CV disease including
venous thromboembolism, MI, and stroke which is prominent in transwomen (131, 560).
Further, while overall CV mortality is not increased in transgender population (74), an
increased mortality from CV causes is noted in transwomen (24, 181). Hormonal therapy
in transwomen affects coagulation factors such that it leads to a pro-thrombotic state and

an increase in risk for venous thromboembolism. In a 4-year prospective study, transwomen
were shown to have an elevated risk for venous thromboembolism than nontransmen and
nontranswomen matched for BMI, smoking history, hypertension, and cholesterol values
(217). This study also showed that compared to nontranswomen, transwomen were at a
higher risk for ischemic stroke and MI. However, the risk for ischemic stroke and M1 did
not increase in comparison to nontransmen. Similar findings have been reported in other
study cohorts (624). For transmen, the evidence is insufficient to allow conclusion regarding
venous thromboembolism, stroke, and M1 (131, 217).

In terms of CV risk factors, a meta-analysis of 29 studies evaluating the effect of hormonal
therapy in transgender individuals showed elevated triglycerides and LDL-C along with
decreased HDL-C in transmen (397). In transwomen, higher levels of triglycerides were
observed with no other changes in lipid parameters. Most studies examining the effects

of hormonal therapy on blood pressure in transgender individuals show no effect while
some studies have shown that T treatment in transgender men is associated with a small
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increase in systolic and diastolic blood pressure values (292, 560). In contrast, hormone
treatment in transwomen is associated with decreases in blood pressure. While T2D is a
major CV risk factor, the effect of hormonal treatment in transgender individuals is not clear.
A meta-analysis of limited studies examining the effects of hormonal therapy on insulin
resistance in transgender individuals showed that T therapy in transmen does not impact
insulin resistance while E2 therapy in transwomen may worsen insulin resistance (542).
Nonetheless, compared to nontransgender individuals, T2D is more frequent in transwomen
and transmen (624).

Overall, while few prospective studies of transgender CV outcomes exist, current evidence
suggests that the use of gender affirmative hormonal therapy does not significantly alter
the CV risk in transgender individuals. Therefore, clinical recommendations for CV
prevention in transgender individuals differ to general population guidelines to include
routine assessment of traditional risk factors including lipid profile, blood pressure, and
diabetes (292, 497, 560).

Sex Hormones, Obesity, and Body Composition

Sex differences in body composition are present during the first several months after birth
with boys having lower body fat and higher fat-free mass than girls (153). These sex
differences may be due to the anabolic effects of T production in men (153). The sexual
dimorphism in body composition increases markedly during puberty with growth of skeletal
muscle in men exceeding that in women; these effects lead to a corresponding decrease in
percent fat in men relative to women (525, 533). By early adulthood “Reference” Man
(weight 70 kg; height 170 cm) and Woman (60 kg; 160 cm) have 19% and 28% of

their body weight as fat, respectively (288). Corresponding estimates of total body skeletal
muscle mass are 40% and 29% (288). Across the general population, adipose tissue mass
increases, and skeletal muscle mass decreases with greater age, starting at about the fourth
decade, independent of sex, race, weight, and height (265). These effects of senescence
appear greater in men than in women (265). Activity levels independently account for some
of the between-individual variation in muscularity (264).

There also is a sexual dimorphism in adipose tissue distribution. Men have relatively more
visceral adipose tissue than women after controlling for body size and total adiposity (454,
525). By contrast, women have more subcutaneous adipose tissue than men, notably in the
hips and thighs. The android body shape in men commutes greater CVD risk than the gynoid
shape characteristic of women (454). Visceral adipose tissue increases with age, notably in
the postmenopausal period in women. This pattern of adipose tissue distribution lends to
more CVD risk in men and postmenopausal women.

As adults gain weight above an “ideal” baseline during periods of positive energy balance,
the deposited “obesity tissue” includes not only adipose tissue but also skeletal muscle,
liver, kidney, heart, and other “lean” organs and tissues (284). In other words, fat starts

to accumulate in cell types other than adipocytes leading to lipotoxicity. In men, 48% of
obesity tissue is adipose tissue compared to the 67% present in women. Obesity tissue is
29% skeletal muscle in men compared to half that, or 14%, in women. The deposition of fat
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in nonadipose tissue alters the metabolism contributing to increases in CVD risk factors such
as insulin resistance and dyslipidemia.

In summary, there is a pronounced sexual dimorphism in body composition that appears
early in life and remains present across the lifespan. Hormonal mechanisms are the primary
drivers of these sex differences in body size and shape, although diet and activity patterns
are contributing factors. Importantly, while obesity is more prevalent in women, men are
more likely to experience obesity-related disorders (324).

Sex Hormones and Body Composition in Men

As stated above, the body composition in men is defined by the circulating levels of sex
hormones. While all sex hormones may have effects on muscle mass, adiposity, and regional
fat distribution, most studies have focused on the effects of T and estrogen in men.

Relationship between T and body composition in men

Evidence from observational studies

Obese men mostly display low levels of circulating T, especially in presence of other
comorbidities such as T2D and metabolic syndrome (232). The decreases in T among obese
men were first reported in the 1970s (13, 222). Since then, not only several cross-sectional
studies have consistently reported low levels of T in obese men of all ages but have also
shown that low T predicts abdominal adiposity as determined by waist circumference and
waist-to-hip ratio (12, 211, 331, 484, 567, 665). In fact, prospective studies have shown that
obesity is associated with rapid age-related decline in T and low T predicts future weight
gain and central obesity (101, 165, 331, 585, 587). The European Male aging study which
included 3369 men with ages between 40 and 79 years showed that obese men had 30%
lower T and 18%lower free-T compared to lean men (569). The Boston area community
health survey included 1822 men and showed that central obesity was the most important
contributor to symptomatic low T (246). Symptoms of low T were defined as low libido,
erectile dysfunction, osteoporosis or two or more of sleep disturbances, depressed mood,
lethargy, or diminished physical performance. Concordant with the association of abdominal
adiposity with CVD risk, low T has been shown to be associated with prevalent metabolic
syndrome (88). However, association of T with metabolic syndrome varies according to
BMI, and the magnitude of associations was shown to be largest in non overweight men.
This meta-analysis also showed that the associations of T were strong for abdominal
obesity, hyperglycemia, and hypertriglyceridemia (88). Further, weight loss is associated
with increases in T. A meta-analysis of 22 studies showed that weight loss achieved with
diet or bariatric surgery leads to rise in total and free T levels, and the extent of the rise is
dependent on the degree of weight loss (141). These findings were also established in a more
recent meta-analysis of studies including severely obese men undergoing weight loss after
bariatric surgery (186, 361).

Evidence from T supplementation studies

The causal relationship between obesity and low T is exemplified in hypogonadal men
who are mostly obese but experience weight loss upon T therapy (434, 610). Obesity and
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increased waist circumference are highly prevalent in hypogonadal men with T deficiency
(109, 538, 587). On the other hand, hypogonadism is a common finding in men with
obesity (167, 169, 270, 563). A recent meta-analysis examining the prevalence of endocrine
disorders in obese men reported the prevalence of hypogonadism to be 42.8% when
deter-mined by measuring total T (589). Numerous studies have also reported that TRT
was associated with significant weight loss among men with hypogonadism and obesity
(203, 204, 244, 314, 506, 507, 583, 644, 584). However, most of such reports were

based on observational data gathered via one or two registries at various intervals of time.
Nevertheless, these reports led to claims that T therapy could revert obesity.

In a study of 682,915 participants from the Veterans Affair system, among the patients
without diagnosed hypogonadism, obesity was one of the strongest predictor for T
prescription (301). Notably, some RCTs have reported no change in weight (11, 142,
290, 311, 507, 538, 554) or slight weight gain (79, 206) with TRT. However, the verdict
is not completely out as there is conflicting emerging evidence as well. In a 1-year open-
label clinical trial during which 88 participants with late-onset hypogonadism received
intramuscular T, decreases in BMI along with lowering of total cholesterol, and glycated
hemoglobin were observed (103).

Unlike the effects of T therapy on CVD, CVD mortality, or the total body weight, the effects
of T therapy on body composition have been consistently shown. T is a key determinant

of body composition and is closely associated with lean mass (67, 597). Hypogonadal men
exhibit increased fat mass, abdominal obesity, and reduced lean mass (331, 568, 597, 654).
Conversely, higher T levels are associated with less loss of muscle mass in older men

(358). Numerous studies reported that T treatment of hypogonadal men led to decreased

fat mass and increased lean mass (6, 11, 54, 64, 66, 79, 83, 185, 311, 330, 538, 547, 566,
634). TRT has also been shown to restore loss of lean mass associated with weight loss
induced by a very-low-calorie diet among men with obesity (437). Of note, TRT reduces
subcutaneous fat, but effects on visceral adipose tissue are not consistent (206, 220, 437).

In a 26-week interventional trial in elderly men, T administration was associated with 2.9%
increase in lean mass but no change in muscle strength (71). In a recent 2-year RCT,
compared to placebo, T therapy was associated with reduction in total and abdominal fat
mass along with increase in total muscle mass (633). This study also noted an increase

in muscle strength for nondominant hand with T treatment. These favorable effects of T
therapy on body composition are also evident in men without obesity. Compared to placebo,
transdermal T therapy for 52 weeks increases total body fat-free mass along with preventing
gain in visceral adipose tissue and loss of skeletal muscle in men aged =55 years without
obesity (11). It is noteworthy that the total body weight and waist circumference did not
change during the 52-week intervention in either the placebo or the T-treated groups. A
meta-analysis of RCTs comparing T therapy on body composition and metabolic outcomes
demonstrated that TRT is associated with significant reduction in fat mass and an increase
in fat-free mass along with a reduction in fasting glucose and insulin resistance (134). These
findings were also reiterated in a recent meta-analysis of TRT in patients with T2D or
metabolic syndrome (365). Adding to the evidence of the role of T in determining body
composition, ADT is associated with muscle loss and a gain of fat mass (84, 117, 362, 558).
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Evidence from experimental studies

Summary

Several experimental studies in healthy men have been under-taken to examine the role

of T deficiency in determining body compaosition. These studies show that short-term
suppression of endogenous sex hormones is associated with decreases in fat-free mass

and increases in fat mass. The decrease in fat-free mass that occurs with suppression of
endogenous T production can be attenuated with T supplementation (65, 198, 311, 578). In
these experiments, T increased fat-free mass in graded T dose-dependent manner (65, 198).
Importantly, the increases in fat-free mass with T replacement were apparent even when T
was administered in the presence of Al (198, 311). These studies support the causal role of T
in altering body lean mass.

Together, evidence from observational, experimental, and interventional studies supports the
role of T in determining body composition but not body weight. Specifically, T is involved
in maintaining lean mass but not adiposity in men.

Relationship between estrogen and body composition in men

Evidence from observational studies

The associations between estrogen and body composition in men are complex and intricately
linked to T. While obese men consistently have low T, estrogen levels in obese men have
shown to be elevated, not changed, as well as decreased. Several studies have shown that
men with obesity have higher E2 (248, 289, 337, 432, 516, 551, 559, 599). In these men,
excess adiposity with increased aromatization may augment conversion of T to E2 with
consequent elevated E2 in obesity (338, 383, 516). However, compared to adipose tissue of
lean men, some studies have reported reduced aromatase activity in adipose tissue of men
with obesity (218). Conversely, decreases in fat mass during weight loss in these obese men
are associated with decreases in estrogen (141, 248, 502). Though some studies failed to
show decreases in estrogen upon weight loss as well (141, 551, 559)—these may be related
to the lack of sensitivity of E2 assays used in these studies (279). In a recent study of 224
healthy men, E2 was not found to change with increasing BMI (552). On the other hand,
men with obesity and underlying hypogonadism are frequently found to have decreased

E2 (166, 279). The low levels of E2 in these men may be attributed to T deficiency and
during T therapy an increase in estrogen is frequently experienced along with T-dependent
concomitant weight loss. The disparate relationship between obesity and estrogen in men
may also stem from fat distribution. Compared to subcutaneous abdominal and femoral fat,
visceral fat has low aromatase activity. Indeed, a study evaluating the associations between
different fat depots showed that circulating E2 was closely associated with subcutaneous fat
(599).

Evidence from experimental studies

In spite of the inconsistent findings related to E2 in obese men, experimental studies
show that estrogen deficiency causes increases in fat mass in healthy men (115, 198,
311). In a study that included 400 healthy men, Finkelstein et al.(198) showed that
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drug-induced suppression of endogenous sex hormones (both T and E2 through goserelin
acetate) led to increases in body fat. However, the increases in body fat were blunted

when replacement T was provided at adequate concentrations. Importantly, replacement T
was unable to prevent fat gain when administered in conjunction with Al, proving that
estrogen deficiency contributes to increases in fat mass (198). The role of E2 in regulating
fat mass was also apparent in another RCT that included 57 obese T deficient men (311).
In this study, TRT led to significant reduction in adiposity which was lacking when T was
administered in presence of Al. In another RCT, short-term estrogen withdrawal was also
shown to be associated with fat mass accrual (115). Concordant with these experimental
studies, aromatase-deficient and ESR1-deficient men are frequently overweight or obese
with increased visceral fat noted in some individuals (51, 82, 105, 106, 116, 263, 350, 386,
387, 429). The role of E2 in determining adiposity is also demonstrated in men undergoing
ADT for prostate cancer who are at a higher risk for development of obesity (173, 247, 325).

Overall, the clinical interventional studies support the role of E2 as a determinant of
adiposity, more so than T. Notably, E2 deficiency appears to be a key facet of the metabolic
risk conferred by T deficiency via increases in adiposity. Still, the routine measurement of
E2 as part of the clinical assessment for obesity-associated hypogonadism and metabolic
dysfunction is not recommended.

Relationship between progesterone and body composition in men

Evidence from observational studies

Few studies have explored the associations between progesterone, body weight, and body
composition. Nevertheless, several cross-sectional studies consistently showed a negative
association between progesterone/17-hydroxyprogesterone and body weight and other
indices of adiposity (72, 150, 256, 289, 404, 412). In a small study including 38 men
whose BMI ranged from lean to severe obesity, Blanchette et al.(72) showed a moderate
negative correlation between progesterone and body weight, BMI, and waist circumference.
In another study including 270 men from the HERITAGE Family Study, while an inverse
association between circulating 17-hydroxy progesterone and fat mass, abdominal fat along
with visceral fat was also observed, the strength of these associations was comparatively
low (256). The relationship between progesterone and visceral fat was also confirmed in a
recent study including 266 nondiabetic obese men aged 18 to 49 years which showed that
progesterone was negatively associated with body weight, BMI, waist circumference, and
visceral fat (404). In this study, a positive relationship between fat-free mass percentage and
progesterone was also observed. Of note, the relationship between progesterone and BMI
may be altered in individuals with high risk for CVD. In a study of 411 young healthy men
with or without family history of CAD, circulating progesterone was positively associated
with waist-to-hip ratio but not BMI (451).

Evidence from progesterone supplementation studies

Contradictory to the findings from cross-sectional observational studies, administration of
progesterone analogs in men is associated with increased body weight mainly through
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increases in fat mass. Progesterone has been shown to stimulate appetite with consequent
weight gain in men and women via direct actions on neurons (444). In studies of male
contraception, use of NEN-EN or other synthetic progesterone has been shown to associate
with weight gain (317, 661). In fact, megestrol acetate is clinically used to increase weight
in elderly, AIDS, and cancer patients (349). However, megestrol acetate-induced weight
gain is a result of increases in fat mass alone, and the therapy is frequently associated

with decreases in muscle mass. The reduction in fat-free mass may be partly attributed to
decreases in T. Therefore, resistance training along with T therapy may be used along with
megestrol acetate to prevent muscle loss and promote weight gain as well (349). However,
the decreases in lean mass from megestrol acetate therapy may not be universal. In a small
RCT including men aged 50 to 83 years undergoing hemodialysis, 20 weeks of megestrol
acetate use was associated with increases in body weight resulting from increases in body fat
mass and fat-free mass (649).

Together, low physiologic levels of circulating progesterone may be a potential marker for
high adiposity and fat distribution pattern which is detrimental to CV health. However, this
relationship does not prove causality, and increasing progesterone via replacement therapy
will likely cause weight gain.

Relationship between DHEA and body composition in men

Evidence from observational studies

Cross-sectional studies examining the associations between circulating DHEA with BMI
have mostly shown a negative relationship (143, 196, 571) with an exception of a study

by Vermeulen et al. (598) which included 250 men and showed a tendency for positive
relationship. Notably, all studies show a negative relationship between DHEA and adiposity
as deter-mined by actual or relative fat mass (143, 571). High DHEA has also been shown
to associate with decreased abdominal adiposity as determined by waist-to-hip ratio (143,
196, 571). In contrast, the relationship of BMI with DHEAS is less consistent with some
studies showing increased DHEAS and others showing decreases or no change in circulating
DHEAS with increasing BMI (1, 143, 239, 240, 242, 243, 261, 306, 478, 486, 571, 598,
600). Similar discordant findings among different studies are also evident in the associations
observed between DHEAS and body fat distribution (1, 143, 196, 239, 240, 242, 243, 261,
478, 486, 571). The inconsistencies observed may be partly attributed to the limited number
of studies in which this relationship has been evaluated and the age of the participants
included in these studies (572). Nonetheless, together these findings suggest that low DHEA
may be associated with increased body weight, adiposity, and abdominal adipose tissue
distribution. Notably, in an experimental study of overfeeding induced weight gain, low
DHEA was associated with greater increases in body weight and fat mass (81). However,
the relationship between body weight and DHEA may not be sustained during weight loss.
During a Roux-en-Y gastric bypass surgery-induced weight loss in 64 obese patients, no
changes in DHEA were observed (636). Similarly, diet-induced weight loss has been shown
to not accompany any changes in circulating DHEA or DHEAS (257, 598). But some
studies have demonstrated increase in DHEA with weight loss (259, 266, 463).
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Evidence from DHEA supplementation studies

Summary

Clinical trials evaluating the effects of DHEA supplementation vary greatly in terms of
participant inclusion criteria, dosage of DHEA, and duration of treatment. In spite of

these variations, in a meta-analysis including 25 RCTs of DHEA supplementation on
metabolic outcomes in elderly men, Corona et al. (139) showed that increases in DHEA
were associated with reduction of fat mass and no change in fat-free mass. Importantly,
even though a significant decrease in fat mass was noted, the magnitude of change was not
associated with clear metabolic consequences and may be partly attributed to increases in T
and E2 (139). Of note, even though the decreases in fat mass upon DHEA supplementation
among men have been shown in other pooled analyses as well (297), not all studies have
similar outcomes. In a study including elderly men (>70 years) with low scores on strength
tests, oral supplementation of 50 mg/day DHEA for 36 weeks was associated with an
increase in BMI with no significant changes in fat mass or lean mass (433). In another
study of 4-month DHEA supplementation in 22 healthy men aged 50 to 69 years with
endogenous DHEAS levels below 4.1 uM, no change in BMI, waist-to-hip ratio, or body
composition was observed (21). Similarly, following a 12-month oral supple-mentation of
DHEA in men aged 60 to 80 years, no differences in fat mass, fat-free mass, or muscle
strength were observed (466). This finding was in contrast to a previous study which showed
that 100 mg/day supplementation for 6 months was associated with an increase in knee
muscle strength (651).

Together, the cross-sectional and interventional studies high-light the inconsistencies
observed and suggest that DHEA is not a major determinant of body weight and adiposity.
In other words, targeting DHEA for reducing body weight or body fat may not be a viable
strategy for CVD prevention.

Sex Hormones and Body Composition in Women

Parallel to increases in CV risk, detrimental changes in body weight, body composition,
and body fat distribution occur during the transition to menopause. This suggests that sex
hormones may be important in regulating body weight—findings for T, E2, DHEA, and
progesterone are detailed below.

Relationship between T and body composition in women

Evidence from observational studies

It is well established that as women age, the reduction in E2 levels leads to a progressive
shift towards androgenic dominance (94, 352). There is observational evidence to suggest
a positive association between T levels and body adiposity, waist circumference, insulin
resistance, and T2D in women (92, 299, 445). In young premenopausal women, there
appears to be a positive relationship between T levels and overall fat mass, but not
abdominal adiposity (326). A similar positive relationship between T and total body fat
has been observed in middle-aged women adjusted for menopause status (39). Supporting
data from the SWAN Fat Patterning Study demonstrates that bioavailable T in middle-aged
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women is positively associated with visceral fat even after adjusting for insulin resistance
(300). This positive association between T and body adiposity may turn into a negative
association in the postmenopausal years (113).

Evidence from T supplementation studies

Summary

Studies examining the effects of T supplementation in women are rare. However, one study
found that short-term T administration for 24 weeks in hysterectomized women with low
Tlevels (<31 ng/dL) at baseline (both with and without oophorectomy) revealed that while
injections of 3, 6.25, 12.5, or 25 mg of T enanthate was not associated with worsening CVD
risk factors, there were dose-dependent gains in lean mass (276). On the other hand, women
with PCOS typically have higher total T and free T levels, which are associated with higher
body adiposity (491).

Collectively, definitive findings related to the role of T in determining body composition
remain inconclusive since most of the observational data are associative in nature and
experimental (mechanistic) evidence of T therapy in women remains sparse.

Relationship between estrogen and body composition in women

Evidence from observational studies

The effect of estrogen on female body compaosition is most conveniently examined in
relation to the menopause transition, which coincides with dramatic decline in estro-gens
(particularly E2). Some observational studies of the menopause transition report that
changes in weight are independent of age (405, 462), while others do not (632). Specifically,
data from the SWAN study and other smaller observational trials demonstrate that body
weight was both an important predictor of sex steroid levels and the degree that sex steroids
change across menopause (575, 628). Furthermore, women with obesity often maintain
their E2 levels across the menopause transition (400, 575). Other data from SWAN reveal
that chronological age is a significant contributor to the increase in weight and waist
circumference, while menopausal status is not (556). These observational reports from
SWAN support that weight status is more likely to predict changes in reproductive hormone
status (particularly estrogen) across the menopause transition and not the other way around.
Nonetheless, the dramatic declines in E2 across the menopause transition occur in parallel
with significant increases in abdominal and visceral adiposity (235, 300, 376, 400). Indeed,
data from SWAN indicates that fat mass doubles and fat-free mass start to decline in the 2
years prior to the final menstrual cycle when E2 levels are declining the fastest (231).

Evidence from hormone supplementation studies

Clinical interventions indicate that hormone therapy may counter the increases in weight
and rising adiposity levels observed during menopause. In the Postmenopausal Estro-gen/
Progestogen Intervention Study, the Danish Osteoporosis Prevention Study, as well as

the Kronos Early Estrogen Prevention Study, women who received oral estrogen therapy
gained less weight and body fat than women taking placebo (122, 187, 304). In contrast,
administration of GnRH agonist in premenopausal women, which results in a dramatic loss
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of E2, leads to gains in abdominal fat (643). Importantly, estrogen add-back in these patients
seems to eliminate these detrimental gains (512). These mechanistic studies suggest the
protective effect of E2 against abdominal fat gains.

Conclusions as to the exact role of E2 on body composition differs depending on whether
you look to observational studies or clinical hormone supplementation studies. How-ever,
evidence suggests that E2 may contribute to abdominal adiposity.

Relationship between progesterone and body composition in women

Evidence from observational studies

Studies examining the relationship between progesterone and body composition in women
are lacking. Consequently, the findings related to the association between progesterone and
obesity are conflicting. In a study of 325 healthy women, Mezzullo et al. (413) reported

a decrease in progesterone with increases in BMI. In another study of 304 women aged

34 + 14 years who participated in the HERITAGE study, progesterone was not found to

be associated with BMI or other measures of fat distribution including waist circumference
and waist-to-hip ratio (256). These findings from the HERITAGE study were in contrast
from those observed in men where a negative association was shown. In a recent study

of 2213 postmenopausal women from rural China, a positive nonlinear relationship of
progesterone with measures of central adiposity including waist circumference, waist-to-
hip ratio, and waist-to-height ratio was observed but not for BMI (440). It is likely

that the nonlinear relationship with increased progesterone observed for both low and

high abdominal adiposity may obscure the findings in studies with small sample size.
Nonetheless, weight loss following ketogenic diet in women with polycystic ovary syndrome
has been shown to associate with increases in progesterone (459).

Evidence from hormone supplementation studies

Evidence for the role of progesterone in altering body weight and body composition can be
gathered from clinical trials examining the effects of progesterone usage for contraception
as well as a part of hormonal replacement therapy. In a 1-year open-label study of oral POC
pill including 1006 women with BMI ranging from normal weight to obese, no significant
changes in body weight were observed with increased body weight being reported in only
3.5% of the participants (335). In contrast, a retrospective chart review study of 240 women
receiving depot-MPA found that women gained weight while they were on depot-MPA
irrespective of their starting BMI (535). Similar effects of depot-MPA-associated increases
in body weight and fat mass were observed in meta-analysis of 24 observational studies
(170). Of note, among contraceptive methods in the United States, depot-MPA products have
the highest discontinuation rate attributable to side effects such as weight gain. In another
analysis of studies comparing the effects of POC with other methods or no contraception
on body weight, depot-MPA use was associated with body weight gain, increased fat mass,
and decreased lean mass (373). However, the authors noted that the increase in weight
during the 1-year duration was modest and similar to that observed in women using no or
other birth control methods. Lastly, in a 1-year RCT of MHT in postmenopausal women
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comparing combination of CEE with low-/high-dose of micronized progesterone, high-dose
progesterone combination was associated with a small but significant increase in lean mass
along with decreases in both upper and lower body fat depots (164). Remarkably, in the
low-dose progesterone group, change to android fat distribution was noted.

While the role of progesterone in altering body weight and body composition in women is
not clear, current evidence does not suggest that progesterone may have clinically significant
role in determining adiposity or lean mass.

Relationship between DHEA and body composition in women

Evidence from observational studies

Cross-sectional studies examining the association between DHEA and/or DHEAS with
measures of body weight and body composition have shown mixed results with several
studies showing absence of any relationship (42, 146, 154, 306, 511). However, a negative
relationship between DHEA and BMI has also been observed in pre- and postmenopausal
women in three studies (41, 158, 160). Notably, associations between DHEAS and BMI are
more inconsistent with some studies showing a positive (1, 160, 241, 629) relationship while
others showing no (382, 486, 600) or negative relationship as well (41, 159, 189, 291).

Evidence from hormone supplementation studies

Clinical studies examining the effects of DHEA supplementation reveal no beneficial effect
of DHEA on body composition. In a small trial of 6 postmenopausal women, 1600 mg/day
of DHEA was orally administered for 28 days and did not appear to have any effect on body
weight or percent body fat (430). Even a longer-term study of DHEA supplementation (50
mg daily) over 6 months in 17 older women revealed that percent body fat was unaltered
(424).

Larger-scale trials do not provide a more optimistic view of the potential beneficial effects
of DHEA supplementation on body composition. Specifically, a 1-year RCT revealed that
DHEA had no effect on fat mass or fat-free mass in older women (7= 70) with low serum
DHEA-S levels (296). Similarly, another 1-year trial of oral DHEA supplementation (50
mg/day) also did not show any improvement in body composition in older women (7=
115) (607). In support of these findings, a longer 2-year trial of elderly women (n=57)
with low levels of DHEA also did not show benefit from oral DHEA supplementation

(50 mg/day) with regards to body composition, physical performance, insulin sensitivity,
or quality of life (435). Despite individual differences in the three above mentioned trials
of DHEA supplementation and their inability to find a positive effect of DHEA on body
composition, these trial data were pooled to determine if there were sex-specific differences.
Pooled findings revealed that DHEA therapy increased fat-free mass in women by 0.5

kg, although these trials did not control for exercise behavior which might explain some

of the increases in fat-free mass in these women (297). One exercise trial with DHEA
replacement therapy was conducted. However, this trial demonstrated that 10 months of
DHEA replacement therapy (50 mg/day) alone does not significantly increase muscle mass
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or strength in elderly women (602). Instead, the addition of weightlifting exercise training to
DHEA supplementation may be required to improve muscle mass and strength (602).

Overall, the current literature does not support DHEA supplementation as a measure to
reduce obesity or improve body composition in women.

Sex Hormones and Body Composition in Transgender Individuals

Hormonal treatment in transgender individuals is associated with increase in body weight
(336). The effects of sex hormones on body composition in transgender individuals are
similar to those observed in non transgender individuals. T-based hormonal treatment in
transmen is associated with increased muscle mass and decreased fat mass. However, there
are reports that T therapy in transmen may increase visceral adiposity as well (182). In
contrast, E2-based hormonal therapy in transwomen is associated with increases in body fat
and decreases in muscle mass (336, 542).

Clinical Implication for CV Prevention

The sexual dimorphism in development and progression of CVD suggests a potential role
of gonadal hormones. Conversely, considering the relationship between sex hormones and
CVD risk factors including obesity, the use of sex hormones for CVD prevention may also
be envisaged. Nonetheless, any such use would need to consider effects on overall health
and not just be limited to CV health.

TRT in Men—Potential Benefits, Risks, and Recommendations

As described above, low T levels in men have been associated with unfavorable metabolic
profile including increased adiposity, decreased muscle mass, insulin resistance and bone
loss, and sexual symptoms including decreased libido and erectile dysfunction. Low T

is also associated with nonspecific symptoms including fatigue, decreased concentration,
low-grade depressed mood, and sleep disturbances. Together, low T is associated with
increased CVD risk although no causality has been established (63, 180, 528). In 2015,
concerned by a steep increase in T prescriptions (33) for treatment of nonspecific symptoms
of age-related hypogonadism and also due to conflicting findings of CVD risk with T use,
the US Food and Drug Administration restricted the use of TRT only in men with classic
hypogonadism (primary hypogonadism or hypogonadotropic hypogonadism) and mandated
that the drug labels state that the efficacy and safety of this therapy have not been established
for age-related hypogonadism (438).

Specifically, the recent American College of Physicians clinical guideline recommends that
TRT be not initiated for improvement of energy, vitality, physical function, or cognition

in men with age-related low T (481). Table 3 summarizes the potential benefits and risks
of TRT based on the currently available evidence (648). Concordant with these findings,
the US Endocrine Society guideline also does not recommend T therapy in hypogonadal
men with organic (advanced age) or functional hypogonadism (obesity). Importantly, it is
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recommended that the decision to prescribe T therapy in hypogonadal men (with classic
pathology) should be based on the presence of preexisting prostate and CV conditions

(648). Notably, the Endocrine Society guideline notes that low T is not considered to be an
etiology factor for obesity as well (519). Lastly, the 2018 Endocrine Society clinical practice
guideline recommends against using TRT for glycemic control (63).

MHT in Women—Potential Benefits, Risks, and Recommendations

MHT, also described as Hormone Replacement Therapy or simply Hormone Therapy refers
to use of estrogen, given either alone or in combination with a progestogen for relief of
menopausal symptoms such as hot flushes, night sweats, and sleep disturbance, and for
prevention of bone loss in post-menopausal women. MHT, estrogen alone or in combination
with progestin, is highly effective in easing menopausal vasomotor symptoms (385) and in
preventing osteoporosis and related risk of fractures (620, 660). However, these benefits do
not persist long after cessation of the hormone therapy (258, 321, 348, 645, 660).

Importantly, there are some concerns related to MHT and cancer. A large cohort study

of 44,241 postmenopausal women found that estrogen-only therapy for 10 or more years
was associated with increased risk of ovarian cancer especially with longer duration of
MHT use (16, 61, 128, 152, 347, 367). However, due to paucity of data from RCTs and
inconsistent findings from epidemiological studies, the causality between MHT and ovarian
cancer remains unproven. Similar relationship between MHT and increased risk for breast
cancer has been observed in some studies as well (499).

Table 4 summarizes the potential benefits and risk of MHT. Briefly, MHT has an acceptable
benefit-to-risk profile when used in women who are within 10 years of the onset of
menopause and are aged <60 years. It is preferable to use the lowest dose for the

shortest duration needed. However, current recommendations from American College of
Obstetricians and Gynecologists do not support the use of hormonal therapy for primary

or secondary prevention of CHD (5). MHT is also not recommended for prevention of
dementia or other chronic diseases. Some professional societies are supportive of MHT for
prevention of osteoporaosis in selected women if other therapies are not suitable.

Conclusion

The cardioprotective benefits of T and E2 are recognized in men and women which partly
contribute to sexual dimorphism in CVD. However, current studies do not support the use of
hormone replacement for CVD prevention. Similarly, with regard to obesity, studies do not
support the use of T, E2, or DHEA for weight loss or improvement in body composition.
The metrics with the greatest potential for improvement in the United States are health
behaviors including body weight reduction along with improved diet quality and physical
activity. Towards the goal to improve public CV health, the American Heart Association has
identified seven domains including four healthy behaviors—(i) increased physical activity,
(if) improved eating habits, (iii) smoking cessation, and (iv) weight reduction, and three
health factors—including controlled (i) blood pressure, (ii) total cholesterol, and (iii) fasting
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plasma glucose (AHA life 7). Hormonal replacement therapy has not demonstrated the
ability to improve any of the health factors or contribute to weight reduction.

Nevertheless, sexual dimorphism in CVD risk and CVD mortality highlights the need to
develop sex-specific risk assessment and therapeutic interventions for CVD prevention.
Strong consideration needs to be given to understand sex differences with a goal to
integrate them into therapeutic preventive strategies. An important area is to increase the
recruitment of women in CVD clinical trials to allow preventive strategies to be optimized
and individualized based on sex rather than one size fits all. Awareness related to prognosis
of CVD in women needs to be generated with special emphasis on women with high CVD
risk such as diabetes and smoking. It would also be important to make preventive care
available in younger women. Lastly, in recognition of the sexual differences, there is a need
to generate sex-specific clinical guideline for CVD prevention especially for conditions such
as HF where the underlying pathophysiology is distinctly different in men and women.
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Didactic Synopsis

Major teaching points

CVD is a leading cause of death in both men and women.

Obesity contributes to CVD pathophysiology and abdominal fat confers the
highest risk.

While low testosterone in men is associated with increased CVD risk
and obesity, current evidence does not support testosterone replacement to
mitigate CVD risk or reduce body weight.

In women, estrogens have cardio-protective effects, but current evidence
does not support the use of estrogen replacement to reduce CVD risk in
postmenopausal women.

Estrogen deficiency contributes to increases in abdominal fat in both men and
women.

Progesterone increases fat mass in both men and women, but its role in
modifying CVD risk is unclear.

Low DHEA is associated with increased CVD risk, but DHEA
supplementation does not alter C\VD risk in men or women.
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Figure 1.
Schematic highlighting the differential body composition and fat distribution in men and

women along with its contribution towards CVD risk. Changes in body fat distribution in
postmenopausal women are emphasized. Arrows indicate prevalence of body composition
variables in obese women and men. Downward arrows indicate low prevalence and upward
arrows indicate high prevalence. Green-colored text and arrows indicate cardioprotective
effects and red-colored text and arrows indicate detrimental cardiovascular effects.
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Figure 2.
Simplified schematic highlighting pathways involved in synthesis of sex hormones.

Cholesterol is a precursor for progestins which are converted to androgens and mineral
corticoids through enzymatic processes in specific cell types. Estrogen production relies on
aromatization of androgens.
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POC progestin-only contraceptive
RCT randomized clinical trial
SERMs selective estrogen receptor modulators

SWAN Study of Women’s Health Across the Nation

T testosterone
T2D type 2 diabetes
TRT testosterone replacement therapy
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Table 2
Sex Differences in Prevalence of CV Risk Factors

Risk factor Prevalence in adult men (%) Prevalence in adult women (%)
High LDL-C (>240 mg/dL) 10.7 12.4
Low HDL-C (<40 mg/dL) 28.5 8.9
Hypertensiona 490 428
Diabetes
Diagnosed 10.9 8.9
Undiagnosedb 46 28

44.0 313

Prediabetes®

All data are age-adjusted (603).

aUsing 2017 definition—SBP = 130 mmHg or DBP = 80 mmHg or self-reported antihypertensive medication use or having been informed by a
physician or other health professional that one has high blood pressure on at least two occasions.

bUndiagnosed diabetes is defined as presence of fasting blood glucose (FBG) = 126 mg/dL but who did not report being told by a healthcare
provider that they had diabetes.

CPrediabetes is defined as fasting blood glucose of 100 to <126 mg/dL. Based on, with permission, Virani SS, et al., 2020 (603)
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Potential Benefits and Risks of Testosterone Replacement Therapy (TRT) in Men with Low T Levels

Table 3

Possible benefit or risk

Sexual function
Erectile function
Quality of life
Physical function
Vitality or fatigue
Cognitive function
Mood

Body composition
Bone mineral density
Glycemic control
Lipid profile

CV events
Mortality

Prostate cancer
Erythrocytosis
Fertility

LUTS

Fluid retention

OSA

Small to moderate improvement in libido, sexual activity
Possible small improvement
Small improvement, driven mostly by improvement in sexual function

No significant effect on self-reported or objectively assessed performance measures

No significant effect
No significant effect

No significant effect

Increases lean mass; no significant effect on physical function
No effect or small increase; no reduction in fracture risk
Uncertain effect; not recommended to improve glycemic control among patients with diabetes mellitus

No significant effect; may improve TG or worsen HDL-C slightly

Uncertain

Uncertain

Uncertain risk; monitor PSA; contraindicated in men with suspected prostate cancer

Increases hemoglobin and hematocrit; monitor CBC

Decreases sperm count; not appropriate for men who desire fertility in the near future

No worsening

May cause fluid retention and edema

May worsen sleep apnea among patients with OSA

Page 92

TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; PSA, prostate-specific antigen; CBC, complete blood count; LUTS, low urinary

tract symptoms; OSA, obstructive sleep apnea. Based on, with permission, Bhasin S, et al., 2018 (63); Qaseem A, et al., 2020 (481).
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Table 4

Potential Benefits and Risks of Menstrual Hormone Therapy (MHT) in Postmenopausal Women

Possible benefit or risk

Menopausal symptoms Most beneficial in alleviating hot flashes, night sweats, and related menopausal symptoms

Osteoporosis and fracture prevention  Effective, but benefit is lost with therapy cessation. Consider MHT in selected women if other effective
treatments are not suitable

CHD prevention Not recommended

Stroke Increased risk

VTE Increased risk

Urinary incontinence Increased risk

Dementia Increased risk

Cancer Increased breast cancer risk with CEE+MPA. Decreased breast cancer risk with CEE-only. Decreased

risk of colorectal cancer with CEE+MPA while on treatment only

Mortality Neutral

CHD, coronary heart disease; VTE, venous thromboembolism; CEE, conjugated equine estrogen; MPA, medroxyprogesterone acetate.
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