Sex Differences in Body Composition

Miriam A. Bredella

Abstract Body composition differs between men and women. Men have more lean
mass, and women have more fat mass than men. Men are more likely to accumulate
adipose tissue around the trunk and abdomen, whereas women usually accumulate
adipose tissue around the hips and thighs. Less is known about sex differences in
ectopic fat depots. Advances in imaging allow the noninvasive assessment of
abdominal and femorogluteal fat compartments, intramyocellular lipids, intrahe-
patic lipids, pericardial adipose tissue, and neck adipose tissue including brown
adipose tissue and tongue adipose tissue. In this review, sex differences of regional
adipose tissue, muscle mass, ectopic lipids, and brown adipose tissue and their
effects on cardiometabolic risk will be discussed. In addition, novel imaging tech-
niques to quantify these body composition compartments noninvasively will be
described.

Introduction

There is a great interest in the potential physiologic differences between males and
females that may affect the prevention, diagnosis, and treatment of obesity and dia-
betes. Although males and females are both susceptible to obesity, the incidence and
health consequences differ between the sexes (Power and Schulkin 2008) as do the
patterns of fat distribution (Lemieux et al. 1993). Men have more lean mass, and
women have more body fat than men of the same BMI, and men are more likely to
accumulate adipose tissue around the trunk and abdomen, whereas women usually
accumulate adipose tissue around the hips and thighs. Less is known about sex dif-
ferences in ectopic fat depots. Advances in imaging allow the noninvasive assess-
ment of abdominal and femorogluteal fat compartments (Bredella et al. 2010, 2013;
Machann et al. 2005), intramyocellular lipids (Bredella et al. 2010; Machann et al.
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2004, 2008; Torriani et al. 2005, 2007), intrahepatic lipids (Machann et al. 2008;
Bredella et al. 2010; Dichtel et al. 2016), pericardial adipose tissue (Nichols et al.
2008; Wheeler et al. 2005), and neck adipose tissue including brown adipose tissue
(Cypess et al. 2009; Saito et al. 2009; Torriani et al. 2014) and tongue adipose tissue
(Godoy et al. 2016). In this review, sex differences of regional adipose tissue, mus-
cle mass, ectopic lipids, and brown adipose tissue and their effects on cardiometa-
bolic risk will be discussed. In addition, novel imaging techniques to quantify these
body composition compartments noninvasively will be described.

Abdominal Adipose Tissue

Women have a higher percentage of body fat than men of the same BMI and a rela-
tively higher proportion of body fat in the femorogluteal region, compared to more
fat in the abdominal region in men (Lemieux et al. 1993). Studies have shown that
the distribution of body fat has a greater impact on cardiometabolic risk than excess
total adiposity. While the male pattern of abdominal fat accumulation is associated
with increased cardiometabolic risk, the female pattern of fat distribution around the
femorogluteal area might be relatively protective (Bjorntorp 1985, 1992; Goodpaster
et al. 1997; Ohlson et al. 1985; Snijder et al. 2005). Within the abdomen, fat can
accumulate in the subcutaneous area, subcutaneous adipose tissue (SAT) or in the
deep abdomen, visceral adipose tissue (VAT). Multiple studies have demonstrated
that VAT is associated with increased cardiometabolic risk (Bjorntorp 1992;
Bjorntorp and Rosmond 1999; Tchernof and Despres 2013). Advances in imaging
allow the detailed assessment of subcutaneous and visceral fat compartments
(Bredella et al. 2009, 2010; Machann et al. 2005).

Dual-energy X-ray absorptiometry (DXA) is a technique that is routinely used
for osteoporosis screening (Blake and Fogelman 2007) and is therefore readily
available. It is associated with minimal radiation exposure and is relatively inexpen-
sive. DXA is able to assess body composition, such as fat and lean mass, which has
been shown to correlate closely with measures obtained by computed tomography
(CT) or magnetic resonance imaging (MRI) in individuals of normal weight (Fuller
et al. 1999; Glickman et al. 1985; Levine et al. 1985). However, we have demon-
strated that in the extremes of the weight spectrum—obesity and anorexia ner-
vosa—DXA underestimates trunk fat, a surrogate for VAT, as well as thigh fat, and
this error increases with increasing weight (Bredella et al. 2010a). Advances in
DXA technology now allow the assessment of VAT and abdominal SAT, using an
algorithm that is based on changes in gray-scale values and special modeling tech-
niques (Micklesfield et al. 2012). We performed a study testing this new technique
in women across the weight spectrum. DXA was less accurate in quantifying VAT
and SAT when used in subjects with extremely low weight and more accurate in
overweight and obese women (Bredella et al. 2013).

CT and MRI are considered the gold standard for detailed assessment of body
composition, including abdominal fat compartments (Abate et al. 1994; Rossner
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Fig. 1 Body composition of the abdomen and thigh assessed by CT in a 39-year-old woman (a, b)
and 37-year-old man (¢, d) with obesity (BMI, 33 kg/m?) who were otherwise healthy. The woman
has more subcutaneous adipose tissue in the abdomen and thigh (white asterisks), while the man
has more visceral adipose tissue (cross) and muscle mass (black asterisk). The woman had a better
metabolic profile compared to the man (serum LDL cholesterol 57 mg/dL vs 147 mg/dL; HDL
cholesterol 68 mg/dL vs 32 mg/dL; triglycerides 45 mg/dL vs 159 mg/dL; insulin 4.9 pU/mL vs
7.0 pU/mL; HOMA-IR 0.98 vs 7.00)

et al. 1990) (Fig. 1). Studies using CT have shown that men have up to twice as
much VAT compared to women (Kvist et al. 1988). Machann et al. (2005) used
whole body MRI to assess sex differences in body composition in 150 healthy vol-
unteers (90 women, 60 men) across a wide age range (19—69 years) who were at risk
for developing type 2 diabetes mellitus (T2DM). At similar age and BMI, women
had significantly higher %total adipose tissue, lower %VAT, and higher
%S AT. Women had more fat in the lower extremities compared to men (Machann
et al. 2005). In a study examining premenopausal women, Lemieux et al. (1994)
found that although women had more total body fat than men, they had lower VAT
assessed by CT, and this was associated with a better metabolic risk profile (Lemieux
et al. 1994). Fox et al. (2007) examined 3,001 subjects from the Framingham Heart
Cohort (1,452 women, 1,549 men, mean age 51 years) who underwent CT of the
abdomen. Among men and women, abdominal SAT and VAT were significantly
associated with blood pressure, fasting plasma glucose, triglycerides, high-density
lipoprotein cholesterol, and increased odds of hypertension, impaired fasting
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glucose, T2DM, and the metabolic syndrome, with stronger correlations between
VAT and most cardiometabolic risk factors. In women, VAT was more strongly
associated with cardiometabolic risk factors compared to men with larger effect
sizes. There were significant sex interactions with increasing volumes of SAT and
VAT being consistently and more strongly associated with more adverse cardio-
metabolic risk factors in women than in men (Fox et al. 2007). These studies sug-
gest that although women have more VAT, it confers greater cardiometabolic risk
compared to men.

Muscle Mass

Skeletal muscle plays a critical role in regulating glucose homeostasis being respon-
sible for the majority of basal and insulin-stimulated glucose uptake. Impaired insu-
lin action at the level of skeletal muscle is central to the clinical manifestations of
insulin resistance and T2DM (DeFronzo and Tripathy 2009). Furthermore, sarcope-
nia, the age-related decline in skeletal muscle mass, quality, and function, may rep-
resent an underappreciated contribution to increased risk of T2DM (Larsen et al.
2016; Park et al. 2009), and patients with T2DM show a greater decline in leg
muscle mass, strength, and function compared with healthy controls (Leenders et al.
2013). Lean or fat-free mass can be assessed using DXA (Fuller et al. 1999; Levine
et al. 1985); however, we have shown that DXA overestimated thigh muscle mass
and this error increases with increasing weight (Bredella et al. 2010). CT and MRI
are considered the gold standard for quantifications of skeletal muscle mass (Beneke
et al. 1991; Borkan et al. 1983; Engstrom et al. 1991; Mitsiopoulos et al. 1985)
(Fig. 1).

Sex differences in muscle mass become apparent during puberty, with boys hav-
ing larger muscles than girls (Kanehisa et al. 1994; Tanner et al. 1981). Gallagher
etal. (1985) assessed sex differences in skeletal muscle mass by DXA in 148 women
and 136 men. Men had higher muscle mass than women, and this difference was
greater in the upper compared to the lower body. With aging a larger magnitude
decrease of muscle was observed in men compared to women (Gallagher et al.
1985). Janssen et al. (1985) performed whole body MRI in 468 men and women
from 18 to 88 years. Men had significantly higher skeletal muscle mass than women
in both absolute terms and relative terms relative to body mass (38% vs 31%). The
sex differences were greater in the upper (40%) than lower (33%) body. Aging was
associated with loss of muscle mass, independent of sex, with greater loss of muscle
in the lower body (Janssen et al. 1985).

A study examining 1,433 subjects (658 men and 775 women), 60 years or older,
who participated in the Fifth Korea National Health and Nutritional Examination
Survey 2010, found a higher prevalence of sarcopenic obesity in women compared
tomen (31.3% vs 19.6%) (Oh et al. 2015). Men and women with sarcopenic obesity
had higher fasting insulin, HOMA-IR, and serum triglycerides (Oh et al. 2015).
Ochi et al. (2010) examined 496 healthy middle-aged to elderly men and women
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with CT of the thigh to assess muscle mass corrected for body weight and carotid
ultrasound to assess carotid intima-media thickness (IMT) and brachial-ankle pulse
wave velocity (baPWV). High relative muscle area was inversely associated with
carotid IMT and baPWV in men but not in women (Ochi et al. 2010). In a study
from the National Health and Nutrition Examination Survey III examining 4,652
elderly men and women (mean age 70.6 + 0.2 years), the prevalence of sarcopenic
obesity was lower in women compared to men (18.1% vs 42.9%). However, in
women but not in men, sarcopenic obesity was associated with increased mortality,
and women with sarcopenia had higher mortality risk compared to men, regardless
of the presence of obesity (Batsis et al. 2014). The reported sex differences in mus-
cle mass with higher morbidity and mortality in women emphasize the importance
of maintaining muscle mass with aging, especially in women who are at greater risk
for developing sarcopenic obesity due to higher fat and lower muscle mass.

Intramyocellular Lipids

Within skeletal muscle, lipids occur between muscle fibers, called extramyocellular
lipids (EMCL), and within muscle cells, called intramyocellular lipids (IMCL).
IMCL have been shown to play a critical role in the pathogenesis of insulin resis-
tance (Shulman 2000, 2014). IMCL can be quantified using proton MR spectros-
copy (IH-MRS), and several studies have shown higher IMCL as determined by
IH-MRS in states of insulin resistance, T2DM, and disorders of lipid metabolism.
The ability to distinguish IMCL from EMCL is based on their difference in geomet-
ric arrangements within muscle which is associated with different bulk magnetic
susceptibility, which leads to a spectroscopic frequency separation between the two
pools (Boesch 2007; Boesch and Kreis 2000; Boesch et al. 1997; Goodpaster et al.
2000) (Fig. 2).

Machann et al. (2005) performed 1H-MRS for quantification of IMCL within
soleus muscle and whole body MRI for quantification of adipose tissue depots in
150 healthy volunteers. Men had significantly higher IMCL compared to women,
despite similar BMI and age. In women but not in men, IMCL were positively asso-
ciated with total adipose tissue, VAT, and abdominal SAT and inversely associated
with lower extremity adipose tissue (Machann et al. 2005).

However, not only the quantity but also the composition of the IMCL pool plays
an important role for cardiometabolic risk. Fatty acid composition in patients with
insulin resistance and the metabolic syndrome is characterized by high levels of
saturated fatty acids and low levels of polyunsaturated fatty acids (Vessby et al.
2002; Warensjo et al. 2005). Therefore, techniques that could assess lipid compo-
nents and the degree of unsaturation in vivo may provide important information on
cardiometabolic risk. The composition of muscle lipids can be quantified using
localized 2D correlation spectroscopy (L-COSY) (Thomas et al. 2005; Velan et al.
2007, b). To study sex difference in skeletal muscle composition, Velan et al. (2008)
examined eight healthy normal-weight premenopausal women and eight
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Fig. 2 Proton MR spectroscopy (1H-MRS) of soleus muscle for assessment of intramyocellular
lipid content. 1H-MRS spectrum shows IMCL and EMCL resonances. IMCL (intramyocellular
lipids) methylene protons at 1.3 ppm; EMCL (extramyocellular lipids) methylene protons at
1.5 ppm; H,O residual water signal

normal-weight age-matched men using L-COSY of soleus muscle to determine the
amount of saturated and unsaturated fatty acids. Women had a lower degree of
unsaturation within IMCL and EMCL compared to men (Velan et al. 2008). These
findings might contribute to increased cardiometabolic risk in women.

Intrahepatic Lipids

A complication of obesity is nonalcoholic fatty liver disease (NAFLD), fatty infil-
tration of the liver in the absence of alcohol use. NAFLD encompasses a spectrum
that ranges from simple steatosis to nonalcoholic steatohepatitis (NASH). NASH is
associated with the development of fibrosis, cirrhosis, and hepatocellular carcinoma
and is expected to become the most common indication for liver transplantation by
2020 (Charlton 2008; Williams et al. 2011; Wree et al. 2013). While sex differences
in gastrointestinal diseases are increasingly recognized, there are few data on sex
differences in NAFLD. Advances in MRI technology allow the accurate quantifica-
tion of hepatic lipid content noninvasively, and we have developed pulse sequences
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Fig. 3 Breath-hold single voxel proton MR spectroscopy (1H-MRS) of the right hepatic lobe for
assessment of intrahepatic lipids. IH-MRS spectrum shows lipids (1.3 ppm) and unsuppressed
water (4.7 ppm) resonances

for proton MR spectroscopy (1H-MRS) that allow assessment of hepatic lipids in a
single breath-hold (Bredella et al. 2010; Dichtel et al. 2016) (Fig. 3).

Machann et al. (2005) performed 1H-MRS for quantification of hepatic lipid
content in 150 healthy volunteers across a wide age range (19-69 years) who were
at risk for developing T2DM. There was no significant difference in hepatic lipid
content between men and women at similar BMI. However, in women, intrahepatic
lipids were positively associated with age, VAT, and abdominal SAT, while in men
intrahepatic lipids only correlated with VAT (Machann et al. 2005). Westerbacka
et al. (2004) assessed intrahepatic lipids in 66 men and 66 women using
1H-MRS. There was no significant difference in intrahepatic lipid content between
men and women. Intrahepatic lipids were positively associated with measures of
serum insulin, independent of age, BMI, and intra-abdominal and subcutaneous fat
with no sex differences observed (Westerbacka et al. 2004).

Fatty infiltration of the liver can also be assessed using computed tomography
(CT) by measuring liver attenuation in Hounsfield units (HU) which correlates with
hepatic lipid content assessed by 1H-MRS (Bredella et al. 2010). North et al. (2012)
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Fig. 4 Non-contrast CT of the liver for assessment of intrahepatic lipid content in the right hepatic
lobe in a 39-year-old woman with obesity (BMI, 31 kg/m?) (a) and a 37-year-old man with the
same BMI (b). CT attenuation was lower in the man compared to the woman, consistent with fatty
infiltration. Images are presented by using the same window and level

examined liver attenuation by CT as a marker of fatty infiltration in 1,242 men and
1,477 women who participated in the NHLBI Family Heart Study. Men had signifi-
cantly lower liver attenuation, consistent with fatty infiltration, compared to women
(Fig. 4). In both sexes fatty infiltration was associated with VAT, serum triglycer-
ides, and measures of insulin resistance; however, the association of fatty liver infil-
tration with VAT and HOMA-IR had a stronger magnitude of effect in women. Fatty
infiltration of the liver was associated with alcohol consumption and BMI only in
men, while no such associations were observed in women (North et al. 2012).

Lonardo et al. (Lonardo and Trande 2000) studied men and women with and
without fatty liver, assessed by ultrasound, to determine sex differences in predic-
tors of fatty infiltration. BMI was an independent predictor of fatty infiltration in
either sex. Measures of impaired glucose tolerance were predictors of liver fatty
infiltration in women but not in men, while elevations in serum triglycerides were
predictors of fatty infiltration in men but not in women. Moreover, central adiposity
was a predictor of fatty liver in women but not in men. These findings suggest that
there are sex-specific pathways for fatty infiltration of the liver (Lonardo and Trande
2000). An understanding of the underlying mechanisms responsible for these sex
differences in intrahepatic fat accumulation may lead to improved therapeutic strat-
egies for the prevention and treatment of NAFLD and NASH.



Sex Differences in Body Composition 17
Pericardial Adipose Tissue

Recent studies have identified pericardial adipose tissue (PAT), the fat around the
heart, as a novel risk factor for coronary artery disease (CAD), atrial fibrillation,
carotid intima-media thickness, and carotid stiffness (Brinkley et al. 2011; Lee et al.
2016; Rosito et al. 2008; Schlett et al. 2012; Soliman et al. 2010). PAT is a unique
fat depot given its anatomic proximity to the myocardium, coronary arteries, and
atrial conduction system (Friedman et al. 2014). In addition to storing lipids, PAT
also secretes adipokines and inflammatory cytokines (Baker et al. 2006; Cheng
et al. 2008) which, given the proximity to the coronary arteries and shared blood
supply with the coronary artery wall, may lead to acceleration of atherosclerosis
(Fantuzzi and Mazzone 2007; Yudkin et al. 2005). PAT can be accurately quantified
using CT (Ding et al. 2008).

The incidence of cardiovascular disease (CVD) differs by sex, and although
CVD and heart disease are more prevalent in older men than women (Arnold et al.
2005), women suffering from CVD have a higher mortality compared to men.
Differences in PAT volume between men and women may account for some of the
observed sex differences in manifestations of CVD.

In a study of 1,155 participants (522 men, 633 women, mean age 63 years) of the
Framingham Heart Study, who were free of CVD, Rosito et al. (2008) found signifi-
cantly higher PAT volume by CT in men compared to women, despite similar age
and BMI (Fig. 5). However, PAT was positively associated with systolic and dia-
stolic blood pressure and fasting glucose in women but not in men. In addition, there
were significant sex interactions between PAT and serum triglycerides, HDL cho-
lesterol, the presence of hypertension, impaired fasting glucose, T2DM, and the
metabolic syndrome, with larger effect sizes in women compared to men, which

Fig. 5 Non-contrast CT of the chest for assessment of pericardial adipose tissue in a 33-year-old
woman with obesity (BMI 31 kg/m?) (a) and an age- and BMI-matched man (b). The man had
higher pericardial adipose tissue area (asterisk) compared to the woman despite the same BMI
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were independent of BMI. These data suggest that PAT is associated with more
adverse risk factor profiles in women than men (Rosito et al. 2008). In another study
examining 1946 participants (1,067 men, 879 women, mean age 44.0 + 6.4 years)
of the Framingham Heart Study, Friedman et al. (2014) examined the relationship
between PAT and atrial conduction as measured by P wave indices. In men and
women, PAT was significantly associated with P duration in analyses after adjusting
for visceral or intrathoracic fat. Among women, PAT was associated with P wave
area after adjustment for intrathoracic and visceral fat and with P wave terminal
force after adjustment for visceral fat. In multivariable models adjusting for BMI,
pericardial fat remained associated with P wave duration and P wave terminal force
in women and P wave amplitude and P wave terminal force in men (Friedman et al.
2014). Brinkley et al. (2011) examined 5,770 participants (2,719 men, 3,051 women,
mean age 62.1 + 10.2 years) from the Multi-Ethnic Study of Atherosclerosis
(MESA) cohort who underwent CT for PAT and ultrasound for assessment of
carotid stiffness. In men and women, PAT was positively associated with parameters
of arterial stiffness, independent height, demographics, behavioral factors, blood
pressure, metabolic factors, medication use, CRP, BMI, and waist circumference.
However, the effect size was larger in women. In an exploratory analysis examining
whether the relationship between PAT and carotid stiffness was altered by total or
abdominal obesity, the association between PAT and carotid stiffness was twofold
stronger in women who were nonobese, while in men there was no difference in the
associations among the obesity subgroups. These findings suggest that excess PAT
is more detrimental when the overall amount of body fat is low or normal and these
changes are more pronounced in women (Brinkley et al. 2011).

Neck Adipose Tissue

Fat accumulation in the neck—usually estimated by neck circumference—has been
found to be a strong marker of metabolic disease, independent of BMI or waist
circumference (Preis et al. 2010). In contrast to the well-defined abdominal fat com-
partments, VAT and SAT, less is known about discrete fat compartments in the neck
and potential sex differences in neck adipose tissue. In a retrospective study, we
determined specific neck adipose tissue compartments by CT in 151 women and
152 men across a wide range of age (mean age 55 + 17 years; range 18-91 years)
and BMI (28 + 6 kg/m?, range 1647 kg/m?) (Torriani et al. 2014). There were 101
subjects in each BMI category (normal weight, overweight, obese), and there were
no age differences between sexes in each category. Neck adipose tissue was assessed
by CT. Measures of cardiovascular (CV) risk and the presence or absence of the
metabolic syndrome were determined. We identified three discrete fat compart-
ments in the neck: subcutaneous/superficial neck adipose tissue (NATsc), located
between the skin and deep cervical fat and two intermuscular fat compartments;
posterior cervical neck adipose tissue (NATpost), located between the sternocleido-
mastoid, scalene, and trapezius muscle; and perivertebral neck adipose tissue
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Fig. 6 CT of the neck for assessment of neck adipose tissue (NAT) in a 56-year-old woman and a
56-year-old man with the same BMI (35 kg/m?). The woman had more subcutaneous NAT (aster-
isk), and the man had more intermuscular adipose tissue [posterior NAT (cross) and perivertebral
NAT (arrow)]. The man but not the woman had serum measures consistent with the metabolic
syndrome

(NATperivert), fat interspersed between muscles surrounding the cervical vertebral
body. There was no difference in neck adipose tissue in lean men and women.
However, overweight and obese women had significantly higher subcutaneous neck
fat compared to men, despite being age and BMI matched. Conversely, overweight
and obese men had significantly higher intermuscular neck adipose tissue depots
(NATpost and NATperivert) compared to obese women (Fig. 6). NATpost and
NATsc were associated with measures of cardiometabolic risk, which was stronger
in women compared to men. In both sexes, NATsc was associated with the meta-
bolic syndrome even after adjusting for BMI. In both sexes NATpost had the highest
prevalence ratio for the metabolic syndrome, but this persisted only in women after
additional adjustment for BMI. Also NATperivert only remained a significant pre-
dictor of the metabolic syndrome in women after adjustment for BMI (Torriani et al.
2014). Similar to the abdomen, women have more subcutaneous fat in the neck and
men more intermuscular fat. Accumulation of neck adipose tissue is associated with
higher risk of the metabolic syndrome in women compared to men.

Brown Adipose Tissue

Advances in positron emission tomography (PET) combined with computed tomog-
raphy (CT) technology allow the noninvasive assessment of brown adipose tissue
(BAT) in humans. Because of its metabolic activity, BAT can be visualized by [18F]
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fluorodeoxyglucose (FDG) uptake using FDG-PET/CT (Chen et al. 2016; Sampath
et al. 2016).

BAT is the major site for nonshivering thermogenesis during cold exposure, and
BAT is believed to contribute to the control of body temperature, energy expendi-
ture, and adiposity (Cannon and Nedergaard 2004; Lowell and Spiegelman 2000).
Nonshivering thermogenesis is mediated by the expression of uncoupling protein 1
(UCP1) which is expressed exclusively in the mitochondrial membrane of BAT
(Cannon and Nedergaard 2004).

BAT is regulated by environmental, nutritional, endocrine and neural factors
(Thuzar and Ho 2016) and is stimulated during cold exposure. Therefore, personal-
ized cooling protocols are recommended in prospective and longitudinal studies
using FDG-PET/CT for the quantification of BAT (Chen et al. 2016). BAT is also
regulated by sex steroids (Lopez and Tena-Sempere 2016). Ovariectomy in rats
causes atrophy of BAT depots, an effect reversed by estrogen replacement, suggest-
ing that estrogen stimulates BAT mass (Pedersen et al. 2001; Rodriguez-Cuenca
et al. 2007).

Several studies in humans performed under thermoneutral conditions have dem-
onstrated sex differences of BAT with significantly higher prevalence and volumes
of BAT in women (Cypess et al. 2009; Au-Yong et al. 2009; Ouellet et al. 2011;
Zhang et al. 2014). Cypess et al. (2009) analyzed 3,640 consecutive clinical FDG-
PET/CTs performed under thermoneutral conditions for various diagnostic reasons
and found a higher prevalence of BAT-positive scans in women (7.5%) compared to
men (3.1%). Moreover, women had significantly higher BAT mass and activity
compared to men (Cypess et al. 2009). Similar results were found in a study by
Au-Yong et al. of 3,614 consecutive patients who underwent FDG-PET/CTs under
thermoneutral conditions (Au-Yong et al. 2009). Prevalence of BAT-positive scans
in women was 7.2% and 2.8% in men (Au-Yong et al. 2009). Ouellet et al. (2011)
also found a higher prevalence of BAT in women compared to men in 6,652 clinical
FDG-PET/CTs performed under thermoneutral conditions. However, the difference
diminished with age, and sex was not an independent determinant of BAT preva-
lence after adjusting for covariates, such as age, BMI, lean body weight, diabetes,
or outdoor temperature. However, BAT mass and activity remained significantly
higher in women compared to men, even after controlling for covariates (Ouellet
etal. 2011). In the largest study to date, Zhang et al. (2014) examined 31,088 FDG-
PET/CTs performed under thermoneutral conditions for routine medical checkup or
cancer surveillance and found a significantly higher prevalence of BAT in women
(2.36%) compared to men (0.7%). This sex difference was higher in the medical
checkup group (female 3.16% vs male 0.77%) and lower in the cancer surveillance
group (female 1.59% vs male 0.61%) (Zhang et al. 2014). However, prospective
studies employing standardized cooling protocols did not confirm sex differences in
BAT (Saito et al. 2009; Yoneshiro et al. 2011). Saito et al. (2009) performed FDG-
PET/CTs in 56 healthy volunteers after a 2-h cooling protocol and found no sex
difference in BAT prevalence (Saito et al. 2009). In a larger prospective study,
Yoneshiro et al. (2011) performed 162 FDG-PET/CTs after a 2-h cooling protocol
and found no significant sex difference in the prevalence of BAT (Yoneshiro et al.
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2011). These studies suggest that sex differences in BAT observed in the retrospec-
tive studies might be due to a difference in sensitivity to environmental temperature
(Thuzar and Ho 2016).

Tongue Adipose Tissue

The tongue plays an important role in upper airway patency, and increased tongue
size and accumulation of adipose tissue within the tongue have been associated with
a higher risk for obstructive sleep apnea (OSA) (Kim et al. 2014; Schwab et al.
1995). Men have a higher prevalence of OSA than women, and sex differences in
tongue fat accumulation might represent a mechanism for sex differences in
OSA. Godoy et al. (Godoy et al. 2016) assessed CT attenuation in HU as a measure
of tongue fatty infiltration and measures of airway patency in 104 women and 102
men across the weight spectrum (range 1647 kg/m?, mean 28 + 6 kg/m?). Fatty
infiltration of the tongue was higher in men compared to women (Fig. 7) and was
associated with measures of decreased upper airway patency independent of age
and BMI, suggesting higher upper airway, soft tissue burden, and narrower airways
in males versus females (Godoy et al. 2016).

Fig. 7 Non-contrast CT of the neck for assessment of tongue adipose tissue in a 63-year-old
woman (BMI, 34 kg/m?) (a) and 63-year-old man with similar BMI (BMI, 35 kg/m?) (b). The man
had lower CT attenuation of the tongue compared to the woman, consistent with fatty infiltration.
Images are presented by using the same window and level
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Summary

Body composition differs between men and women. Men have more VAT and
higher inter- and intramuscular adipose tissue and pericardial and tongue adipose
tissue, which is associated with increased cardiometabolic risk, despite higher mus-
cle and lean mass. Women on the other hand have more femoral SAT and neck SAT
and potentially more BAT. This female pattern of fat distribution is associated with
improved cardiometabolic risk at similar BMI. However, ectopic fat deposition
within the abdomen, muscle, pericardium, and neck is more strongly associated
with adverse cardiometabolic risk in women compared to men.

Disclosure The author has nothing to disclose.
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