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Abstract

Objective: Vital exhaustion (VE) is more strongly associated with cardiovascular disease (CVD)
risk for women than men. This study examined whether sex differences in associations of VE with
CVD risk markers are accounted for by unique associations of VE with regional adiposity.

Methods: The study enrolled 143 persons (18-55 years) without diagnosed conditions. VE

was assessed by the Maastricht questionnaire. CVD indices were measured using the euglycemic-
hyperinsulinemia clamp, resting blood pressure, and blood draws. Regional adiposity was
measured using computed tomography and 2-D echocardiography. This cross-sectional study
employed a path analysis approach, including relevant covariates.

Results: Of the cohort, aged 38.7 + 8.4 years, 65% were men, and 41% were obese. The final
model had excellent fit (X2(36) =36.5, p=.45; RMSEA = 0.009, CFI = 0.999). For women, but
not men, the model indicated paths from VE to: 1) lower insulin sensitivity (8= —-0.10, p=.04),
and higher total cholesterol to HDL ratio (8= 0.12 p=.09), triglycerides (8= 0.10, p=.08), and
C-reactive protein (B = 0.08, p=.09) through visceral adiposity; 2) higher mean arterial pressure
(B=0.14, p=.04), lower insulin sensitivity (8= -0.09, p=.08), and higher C-reactive protein (B
=0.12, p=.07) through subcutaneous adiposity; 3) lower insulin sensitivity (B =-0.07, p=.08)
and higher total cholesterol to HDL ratio (8= 0.16, p=.03) through liver adiposity; and 4) higher
C-reactive protein (8= 0.08, p=.09) through epicardial adiposity.
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Conclusion: Results extend prior evidence by showing that the association of VE with CVD risk
in women is linked with specific regional adiposity elevation. Further study of adiposity-related
mechanisms in women who experience early decline in vitality may inform clinical targets for
CVD prevention.
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1. Introduction

Vital exhaustion (VE), characterized by excess fatigue, loss of vigor, increased irritability,
and demoralization, has been consistently associated with 1.5 to 2.5-fold increased risk

for cardiovascular disease (CVD) diagnosis, recurrent cardiac events, and mortality [1-4].
Although VE for both men and women is linked with conditions commonly associated with
preclinical CVD risk, such as obesity, inflammation, and metabolic dysfunction, studies
have shown that VE confers greater CVD risk for women than men [5-8]. The underlying
biomechanisms mediating greater associations of VE with CVD risk in women are not well
understood.

Of the preclinical CVD risk factors, obesity is considered a primary pathway for CVD
etiology linked with metabolic and lipidemic dysregulation [9,10]. Studies have shown that
VE and other measures of fatigue are highly associated with obesity [5,11,12]. Notably,
women with elevated VE have more than two-fold heightened risk of becoming obese [5].
Of relevance, adiposity differs among fat depots and these differences are nonuniformly
associated with CVD risk. Studies indicate that, among regional fat depots, visceral and
liver adipose tissue are the strongest predictors of CVD morbidity and mortality [13,14].
However, other fat depots, including epicardial and subcutaneous adipose tissue, have also
been associated with CVD risk, independent of total adiposity [13,15]. To date, only one
prior study has examined adiposity as a mediator of the relationship between VE and CVD
risk [16]. This study showed that greater body mass index (BMI) partially mediated the
positive association between VE and triglyceride (TG) level [16]. However, no evaluation of
sex differences, or other CVD risk indices as outcomes was performed; moreover, regional
adiposity differences were not assessed as potential mediators. Notably, patterns of regional
adiposity differ in men and women [17]. For instance, men tend to store more fat in the
visceral area, whereas women tend to store more fat in the subcutaneous compartment [17].
Thus, sex differences in the linkage of VE with regional adiposity may play a unique role in
preclinical CVD pathophysiology.

In this paper, we employed a path analysis approach to examine: 1) whether there are sex
differences in the associations of VE with regional adiposity (visceral, subcutaneous, liver,
epicardial) and preclinical CVD risk; and 2) whether regional adiposity statistically mediates
sex differences in the association of VE with preclinical CVD risk. It is hypothesized that
not only will greater VE be associated with CVD risk measures, but these relationships

will be stronger in women than men, and mediated primarily by visceral and liver adiposity
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because these fat depots have been found previously to be most strongly associated with
CVD risk [13,14].

2. Methods

2.1

2.2.

Participants

The study sample (r7=143) was comprised of men and women recruited from South
Florida via advertisements and referrals. Inclusion criteria required that participants: a)
were aged 18-55 years; b) reported no current or past 10-year history of dependency

on substances or alcohol; c) had a negative toxicology screen; d) reported no smoking

or other nicotine use in the previous year; €) had normal thyroid stimulating hormone
levels (0.4-4.5 mIU/L); and f) for women, were premenopausal, with regular menstrual
cycling. Participants were excluded if they: a) had a diagnosis or prescribed medication for
a cardiovascular, carbohydrate, cholesterol, metabolic, endocrine, or psychiatric disorder;
b) had an electrocardiogram (ECG) arrhythmia indicating impending, recent, or evolving
myocardial infarction; or c) were pregnant. The protocol was approved by the institutional
review board of the University of Miami and written informed consent was obtained from
participants prior to inclusion.

Procedures

2.2.1. Overview—This study is a secondary analysis of a previously described study
examining cardiometabolic function in nondiabetic individuals with and without insulin
resistance [18]. Briefly, procedures included an in-person visit for eligibility screening
determined via demographic and personal medical and psychiatric history, physical

exam, metabolic panel, urine toxicology, pregnancy test, 12-lead ECG, substance use
questionnaires and the structured clinical interview for the DSM-IV module E: Substance
Use Disorders [19]. During this visit, resting blood pressure, anthropometric measurements,
and exercise testing were performed. At the second visit, fasting glucose and insulin,

lipid profile, and C-reactive protein (CRP) were obtained from blood samples. A
euglycemic-hyperinsulinemia clamp was performed to measure insulin sensitivity (IS),

and an echocardiogram was undertaken to assess epicardial adipose tissue. At the third
visit, visceral, subcutaneous, and liver adipose tissues were measured using computed
tomography. Additionally, participants completed the Maastricht questionnaire (MQ) among
other psychosocial surveys.

2.2.2. Vital exhaustion—The MQ [20] is a 21-item survey used to assess fatigue, vigor,
irritability, and demoralization (e.g., “Do you ever wake up with a feeling of exhaustion and
fatigue,” “Do you often feel tired,” “Do you feel weak all over”). Each item is rated “Yes,”
“No,” or “Do not know.” A composite score was calculated from the sum of the items,

with values ranging from O to 42, wherein higher scores indicated greater VE. The MQ has
satisfactory reliability and psychometric validity [21]. Total scores at or above 14 meet the
criterion for clinical diagnosis [22].

2.2.3. Regional adiposity—Visceral and subcutaneous adipose tissue volume, and a
liver adipose tissue index were obtained using multi-slice computed tomography performed
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by Siemens Somaton-Sensation-16 scanner (Siemens, Malvern, PA). The areas scanned
included an 8-slice scan, where images were obtained from L4-5, 2 slices at 5 cm and 10
cm below the L4-5, and 5 images every 5 cm above L4-5 [23]. Visceral and subcutaneous
adipose tissue volume were derived from the sum of the slices, using a triangulation formula
multiplied by 0.9391 mg/mL [23]. Liver adiposity was computed by the ratio between
spleen and liver attenuation evaluated in Hounsfield units, with higher scores indicating
greater adiposity. Epicardial adipose tissue thickness was measured using 2-D M-mode
echocardiogram (SONOS 5500, Philips Medical Systems, Andover, MA) as previously
validated [24]. Epicardial adiposity was identified as the echofree space between the outer
wall of the myocardium and the visceral layer of the pericardium and measured in the
parasternal long-axis view on the free wall of the right ventricle. Maximum epicardial
adipose tissue thickness was measured at end-systole in three cardiac cycles and expressed
as the average.

2.2.4. Subclinical CVD risk indices—Seated oscillometric blood pressure (Dinamap
#1846SXP, GE Healthcare Technologies, Waukesha, WI) was measured following a 15-min
rest period, wherein the mean was derived from the last 2 of 3 readings. The euglycemic-
hyperinsulinemia clamp involved a priming insulin infusion, followed by a constant insulin
infusion at 40 pU/m2/min for 150 min using a calibrated IMed Gemini PC-2TX infusion
pump (Alaris Medical Systems, San Diego, CA). Glucose infusion was undertaken 4 min
after insulin infusion began, and blood glucose was clamped thereafter within 5% of fasting
levels. During the steady state phase, the rate of glucose infusion is equal to the rate

of total body glucose uptake. A measure of IS was indexed by the whole-body glucose
disposal rate (mg/kgemin of fat-free mass), wherein insulin resistance was defined as 4.5
mg/kgemin or lower [25]. Total cholesterol (TC) and TG were measured enzymatically
using an autoanalyzer (Cobas Mira Plus; Roche Diagnostics, Branchburg, NJ). High density
lipoprotein (HDL) was measured after precipitation with dextran sulfate, low density
lipoprotein was calculated by the Friedewald formula, and the total cholesterol to HDL ratio
(TC/HDL) was computed. CRP was measured by particle-enhanced immunoturbidimetry
(Cobas 6000 analyzer; Roche Diagnostics) [18].

2.2.5. Covariates—Age and education were obtained through self-report. Aerobic
capacity was measured to index physical fitness using a maximal graded exercise test
(McArdle protocol), performed using an automated electronically-braked cycle ergometer
[26]. This measure was defined as the maximal oxygen uptake (VO, max) taken
immediately upon test termination relative to the predicted VO, max.

2.3. Statistical analysis

Data screening included computing descriptive statistics and intercorrelations among study
variables, and evaluating normality. Transformations for variables departing from normality
(i.e., VE, TG, CRP) were performed. Complete data for all variables was collected except
VO, max (11% missing). Exploratory procedures, including Little’s MCAR test and
significance tests of missingness, were conducted [27]. Multiple imputation was then used
to estimate these data, which were confirmed by this testing to be missing at random.

Path analysis was conducted using AMOS v24.0 (IBM Corp., Armonk, New York, USA)
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to assess the direct effect of VE on CVD risk indices (mean arterial pressure [MAP],

IS, TC/HDL, TG, CRP), and the indirect effect of VE on these outcomes via the fat

depots (visceral, subcutaneous, liver, epicardial). These analyses were done first in the
overall sample, and subsequently separated by men and women in a multigroup model.
Modification indices were referenced to include any additional covariances specified to
improve model fit. Potential confounding factors of age, education, and physical fitness
were added as covariates [28—-30]. Model trimming was then performed to exclude covariate
pathways with a p-value greater than 0.2 [31]. Model fit was assessed by XZ (0> .05),
root-mean-square error of approximation (RMSEA <0.05), and the comparative fit index
(CF1=0.95) [32,33].

To test for mediation,! estimates of indirect effects were obtained using bootstrapping
procedures. Indices were derived for the proportion of variance explained for each observed
variable, and the proportion of variance explained by each indirect path. To test for
moderation by sex for each path from VE to regional fat depot and CVD risk index,
likelihood ratio tests were performed in which a freely estimated model (i.e., no equality
constraints placed across men and women) was compared to a freely estimated model with
one path constrained to be equal across men and women [35]. A significant likelihood ratio
test indicated that there was a significant decrement in model fit when the specified path
was constrained, and therefore suggests that the path is significantly different across groups.
Lastly, to assess directionality, reverse modeling analyses were conducted, which included
paths from the CVD risk indices to VE mediated by the fat depots. Values are mean (SD)
unless otherwise stated.

3. Results

3.1.

Descriptive statistics for key variables and participant characteristics

Of the 325 individuals who provided informed consent and were screened, 143 were eligible
and completed the study. Of the cohort, 65% were men, and the sample was predominantly
Hispanic White (73.4%); other race/ethnicities included Black (14.7%), non-Hispanic White
(6.3%), Hispanic Black (1.4%), and others (4.2%). On average, participants were 38.7 (8.4)
years old, and reported completing 13.3 (2.6) years of education. Mean BMI was 29.3 (4.7)
kg/m2, with 39.2% of the cohort classified as overweight, and 41.3% as obese. For the

CVD risk measures, 11% had systolic blood pressure exceeding 140 mmHg and 24% had
diastolic blood pressure exceeding 90 mmHg, 55% were considered insulin resistant, 33%
had a TC/HDL ratio exceeding 5, 29% had TG levels exceeding 150 mg/dl, and 27% had
CRP levels exceeding 3 mg/L.

Table 1 displays the demographic and CVD risk measures for men and women, with

group comparisons indicated. The groups were similar in age, education, BMI, and physical
fitness. The VE scores ranged from 0 to 34 and overall were relatively low, with no
significant difference observed between men and women. However, of the cohort, 8.4%

1The term, mediation, in this analysis, does not imply causality, but simply describes the possibility that one variable may partially
account for the relationship between two other variables. In a path analysis, the total effect of the relationship between an independent
variable and an outcome, following the introduction of a possible mediating variable, may be decomposed into a direct and indirect

effect [34].
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had VE total scores at clinical levels. There were no significant differences between men
and women for IS, TG, or CRP; however, men had significantly higher MAP and TC/HDL
than women. Measures of fat deposition indicated that visceral adipose tissue volume in
men was about 1.5-fold greater than in women. In addition, men had significantly greater
liver adiposity than women, whereas women had significantly greater subcutaneous and
epicardial adiposity than men. Table 2 presents bivariate correlations of study variables.
Notably, VE was associated with greater subcutaneous and liver adiposity in women,

but was not associated with any regional fat measures in men. In contrast, VE was not
significantly correlated with any CVD risk measure for women, but was associated with
lower TC/HDL in men.

Model results without sex included

The initial model, which did not include sex as a factor, is shown in Fig. 1. The model
demonstrated excellent fit (X2(27) =22.27, p=.72; RMSEA = 0.000, 90% CI [0.000,0.050],
CFI = 1.00). As seen in this figure, although some significant paths from fat depots to CVD
risk measures were observed, VE was not significantly associated with fat depots or CVD
risk directly or indirectly.

3.3. Model results with sex included

The unconstrained models for men and women are displayed in Fig. 2. Pathway estimates
for indirect effects of VE on CVD risk indices via fat depots in men and women are reported
in Table 3. The model demonstrated excellent overall fit (X2(36) = 36.45, p= .45; RMSEA
=0.009, 90% CI [0.000,0.061], CFI = 0.999). Likelihood ratio tests were performed between
the freely estimated model (i.e., no paths constrained across groups) and the freely estimated
model with one path constrained to be equal across groups to assess for moderation by sex.
Significant differences between men and women were observed in the paths from VE to: 1)
liver adiposity (y2diff (1) = 6.47, p=.01), 2) subcutaneous adiposity (xdiff (1) = 3.91, p
=.048), and 3) visceral adiposity (deiff (1) =5.22, p=.02). All other likelihood ratio tests
examining group differences in the paths from VE to model outcomes were not significant
(ps>0.05).

3.3.1. Model results in men—The model for men explained the following percent

of variance in the observed CVD risk outcomes: 23.3% in visceral adiposity, 4.8% in
subcutaneous adiposity, 4.5% in liver adiposity, 9.2% in epicardial adiposity, 7.3% in MAP,
38.2% in IS, 33.8% in TC/HDL, 28.1% in TG, and 26.4% in CRP. When fat depots were
not included in the model as mediators, there was a significant direct path from VE to lower
TC/HDL (B =-0.23, p=.02), which was no longer significant after adding fat depots to the
model (8 =-0.14, p=.10). The direct paths from VE to the other CVD risk indices were
not significant before or after adding fat depots to the model. There were also no significant
direct paths from VE to the fat depots, nor indirect paths from VE to the CVD risk indices
via the fat depots. Significant direct paths in the model emerged only from regional adiposity
to certain CVD indices. Specifically, visceral adiposity was associated with higher TC/HDL
(8=0.44, p<.001), TG (B=0.55, p<.001), and CRP (8= 0.48, p<.001), and lower IS (B
=-0.29, p=.02). In addition, subcutaneous adiposity was related to lower IS (8= -0.31; p
=.004), and liver adiposity to higher TC/HDL (8= 0.20, p=.03).
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3.3.2. Model results in women—The model for women explained the following
percent of variance in the observed CVD risk outcomes: 15.0% in visceral adiposity, 30.6%
in subcutaneous adiposity, 22.4% in liver adiposity, 11.2% in epicardial adiposity, 27.1% in
MAP, 49.1% in IS, 34.4% in TC/HDL, 39.0% in TG, and 48.4% in CRP. Prior to and after
inclusion of fat depots as mediators, the direct paths from VE to the CVD risk indices were
not significant. However, there were significant direct and indirect paths from VE to the fat
depots and from the fat depots to the CVD indices, which are described as follows.

3.3.3. Direct and indirect paths in women—First, there were paths from VE to
visceral adiposity, and from visceral adiposity to insulin sensitivity, total cholesterol to HDL
ratio, triglycerides, and C-reactive protein. Specifically, the direct path from VE to greater
visceral adiposity approached significance (8= 0.24; p=.07), and there were significant
direct paths from visceral adiposity to lower IS (8= -0.40, p=.01), higher TC/HDL (8
=0.41, p=.01), higher TG (8= 0.39, p=.02), and trending to higher CRP (8=0.30, p
=.06). Mediation analyses revealed an indirect path from VE to lower IS through greater
visceral adiposity, which accounted for 23.3% of the total effect of VE on IS. Moreover, the
indirect paths from VE to higher TC/HDL, TG, and CRP through greater visceral adiposity
approached significance (see Table 3).

Second, there were paths from VE to subcutaneous adiposity, and from subcutaneous
adiposity to mean arterial pressure, insulin sensitivity, and C-reactive protein. Specifically,
there were direct paths from VE to greater subcutaneous adiposity (8= 0.27; p=.02), and
from subcutaneous adiposity to higher MAP (8= 0.47, p=.02) and CRP (8= 0.35, p=.04),
and a trend to lower IS (8= -0.33, p=.06). Mediation analyses revealed an indirect path
from VE to higher MAP through greater subcutaneous adiposity, which accounted for 64.6%
of the total effect of VE on MAP. Furthermore, the indirect paths from VE to lower IS and
higher CRP via greater subcutaneous adiposity approached significance (see Table 3).

Third, there were paths from VE to liver adiposity, and from liver adiposity to total
cholesterol to HDL ratio and insulin sensitivity. Specifically, there was a significant direct
path from VE to greater liver adiposity (8= 0.37, p=.003), and from liver adiposity to
higher TC/HDL (8= 0.35, p=.02). Mediation analyses showed that this indirect path from
VE to TC/HDL through greater liver adiposity was significant and accounted for 32.0% of
the total effect of VE on TC/HDL. In addition, the indirect path from VE to lower IS through
greater liver adiposity approached significance (see Table 3).

Fourth, there were paths from VE to epicardial adiposity, and from epicardial adiposity

to C-reactive protein and mean arterial pressure. Specifically, the path from VE to greater
epicardial adiposity approached significance (8= 0.22; p=.099); in addition, there was a
significant direct path from epicardial adiposity to higher CRP (8= 0.29, p=.01), and a
trend from epicardial adiposity to lower MAP (8= —0.23, p=.08). The indirect path from
VE to higher CRP through greater epicardial adiposity approached significance, whereas the
path from VE to MAP via epicardial adiposity was not significant (see Table 3).
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3.4. Reverse model results

In the reverse model, with CVD risk indices as predictors, fat depots as mediators, and

VE as the outcome, the data fit well (X2(36) =50.60, p=.054; RMSEA = 0.054, 90%ClI
[0.000,0.086], CFI = 0.965). However, no significant direct or indirect paths from CVD risk
indices and fat depots to VE were observed for men or women.

4. Discussion

The main finding of the present study was that for women, but not men, elevated VE was
associated with differences in regional adiposity that, in turn, were associated with unique
CVD risk indices. Specifically, in women, evidence suggested indirect paths from elevated
VE to: 1) lower IS and higher TC/HDL, TG, and CRP via greater visceral adiposity; 2)
higher MAP, lower IS, and higher CRP via greater subcutaneous adiposity; 3) lower IS
and higher TC/HDL via greater liver adiposity; and 4) higher CRP via greater epicardial
adiposity. These findings were independent of age, education, and physical fitness. As
hypothesized, the derived model supports the broad literature indicating that adiposity in
visceral and liver fat depots are uniquely implicated in CVD risk [14,36]. Notably, study
findings also suggest a pathophysiological role of subcutaneous and epicardial adipose tissue
in mediating preclinical CVD risk in women with elevated VE. Overall, study findings
are consistent with and extend prior evidence suggesting stronger associations of VE with
regional adiposity and markers of CVD risk for women than men [2,3,5,7,11,37].

In the final model, displayed in Fig. 2, evidence for indirect, but not direct, paths from VE
to the CVD risk indices were observed. Although many prior studies found associations
between VE and CVD risk parameters [7,17,38-40], some others have not [12,41,42]. There
were several differences among study methodologies that could explain inconsistencies in
the literature including: 1) clinical versus nonclinical samples; 2) eligibility criteria; and 3)
variables controlled in analyses. In this context, because VE may already be elevated in
clinical cohorts because of disease or medications, the present study used stringent eligibility
criteria to exclude persons with diagnosed systemic conditions. Thus, potential confounding
by structural and functional alterations of frank disease or side effects of medications was
minimized. Moreover, the present findings illustrate the importance of considering sex
differences. When sex was not evaluated, as seen in the initial analyses displayed in Fig. 1,
the paths from VE to the CVD risk indices were all nonsignificant. It was only when sex
differences were examined that modeling revealed significant linkages of VE with CVD risk
indices in women, but not men. Thus, it may be concluded that the inclusion of men in our
initial model suppressed the significant pathways present among women. This finding may,
in part, explain why previous studies that combined men and women found no relationship
of VE with CVD risk [12,41].

The present findings derive support from a previous study, which found that VE was

only predictive of ischemic stroke in women, but not men [37]. Other findings from a
longitudinal study indicated that women with elevated baseline VE, compared to men, were
more likely to gain weight and become obese [5]. Another study found associations of

VE with proinflammatory and procoagulatory status in healthy women, but not men [7].
Our findings advance this literature by elucidating the unique pathways by which VE may
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indirectly affect MAP, IS, TC/HDL, TG, and CRP through elevations of adiposity in distinct
fat depots. Thus, novel evidence is reported suggesting that body fat deposition may be an
underlying biomediator linking VE to worsened preclinical CVD risk in women.

Potential mechanisms

The final model depicted in Fig. 2 indicates that sex differences were observed in the

paths from VE to regional adiposity. One possibility is that sex hormone level or function
may explain these female-specific relationships. Specifically, it is known that variations in
estrogen, progesterone, and androgen secretion, receptor function, or signaling within the
fat depots affect adipocyte expansion and tissue metabolism, which have implications for
CVD pathophysiology [43]. In addition, endogenous androgen and estrogen exposure, for
example, are thought to affect patterns of adipocyte expansion, with cells either proliferating
in number (i.e., hyperplasia) or in size (i.e., hypertrophy) [44]. Of note, adipocyte
hypertrophy and not hyperplasia has been associated with greater insulin resistance and
proinflammatory status [44]. Thus, estrogen-to-androgen balance is posited to play a role in
sex differences in CVD pathophysiology [43].

Of relevance is research demonstrating the differential impact of sex hormones on regional
fat deposition. Premenopausal women tend to store fat in subcutaneous regions, whereas
men and postmenopausal women tend to store fat in visceral and ectopic regions [44].
Increased visceral adipose tissue has been observed in transgender men who receive
intramuscular testosterone therapy and in postmenopausal women who experience a decline
in estrogen; in contrast, decreased visceral adiposity has been observed in transgender
women who receive estrogen treatment [45-47]. Moreover, studies aimed to correct estrogen
deficiency in postmenopausal women found subsequent visceral adipose tissue reductions
[48,49]. Thus, a shift in estrogen-to-androgen balance toward androgens remodels body

fat distribution resulting in greater visceral and ectopic fat mass, whereas a shift toward
estrogen results in greater fat accumulation in peripheral subcutaneous compartments [45—
49]. Evidence also indicates that a shift in estrogen-to- androgen ratio toward androgens
may decrease adiponectin production, and increase leptin production [50,51]. This adipokine
synthesis profile may contribute to metabolic and lipidemic dysregulation and is associated
with greater proinflammatory status and oxidative stress and hence elevated CVD risk [44].

It is possible in women that VE is associated with a reduction of the estrogen-to-

androgen ratio. This type of hormonal imbalance may negate the typically protective
cardiometabolic effects of estrogen in premenopausal women [44]. Indeed, a study of post-
menopausal women has shown that treatment with estrogen replacement therapy induced
a significant decrease in VE [52]. Therefore, a decrement in estrogen-to-androgen ratio
may mechanistically underlie the elevation in VE seen in menopause. In sum, although the
literature on the linkage of VE, adiposity, and CVD risk is immature, evidence appears

to support the suggestion that, in women, VE may be associated with a shift in estrogen-
to-androgen ratio that results in altered adipocyte size, distribution, and function, and
consequently CVD pathophysiology.
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4.2. Limitations and strengths

First, this study is limited by the cross-sectional design, which restricts establishing
definitive causal claims about the directionality of the relationships. Moreover, assessment
of mediation hypotheses with cross-sectional data renders path analysis assumptions prone
to biased estimates even when correctly specified [53]. However, the reverse model results,
wherein there were no significant direct or indirect paths from CVD risk indices to VE

via fat deposition, lend support for the directionality of the final model (see Fig. 2).
Nevertheless, the study findings cannot eliminate the possibility that there is a reciprocal
relationship between VE and CVD risk factors. Future longitudinal research could show how
changes in VE and regional adiposity may influence changes in CVD risk indices to better
inform directionality.

Second, the present study used computed tomography methods to quantitate regional
adiposity, with established and standardized procedures that restricted imaging to the
abdominal region. Thus, the findings may not reflect the interrelationships of study
outcomes with fat depots present in other areas of the body. Third, the ethnic/racial
composition of the cohort, which was predominantly Hispanic/Latino, may not generalize
to other populations with different composition. The rapid increase in the Hispanic/Latino
persons in the United States in recent decades has piqued interest in better understanding the
prevalence of CVD risk in this minority population [54,55]. It is possible that sociocultural
factors unique to Hispanic/Latino women relative to men may influence VE, regional
adiposity, and CVD risk [55]. Fourth, about 81% of the study sample were overweight

or obese, which is higher than the prevalence in the general United States population
(approximately 68% [56]). Thus, study generalizability may be limited further.

Fifth, a previous concern in the literature pertains to whether VE, as measured by the

MQ survey, has some construct overlap with dysphoria. Thus, depressive symptoms rather
than fatigue may be driving the significant associations reported in this study. Prior studies
assessing these two constructs suggest that this hypothesis may not have validity. For
example, one study, which used factor analysis approach, found that VE items loaded onto
a unique factor, relative to items from the depression subscale of the Hospital Anxiety

and Depression Scale [57]. Similarly, VE was reported to significantly predict reoccurrence
of vascular events when controlling for depression and other relevant cofounders [58]. In
addition, VE but not depression has been shown to predict hypertension diagnosis [59].
Thus, the two constructs appear to be independently associated with CVD risk, although
additional research may be needed to further establish the extent of divergent validity. Given
high rates of undiagnosed depressive disorders in Hispanic/Latino communities and ethnic
disparities in mental health treatment [60,61], parsing the independent or joint roles of
fatigue and depressive symptoms on CVD risk may have clinical utility for this population.
One possibility is to pursue larger-scale analyses that are powered to conduct item-level
invariance testing. These analyses would assess whether and how items on the MQ and
various depressive and fatigue measures may differentially load on to latent factors for

men and women. Elucidating whether a specific subset of questions are predominantly
associated with disease onset or progression would have considerable clinical utility toward
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establishing a more concise, yet more predictive, measure to be used in clinical settings,
particularly for women.

Of note, the current study also has major strengths. First, rigorous methodology was used

to address possible concerns that extraneous variables could bias the associations between
VE and CVD pathophysiology. Specifically, the study enrolled a nonclinical sample, applied
strict eligibility criteria, and statistically controlled for potential confounding variables.
These procedures reduced the possibility that findings were confounded by structural

and functional effects of chronic disease, medical treatment, or substance use. Given the
strict eligibility criteria, the majority of participants reported subclinical VE levels, which
effectively biased against detecting significant relationships. Yet, theoretically reasonable
indirect pathways from VE to CVD indices were observed. Thus, the demonstrated effects

in the present nonclinical sample strengthens study findings, suggesting a role for VE in
preclinical CVD pathophysiology for women. Second, the women in the present cohort were
all premenopausal with regular menstruation. Therefore, it is likely that the power to observe
sex differences was strengthened by this study design feature. Third, the path analysis
approach, which is an extension of multiple regression, has been shown to provide utility

in understanding relational data in multifactorial diseases like CVD [62]. In the present
study, the analytic method permitted the evaluation of the mediation hypotheses in a single
analysis of a model that included five traditional CVD risk indices as outcome variables,
thereby reducing type 1 error [63]. Moreover, this analytic approach enabled testing of direct
and indirect relationships among predictor and dependent variables, while controlling for all
variables in the model simultaneously [64].

5. Conclusion

In sum, study findings have provided novel evidence in women of distinct pathways wherein
VE may confer greater CVD vulnerability through specific fat depots. Given that these
associations were observed in a nonclinical sample, results therefore suggest a decline in
vitality for women may be an early CVD risk indicator and should be considered in an
integrated clinical evaluation approach supporting treatment decision-making processes. To
our knowledge, no other study to date has investigated whether specific regional fat depots,
rather than total adiposity or body mass, mediate the relationship of VE with CVD risk.
Further research is needed to evaluate in women what potential underlying biomechanisms
may be operating to facilitate CVD risk through the linkage of VE with regional adiposity.
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Fig. 1.
Path analysis model of the overall sample depicting the mediation by regional fat depot

of the pathway from vital exhaustion to the CVD risk indices. Direct paths from vital
exhaustion to MAP, IS, TC/HDL, TG, and CRP are not displayed in figure (all were
nonsignificant, except the path from vital exhaustion to TC/HDL, which approached
significance [8=-0.13, p=.06]). Covariates in the model included age, education, and
fitness. Paths that were significant are indicated by a solid bold line; paths that approached
significance (p < .10) are indicated by a dotted line; and paths that were not significant are
indicated by a faded line. Direct paths in this figure are displayed prior to bootstrapping
analyses for assessment of mediation. Abbreviations: VAT visceral adipose tissue, SAT
subcutaneous adipose tissue, LAT liver adipose tissue, EAT epicardial adipose tissue, MAP
mean arterial pressure, IS insulin sensitivity, TC/HDL total cholesterol to high-density
lipoprotein ratio, TG triglycerides, CRP C-reactive Protein.
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Fig. 2.
Unconstrained structural models for men and for women showing the mediation by regional

fat depot of the pathway from vital exhaustion to the CVD risk indices. Direct paths from
vital exhaustion to MAP, IS, TC/HDL, TG, and CRP are not displayed in figure (all were
nonsignificant, except the path from vital exhaustion to TC/HDL in men, which approached
significance [8=-0.14, p=.099]). Covariates in the models included age, education, and
fitness. Paths that were significant are indicated by a solid bold line; paths that approached
significance (p < .10) are indicated by a dotted line; and paths that were not significant are
indicated by a faded line. Direct paths in this figure are displayed prior to bootstrapping
analyses for assessment of mediation. Abbreviations: VAT visceral adipose tissue, SAT
subcutaneous adipose tissue, LAT liver adipose tissue, EAT epicardial adipose tissue, MAP
mean arterial pressure, IS insulin sensitivity, TC/HDL total cholesterol to high-density
lipoprotein ratio, TG triglycerides, CRP C-reactive Protein.
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Demographic characteristics and CVD risk measures depicted for men and women.

Table 1

Men (n=93) Women (n = 50)
Variables? M s M SD Difference (p)
Age (years) 39.6 8.4 37.0 8.3 0.07
Education (years) 13.3 2.7 13.2 25 0.81
BMI (kg/m?) 295 42 288 55 044
Fitness (% predicted) -22.6 124 -251 145 0.27
Vital exhaustion 3.9 63 36 6.3 0.78
VAT volume (L) 457 201 275 1.24 <0.001
SAT volume (L) 7.51 3.48 9.82 4.18 0.001
LATD 081 012 076 015 003
EAT thickness (mm) 6.33 132 6.83 1.49 0.04
MAP (mm Hg) 9.0 119 89.0 11.9  0.001
IS (mg/kgemin) 4.8 33 53 2.9 0.42
TC/HDL 4.8 1.4 4.1 1.4 0.004
Triglycerides (mg/dL) 1441 97.0 121.1 89.0 0.17
CRP (mg/L) 2.3 25 33 5.3 0.18

Page 19

a L . . . . . . . . . N
Abbreviations: BMI body mass index, VAT visceral adipose tissue, SAT subcutaneous adipose tissue, LAT liver adipose tissue, EAT epicardial
adipose tissue, MAP mean arterial pressure, IS insulin sensitivity, TC/HDL total cholesterol to high-density lipoprotein ratio, TG triglycerides,

CRP C-reactive Protein.

LAT is the ratio between spleen attenuation and liver attenuation evaluated in Hounsfield units, where higher scores indicate greater adiposity.
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Table 3

Page 22

Indirect effects of vital exhaustion on cardiovascular disease risk indices via regional fat depots in men and

women.
Men Women

Path Coefficient SE p Coefficient SE p

VE to visceral adiposity to mean arterial pressure -0.01 0.02 0.58 0.003 0.05 0.88
VE to visceral adiposity to insulin sensitivity 0.04 004 012 -0.10 007 gu*
VE to visceral adiposity to TC/HDL -0.07 0.06 014 0.12 0.10  (pof
VE to visceral adiposity to triglycerides -0.07 0.06 0.13 0.10 0.08 gt
VE to visceral adiposity to C-reactive protein -0.07 0.06 0.12 0.08 0.07 g ot
VE to subcutaneous adiposity to mean arterial pressure - 0.002 0.02 075 0.14 009 gu*
VE to subcutaneous adiposity to insulin sensitivity 0.01 0.04 0.89 -0.09 0.07 (og!
VE to subcutaneous adiposity to TC/HDL 0.000 0.01 0.80 -0.004 0.09 0.98
VE to subcutaneous adiposity to triglycerides 0.001 0.02 0.65 0.05 0.08 0.38
VE to subcutaneous adiposity to C-reactive protein -0.001 0.02 070 0.12 0.09 (o7t
VE to liver adiposity to mean arterial pressure 0.001 0.02 0.68 0.01 0.09 0.92
VE to liver adiposity to insulin sensitivity 0.003 0.02 055 -0.07 0.07 gt
VE to liver adiposity to TC/HDL -0.01 004 071 016 011 3%
VE to liver adiposity to triglycerides -0.003 0.03 048 0.04 0.09 0.52
VE to liver adiposity to C-reactive protein 0.004 0.02 0.60 -0.03 0.08 0.63
VE to epicardial adiposity to mean arterial pressure 0.002 001 050 -0.05 0.06 0.12
VE to epicardial adiposity to insulin sensitivity 0.002 001 051 -0.01 0.04 048
VE to epicardial adiposity to TC/HDL -0.01 0.02 0.27 0.02 0.05 0.40
VE to epicardial adiposity to triglycerides 0.001 0.01 0.65 0.05 0.06 0.11
VE to epicardial adiposity to C-reactive protein -0.01 0.02 032 0.08 0.06 (oot

Unstandardized coefficients are reported.

abbreviations: SE standard error, VE vital exhaustion, TC/HDL total cholesterol to high density lipoprotein ratio.

Yy<0.10,
*
p<.05,
Ak
p<.01,

Aok

p<.001.
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