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Background—Heart fats (epicardial and paracardial adipose tissue [PAT]) are greater after menopause. Endogenous estrogen may
regulate these fat depots. We evaluated the differential effects of hormone therapy formulations on heart fat accumulations and
their associations with coronary artery calcification (CAC) progression in recently menopausal women from KEEPS (Kronos Early
Estrogen Prevention Study).

Methods and Results—KEEPS was a multicenter, randomized, placebo-controlled trial of the effects of 0.45 mg/d oral conjugated
equine estrogens and 50 ug/d transdermal 17B-estradiol, compared with placebo, on 48-month progression of subclinical
atherosclerosis among 727 early menopausal women. CAC progression was defined if baseline CAC score was 0 and 48-month
CAC score was >0 or if baseline CAC score was >0 and <100 and annualized change in CAC score was >10. Of 727 KEEPS
participants, 474 (mean age: 52.7 [SD: 2.6]; 78.1% white) had computed tomography—based heart fat and CAC measures at both
baseline and 48 months. Compared with women on placebo, women on oral conjugated equine estrogens were less likely to have
any increase in epicardial adipose tissue (odds ratio for oral conjugated equine estrogens versus placebo: 0.62 [95% Cl, 0.40—
0.97]; P=0.03). PAT did not change in any group. Changes in epicardial adipose tissue and PAT did not differ by treatment group.
CAC increased in 14% of participants. The assigned treatment modified the association between PAT changes and CAC progression
(P=0.02) such that PAT increases were associated with CAC increases only in the transdermal 17-estradiol group.

Conclusions—In recently menopausal women, oral conjugated equine estrogens may slow epicardial adipose tissue accumulation,
whereas transdermal 17 B-estradiol may increase progression of CAC associated with PAT accumulation.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCTO0154180. (/ Am Heart Assoc. 2019;8:
e012763. DOI: 10.1161/JAHA.119.012763.)
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H eart fat volumes are larger in postmenopausal than
premenopausal women.' Estrogen may have an impor-
tant influence on heart fat buildup, as the accumulation of fat
outside the pericardium is associated with lower levels and a
steeper decline in endogenous estradiol (E2)." Relative to the

epicardial adipose tissue (EAT), which directly covers the
heart and is located within the pericardial sac, and (2)
paracardial adipose tissue (PAT), which is located anterior to
EAT, outside the pericardial sac.>®

Heart fat in EAT and PAT depots may provide a readily

pericardium, 2 heart fat depots can be identified: (1) detectable, noninvasive, novel risk marker for coronary arterial
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Clinical Perspective

What Is New?

Oral conjugated equine estrogens may slow epicardial adipose
tissue accumulation in recently menopausal women.
Transdermal 17f-estradiol may increase risk associated
with paracardial adipose tissue accumulation on progres-
sion of coronary artery calcification in recently menopausal
women.

What Are the Clinical Implications?

Findings underscore the differential contributions of estro-
gen type and route of administration when assessing risk
related to hormone therapy use.

Hormone therapy remains the best therapeutic option for
the relief of debilitating menopausal symptoms.

Clinicians should continue to individualize hormone therapy
prescription using the best available evidence to maximize
benefits and minimize risks.

disease in postmenopausal women. Heart fat may contribute to
the pathogenesis of coronary arterial disease®'" via both
paracrine and endocrine release of anti- and proinflammatory
adipokines into the coronary arteries and the myocardium.'?
Interestingly, in midlife women, EAT was significantly associated
with subclinical atherosclerosis, although this association was
not modified by menopausal status or E2 levels. In contrast, a
positive association between PAT and subclinical atherosclerosis
was stronger in postmenopausal women with lower levels of
E2."° These findings are in line with the notion that EAT and PAT
are distinct depots. EAT and PAT have different embryological
origins, blood supplies, and metabolic activities,>® supporting
evaluation of heart fat depots separately.

The effect of exogenous estrogen use on cardiovascular
disease (CVD) risk remains controversial.'* '® Current hor-
mone therapy (HT) prescribing practices recommend HT to
treat menopausal symptoms in early menopause but not to
protect against CVD.'® Given the potential effects of
endogenous estrogens on heart fat accumulations and the
ongoing controversy about the CVD risks and benefits of HT in
postmenopausal women, it is essential to assess the impact
of HT on heart fat accumulations and the linkage of heart fat
increases with development of atherosclerosis. Moreover, it is
possible that HT may affect cardiometabolic risk differently
based on formulation and route of administration.?® Thus, it is
plausible to hypothesize that various formulations of HT will
have differential impacts on heart fat accumulations and their
association with atherosclerosis development. Furthermore,
this impact may be more pronounced for the PAT depot, for
which the association with subclinical atherosclerosis was
modified by levels of E2 in midlife women.'®

KEEPS (Kronos Early Estrogen Prevention Study) was a
multicenter, randomized, placebo-controlled clinical trial of
the effects of oral and transdermal HT, compared with
placebo, on 48-month progression of subclinical atheroscle-
rosis among recently menopausal women.?' The main results
from KEEPS showed that 48 months of early use of HT did not
affect progression of atherosclerosis despite improving some
markers of CVD risk (lipids and insulin resistance).?? Whether
early use of HT has an effect on heart fat accumulation is not
known. KEEPS provides an ideal opportunity to examine
possible differential effects of 2 routes of HT administration
on 2 distinct depots of heart fat accumulation and their
associations with the development of atherosclerosis, as
measured by coronary artery calcification (CAC).

The main aims of this study were (1) to assess the effect of
oral and transdermal HT formulations versus placebo on heart
fat accumulations over 48 months of treatment and (2) to
examine the extent to which HT formulations modify the
longitudinal associations of heart fat depots with CAC
progression in recently menopausal women.

Methods

The authors declare that all supporting results are available
within the article and its online supplementary files.

Study Design and Participants

This study is a secondary analysis of data from KEEPS
(ClinicalTrials.gov identifier: NCTO0154180) and a completed
ancillary study of KEEPS on ectopic fat. KEEPS participants
were recruited between July 2005 and June 2008 and followed
for 48 months. Visits were completed by March 2012. Full
KEEPS inclusion and exclusion criteria have been published
elsewhere.?' Briefly, women were eligible if they had an intact
uterus, were aged 42 to 58 years, were between 6 and
36 months from their last menses, and had plasma follicle-
stimulating hormone levels >35 IU/L, E2 levels <147 pmol/
L, or both. Women reporting a history of clinical CVD, current
heavy smoking, body mass index (calculated as kg/m?) >35,
LDL (low-density lipoprotein) cholesterol >190 mg/dL or
triglycerides >400 mg/dL, diabetes mellitus, uncontrolled
hypertension, or moderate subclinical CVD, defined as a CAC
score >50, were ineligible for randomization. Former or
current HT users were screened only after having discontin-
ued therapy for >90 days. A total of 727 women (77% white,
7% black, 3% Asian, 7% Hispanic, and 6% other) met inclusion
criteria and were randomized to (1) oral-conjugated equine
estrogens (0-CEE; 0.45 mg/d, n=230, 31.6%), (2) transdermal
17 B-estradiol (t-E2; 50 pg/d, n=222, 30.5%), or (3) placebo
(inactive pill and patch, n=275, 37.8%). Women receiving o-
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Women screened via phone: N=4532

Women Excluded: N=3805
Not eligible: N=2811
Declined: N=994
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Figure 1. CONSORT flow diagram of the KEEPS (Kronos Early Estrogen Prevention Study) heart fat ancillary study. CONSORT indicates
Consolidated Standards of Reporting Trials; o-CEE, oral conjugated equine estrogens; t-E2, transdermal [317-estradiol.

CEE or t-E2 also received oral micronized progesterone
200 mg/d for the first 12 days each month.

An ancillary study designed to measure ectopic fat before
(baseline) and 48 months after randomization was conducted in
KEEPS. The current analysis excluded all KEEPS participants who
did not have heart fat and CAC measured at both baseline and 48
months, leaving 474 participants in the analytical sample
(Figure 1). Excluded participants were more likely to have a
longer time since menopause, to not be a college graduate, or to
be a current smoker. Moreover, they had significantly lower
baseline PAT volume than those who were included (Table S1).

The institutional review board at each participating site
approved the trial, and all participants provided informed
consent to participate in the trial.

Coronary Artery Calcification

CAC was a designated end point of the KEEPS main trial
assessed at baseline and at 48 months.?>** Images of the
coronary arteries were obtained using high-speed axial
tomography with rapid acquisition of 30 to 40 contiguous 3-
mm-thick images during end diastole using ECG triggering

during a single 30- to 35-second breath hold.?® CAC score
was quantified using the Agatston scoring method?* by an
experienced reader blinded to study group. CAC was defined
as a hyperattenuating lesion >130 Hounsfield units, with an
area of at least 3 pixels. The total calcification score was the
sum of the individual scores for the 4 major epicardial
coronary arteries. A mean Agatston score was calculated from
the results of 2 sequential scans among all participants for
more precise estimates. CAC progression was defined using
similar criteria applied in other studies of participants with low
CVD risk.?®> CAC was present when baseline CAC score was 0
and 48-month CAC score was >0, when baseline CAC score
was >0 and <100 and annualized change in CAC score was
>10, or when baseline CAC score was >100 and annualized
percentage change in CAC score was >10% (by design, all
KEEPS participants had CAC scores <50 at baseline; there-
fore, none of the participants met this criterion).

Heart Fat Depots

Heart fat depot volumes were measured as part of a study
ancillary to KEEPS (2009-2012) that utilized existing
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computed tomography scans before randomization (baseline)
and 48 months after randomization. All images were read
centrally by experienced readers who were blinded to study
group, as described previously.?® Briefly, total heart fat
volume (EAT plus PAT) was determined from 15 mm above
to 30 mm below the superior extent of the left main coronary
artery. This region of the heart was selected because it
includes the epicardial fat surrounding the proximal coronary
arteries. The anterior border of the heart fat volume was the
chest wall, and the posterior borders were the aorta and the
bronchus. Using volume analysis software, fat was distin-
guished from other heart tissue by a threshold of —190 to
—30 Hounsfield units. EAT was measured by manually tracing
out the pericardium every 2 to 3 slices below the start point
and then using the software to automatically trace out the
segments in between these selected slices. PAT was
measured by subtracting EAT volume from total heart fat
volume. Reproducibility measurements of EAT and PAT were
performed on 20 randomly selected scans from another study
that used a similar protocol. Both Spearman and intraclass
correlation coefficients between readers (intrareader) were
0.99 each for EAT and 0.86 and 0.96, respectively, for PAT.
Similarly, both Spearman and intraclass correlation coeffi-
cients between repeated readings (interreader) were 0.98
each for EAT and 0.96 and 0.90, respectively, for PAT.?

Covariates

At baseline and after 48 months of randomization, fasting levels
of serum total cholesterol, HDL (high-density lipoprotein)
cholesterol, LDL cholesterol, and triglycerides were measured
at the Kronos Science Laboratory (KSL) using standard
methods. Glucose and insulin levels were also measured
through studies ancillary to KEEPS. Total, HDL, and LDL
cholesterol and triglycerides were assayed at KSL using
Carolina Liquid Chemistries reagent on the Stanbio Sirrus
chemistry analyzer. For total cholesterol, the intra-assay
coefficient of variation (CV) was 1.4% to 2.2% and the interassay
CV was 4.3% to 5.0%. For HDL cholesterol, the intra-assay CV
was 2.7% to 3.1% and the interassay CV was 3.5% to 3.8%. For
LDL cholesterol, the intra-assay CV was 1.3% to 1.5% and the
interassay CV was 5.3% to 7.1%. For triglycerides, both the intra-
assay and interassay CVs were 5.5% to 5.6%.

Glucose was measured at KSL on the Stanbio Sirrus
chemistry analyzer using the Stanbio reagent standard, with
an intra-assay CV of 1.7% to 1.3%, and an interassay CV of
2.2% to 2.5%. Insulin assays were conducted at KSL on the
Immulite 2000 by solid-phase, chemiluminescent immuno-
metric assay with a method detection limit of 2 plU/mL,
intra-assay CV of 2.6% to 2.8%, and interassay CV of 2.8% to
3.3%. The homeostasis model assessment of insulin resis-
tance was calculated as described by Matthews et al.?’

Demographics, race/ethnicity, income, employment status,
education level, history of smoking, medication use, alcohol
consumption, and physical activity (metabolic equivalents,
calculated as total energy expenditure from recreational
physical activity in kcal/wk per kg)?® were all collected at
screening or baseline visits.?? Physical measures were obtained
at baseline and 48 months. Body mass index was calculated
from measured weight in kilograms divided by height in square
meters. Waist circumference (in cm) was measured at the
smallest horizontal circumference using nonstretchable tape.
Blood pressure was assessed in the right arm after at least
5 minutes of rest and averaged across 2 readings.

Statistical Analysis

Comparisons across the 3 treatment groups were performed
using ANOVA for normally distributed variables or the Kruskal—
Wallis test for skewed variables; the xz or Fisher exact test was
used for categorical variables. Change in EAT and PAT at 48
months was calculated as the difference between baseline and
48-month values. The distribution of EAT and PAT changes were
highly skewed, and transformations did not improve the
distribution; therefore, nonparametric tests were used to
assess within- and between-group differences in 48-month
heart fat changes. In addition, logistic regression was used to
test whether any increase in each heart fat depot (48-month
change >0) differed by treatment group. For CAC progression,
associations between 48-month changes in each heart fat
depot and CAC progression were evaluated using logistic
regression. Covariates were selected a priori and based on
univariate analysis showing an association with CAC progres-
sion at P<0.1. For variables that were highly correlated, models
were assessed with each one separately, and the models with
the best model-fit diagnostics were chosen. Moderation effects
of HT use were assessed, and treatment group—specific odds
ratios (95% Cl) per 1-SD increase in change in heart fat depot
were calculated.

We conducted inverse probability weighting sensitivity
analyses?® to account for missing data on heart fat depots
and CAC at 48 months (n=160). With this method, completed
cases are weighted by the inverse of their probability of being
a completed case (Tables S1-S7). SAS v9.4 (SAS Institute)
and STATA (release 15; StataCorp) were used for statistical
analyses.

Results

Participants’ baseline variables and CAC progression are
presented in Table 1. No significant differences were
observed in baseline EAT and PAT volumes among the
treatment groups (Table 2).
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Table 1. Baseline Variables and CAC Progression for Overall Analytical Sample and by Treatment Group

Total o-CEE t-E2 Placebo

Variable N=474 n=143 (30.2%) n=145 (30.6%) n=186 (39.2%) P Value*
Age at baseline, y, mean (SD) 52.7 (2.6) 52. 8 (2.8) 52.8 (2.6) 52.5 (2.4) 0.23
Age at menopause, y, mean (SD) 50.9 (2.6) 51.0 (2.9 50.9 (2.6) 50.8 (2.3) 0.36
Time since menopause, y, mean (SD) 1.8 (0.8) 1.8 (0.8) 1.8 (0.7) 1.7 (0.8) 0.33
White race, n (%) 370 (78.1) 112 (78.3) 111 (76.6) 147 (79.0) 0.86
Education, n (%) 0.06

Declined to answer 5(1.1) 0 (0.0) 2(1.4) 3(1.6)

High school graduate or less 29 (6.1) 11 (7.7) 3(2.1) 15 (8.1)

Some college 80 (16.9) 28 (19.6) 20 (13.8) 32 (17.2)

College graduate 360 (75.9) 104 (72.7) 120 (82.8) 136 (73.1)
Employed, n (%) 391 (82.5) 122 (85.3) 120 (82.8) 149 (80.1) 0.47
Income, n (%) 0.56

<$60 000 84 (17.7) 27 (18.9) 29 (20.0) 28 (15.1)

$60 000 to <$100 000 65 (13.7) 17 (11.9) 19 (13.1) 29 (15.6)

>$100 000 85 (17.9) 23 (16.1) 22 (15.2) 40 (21.5)

Unknown 240 (50.6) 76 (53.1) 75 (51.7) 89 (47.8)
Physical activity level, MET-h/wk, median (IQR) 16.7 (7.0, 28.6) 17.5 (7.4, 32.7) 14.6 (5.3, 24.6) 17.2 (7.5, 28.0) 0.16
Alcohol consumption, n (%) 361 (76.2) 120 (83.9) 103 (71.0) 138 (74.2) 0.03
Smoking status, n (%) 0.77

Never 380 (80.2) 119 (83.2) 115 (79.3) 146 (78.5)

Past 70 (14.8) 19 (13.3) 21 (14.5) 30 (16.1)

Current 24 (5.1) 5 (3.5) 9 (6.2 10 (5.4)
Ever use HT, n (%) 100 (21.1) 36 (25.2) 29 (20.0) 35 (18.9) 0.35
Antihypertensive medication use, n (%) 0.50

Never 392 (82.7) 115 (80.4) 119 (82.1) 158 (84.9)

Past 26 (5.5) 11 (7.7) 9 (6.2 6 (3.2

Current 56 (11.8) 17 (11.9) 17 (11.7) 22 (11.8)
BMI, kg/m?, mean (SD) 26.0 (4.3) 26.1 (4.2) 25.7 (4.4) 26.3 (4.3) 0.55
Waist circumference, cm, mean (SD) 84.4 (11.7) 84.3 (11.2) 83.4 (11.9) 85.1 (11.9) 0.48
Systolic blood pressure, mm Hg, mean (SD) 118.4 (15.1) 119.3 (14.7) 116.6 (16.0) 119.1 (14.7) 0.99
HDL cholesterol, mg/dL, mean (SD) 72.2 (15.0) 72.8 (15.1) 74.5 (16.6) 70.0 (13.4) 0.06
LDL cholesterol, mg/dL, mean (SD) 111.4 (27.5) 111.2 (26.7) 111.1 (28.9) 111.8 (27.0) 0.84
Triglycerides, mg/dL, median (IQR) 69.5 (50.0, 105.5) 69.0 (50.0, 105.0) 66.0 (47.0, 101.0) 73.5 (55.0, 110.0) 0.16
Fasting glucose, mg/dL, median (IQR) 78.5 (74.0, 85.5) 79.0 (74.0, 84.0) 78.0 (74.0, 84.0) 79.0 (73.0, 87.0) 0.66
Insulin, plU/mL, median (IQR) 4.2 (2.0, 7.4) 3.9 (1.0, 6.9) 3.7 (1.0, 6.7) 47 (2.1, 8.3) 0.28
HOMA, median (IQR) 0.8 (0.3, 1.5) 0.8 (0.3, 1.3) 0.8 (0.2, 1.4) 0.9 (0.4, 1.7) 0.24
CAC Agatston score, median (IQR) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.35
Any CAC (>0), n (%) 55 (11.6) 12 (8.4) 20 (13.8) 23 (12.4) 0.33
CAC progression, n (%) 66 (13.9) 20 (14.0) 19 (13.1) 27 (14.5) 0.93

BMI indicates body mass index; CAC, coronary artery calcification; HDL, high-density lipoprotein; HOMA, homeostasis model assessment of insulin resistance index; HT, hormone therapy;
IOR, interquartile range; LDL, low-density lipoprotein; MET, metabolic equivalents; o-CEE, oral conjugated equine estrogen; t-E2, transdermal 17 -estradiol.
*x? test was used for categorical variables, and ANOVA or the Kruskal-Wallis test was used for continuous variables, as appropriate.
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Table 2. Medians of EAT and PAT 48-Month Changes Overall and by Treatment Group

EAT Volume, cm®, Median (IOR) PAT Volume, cm®, Median (IOR)
Baseline 48 mo Change P Value* Baseline 48 mo Change P Value*
Al 36.8 (25.6, 54.5) | 37.6 (26.3, 50.5) | 1.3 (—4.9, 5.7) 0.004 14.5(10.2, 21.3) | 14.1 (10.0, 20.8) | 0.5(-3.5,3.9) | 0.13
0-CEE 40.6 (28.6, 59.0) | 39.9 (28.8, 52.9) | —0.1 (-5.9,6.1) | >0.99 14.6 (11.1, 22.1) | 15.1 (10.2, 22.5) | 0.9 (—3.9,4.5) | 0.18
t-E2 35.9 (25.0, 48.3) | 35.7 (25.3, 46.6) | 1.7 (—4.1, 4.9 0.07 13.3 (8.6, 20.8) 13.3 (9.4, 18.9) 0.4(-32,36) | 0.32
Placebo 36.1 (25.6, 51.7) | 37.9(25.2, 51.9) | 2.1 (—4.6,6.4) 0.003 14.9 (10.5, 22.1) | 14.4 (10.5, 20.0) | 0.2 (-3.7, 4.0) | 0.83
Pvalue’ | 0.07 0.07 0.40 0.12 0.13 0.89

EAT indicates epicardial adipose tissue; IQR, interquartile range; o-CEE, oral conjugated equine estrogen; PAT, paracardial adipose tissue; t-E2, transdermal 17 -estradiol.

*Sign test.
Kruskal-Wallis test was used to compare the medians.

PAT and EAT changes did not differ significantly across
treatment groups. EAT did not increase in the o-CEE group,
increased marginally in the t-E2 group, and increased
significantly in the placebo group. PAT did not change in
any group (Table 2). When analyzing any increase in EAT or
PAT (change >0) as related to treatment groups, women on o-
CEE had significantly lower risk of developing any increase in
EAT compared with placebo and also tended to have lower
risk than the t-E2 group (Table 3).

CAC progressed in 14% of the study participants. Women
who had CAC progression were more likely to be less
educated, to have a longer time since menopause, to have
higher triglycerides, insulin, and insulin resistance indexes
compared with women who did not show CAC progression
(Table S2).

Overall, changes in EAT and PAT were not significantly
associated with CAC progression (Table S3). Assigned treat-
ment significantly modified the association between PAT
changes (Figure 2B), but not EAT changes (although a similar
trend was observed; Figure 2A), and CAC progression in
models that were both minimally adjusted (model 1) and fully
adjusted (model 2; P<0.02; Table S4). PAT changes were
associated with greater CAC progression risk only in the t-E2

Table 3. Any Increase in Heart Fat Depots Over 48 Months
by Treatment Group

EAT* PAT'
Treatment | OR (95% Cl) P Value | OR (95% ClI) P Value
0.10 0.66
0-CEE 0.62 (0.40, 0.97) | 0.03 1.22 (0.79, 1.88) | 0.38
t-E2 0.87 (0.56, 1.35) | 0.54 112 (0.72,1.72) | 0.62
Placebo

EAT indicates epicardial adipose tissue; o-CEE, oral conjugated equine estrogen; OR,
odds ratio; PAT, paracardial adipose tissue; t-E2: transdermal 17B-estradiol.

*EAT: o-CEE vs t-E2, OR: 0.72 (95% ClI, 0.45, 1.14); P=0.05.

TPAT: 0-CEE vs t-E2, OR: 1.09 (95% Cl, 0.69, 1.74); P=0.48.

group (Figure 2B). Further adjustment for time since meno-
pause and index of homeostasis model assessment of insulin
resistance provided similar results (data not shown). The
results from the sensitivity analyses that accounted for
missing data with inverse probability weighting were consis-
tent with results from the main analyses, which excluded
missing data (Tables S5-S7).

Discussion

The current results provide the first evidence of potential
differential impacts of exogenous estrogen preparations on
heart fat accumulations and their associations with CAC
development in recently menopausal women. We did not find
a significant difference in PAT or EAT changes across
treatment groups. However, early menopausal women on o-
CEE demonstrated no change in EAT volume over 48 months
relative to women randomized to placebo, whose EAT
increased over time. PAT did not change in any group. In
addition, we found that the use of t-E2, but not o-CEE,
augmented the positive association between increases in PAT
and CAC progression.

Heart fat is associated with coronary arterial disease risk
factors, CVD events, and all-cause mortality.*'" Compared
with premenopausal women, postmenopausal women have
higher volumes of fat in heart fat depots.’ Greater PAT volume
is significantly associated with atherosclerosis risk," and
such associations are more evident at lower levels of E2,""3
suggesting a possible impact of estrogen on heart fat
accumulation and raising the question of whether exogenous
estrogen use could affect heart fat depots. Our study
suggests that this is the case and that the specific exogenous
estrogen preparations and/or routes of administration may
contribute to or protect against heart fat deposition and CVD
risk. The findings also underscore the likelihood that EAT and
PAT are metabolically distinct adipose tissue depots that
should be evaluated separately in assessing their contribu-
tions to CVD risk.??
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We are not aware of any other clinical trial of post-
menopausal women that assessed the effect of exogenous
estrogen on heart fat accumulations. However, several small
scale clinical trials evaluated effects of different HT prepara-
tions on other fat depots and adiposity measures. Results of
these studies were not consistent.?”>” The available data
suggest that exogenous estrogen likely plays a complex role
in adipose tissue accumulation that could vary by the type and
route of administration of estrogen used, by the type of fat
depot, and possibly by age, menopausal duration, or other
population characteristics. Most recently, different HT prepa-
rations and routes of administration were found to be
associated with different levels of risk for venous throm-
boembolism in 2 nested case—control studies that utilized
large databases in the United Kingdom.*® This new evidence

suggests that HT use produces different effects based on
type, combination, dose, and route of administration of the
preparations used.

In line with these results, we found differential effects of o-
CEE and t-E2 on heart fat depots and their associations with
CAC. Other exogenous estrogen preparations such as oral
micronized 17 B-estradiol, ethinyl estradiol, and estrone might
produce other effects. Interestingly, the transdermal estrogen
used in this trial contains only 17 B-estradiol, whereas o-CEE is
a complex of at least 10 natural estrogens including estrone,
17 B-estradiol, and ring B unsaturated estrogens (equilin and
equilenin) with almost 50% as estrone and <1% as 17f-
estradiol.> Ring B unsaturated estrogens are believed to be
stronger antioxidants than 17f-estradiol and estrone, and
some ring B unsaturated estrogens could act selectively in
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Figure 2. Effect modification of assigned HT use on the association between the change in EAT (A) or PAT
(B) and CAC progression. Odds ratio (95% Cl) represents the increase in the risk of coronary artery
calcification progression per 1-SD increase in the change of heart fat. Models adjusted for age, race and
study site, education, smoking, physical activity, alcohol consumption, lipids, systolic blood pressure, waist
circumference, antihypertensive medication and treatment, and baseline heart fat volume. EAT indicates
epicardial adipose tissue; HT, hormone therapy; o-CEE, oral conjugated equine estrogens; PAT, paracardial

adipose tissue; t-E2, transdermal 17-estradiol.
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target tissues.?”*° The stronger antioxidant property of ring B
unsaturated estrogens in o-CEE likely contributes to the
observed favorable impact of o-CEE on EAT accumulation in
this study. Weak antioxidant mechanism together with
overexpression of oxidative stress could contribute to
adiposity-related complications.*’

Growing evidence supports vital roles of estrogen signaling
in the development and function of adipose tissue.** ** Most of
estrogen’s effects are mediated by estrogen receptor o (ERa)
and ERB,*" both of which are expressed in human mature white
adipocytes with a relative abundance of ERo.*®*” ERat plays a
critical role in maintaining adipose tissue function and
preventing inflammatory damage.48 However, functionality of
ERo depends on circulating estrogen levels. In the absence of
adequate estrogen levels, adipocyte ERa may contribute to
adipose tissue expansion and adipose tissue macrophage
infiltration.*® When the ligand is lacking, ERa. may bind to other
estrogen response elements, adipocyte function-specific fac-
tors, or other signaling factors that could produce detrimental
metabolic effects or prompt a differential signaling program.*®
It is possible that the use of t-E2 in this study did not raise
circulating estrogens to an adequate level to prevent the
adverse metabolic activity of heart fat accumulation, explaining
the negative impact of t-E2 use on the association between CAC
progression and PAT accumulation in our study. Interestingly,
we observed a similar, but not significant, effect modification of
t-E2 on the association between EAT accumulation and CAC
progression. In addition, we reported a marginal increase in EAT
after 48 months of t-E2 use.

Despite the neutral effect of HT use on CAC progression
among recently menopausal women reported in the original
KEEPS trial,?? we found that HT use significantly modifies the
association between PAT increase and CAC progression in the
same target population. The nonsignificant effect of HT use
observed in the overall KEEPS trial was attributed to
insufficient power to compare progression of CAC among
treatment groups. In particular, KEEPS included only relatively
healthy women with CAC scores <50 at baseline; therefore, it
was challenging to detect modest progression in CAC with 48
months of follow-up.?? This criterion may have limited our
ability to detect main associations between heart fat depots
and CAC progression, as in other studies.* "

This study has several inherent strengths and weak-
nesses. The ability to study a sample of well-characterized,
community-dwelling women randomized to 2 different
estrogen preparations is a paramount strength. However,
some limitations are imposed by the design of KEEPS, as
described earlier. Furthermore, the current findings are
specific to the KEEPS population, and the durations, types,
and doses of HT used cannot be readily generalized. Finally,
participants excluded because of missing heart fat data at
any of the 2 time points had lower PAT volumes at baseline

than those included, and this may have reduced variability in
PAT compared with EAT. However, sensitivity analyses
accounting for missing data suggested similar findings.
Regardless, this study is the first to assess the effects of 2
different routes of administration and estrogen preparations
on heart fat accumulation, an evolving menopause-specific
risk factor.m'?

Clinical Implications and Conclusions

Our results are in line with the recent North American
Menopause Society position statement on HT, which under-
scores the differential contributions of estrogen type, dose,
duration of use, route of administration, timing of initiation,
and whether a progestogen is used when assessing risk
related to HT use.** We reported differential effects of HT
use on heart fat depots in recently menopausal women.
Use of o-CEE may slow EAT accumulation, whereas t-E2
appears to augment the association between PAT accumu-
lation and CAC progression. HT remains the best therapeutic
option for the relief of debilitating menopausal symptoms.*’
Clinicians should continue to individualize HT prescription
using best available evidence to maximize benefits and
minimize risks.
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Table S1. Baseline variables and CAC progression for women included and excluded from the analytical sample.

Variables” Included Excluded P value t
N=474 N=253

Age at baseline, mean (SD), Yr 52.7 (2.6) 52.7 (2.5) 0.70
Age at menopause, mean (SD), Yr 50.9 (2.6) 50.8 (2.6) 0.79
Time since menopause, mean (SD), Yr 1.8 (0.8) 1.9 (0.8) 0.03
White Race, N (%) 370 (78.1) 187 (73.9) 0.21
Education, N (%) 0.01

Declined to Answer 5(1.1) 5 (2.0)

High School graduate or less 29 (6.1) 29 (11.5)

Some college 80 (16.9) 52 (20.6)

College graduate 360 (75.9) 167 (66.0)
Employed, N (%) 391 (82.5) 201 (79.4) 0.31
Income, N (%) 0.47

<$60K 84 (17.7) 55 (21.7)

$60K-<$100K 65 (13.7) 36 (14.2)

>$100K 85 (17.9) 37 (14.6)
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Unknown 240 (50.6) 125 (49.4)

Physical activity level, median(Q1, Q3), MET-hr/wk | 16.7 (7.0, 28.6) 17.5 (7.5, 28.3) 0.84
Alcohol consumption, N (%) 361 (76.2) 176 (69.6) 0.05
Smoking Status, N (%) 0.03

Never 380 (80.2) 191 (75.5)

Past 70 (14.8) 36 (14.2)

Current 24 (5.1) 26 (10.3)
Ever use hormone therapy, N (%) 100 (21.1) 52 (20.6) 0.86
Anti-Hypertensive medication use, N (%) 0.29

Never 392 (82.7) 220 (87.0)

Past 26 (5.5) 12 (4.7)

Current 56 (11.8) 21 (8.3)
BMI, mean (SD), Kg/m?2 26.0 (4.3) 26.5 (4.4) 0.20
Waist circumference, mean (SD), cm 84.4 (11.70) 84.3 (11.7) 0.92
Systolic blood pressure, mean (SD), mmHg 118.4 (15.1) 119.6 (14.5) 0.29
HDL cholesterol, mean (SD), mg/dL 72.2 (15.0) 71.7 (13.8) 0.68
LDL cholesterol, mean (SD), mg/dL 111.4 (27.5) 110.1 (28.4) 0.56
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Fasting glucose, median (Q1, Q3), mg/dL 78.5 (74.0, 85.5) 78.0 (73.0, 84.0) 0.32
Insulin, median (Q1, Q3), plU/mL 4.2 (2.0, 7.4) 4.4 (2.10, 7.2) 0.75
HOMA, median (Q1, Q3) 0.8 (0.3,1.5) 0.8 (0.4 1.4) 0.88
EAT volume, median (Q1, Q3), cm? 36.8 (25.6, 54.5) 38.9 (27.7, 53.0) 0.50
PAT volume, median (Q1, Q3), cm?3 14.5 (10.2, 21.3) 6.5 (3.2, 11.8) <0.001
CAC Agatston score, median (Q1, Q2) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.24
Any CAC (CAC>0), N (%) 55 (11.6) 37 (14.6) 0.24
CAC progression, N (%) 66 (13.9) 13 (13.5) 0.92
Treatment groups, N (%) 0.44

o-CEE 143 (30.2) 87 (34.4)

t-E2 145 (30.6) 77 (30.4)

Placebo 186 (39.2) 89 (35.2)

CAC: coronary artery calcification; MET: metabolic equivalents; BMI: body mass index; HDL: high density lipoprotein; LDL: low

density lipoprotein; HOMA: Homeostasis Model Assessment insulin resistance index EAT: epicardial adipose tissue; PAT:

paracardial adipose tissue; 0-CEE: oral conjugated equine estrogen; t-E2: transdermal 17B-estradiol;

" Baseline levels presented unless otherwise specified

T Chi-square test for categorical variables; ANOVA or Wilcoxon Mann Whitney tests for continuous variables as appropriate
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Table S2. Baseline Study variables by 48-month CAC progression.

Variables * 48-month CAC progression P value t
Yes No
N=66 (13.9%) N=408 (86.1%)
Age at baseline, mean (SD), Yr 52.76 (2.73) 52.63 (2.55) 0.70
Age at menopause, mean (SD), Yr 50.80 (2.70) 50.89 (2.55) 0.79
Time since menopause, mean (SD), Yr 1.95 (0.82) 1.73 (0.77) 0.03
White Race, N (%) 54 (81.8) 316 (77.5) 0.43
Education, N (%) 0.01
Declined to Answer 0 (0.0) 5(1.2)
High School graduate or less 10 (15.2) 19 (4.7)
Some college 14 (21.2) 66 (16.2)
College graduate 42 (63.6) 318 (77.9)
Employed, N (%) 51 (77.3) 340 (83.3) 0.23
Income, N (%) 0.78
<$60K 13 (19.7) 71 (17.4)
$60K-<$100K 10 (15.2) 55 (13.5)
>$100K 9 (13.6) 76 (18.6)
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Unknown 34 (51.5) 206 (50.5)
Physical activity level, median(Q1, Q3), 16.2 (7.3, 29.8) 16.7 (7.0, 28.5) 0.62
MET-hr/wk
Alcohol consumption, N (%) 48 (72.7) 313 (76.7) 0.48
Smoking Status, N (%) 0.24
Never 52 (78.8) 328 (80.4)
Past 8 (12.1) 62 (15.2)
Current 6 (9.1) 18 (4.4)
Ever use hormone therapy, N (%) 18 (27.3) 82 (20.1) 0.19
Anti-Hypertensive medication use, N (%) | N=66 N=408 0.62
Never 52 (78.8) 340 (83.3)
Past 5 (7.6) 21 (5.1)
Current 9 (13.6) 47 (11.5)
BMI, mean (SD), Kg/m? 26.3 (4.3) 26.0 (4.3) 0.55
Waist circumference, mean (SD), cm 85.4 (11.1) 84.2 (11.8) 0.43
Systolic blood pressure, mean (SD), 118.9 (14.2) 118.3 (15.3) 0.77
mmHg
HDL cholesterol, mean (SD), mg/dL 70.7 (17.0) 72.4 (14.7) 0.39




LDL cholesterol, mean (SD), mg/dL 113.5 (26.4) 111.1 (27.6) 0.51
Triglycerides, median (Q1, Q3), mg/dL 80.0 (64.0, 131.0) | 68.0 (49.0, 103.0) 0.01
Fasting glucose, median (Q1, Q3), mg/dL | 83.0 (73.0, 89.0) 78.0 (74.0, 85.0) 0.11
Insulin, median (Q1, Q3), plU/mL 5.1 (3.0, 9.7) 3.9 (1.0, 7.0) 0.01
HOMA, median (Q1, Q3) 1.1 (0.6, 1.9) 0.8 (0.2, 1.4) 0.01
EAT volume, median (Q1, Q3), cm?3 41.6 (29.5, 60.3) 36.5 (25.4, 51.7) 0.20
PAT volume, median (Q1, Q3), cm?3 16.7 (10.6, 21.3) 14.3 (10.2, 21.5) 0.23
Treatment groups, N (%) 0.93

o-CEE 20 (30.3) 123 (30.1)

t-E2 19 (28.8) 126 (30.9)

Placebo 27 (40.9) 159 (39.0)
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CAC: coronary artery calcification; MET: metabolic equivalents; BMI: body mass index; HDL: high density lipoprotein; LDL: low
density lipoprotein; HOMA: Homeostasis Model Assessment insulin resistance index EAT: epicardial adipose tissue; PAT:
paracardial adipose tissue; 0-CEE: oral conjugated equine estrogen; t-E2: transdermal 17B-estradiol;

" Baseline levels presented unless otherwise specified

TChi-square test: for categorical variables, ANOVA or Wilcoxon Mann Whitney tests for continuous variables as appropriate
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Table S3. Multivariable logistic regression results of the association between the change in heart fat depots and CAC

progression.

Change in heart fat Model 1° Model 2 t
depots OR (95% Cls) £ P value OR (95% Cls) T P value
EAT change 1.08(0.83,1.42) 0.57 1.04(0.75,1.45) 0.80
PAT change 1.11(0.85,1.45) 0.44 1.04(0.77,1.42) 0.79

CAC: coronary artery calcification; MET: metabolic equivalents; BMI: body mass index; LDL-C: low density lipoprotein cholesterol;
EAT: epicardial adipose tissue; PAT: paracardial adipose tissue

" Model 1: Adjusted for age, race (white vs. non-white) and study site (east, west and middle)

T Model 2: Model 1 + smoke, METSs, education, triglycerides, LDL-C, anti-hypertensive medication, alcohol consumption, SBP, WC,
treatment and baseline heart fat (EAT in model for EAT change and Pat in model for PAT change).

T OR represents the relative increase in the odds of CAC per 1 SD increase in the change of heart fat volume



Table S4. Multivariable logistic regression results of the association between the change in heart fat depots and the CAC

progression, by treatment.

Change in heart fat Model 1° Model 2 t
depots Treatment OR (95% Cls) £ P value OR (95% Cls) T P value
0-CEE 1.05(0.68,1.63) 0.69 ref | 1.04(0.63,1.70) | 0.56 ref
EAT change t-E2 1.54(0.81,2.91) 0.20 0.34 1.52(0.79,2.91) 0.14 0.34
Placebo 0.94(0.63,1.39) ref 0.69 | 0.86(0.55,1.35) ref 0.56
EAT change*treatment P values 0.43 0.34
0-CEE 0.96(0.62,1.48) 0.79 ref 0.82(0.50,1.36) 0.99 ref
PAT change t-E2 2.89(1.4,5.98) 0.005 0.01 2.73(1.29,5.75) 0.007 0.008
Placebo 0.88(0.6,1.3) ref 0.79 | 0.82(0.52,1.27) ref 0.99
PAT change*treatment P values 0.01 0.02
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CAC: coronary artery calcification; MET: metabolic equivalents; BMI: body mass index; LDL-C: low density lipoprotein cholesterol;
EAT: epicardial adipose tissue; PAT: paracardial adipose tissue

" Model 1: Adjusted for age, race (white vs. non-white) and study site (east, west and middle)

T Model 2: Model 1 + smoke, METSs, education, triglycerides, LDL-C, anti-hypertensive medication, alcohol consumption, SBP, WC,
treatment and baseline heart fat (EAT in model for EAT change and Pat in model for PAT change).

T OR represents the relative increase in the odds of CAC progression per 1 SD increase in the change of heart fat
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Table S5. IPW sensitivity analysis for odds ratio (95% CI) of any increase in heart fat depots over 48 months by treatment

group.
Any increase after 48 month
EAT® PAT T

OR(95% CI) P value OR(95% CI) P value
Treatment 0.06 0.54
0-CEE 0.62(0.40, 0.97) 0.03 1.26(0.81, 1.97) 0.30
t-E2 0.99(0.64, 1.55) 0.99 1.20(0.77, 1.86) 0.42
Placebo

EAT: epicardial adipose tissue; PAT: paracardial adipose tissue; o-CEE: oral conjugated

equine estrogen; t-E2: transdermal 173-estradiol

* EAT: 0-CEE vs. t-E2; OR(95% CI): 0.62(0.39, 0.99), P=0.02

1 PAT: 0-CEE vs. t-E2; OR(95% CI): 1.05(0.66, 1.68), P=0.49




Table S6. IPW sensitivity analysis of the association between the change in heart fat depots and CAC progression from

multivariable logistic regression.

Change in heart fat Model 1° Model 2 t
depots OR (95% Cls) P value OR (95% Cls) t P value
EAT change 1.11 (0.83,1.49) 0.48 1.06 (0.75,1.50) 0.73
PAT change 1.09 (0.82,1.44) 0.55 1.01 (0.73,1.40) 0.95
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CAC: coronary artery calcification; MET: metabolic equivalents; BMI: body mass index; LDL-C: low density lipoprotein cholesterol;
EAT: epicardial adipose tissue; PAT: paracardial adipose tissue
" Model 1: Adjusted for age, race (white vs. non-white) and study site (east, west and middle)
1 Model 2: Model 1 + smoke, METS, education, triglycerides, LDL-C, anti-hypertensive medication, alcohol consumption, SBP, WC,
treatment and baseline heart fat (EAT in model for

EAT change and Pat in model for PAT change).

T OR represents the relative increase in the odds of CAC progression per 1 SD increase in the change of heart fat volume



Table S7. IPW sensitivity analysis of the association between the change in heart fat depots and the CAC progression from

multivariable logistic regression, by treatment.

Change in heart fat Model 1° Model 2 t
depots Treatment OR (95% Cls) £ P value OR (95% Cls) T P value
0-CEE 1.01 (0.63,1.64) 0.99 ref | 0.98(0.58,1.68) | 0.86 ref
EAT change t-E2 1.48 (0.78,2.83) 0.33 0.35 | 1.49(0.77,2.87) 0.23 0.32
Placebo 1.01 (0.66, 1.55) ref 0.99 | 0.92(0.57,1.49) ref 0.86
EAT change*treatment P values 0.58 0.47
0-CEE 0.91 (0.56,1.48) 0.81 ref 0.74 (0.44,1.27) 0.89 Ref
PAT change t-E2 2.91 (1.39,6.10) 0.004 0.009 | 2.68 (1.26,5.74) 0.007 0.006
Placebo 0.85 (0.57,1.26) ref 0.81 | 0.78(0.48,1.26) ref 0.89
PAT change*treatment P values 0.01 0.01
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CAC: coronary artery calcification; MET: metabolic equivalents; BMI: body mass index; LDL-C: low density lipoprotein cholesterol;
EAT: epicardial adipose tissue; PAT: paracardial adipose tissue

" Model 1: Adjusted for age, race (white vs. non-white) and study site (east, west and middle)

T Model 2: Model 1 + smoke, METSs, education, triglycerides, LDL-C, anti-hypertensive medication, alcohol consumption, SBP, WC,
treatment and baseline heart fat (EAT in model for EAT change and Pat in model for PAT change).

T OR represents the relative increase in the odds of CAC progression per 1 SD increase in the change of heart fat



