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Circulation: Heart Failure

ORIGINAL ARTICLE

Metabolically Healthy/Unhealthy Overweight/
Obesity Associations With Incident Heart Failure
in Postmenopausal Women

The Women's Health Initiative

Amber R. Cordola Hsu®, PhD, MPH; Bin Xie, PhD, MS; Darleen V. Peterson, PhD, MPH, MA;
Michael J. LaMonte(®, PhD, MPH; Lorena Garcia'®, DrPH, MPH; Charles B. Eaton®, MD, MS; Scott B. Going, PhD;
Lawrence S. Phillips®®, MD; JoAnn E. Manson(, MD, DrPH; Hoda Anton-Culver, PhD*; Nathan D. Wong‘®, PhD, MPH*

BACKGROUND: Obesity is associated with an increased risk of heart failure (HF); however, how metabolic weight groups relate
to HF risk, especially in postmenopausal women, has not been demonstrated.

METHODS: We included 19412 postmenopausal women ages 50 to 79 without cardiovascular disease from the Women'’s
Health Initiative. Normal weight was defined as a body mass index >18.5 and <25 kg/m? and waist circumference <88 cm
and overweight/obesity as a body mass index =25 kg/m? or waist circumference =88 cm. Metabolically healthy was based
on <2 and unhealthy >2 cardiometabolic traits: triglycerides 2150 mg/dL, systolic blood pressure >130 mmHg or diastolic
blood pressure 285 mmHg or blood pressure medication, fasting glucose =100 mg/dL or diabetes medication, and HDL-C
(high-density lipoprotein cholesterol) <60 mg/dL. Risk factor-adjusted Cox regression examined the hazard ratios (HRs)
for incident hospitalized HF among metabolically healthy normal weight (reference), metabolically unhealthy normal weight,
metabolically healthy overweight/obese, and metabolically unhealthy overweight/obese.

RESULTS: Among our sample, 455 (2.349%) participants experienced HF hospitalizations over a mean follow-up time of 11.3%1.1
years. Compared with metabolically healthy normal weight individuals, HF risk was greater in metabolically unhealthy normal
weight (HR, 1.66 [95% CI, 1.01-2.72], P=0.045) and metabolically unhealthy overweight/obese individuals (HR, 1.95 [95%
Cl, 1.35-2.80], ~=0.0004), but not metabolically healthy overweight/obese individuals (HR, 1.15 [95% ClI, 0.78-1.71],
P=0.48). Subdividing the overweight/obese into separate groups showed HRs for metabolically unhealthy obese of 2.62
(95% Cl, 1.80-3.83; /<0.0001) and metabolically healthy obese of 1.52 (95% Cl, 0.98-2.35; ~=0.06).

CONCLUSIONS: Metabolically unhealthy overweight/obese and metabolically unhealthy normal weight are associated with an
increased risk of HF in postmenopausal women.

Key Words: diabetes ® heart failure ® postmenopause ® obesity ® women

Diabetes mellitus (DM), coronary heart disease, and and obesity were associated with a greater risk of HF?®
hypertension greatly increase the risk of develop-  and the Framingham Heart Study showed an increased
ing HF2 Obesity is a key risk factor for HF.3% Abdominal incidence of HF across the entire spectrum of body
obesity is also associated with an increased risk of HF” mass index (BMI), with a 7% increase in HF incidence

H eart failure (HF) affects over 6 million US adults.’ The Physicians’ Health Study described that overweight
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WHAT IS NEW

* Although obesity is common among postmeno-
pausal women and is a known risk factor for heart
failure, our investigation shows increases in risk
for heart failure among those who are metaboli-
cally unhealthy normal weight or overweight/obese,
but not when one is metabolically healthy even if
overweight/obese.

* Heart failure risk is also further complicated by the
presence of diabetes and directly related to the
number of abnormal metabolic factors.

WHAT ARE THE CLINICAL IMPLICATIONS

* Metabolic risk factors predisposed to increases in
heart failure risk even in those of normal weight, and
should thus be monitored and controlled according
to guidelines. Moreover, those who are metaboli-
cally unhealthy and overweight/obese are at even
higher risk and warrant close clinical supervision.

* Future therapies might address whether these heart
failure risks due to metabolic abnormalities, even in
those of normal weight, can be reduced.

Nonstandard Abbreviations and Acronyms

ARIC Atherosclerosis Risk in Communities

BMI body mass index

BP blood pressure

CHS Cardiovascular Health Study

CvD cardiovascular disease

DM diabetes mellitus

eGFR estimated glomerular filtration rate

HDL-C high-density lipoprotein cholesterol

HF heart failure

HRs hazard ratios

MHNW metabolically healthy normal weight

MHO metabolically healthy overweight/obese

MUHNW metabolically unhealthy normal weight

MUHO metabolically unhealthy overweight/
obese

WHI Women'’s Health Initiative

in women for every 1 kg/m? increase in BML* Asian/
Pacific Islander and Hispanic postmenopausal women
have been found to have decreased incident HF rates,
whereas Black women had increased rates of HF®
Lastly, Black postmenopausal women with obesity have
been found to be at a greater risk for HF with preserved
ejection fraction.®

Of more recent interest, however, is whether the pres-
ence of metabolic risk factors might affect the relation of
obesity or even normal weight with the risk for develop-
ing HF. A recent study found a greater risk of HF in those
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who were metabolically healthy and unhealthy obese, as
compared to those who were normal weight.'® Others
find the risk of HF is increased in patients with obesity
regardless of cardiometabolic status." It is not estab-
lished if metabolic status might affect HF risk according
to obesity status in older postmenopausal women.

The purpose of this study was to evaluate the rela-
tionship between metabolically healthy and unhealthy
weight categories and the incidence of HF hospitaliza-
tions in US postmenopausal women. Our hypothesis
was that the risk of incident HF hospitalizations among
postmenopausal women would be greater among those
who were of metabolically unhealthy normal weight
(MUHNW), metabolically unhealthy overweight/obese
(MUHO), and metabolically healthy overweight/obese
(MHO) as compared to those metabolically healthy nor-
mal weight (MHNW).

METHODS
Study Population

The Women'’s Health Initiative (WHI) consisted of randomized
clinical trials (N=68132) and an observational cohort study
(N=93676)."? The WHI makes specific datasets available to the
public from the National Institutes of Health Biospecimen and
Data Repository Coordinating Center. The clinical trial comprised
3 concurrent, randomized controlled trials among postmeno-
pausal women aged 50 to 79 years: Hormone Therapy trials, the
Dietary Modification trial, and the Calcium and Vitamin D trial.'®
The WHI established a Data and Safety Monitoring Board, which
was accountable for supervising the trial and safety of their par-
ticipants."”” WHI recruitment was conducted from 1993 to 1998
at 40 Clinical Centers in 24 states and the District of Columbia.'
Recruitment took place locally, at Clinical Centers, and nationally
at the National Institutes of Health, the WHI Clinical Coordinating
Center in Seattle, WA, and various study-wide committees.'®

All participants provided informed consent to participate at
their local clinical center which obtained their own institutional
review board approval to participate in the WHL.'® Recruitment
strategies included mass mailings, community presentations,
local newspaper ads, public service announcements (television
and radio), and health fairs.'® All procedures performed in stud-
ies involving human participants were in accordance with the
ethical standards of the institutional and/or national research
committee, and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. Because of the
sensitive nature of the data collected for this study, requests to
access the datasets from qualified researchers may be sent to
the Women's Health Initiative at whi.org.

A baseline cardiovascular disease (CVD) risk factor and bio-
marker subset sample of *25 000 participants was derived from
specific samples of the WHI cohort, as previously described.'
This included fasting serum glucose, total cholesterol, HDL-C
(high-density lipoprotein cholesterol), and triglycerides' and
are described in detail below.

Persons with prevalent CVD were excluded from our analy-
sis since our hypothesis focused on examining the develop-
ment of HF as a result of our metabolic obesity groups in the
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primary prevention setting. This included those with a history of
myocardial infarction, stroke, percutaneous intervention, HF, or
peripheral arterial disease at baseline.

Measures and Outcomes

Overweight/obesity was defined by a BMI 225 kg/m? or ele-
vated waist circumference (>88 cm) and were measured by
trained staff during clinic visits.*"'® Metabolically unhealthy
overweight/obesity (MUHO) was defined by having at least 2
of 4 cardiometabolic traits, including high triglycerides (=150
mg/dL), elevated systolic blood pressure (BP; >130 mm Hg),
or diastolic BP (=85 mmHg; based on averaging 2 base-
line measurements and if only one BP measurement was
known, the single value was used)'® or antihypertensive drug
use (including diuretics); high fasting glucose (=100 mg/dL)
or use of medications for DM (insulin and oral antidiabet-
ics); and low HDL-C (<50 mg/dL)."*'6 Metabolically healthy
overweight/obesity (MHO) was defined by having <2 of the
above metabolic traits'#'® in addition to being overweight/
obese as defined above.

Normal body weight was defined as a BMI >18.5 and <25
kg/m? and without elevated waist circumference (<88 cm).'*~"®
Metabolically unhealthy normal (MUHNW) was defined by hav-
ing at least 2 of the 4 above metabolic traits.'*'® Metabolically
healthy normal (MHNW) was defined by having <2 of the
above metabolic traits while being of normal body weight.'*"16

Prevalent DM included those with known DM at baseline
(self-report, fasting glucose >126 mg/dL or current insulin or
oral medications for DM). Estimated glomerular filtration rate
(eGFR) in ml/min/1.73m2 was defined=([186.3xcreatinine
(mg/dL)*—1.154xage (years)*—0.203x0.742 (if
female)x1.210 (if Black)]) based on the Modification of Diet
in Renal Disease equation.'” Alcohol intake was categorized as
nondrinker, past drinker, <1 drink per month, <1 drink per week,
1 to <7 drinks per week, or 7+ drinks per week.'® Total Healthy
Eating Index Score was calculated from baseline food-fre-
quency questionnaires providing a score from O to 100 based
on sum of 12 components of healthy eating with higher scores
indicating conformance to the 2005 United States Department
of Agriculture dietary guidelines."®

Self-reported measures included age, race/ethnicity,
income, smoking (current, past, or never), healthy eating index
score, and total energy expenditure from recreational physical
activity (metabolic equivalent-hours/wk).

Laboratory variables consisted of glucose, total choles-
terol, HDL-C, and triglycerides were measured at Medical
Research Laboratories/PPD and University of Minnesota
labs.”® Glucose was measured in serum via the hexokinase
method on the Hitachi 747 (Boehringer Mannheim Diagnostics,
Indianapolis, Indiana) and the Gluco-quant Glucose/hexoki-
nase reagent (Roche Diagnostics, Indianapolis, IN 46250) on
the Roche Modular P Chemistry analyzer (Roche Diagnostics
Corporation).'® Total cholesterol was analyzed by enzymatic
methods on a Hitachi 747 analyzer (Boehringer Mannheim
Diagnostics, Indianapolis, IN)."* HDL-C was isolated using
heparin manganese chloride with the supernate measured
enzymatically on the Hitachi 747.'® Triglycerides were analyzed
by enzymatic methods on a Hitachi 747 analyzer (Boehringer
Mannheim Diagnostics, Indianapolis, IN) and in serum using
Triglyceride GB reagent (Roche Diagnostics, Indianapolis, IN
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46250) on the Roche Modular P Chemistry analyzer (Roche
Diagnostics Corporation).”® Glucose and total cholesterol
measures were obtained by multiple labs utilizing different
techniques and various instruments (see CVD risk factor and
biomarker assays section above).'® The glucose and total cho-
lesterol biomarkers were collected as a blood sample with
participants fasting for at least 12 hours before draws.'® The
residual blood samples were stored at 4 °C for up to 1 hour until
plasma or serum was separated from the cells.”

Incident HF hospitalizations, as previously defined by WHI,
included diagnoses by a physician and receipt of medical treat-
ment for HF during admission, including diuretics, digitalis,
vasodilators, and angiotensin-converting enzyme inhibitors; or
HF diagnosed by a physician and receipt of medical treatment
for HF during admission plus documented impaired systolic
or diastolic left ventricular function; or pulmonary edema or
congestion by chest X-ray on admission; or dilated ventricles
or poor left- or right-side ventricular function (eg, wall motion
abnormalities) by echocardiography, radionuclide ventriculo-
gram/multigated acquisition, or other contrast ventriculography
or evidence of left ventricular diastolic dysfunction.'® All inci-
dent HF hospitalizations were adjudicated using a standardized
protocol by trained physicians locally for quality control for the
WHI core study group to the end of the study.”®

Data Analysis

The demographic, health, and metabolic characteristics of
participants at baseline according to incident HF hospitaliza-
tions were compared using Pearson y? test for categorical
dependent variables and an independent t test for continu-
ous variables. Measures were log-transformed if skewed to
normalize outliers. HF rates per 1000 person-years were dis-
played across the disease groups. Among the 4 groups (MHO,
MUHO, MHNW, MUHNW), the risk of incident HF hospitaliza-
tions using Cox regression analyses was evaluated, unadjusted,
and adjusted for key covariates hypothesized to be potential
confounders. Time to development of incident HF hospitaliza-
tions was defined as the number of days from enroliment to
HF hospital admission (days were converted to years in the
analysis). A sensitivity analysis was performed separating those
classified as overweight/obese separately into overweight and
obese in addition to normal weight which were then further
stratified according to whether metabolically or unhealthy (6
groups total). The cumulative HF-free event rates by group
across follow-up time were plotted using Kaplan-Meier curves
along with the adjusted restricted cubic spline of metabolic
health status versus BMI. The restricted cubic spline results of
BMI adjusted for metabolic health status, prevalent diabetes,
age, race/ethnicity, income, smoked ever, total healthy eating
index, total energy expenditure from recreational physical activ-
ity (MET-hours/wk), and total cholesterol. We also examined
using adjusted Cox regressions the contribution of each of the
individual metabolic and obesity variables measured categori-
cally and continuously (per SD) with incident HF, as well as
tested whether there was a dose-response relationship of the
number of obesity/cardiometabolic traits with HF risk.
Although our main analysis focused on the development
of HF in those without CVD at baseline, we also did sensitiv-
ity analyses using additional Cox regression models where we
additionally adjusted for prior CVD, as well as eGFR and alcohol
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intake (eGFR in particular would have substantially reduced
our sample size in our original model but including those with
prior CVD compensated for this). Additional sensitivity analyses
examined the impact of metabolically unhealthy status sepa-
rated from overweight/obesity, as well as assigning all persons
with DM to the metabolically unhealthy group.

All of the statistical tests were 2-sided, and all of the
statistical analyses were performed using SAS Software
Version 9.4."°

RESULTS

Table 1 compares general characteristics according
to the presence of MHNW (reference group; 16.8%),
MUHNW (56.9%), MHO (35.4%), and MUHO (41.9%).
Those with MHNW had the lowest prevalence of DM,
were predominately White (not of Hispanic origin), had
a baccalaureate degree or higher, and had higher levels
of alcohol consumption, physical activity, and HDL-C as
compared to the other 3 groups. Those with MUHNW
had the highest mean age, were mainly White, had some
college, vocational training, or an associate's degree,
reported lower income, and had higher prevalences of
current smoking and total cholesterol levels as compared
to the MHNW. The MHO group had the lowest mean
age, were mostly Black, had some college, vocational
training, or an associate's degree, reported a low to mod-
erate income, and a lower prevalence of current smoking
as compared to the MHNW. The MUHO group had the
highest prevalence of DM, the majority were White (not
of Hispanic origin), had some college, vocational training,
or an associates degree, reported lower income, but had
a higher prevalence of ever or current smoking, family
history of heart attack, and higher waist circumferences,
BMls, glucose, and triglycerides as compared to the
MHNW. The MUHNW and MUHO groups had the high-
est levels of both systolic and diastolic BP.

The mean follow-up time to incident HF hospitaliza-
tion was 11.28+1.09 years, during which 455 cases
were identified. The MHNW had the lowest incidence
of HF and the MUHO group had the highest incidence
of HF. Those with MUHO had the highest incident HF
hospitalizations rates per 1000 person-years (3.07) fol-
lowed by those with MUHNW (2.86). Conversely, those
with MHNW had the lowest incident HF hospitalization
rate per 1000 person-years (1.03), and those with MHO
were not much higher (1.28). Moreover, unadjusted haz-
ard ratios were 2.78 (95% ClI, 1.77-4.37) for MUHNW,
1.25 (0.86-1.81) for MHO, and 2.98 (2.12-4.18) for
MUHO with fully adjusted hazard ratios (HRs) being
166 (1.01-2.72), 1.15 (0.78-1.71), and 1.95 (1.35—
2.80), respectively (Table 2).

Kaplan-Meier curves for HF hospitalization-free proba-
bility in the 4 metabolic groups (F<0.0001 across groups)
are displayed in the Figure. The MUHNW and MUHO
groups are more likely to experience incident HF as
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compared to the MHNW and MHO groups. Figure | in the
Data Supplement displays the adjusted restricted cubic
spline of metabolic health status versus BMI. Metabolic
unhealthy was significant (odds ratio, 1.54 [95% CI, 1.21-
1.96], P=0.0004) as compared to metabolic healthy. BMI
only spline knot 4 (31.19) was significant (P=0.02).

Table 3 shows results from the full Cox proportional haz-
ards regression model demonstrating those with MUHO
had the highest risk of HF (HR, 1.95 [95% Cl, 1.35-2.80],
P=0.0004) compared with MHNW (reference group) after
adjusting for covariates. Moreover, those with MUHNW
had an increased risk of HF (HR, 1.66 [95% CI, 1.01-
2.792], P=0.045) but not those with MHO (HR, 1.15 [95%
Cl, 0.78-1.71], P=0.48). Other covariates, including preva-
lent DM, age, Hispanic/Latino ethnicity, moderate income,
current cigarette smoking, and decreased physical activity
were significantly associated with an increased risk of inci-
dent HF. From sensitivity analyses subdividing overweight/
obese separately into overweight and obese in addition to
normal weight stratified by metabolically healthy versus
unhealthy (6 groups total), adjusted HRs for the MUHNW
(HR, 1.66 [95% ClI, 1.01-2.72], P=0.044) and metaboli-
cally unhealthy obese (HR, 2.62 [95% CI, 1.80-3.83],
P<0.0001) were statistically significant as compared with
MHNW (reference group). The metabolically healthy over-
weight (HR, 0.94 [95% Cl, 0.569-1.48], P=0.78), metaboli-
cally unhealthy overweight (HR, 1.20 [95% Cl, 0.79—-1.84],
P=0.39), and the metabolically healthy obese (HR, 1.52
[95% Cl, 0.98-2.35], ~=0.06) were not statistically sig-
nificant as compared with MHNW (reference group) after
adjusting for covariates.

From additional analyses examining the independent
associations of our obesity (BMI and waist circumfer-
ence) and cardiometabolic (systolic BP, diastolic BP, tri-
glyceride, glucose, and HDL-C) measures with HF risk,
each classified according to their cut points as previously
defined, high waist circumference (HR, 1.63 [95% CI,
1.23-2.16], A=0.0006), elevated systolic BP (HR, 1.65
[95% ClI, 1.31-2.07], ~<<0.0001), and elevated diastolic
BP (HR, 1.33 [95% ClI, 1.04-1.70], P=0.02) were statis-
tically significant after adjusting for covariates (Table 4).
When stratified by our metabolic weight groups, for the
MHO group, systolic BP (HR, 3.58 [95% Cl, 1.93-6.65],
P<0.0001) and for the MUHO group, diastolic BP (HR,
1.44 [95% CI, 1.07-1.92], ”~=0.01) and glucose (HR,
1.49[95% Cl, 1.06-2.11], P=0.02) significantly predicted
incident HF after adjusting for covariates. Table 5 shows
the relation of the obesity and metabolic variables, each
measured continuously (per SD), with HF risk. BMI (HR,
1.19 [95% CI, 1.03-1.38], A=0.02), waist circumference
(HR, 1.20[95% CI, 1.02—-1.41], P=0.03), systolic BP (HR,
1.47 [95% ClI, 1.32-1.64], A<0.0001), and glucose (HR,
1.26 [95% ClI, 1.16-1.37], /<<0.0001) were significantly
associated with incident HF after adjusting for covariates.

Table 6 shows results from the adjusted Cox
proportional hazards regression demonstrating a
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Table 1. Baseline Sociodemographic and Other Metabolic Risk Factor Characteristics According to Metabolic Weight Catego-
ries in WHI Postmenopausal Women

MHNW (n=3254)
(reference) MUHNW (n=1154) | MHO (n=6867) MUHO (n=8137)
(16.8%) (5.9%) (35.4%) (41.9%) P value
Age,y (=19412) 63.8+7.7 65.917.1 62.4+7.3 63.5+7.1 <0.0001
Prevalent diabetes (n=2369) 51 (1.6) 144 (12.5) 264 (3.8) 1910 (28.5) <0.0001
Race/ethnicity (n=19412) <0.0001
Asian or Pacific Islander 89 (2.7) 53 (4.6) 52 (0.8) 100 (1.2)
Black 809 (24.9) 217 (18.8) 3031 (44.1) 2585 (31.8)
Hispanic/Latino 568 (17.5) 215 (18.6) 1039 (15.1) 1367 (16.8)
White (not of Hispanic origin) 1763 (54.2) 662 (57.4) 2684 (39.1) 4011 (49.3)
Other 25 (0.8) 7 (0.6) 61 (0.9) 74 (0.9)
Education (n=19251) <0.0001
<12th grade 180 (5.6) 113 (9.9) 563 (8.3) 920 (11.4)
High school diploma/GED 487 (15.0) 246 (21.5) 11565 (17.0) 1600 (19.9)
Some college/associate degree/vocational training | 1219 (37.6) 441 (38.6) 2609 (38.3) 3322 (41.2)
Baccalaureate degree/higher 1353 (41.8) 342 (30.0) 2483 (36.5) 2218 (27.5)
Income (n=18715) <0.0001
Less than $19999 521 (16.6) 305 (27.3) 1450 (21.9) 2169 (27.7)
$20000-$34 999 735 (23.4) 291 (26.1) 1702 (25.7) 2125 (27.2)
$35000-$49999 654 (20.8) 207 (18.6) 1300 (19.6) 1481 (18.9)
$50000-$74999 626 (19.9) 166 (14.9) 1167 (17.6) 1164 (14.9)
>$75000 522 (16.6) 112 (10.0) 847 (12.8) 650 (8.3)
Do not know 82 (2.6) 35 (3.1) 165 (2.5) 239 (3.0)
Smoking (n=19133) <0.0001
Never smoked 1724 (53.7) 626 (55.2) 3601 (53.2) 4249 (53.0)
Current smoker 346 (10.8) 164 (14.5) 492 (7.3) 719 (9.0)
Past smoker 1140 (35.5) 345 (30.4) 2674 (39.5) 3053 (38.1)
Alcohol (n=19185) <0.0001
Nondrinker 375 (11.6) 174 (15.3) 879 (13.0) 1289 (16.0)
Past drinker 522 (16.2) 234 (20.5) 1504 (22.2) 2102 (26.2)
<1 drink per month 379 (11.8) 133 (11.7) 940 (13.9) 1238 (15.4)
<1 drink per week 618 (19.2) 219 (19.2) 1466 (21.6) 1588 (19.8)
1-<7 drinks per week 865 (26.8) 247 (21.7) 1441 (21.2) 1317 (16.4)
7+ drinks per week 464 (14.4) 133 (11.7) 557 (8.2) 501 (6.2)
Family history of Ml (n=18111) 1303 (42.8) 547 (50.9) 2909 (45.5) 3886 (51.1) <0.0001
Total Healthy Eating Index Score (n=19368) 67.4+11.0 67.1+£11.0 67.6+11.2 67.5+11.0 <0.0001
Total energy expend (MET-hrs/wk; n=18341) 14.6£15.5 12.7£14.1 10.9+13.4 8.9+11.7 <0.0001
Waist, cm (n=19363) 74.0+5.5 76.815.7 90.4+11.4 96.5+12.1 <0.0001
BMI, kg/m? (n=19412) 22.6%+1.6 23.1+1.5 30.6+5.0 32.3+5.6 <0.0001
Systolic BP, mmHg (n=19412) 122.1+16.8 136.5+18.1 125.0£16.0 135.5+16.8 <0.0001
Diastolic BP, nmHg (n=19412) 73.018.8 76.719.5 75.418.7 78.6+9.2 <0.0001
Biomarkers
Glucose, mg/dL (n=19403) 89.6£13.4 103.5+32.5 93.0+18.2 115.9+42.6 <0.0001
Total cholesterol, mg/dL (n=19412) 224.2+36.2 238.6+46.0 226.2+38.5 235.1+43.7 <0.0001
HDL cholesterol, mg/dL (n=19412) 64.3+13.3 50.1+£13.0 59.5+11.6 46.2+10.2 <0.0001
Triglycerides, mg/dL (n=19412) 93.3+36.6 169.2£112.8 100.6+36.6 177.2+94.8 <0.0001
MDRD eGFR, ml/min/1.73m? (n=17614) 91.9+19.1 90.7+£21.5 93.5+20.3 92.1+22.4 <0.0001

N (percentage) are reported for categorical variables. Mean+SD are reported for continuous variables. Total energy expend (MET-hrs/wk)=total energy expenditure from
recreational physical activity (MET-hours/wk), MDRD eGFR in ml/min/1.73m?=([186.3xcreatinine (mg/dL)*—1.154xage (years)*—0.203x0.742 (if female)x1.210 (if
Black)]). Information for alcohol use was missing in 227, eGFR in 1798, education in 161, income in 697, smoking status in 279, family history of Ml in 1301, total healthy
eating index score in 44, total energy expenditure in 1071, waist in 49, and glucose in 9. BMI indicates body mass index; BP, blood pressure; Coll, college; eGFR, estimated
glomerular filtration rate; GED, general education development; HDL, high-density lipoprotein; MET, metabolic equivalent; MDRD, Modification of Diet in Renal Disease;
MHNW, metabolically healthy normal weight; MHO, metabolically healthy overweight/obese; MI, myocardial infarction; MUHNW, metabolically unhealthy normal weight;
MUHO, metabolically unhealthy overweight/obese; and WHI, Women’s Health Initiative.

Circ Heart Fail. 2021;14:e007297. DOI: 10.1161/CIRCHEARTFAILURE.120.007297 April 2021 492



2202 ‘vT AInc uo Ag Bio'seulnofeye//:dny wouy papeojumoq

Cordola Hsu et al
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Table 2. HF Incidence According to Metabolic Weight Categories in WHI Postmenopausal Women

MHNW (n=3254)

(reference) MUHNW (n=1154) | MHO (n=6867) | MUHO (n=8137)

(16.8%) (5.9%) (35.4%) (41.9%) P value
HF incidence, n (%) 38(1.2) 37 (3.2) 100 (1.5) 280 (3.4) <0.0001
Incident HF hospitalization event rates per 1000 person-years 1.08 2.86 1.28 3.07

Unadjusted HR (95% CI) for incident HF 1.00

2.78 (1.77-4.37)* 1.25 (0.86-1.81) | 2.98 (2.12-4.18)*

Fully adjusted HR (95% CI) for incident HF 1.00

1.66 (1.01-2.72)t 1.15 (0.78-1.71) 1.95 (1.35-2.80)t

Pearson y? test for categorical variables and ANOVA for continuous dependent variables. Fully adjusted HRs adjusts for age, race/ethnicity, income, prevalent dia-
betes, ever smoking, total healthy eating index score, total energy expenditure from recreational physical activity (metabolic equivalent-hours/wk), and total cholesterol.
Unadjusted total sample size=19412; adjusted sample size=17 427 due to missing covariates. HF indicates heart failure; HR, hazard ratio; MHNW, metabolically healthy
normal weight; MHO, metabolically healthy overweight/obese; MUHNW, metabolically unhealthy normal weight; MUHO, metabolically unhealthy overweight/obese; and

WHI, Women’s Health Initiative.
*P<0.0001.
tP<0.05.

dose-response relationship of the number of obesity/
cardiometabolic traits with HF risk. Compared with zero
cardiometabolic traits, 4 cardiometabolic traits had the
highest risk of incident HF (HR, 3.68 [95% CI, 2.26—
5.99], <0.0001), followed by 3 (HR, 2.90 [95% CI,
1.86-4.62], /<0.0001), 2 (HR, 2,68 [95% CI, 1.68-
3.97], R<0.0001), and 1 cardiometabolic trait (HR, 1.89
[95% ClI, 1.22-2.91], P=0.0004).

When conducting a sensitivity analysis additionally
adjusting for prior CVD, eGFR, and alcohol intake, the
adjusted HRs for the MUHNW (HR, 1.59 [95% CI, 1.06—
2.39], P=0.03) and MUHO (HR, 1.95 [95% CI, 1.43—
2.65], A<0.0001) compared with MHNW (reference

group) were essentially unchanged from the original
model. Not surprisingly, however, prior CVD was strongly
related to incident HF (HR, 2.60 [95% ClI, 2.22-3.04],
P<0.0001) as was eGFR (HR, 0.87 [95% ClI, 0.81-0.94],
P=0.0003) and past drinking (HR, 1.29 [95% CI, 1.01-
1.65], P=0.04; see Table | in the Data Supplement).
Furthermore, we examined metabolically unhealthy sta-
tus (as previously defined) separate from overweight/obe-
sity, showing metabolic unhealthy compared with healthy
to be significantly associated with incident HF (adjusted
HR, 1.66 [95% CI, 1.01-2.72], P=0.045). Overweight/
obese status was not significant (adjusted HR, 1.15 [95%
Cl, 0.78-1.71], P=0.48) as compared to normal weight
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Figure. Heart failure hospitalization-
free probability by metabolic weight
group.

MHNW indicates metabolically healthy
normal weight; MHO, metabolically
healthy overweight/obese; MUHNW,
metabolically unhealthy normal weight;
and MUHO, metabolically unhealthy
overweight/obese.
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Table 3. Cox Proportional Hazards Regression of Inci-
dent Heart Failure Hospitalizations According to Metabolic

Weight Categories, Other Risk Factors and Prevalent Diabe-

tes in WHI Postmenopausal Women at Baseline (n=17427)

Metabolic Weight Categories and Heart Failure

Table 4. Cox Proportional Hazards Regression of Incident
Heart Failure Hospitalizations According to Separate Obesity
and Metabolic Risk Factors in WHI Postmenopausal Women
at Baseline Using Categorical Cut Points (n=19412)

Variables included in the adjusted model: metabolic groups, prevalent diabetes,
age, race/ethnicity, income, smoked ever, total energy expenditure from recre-
ational physical activity (MET-hours/wk), and total cholesterol. HR indicates haz-
ard ratio; MET, metabolic equivalent; MHNW, metabolically healthy normal weight;
MHO, metabolically healthy overweight/obese; MUHNW, metabolically unhealthy
normal weight; MUHO, metabolically unhealthy overweight/obese; and WHI,
Women's Health Initiative.

status for increased risk of HF. The interaction term of
metabolic health with overweight/obese status was also
not significant (HR, 1.02 [95% CI, 0.59-1.76], /=0.95).

Lastly, we have included analyses classifying those
with prevalent diabetes within those classified as meta-
bolically unhealthy (see Table Il in the Data Supplement).
The adjusted HRs for the MUHNW (HR, 2.07 [95% Cl,
1.27-3.38], P=0.004) and MUHO (HR, 2.67 [95% CI,
1.86-3.84], A<0.0001), not surprisingly, are larger than
in our original analyses because of the inclusion of dia-
betes in these groups.

DISCUSSION

Our study shows postmenopausal women with MUHO
have double the risk and those with MUHNW an approxi-
mate two-thirds greater risk of developing HF compared

Circ Heart Fail. 2021;14:e007297. DOI: 10.1161/CIRCHEARTFAILURE.120.007297

Risk factor HR (95% CI) P value Risk factor HR (95% CI) P value
MUHNW vs MHNW 1.66 (1.01-2.72) | 0.045 BMI (>25 vs 18.5< BMI <25 kg/m?) 0.87 (0.63-1.22) 0.43
MHO vs MHNW 1.15(0.78-1.71) | 0.48 Waist circumference (>88 vs <88 cm) 1.63 (1.23-2.16) 0.0006
MUHO vs MHNW 1.95 (1.35-2.80) | 0.0004 Systolic BP (=130 vs <130 mmHg) 1.65 (1.31-2.07) <0.0001
Prevalent diabetes, yes vs no 2.72 (2.17-3.42) | <0.0001 Diastolic BP (>85 vs <85 mmHg) 1.33 (1.04-1.70) 0.02
Age, y 1.06 (1.05-1.08) | <0.0001 Triglyceride (=150 vs <150 mg/dL) 0.88 (0.70-1.12) 0.30
Race/ethnicity Gilucose (=100 vs <100 mg/dL) 1.26 (0.98-1.61) 0.07
Asian or Pacific Islander vs White 0.54 (0.17-1.68) | 0.28 HDL cholesterol (<50 vs >50 mg/dL) 1.24 (0.99-1.56) 0.06
Black vs White 0.86 (0.69-1.09) | 0.21 Presented measures were included as categorical variables: BMI >25 or
Hispanic/Latino vs White 0.53 (0.36-0.78) | 0.001 (18.5< BMI <25); waist circumference >88 or waist circumference <88; sys-
- tolic BP =130 or systolic BP <130; diastolic BP >85 or diastolic BP <85;
Other vs White 0.26 (0.04-1.83) | 0.17 triglyceride >150 or triglyceride <150; glucose >100 or glucose <100; HDL
Income cholesterol <60 or HDL cholesterol >50. Models were adjusted for prevalent
diabetes, age, race/ethnicity, income, smoked ever, total healthy eating index
<$19999 vs $20000-$34 999 1.00 (0.78-1.27) | 0.98 score, total energy expenditure from recreational physical activity (MET-hours/
$35000-$49999 vs $20000-$34999 | 0.72 (0.53-0.96) | 0.03 wk), and total cholesterol. BMI indicates body mass index; BP, blood pressure;
HDL, high-density lipoprotein; HR, hazard ratio; and WHI, Women'’s Health
$50000-$74999 vs $20000-$34999 | 0.48 (0.32-0.69) | 0.0001 Initiative
>$75000 vs $20000-$34999 0.72 (0.48-1.09) | 0.12
Do not know vs $20000-$34999 0.84(046-1.56) | 0.58 to those with MHNW. However, those with MHO did not
Sl have greater HF risk, suggesting metabolic factors may
Current smoker vs never smoked 1.54 (1.10-2.14) | 0.01 drive HF risk more than obesity alone in postmenopausal
Past smoker vs never smoked 1.21(0.98-1.49) | 0.07 women. When patients with obesity and overweight were
Total Healthy Eating Index Score 0.99 (0.98-1.00) | 0.13 examined as separate groups, there was a 2.6-fold greater
Total energy expenditure from recreational | 0.99 (0.98-1.00) | 0.04 risk in Patients who were metabO“C&”Y Unhealthy and
physical activity (MET-hrs/wk) obese, but no significant increase in risk for those who
Biomarker were metabolically healthy and obese. We showed inde-
Total cholesterol (mg/dL) 1.00 (1.00-1.00) | 0.64 pendent of our metabolic weight categories prevalent DM

to be associated with nearly a 3-fold increased risk of HF
hospitalization, consistent with prior literature.

Obesity aggravates conditions, such as DM, hyperten-
sion, and hyperlipidemia.??°2! In addition, DM exacerbates
HF among patients who are overweight/obese or with
other metabolic factors. We found when persons with DM
were classified as metabolically unhealthy in sensitivity
analyses, relationships of MUHNW and MUHO with HF
risk were strengthened even further. In addition, elevated
systolic BP and waist circumference were the most con-
sistent individual cardiometabolic / obesity predictors of
HF risk and there was a graded relation of the number of
metabolically unhealthy parameters present and HF risk.

Previously, in a more general patient sample, the risk
of HF was shown to be increased in the metabolically
healthy and unhealthy obese as compared to normal
weight'® and in patients with obesity regardless of car-
diometabolic status."” Furthermore, the Health Improve-
ment Network cohort of 3.5 million men and women,
those with MHO had a reported 96% higher risk of HF
than MHNW,22 which contrasts from our study not show-
ing an increased risk of MHO in postmenopausal women.
In the Nord-Trendelag health study of adults free of CVD
at baseline, there was a 70% increased risk of HF for
both MHO and MUHO.'® Voulgari et al*® described that
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Table 5. Cox Proportional Hazards Regression of Incident
Heart Failure Hospitalizations According to Separate Obesity
and Metabolic Risk Factors in WHI Postmenopausal Women
at Baseline Measured Continuously (per SD; n=17 378)

Metabolic Weight Categories and Heart Failure

Table 6. Cox Proportional Hazards Regression of Incident
Heart Failure Hospitalizations According to Number of Car-
diometabolic Traits and Other Risk Factors in WHI Post-
menopausal Women at Baseline (n=17 385)

Presented measures were included as continuous variables (per SD): BMI
SD=6.06; waist circumference SD=13.61; systolic BP SD=1758; diastolic
BP SD=9.25; triglyceride SD=82.14; glucose SD=33.28; HDL cholesterol
SD=13.63. Models were adjusted for prevalent diabetes, age, race/ethnicity,
income, smoked ever, total healthy eating index score, total energy expendi-
ture from recreational physical activity (MET-hours/wk), and total cholesterol.
BMI indicates body mass index; BF, blood pressure; MET, metabolic equiva-
lent; HDL, high-density lipoprotein; HR, hazard ratio; and WHI, Women'’s Health
Initiative.

MHO without metabolic syndrome actually showed a
decreased 6-year HF risk as compared to MHNW with
metabolic syndrome. Additionally, Pandey et al** showed
strong evidence that leisure physical activity and BMI
were independently associated with the decreased
risk of HF in postmenopausal women enrolled in WHI.
Another meta-analysis®® showed overweight, obe-
sity, and abdominal adiposity were associated with an
increased risk of HF. Agha et al®® showed that a healthy
lifestyle was correlated with a lower risk of incident HF
among postmenopausal women in WHI, despite the
nonexistence of coronary heart disease, hypertension,
or DM. Our study shows among lifestyle factors, after
adjustment for metabolic weight categories, current cig-
arette smoking remained strongly related to increased
risk, physical activity to have a modest inverse associa-
tion, but the healthy eating index was not independently
associated with HF risk.

Of note, our incidence of HF is relatively low (2.3%)
in our sample of postmenopausal women compared to
what other studies have previously reported. For exam-
ple, the CHS (Cardiovascular Health Study)?” previously
showed a 7.5% rate of incident HF at b years of follow-
up and the ARIC (Atherosclerosis Risk in Communi-
ties)?® cohort at an 11% rate of incident HF at 15.5
years to develop HF; however, these studies included
both men and women in their studies. The overall CHS
sample had a higher SBP and a higher mean age. In
addition, ARIC had a larger Black HF study population,
included prevalent coronary heart disease, had a higher
fasting glucose, and a higher current smoking preva-
lence. Our sample was all-female, largely white, and
with a lower mean SBP, age, fasting glucose, smoking
rate, and exclusion of prevalent CVD, which may in part
explain our lower reported HF incidences.

Circ Heart Fail. 2021;14:e007297. DOI: 10.1161/CIRCHEARTFAILURE.120.007297

Risk factor HR (95% CI) P value Risk factor HR (95% CI) P value
BMI, kg/m? 1.19 (1.03-1.38) 0.02 1 cardiometabolic trait vs O cardio- 1.89 (1.22-2.91) 0.0004
Waist circumference, cm 1.20 (1.02-1.41) 0.03 metabolic traits
Systolic BP, mmHg 1.47 (1.32-1.64) <0.0001 i:gs;cl)irzf::itt)shc traits vs O cardio- 2.58 (1.68-3.97) <0.0001
Diastolic BF, mm Hg 0.94 (0.84-1.05) 0.27 3 cardiometabolic traits vs O cardio- 2.90 (1.86-4.52) <0.0001
Triglyceride, mg/dL 1.02 (0.93-1.13) 0.64 metabolic traits
Glucose, mg/dL 1.26 (1.16-1.37) <0.0001 4 cardiometabolic traits vs O cardio- 3.68 (2.26-5.99) <0.0001
HDL cholesterol, mg/dL 0.91 (0.80-1.04) 0.16 metabolic traits

Variables included in the adjusted model: cardiometabolic traits, age, race/
ethnicity, income, smoked ever, total healthy eating index score, total energy ex-
penditure from recreational physical activity (MET-hours/wk), body mass index
(kg/m?), waist circumference (cm), and total cholesterol. Cardiometabolic traits
based on triglycerides =150 mg/dL, systolic blood pressure (BP) =130 mm Hg
or diastolic BP 285 mmHg or BP medication, fasting glucose 2100 mg/dL or
diabetes medication, and HDL-C <60 mg/dL. BP indicates blood pressure; MET,
metabolic equivalent; HDL-C, high-density lipoprotein cholesterol; HR, hazard
ratio; and WHI, Women's Health Initiative.

A strength in our study was the standardized measurement
of risk factors across all clinical sites and centrally adjudicated
HF hospitalizations. A limitation is that our study participants,
being mostly white with an interest in health motivating them
to participate in WHI, may not be truly representative of a pop-
ulation-based sample. Also, we studied only postmenopausal
women, and therefore, our study may not be generalizable to
younger women and men. In addition, as a secondary data
analysis, not all potential variables of interest may have been
collected during the original study sample data collection to
address all possible confounders. The type of incident HF
(reduced versus preserved ejection fraction HF) could not
be characterized given the absence of data for left ventricular
ejection fraction in individuals with incident HF. Lastly, clas-
sification of metabolic weight groups only at baseline may be
a potential limitation as we did not have sufficient repeated
measures to look at effects of changes in weight or metabolic
risk factors on outcomes (eg, as time-dependent covariates).

Our findings may have implications for refining how we
assess HF risk and the management of cardiometabolic
risks in women who are overweight or obese. For exam-
ple, intensive control of hypertension in older individuals
substantially reduces HF risk? warranting the need for
improved awareness of the importance of its control®
Although postmenopausal hormone replacement ther-
apy is not recommended for cardioprotection, Liu et al®’
reported that postmenopausal hormone therapy did not
change the risk of HF hospitalizations throughout the
WHI intervention phase nor the follow-up period. Future
research should also examine whether newer DM thera-
pies such as sodium-glucose cotransporter-2 inhibitors or
glucagon-like peptide-1 receptor agonists might mitigate
the increased risk of HF, particularly in patients who are
metabolically unhealthy and overweight/obese. Finally,
additional research should establish whether intentional
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weight loss in patients who are overweight and obese with
improved physical activity will decrease the incidence of
HF among postmenopausal women.®

In summary, we observed among WHI postmeno-
pausal women that metabolically unhealthy overweight/
obese was associated with the greatest increased risk
of HF, with a moderately greater risk of HF seen with
those who were metabolically unhealthy but normal
weight, whereas patients who were overweight or obese
but metabolically healthy did not have an increased risk
of HF This underscores the importance of metabolic
health as a key determinant of HF risk.

ARTICLE INFORMATION

Received April 29, 2020; accepted January 27, 2021.
Presented at the 2019 American Society for Preventive Cardiology Congress
on CVD Prevention Conference in San Antonio, TX, July 19-21, 2019.

Affiliations

Heart Disease Prevention Program, Division of Cardiology, Department of Medi-
cine (AR.CH. N.D.W,) and Department of Medicine (HA-C.), UC Irvine School
of Medicine, University of California. School of Community and Global Health,
Claremont Graduate University, The Claremont Colleges, CA (ARCH, BX,
D.V.P). School of Public Health and Health Professions, University of Buffalo,
NY (M.J.L). Division of Epidemiology, Department of Public Health Sciences,
UC Davis School of Medicine, CA (L.G.). Departments of Family Medicine and
Epidemiology, Alpert Medical School and School of Public Health, Brown Uni-
versity, Pawtucket, RI (C.B.E.). Department of Nutritional Sciences, College of
Agriculture and Life Sciences, University of Arizona, Tucson (S.B.G.). Atlanta VA
Medical Center and Division of Endocrinology, Department of Medicine, Emory
University, GA (L.S.P). Department of Medicine, Brigham and Women’s Hospital,
Harvard Medical School, Boston, MA (J.E.M.).

Acknowledgments

Drs Cordola Hsu, Anton-Culver, and Wong contributed to study concept and de-
sign. Drs Cordola Hsu, Xie, Peterson, Manson, Anton-Culver, and Wong contrib-
uted to acquisition, analysis, or interpretation of data. All authors participated in
drafting of the article. All authors participated in critical revision of the article for
important intellectual content. Drs Cordola Hsu, Xie, Wong participated in statisti-
cal analysis. Drs Cordola Hsu, Xie, Peterson, Anton-Culver, Wong provided admin-
istrative, technical, or material support. Drs Xie, Peterson, Manson, Anton-Culver,
and Wong participated in study supervision.

Sources of Funding
The Women's Health Initiative (WHI) program is funded by the National Heart,
Lung, and Blood Institute, National Institutes of Health, US Department of
Health and Human Services through contracts HHSN268201600018C, HH-
SN268201600001C, HHSN268201600002C, HHSN268201600003C, and
HHSN268201600004C.

Disclosures

Dr Phillips is supported in part by Veterans Health Administration (VA) awards
[01-CX001025 and 101CX001737 National Institutes of Health awards
R21DK099716, UO1 DKO091958, UO1 DK098246, P30DK111024, and
RO3AI133172, and a Cystic Fibrosis Foundation award PHILLIT2A0. The spon-
sors had no role in the design and conduct of the study; collection, management,
analysis, and interpretation of the data; and preparation, review, or approval of
the article. Dr Phillips declares that there is no duality of interest associated with
this article. With regard to potential conflicts of interest, within the past several
years, Dr Phillips has served on Scientific Advisory Boards for Janssen, and has or
had research support from Abbvie, 899ck, Amylin, Eli Lilly, Novo Nordisk, Sanofi,
PhaseBio, Roche, Abbvie, Vascular Pharmaceuticals, Janssen, Glaxo SmithKline,
Pfizer, Kowa, and the Cystic Fibrosis Foundation. In the past, he was a speaker for
Novartis and Merck but not for the last b years. Dr Phillips is also a cofounder and
Officer and Board member and stockholder of a company, DIASYST, Inc, which is
developing software aimed to help improve diabetes management. Dr Phillips is
also supported in part by the VA. This work is not intended to reflect the official

Circ Heart Fail. 2021;14:e007297. DOI: 10.1161/CIRCHEARTFAILURE.120.007297

Metabolic Weight Categories and Heart Failure

opinion of the VA or the US government. Dr Wong received research funding not
related to this study from Amgen, Amarin, Boehringer Ingelheim, Novo Nordisk,
and Novartis and serves on the speaker's bureau for Amarin and Sanofi. The other
authors report no conflicts.

Supplemental Materials

Figure |
Tables |-l

APPENDIX

Short List of WHI Investigators

Program Office: (National Heart, Lung, and Blood Institute, Bethesda, Maryland)
Jacques Rossouw, Shari Ludlam, Joan McGowan, Leslie Ford, and Nancy Geller
Clinical Coordinating Center: (Fred Hutchinson Cancer Research Center, Seattle,
WA) Garnet Anderson, Ross Prentice, Andrea LaCroix, and Charles Kooperberg
Investigators and Academic Centers: (Brigham and Women'’s Hospital, Harvard
Medical School, Boston, MA) JoAnn E. Manson“; (MedStar Health Research In-
stitute/Howard University, Washington, DC) Barbara V. Howard; (Stanford Preven-
tion Research Center, Stanford, CA) Marcia L. Stefanick; (The Ohio State Universi-
ty, Columbus, OH) Rebecca Jackson; (University of Arizona, Tucson/Phoenix, AZ)
Cynthia A. Thomson; (University at Buffalo, Buffalo, NY) Jean Wactawski-Wende;
(University of Florida, Gainesville/Jacksonville, FL) Marian Limacher; (University of
lowa, lowa City/Davenport, IA) Jennifer Robinson; (University of Pittsburgh, Pitts-
burgh, PA) Lewis Kuller; (Wake Forest University School of Medicine, Winston-
Salem, NC) Sally Shumaker; (University of Nevada, Reno, NV) Robert Brunner.
Women'’s Health Initiative Memory Study: (Wake Forest University School of Med-
icine, Winston-Salem, NC) Mark Espeland.

REFERENCES

1. Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AR,
Chamberlain AM, Chang AR, Cheng S, Delling FN, et al; American Heart
Association Council on Epidemiology and Prevention Statistics Com-
mittee and Stroke Statistics Subcommittee. Heart disease and stroke
statistics-2020 update: a report from the American Heart Association. Cir-
culation. 2020;141:¢139-e596. doi: 10.1161/CIR.0000000000000757

2. Centers for Disease Control and Prevention (CDC). Division for Heart Dis-
ease and Stroke Prevention. 2019. https://www.cdc.gov/dhdsp/data_sta-
tistics/fact_sheets/fs_heart_failure.htm. Accessed March 14, 2019.

3. He J, Ogden LG, Bazzano LA, Vupputuri S, Loria C, Whelton PK. Risk fac-
tors for congestive heart failure in US men and women: NHANES | epi-
demiologic follow-up study. Arch Intern Med. 2001;161:996-1002. doi:
10.1001/archinte.161.7.996

4. Kenchaiah S, Evans JC, Levy D, Wilson PW, Benjamin EJ, Larson MG,
Kannel WB, Vasan RS. Obesity and the risk of heart failure. N Engl J Med.
2002;347:305-313. doi: 10.10566/NEJM0a020245

5. Levitan EB, Yang AZ, Wolk A, Mittleman MA. Adiposity and incidence of heart
failure hospitalization and mortality: a population-based prospective study.
Circ Heart Fail. 2009;2:202-208. doi: 10.1161/CIRCHEARTFAILURE.
108794099

6. Kenchaiah S, Sesso HD, Gaziano JM. Body mass index and vigor-
ous physical activity and the risk of heart failure among men. Circulation.
2009;119:44-52. doi: 10.1161/CIRCULATIONAHA.108.807289

7. Bahrami H, Bluemke DA, Kronmal R, Bertoni AG, Lloyd-Jones DM,
Shahar E, Szklo M, Lima JA. Novel metabolic risk factors for incident heart
failure and their relationship with obesity: the MESA (Multi-Ethnic Study
of Atherosclerosis) study. J Am Coll Cardiol 2008;51:1775-1783. doi:
10.1016/}jacc.2007.12.048

8. Eaton CB, Abdulbaki AM, Margolis KL, Manson JE, Limacher M, Klein L,
Allison MA, Robinson JG, Curb JD, Martin LA, et al. Racial and ethnic dif-
ferences in incident hospitalized heart failure in postmenopausal women:
the Women's Health Initiative. Circulation. 2012;126:688—-696. doi:
10.1161/CIRCULATIONAHA.111.066688

9. Eaton CB, Pettinger M, Rossouw J, Martin LW, Foraker R, Quddus A, Liu S,
Wampler NS, Hank Wu WC, Manson JE, et al. Risk factors for incident
hospitalized heart failure with preserved versus reduced ejection frac-
tion in a multiracial cohort of postmenopausal women. Circ Heart Fail.
2016;9:¢002883. doi: 10.1161/CIRCHEARTFAILURE.115.002883

10. Morkedal B, Vatten LJ, Romundstad PR, Laugsand LE, Janszky I. Risk of
myocardial infarction and heart failure among metabolically healthy but

April 2021 496



2202 ‘¥T AInc uo Ag Blo'sfeulnofeyes/:dny woly papeojumod

Cordola Hsu et al

19.
20.

21.

22.

Circ Heart Fail. 2021;14:e007297. DOI: 10.1161/CIRCHEARTFAILURE.120.007297

obese individuals: HUNT (Nord-Trendelag Health Study), Norway. J Am Coll
Cardiol. 2014,63:1071-1078. doi: 10.1016/}jacc.2013.11.035

. Lavie CJ, Milani RV, Ventura HO. Disparate effects of metabolically healthy

obesity in coronary heart disease and heart failure. J Am Coll Cardiol.
2014;63:1079-1081. doi: 10.1016/jjacc.2013.10.080

. Design of the Women'’s Health Initiative clinical trial and observational study.

The Women'’s Health Initiative Study Group. Control Clin Trials. 1998;19:61—
109. doi: 10.1016/s0197-2456(97)00078-0

. Women'’s Health Initiative (WHI). About WHI. Accessed October 10, 2017,

https://www.whi.org/page/about-whi

. Obesity: preventing and managing the global epidemic. Report of a WHO

consultation. World Health Organ Tech Rep Ser. 2000;894:1-253.

. Executive summary of the third report of the National Cholesterol Edu-

cation Program (NCEP) expert panel on detection, evaluation, and treat-
ment of high blood cholesterol in adults (adult treatment panel I11). JAMA
2001,285:2486-2497.

. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA,

Fruchart JC, James WP, Loria CM, Smith SC Jr; International Diabetes
Federation Task Force on Epidemiology and Prevention; Hational Heart,
Lung, and Blood Institute; American Heart Association; World Heart Fed-
eration; International Atherosclerosis Society; International Association for
the Study of Obesity. Harmonizing the metabolic syndrome: a joint interim
statement of the International Diabetes Federation Task Force on Epidemi-
ology and Prevention; National Heart, Lung, and Blood Institute; American
Heart Association; World Heart Federation; International Atherosclerosis
Society; and International Association for the Study of Obesity. Circulation.
2009;120:1640-1645. doi: 10.1161/CIRCULATIONAHA.109.192644

. Levey AS, Greene T, Kusek JW, Beck GJ. A simplified equation to pre-

dict glomerular filtration rate from serum creatinine. J Am Soc Nephrol.
2000;11:A0828.

. Curb JD, McTiernan A, Heckbert SR, Kooperberg C, Stanford J, Nevitt M,

Johnson KC, Proulx-Burns L, Pastore L, Criqui M, et al; WHI Morbidity and
Mortality Committee. Outcomes ascertainment and adjudication methods
in the Women’s Health Initiative. Ann Epidemiol. 2003;13(9 suppl):S122—
S128. doi: 10.1016/s1047-2797(03)00048-6

SAS Institute Inc. SAS version 9.4. Cary, NC; 2002-2012.

Lobo RA, Davis SR, De Villiers TJ, Gompel A, Henderson VW, Hodis
HN, Lumsden MA, Mack WJ, Shapiro S, Baber RJ. Prevention of dis-
eases after menopause. Climacteric. 2014;17:5640-556. doi: 10.3109/
13697137.2014.933411

Aune D, Schlesinger S, Neuenschwander M, Feng T, Janszky |, Norat T,
Riboli E. Diabetes mellitus, blood glucose and the risk of heart failure: a
systematic review and meta-analysis of prospective studies. Nutr Metab
Cardiovasc Dis. 2018;28:1081-1091. doi: 10.1016/j.numecd.2018.07.005
Caleyachetty R, Thomas GN, Toulis KA, Mohammed N, Gokhale KM,
Balachandran K, Nirantharakumar K. Metabolically healthy obese

23.

24,

25.

26.

27.

28.

29.

30.

31.

Metabolic Weight Categories and Heart Failure

and incident cardiovascular disease events among 3.5 million
men and women. J Am Coll Cardiol. 2017;70:1429-1437. doi:
10.1016/jjacc.2017.07.763

Voulgari C, Tentolouris N, Dilaveris P, Tousoulis D, Katsilambros N,
Stefanadis C. Increased heart failure risk in normal-weight people with
metabolic syndrome compared with metabolically healthy obese individuals.
J Am Coll Cardiol. 2011;568:1343-1350. doi: 10.1016/jjacc.2011.04.047
Pandey A, LaMonte M, Klein L, Ayers C, Psaty BM, Eaton CB, Allen NB,
de Lemos JA, Carnethon M, Greenland P, et al. Relationship between physi-
cal activity, body mass index, and risk of heart failure. J Am Coll Cardiol.
2017;69:1129-1142, doi: 10.1016/jjacc.2016.11.081

Aune D, Sen A, Norat T, Janszky |, Romundstad P, Tonstad S, Vatten
LJ. Body mass index, abdominal fatness, and heart failure incidence
and mortality: a systematic review and dose-response meta-analysis
of prospective studies. Circulation. 2016;133:639-649. doi: 10.1161/
CIRCULATIONAHA.115.016801

Agha G, Loucks EB, Tinker LF, Waring ME, Michaud DS, Foraker RE,
Li W, Martin LW, Greenland P, Manson JE, et al. Healthy lifestyle and
decreasing risk of heart failure in women: the Women’s Health Initia-
tive observational study. J Am Coll Cardiol. 2014;64:1777-1785. doi:
10.1016/jjacc.2014.07.981

Kalogeropoulos A, Psaty BM, Vasan RS, Georgiopoulou V, Smith AL,
Smith NL, Kritchevsky SB, Wilson PW, Newman AB, Harris TB, et al;
Cardiovascular Health Study. Validation of the health ABC heart fail-
ure model for incident heart failure risk prediction: the Cardiovas-
cular Health Study. Circ Heart Fail. 2010;3:495-502. doi: 10.1161/
CIRCHEARTFAILURE.109.904300

Agarwal SK, Chambless LE, Ballantyne CM, Astor B, Bertoni AG,
Chang PP, Folsom AR, He M, Hoogeveen RC, Ni H, et al. Prediction of
incident heart failure in general practice: the Atherosclerosis Risk in Com-
munities (ARIC) Study. Circ Heart Fail. 2012;5:422-429. doi: 10.1161/
CIRCHEARTFAILURE.111.964841

Moser M, Hebert PR. Prevention of disease progression, left ventricular hyper-
trophy and congestive heart failure in hypertension treatment trials. J Am Coll
Cardiol 1996;27:1214~1218. doi: 10.1016/0735-1097(95)00606-0
Lloyd-Jones DM, Larson MG, Leip EP, Beiser A, D’Agostino RB, Kannel WB,
Murabito JM, Vasan RS, Benjamin EJ, Levy D; Framingham Heart Study.
Lifetime risk for developing congestive heart failure: the Framingham
Heart Study. Circulation. 2002;106:3068-3072. doi: 10.1161/01.cir.
0000039105.49749.6f

Liu L, Klein L, Eaton C, Panjrath G, Martin LW, Chae CU, Greenland P,
Lloyd-Jones DM, Wactawski-Wende J, Manson JE. Menopausal hormone
therapy and risks of first hospitalized heart failure and its subtypes dur-
ing the intervention and extended postintervention follow-up of the Wom-
en's Health Initiative Randomized Trials. J Card Fail. 2020;26:2—-12. doi:
10.1016/j.cardfail.2019.09.006

April 2021 497





