
Cardiac Structure and Fun
ction Phenogroups and Risk
aDepartme

ment of Medic

Chicago, Illin

Hopkins Hosp

ment of Medic

Chicago, Illin

Forest School

received May 1

2022.

This study

Illinois (SFRN

of Atheroscler

75N92020D00

06, 75N92020D

N01-HC-95167

Heart, Lung, a

000040, UL1-T

National Cente

and by grant D

Maryland.

See page 5

*Correspo

E-mail add

(M.M. Hammo

0002-9149/© 2

https://doi.org/

De
2

of Incident Heart Failure (from the Multi-ethnic Study
of Atherosclerosis)
Michael M. Hammond, MD, MPHa,*, Lindsay R. Pool, PhDa, Amy E. Krefman, MSa,
Hongyan Ning, MSa, Joao A.C. Lima, MDb, Sanjiv J. Shah, MDc, Joseph Yeboah, MD, MSd,

Donald M. Lloyd-Jones, MD, ScMa,c, Norrina B. Allen, PhD, MPHa, and Sadiya S. Khan, MD, MSa,c
nt o

ine

ois;

ital,

ine

ois;

of

8, 2

wa

gra

osis

005

00

, N

nd

R-

r fo

K

9 fo

ndin

res

nd)

022

10.

scar
023
Indices of cardiac structure and function, such as left ventricular (LV) mass and ejection
fraction, have been associated with risk of incident heart failure (HF), but the clinical rele-
vance of data-driven grouping of a comprehensive set of cardiac parameters is unclear. In
Multi-Ethnic Study of Atherosclerosis participants, latent class analysis was applied in the
sample stratified by gender to define phenogroups on the basis of cardiovascular magnetic
resonance imaging parameters of right ventricular and LV structure and function at base-
line. Cox proportional hazard models in gender-stratified analyses were used to assess the
association between phenogroup membership and risk of HF subtypes adjusting for poten-
tial confounders. In the 4,204 participants (mean age 61 § 10 years, 53% women), the
mean follow-up time was 14 § 4 years for men and 15 § 4 years for women. For both gen-
ders, 4 distinct phenogroups were identified: (1) ideal cardiac mechanics; (2) higher out-
put/hypertrophied LV; (3) impaired ejection fraction/dilated LV; and (4) higher output/
hyperdynamic (LV). Men in phenogroups 4 (hazard ratio [HR] 2.91, 95% confidence
interval [CI] 1.60 to 5.31, p = 0.0005), 3 (HR 3.52, 95% CI 1.90 to 6.53, p <0.0001), and 2
(HR 3.49, 95% CI 1.94 to 6.28, p <0.0001) had higher rates of incident HF than did men in
phenogroup 1, in fully adjusted models. No significant associations were found between
phenogroup membership and incident HF in women. In conclusion, phenogroup member-
ship based on cardiac structure and function in men was significantly associated with inci-
dent HF. Integration of cardiac magnetic resonance imaging variables may help identify
differential risk for HF in men. © 2022 Elsevier Inc. All rights reserved. (Am J Cardiol
2023;187:54−61)
f Preventive Medicine, Division of Cardiology, Depart-

, Northwestern University Feinberg School of Medicine,
bCardiology Division, Department of Medicine, Johns

Baltimore, Maryland; cDivision of Cardiology, Depart-

, Northwestern University Feinberg School of Medicine,

and dand Section on Cardiovascular Medicine, Wake

Medicine, Winston-Salem, North Carolina. Manuscript

022; revised manuscript received and accepted October 3,

s funded by the American Heart Association, Chicago,

nt number: 18SFRN339700097). The Multi-Ethnic Study

study was supported by contracts 75N92020D00001,

, 75N92020D00002, 75N92020D00003, 75N92020D000

004, 75N92020D00007, N01-HC-95165, N01-HC-95166,

01-HC-95168, and N01-HC-95169 from the National

Blood Institute, Bethesda, Maryland, by grants UL1-TR-

001079, UL1-TR-001881, and UL1-TR-001420 from the

r Advancing Translational Sciences, Bethesda, Maryland,

063491 from the National Institutes of Health, Bethesda,

r disclosure information.

g author: Tel: 312-503-5779; fax: 3126949430.

s: michael.hammond@northwestern.edu

.

www.ajconline.orgElsevier Inc. All rights reserved.

1016/j.amjcard.2022.10.003

gado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en enero 26, 
. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
Heart failure (HF) is an important cause of cardiovas-
cular morbidity and mortality worldwide.1 In the United
States, approximately 6.2 million subjects are affected
by HF, and this figure is expected to increase to more
than 8 million by the year 2030.2 Gender differences
exist in adverse cardiac remodeling and presentation of
HF, with women more likely than men to develop HF
with preserved ejection fraction (HFpEF).3 As such,
focusing on gender-specific prevention strategies for HF
by identifying subclinical phenotypes in men and
women is critical. Although evidence suggests that spe-
cific cardiac parameters of structure and function are
associated with incident HF,4−7 most analyses have
focused on individual metrics or grouped parameters by
physiologic relevance to cardiac mechanics or structure.6

In recent times, the use of latent class analysis techni-
ques has enabled researchers to cluster subjects into dis-
crete subgroups by maximizing intragroup similarities
and intergroup differences in several demographic, phys-
iologic, and biologic features.8,9 Phenogrouping has been
used to identify subgroups within HFpEF,8,10 but data
are limited for upstream categorization of risk for inci-
dent HF and across HF subtypes—any HF, HFpEF, and
HF with reduced ejection fraction (HFrEF). This study
aimed to identify gender-specific phenogroups in partici-
pants in the MESA (Multi-Ethnic Study of Atherosclero-
sis) on the basis of cardiac magnetic resonance imaging
(cMRI) parameters and to examine risk of incident HF
across subtypes (any HF, HFrEF, HFpEF) in different
phenogroups.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2022.10.003&domain=pdf
mailto:michael.hammond@northwestern.edu
www.ajconline.org
https://doi.org/10.1016/j.amjcard.2022.10.003
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Methods

Participants were part of the MESA, which is a multicen-
ter longitudinal study designed to investigate the risk fac-
tors for, and implications of, subclinical cardiovascular
disease (CVD).11 The details of the study have been
described previously.11,12 Briefly, between July 2000 and
August 2002, 6,814 subjects (aged between 45 and 84 years)
from 4 different self-described racial/ethnic backgrounds
were recruited from 6 US communities in North Carolina,
New York, Maryland, Illinois, Minnesota, and California.
Participants with clinical CVD, current atrial fibrillation,
and those who were actively being treated for cancer were
excluded. Participants who had undergone any cardiovascu-
lar procedure, were pregnant, weighed more than 136 kg, or
had any serious medical conditions that prevented long-
term follow-up were also excluded.

Of the 6,814 MESA participants, 5,098 underwent cMRI
at the baseline examination. Of the 5,098 cMRI scans,
5,004 showed interpretable left ventricular (LV) meas-
ures.12 The MESA-Right Ventricle study was an ancillary
study that selected 4,634 scans from MESA and analyzed
4,204 that had interpretable right ventricular (RV) morphol-
ogy (Supplementary Figure 1).12 The study protocol was
approved by the institutional review boards of the institu-
tions involved. All participants provided informed consent.

Participants underwent cMRI on 1.5-T magnetic reso-
nance imaging scanners (Avanto and Espree, Siemens Med-
ical Systems; Signa LX, GE Healthcare, Little Chalfont,
United Kingdom).11,13 The details of the cMRI protocol
have previously been described.13,14 Long-axis cine images
were obtained from 2-chamber and 4-chamber views, using
electrocardiogram-gated fast gradient-echo pulse sequence.
Short-axis images were recorded at end-diastole and were
used for the assessment of LV mass. LV thickness, RV
diameter, and tricuspid annular plane systolic excursion
were measured by 4-chamber gradient-echo pulse magnetic
resonance imaging. LV end-diastolic and end-systolic vol-
umes were calculated using Simpson’s rule (the summation
of areas on each separate slice multiplied by the sum of
slice thickness and image gap). LV mass was determined
using the sum of the myocardial area times slice thickness
plus image gap at the end of diastole, multiplied by the spe-
cific density of the myocardium (1.05 g/ml). The papillary
muscles were included in the measurement of LV end-dia-
stolic and end-systolic volumes but excluded from the mea-
surement of LV mass. LV stroke volume was defined as the
difference between the LV end-diastolic volume and LV
end-systolic volume. LV ejection fraction was calculated
by dividing the LV stroke volume by the LV end-diastolic
volume, multiplied by 100. Cardiac output was calculated
by multiplying the LV stroke volume by the heart rate.13

RV end-diastolic volume, end-systolic volume, stroke vol-
ume, and ejection fraction were determined using the same
formulas as for the LV.12 RV mass was calculated as the
difference between end-diastolic epicardial and endocardial
volumes multiplied by the specific density of the
myocardium.12

The primary outcome of interest in this study was inci-
dent HF. HFpEF and HFrEF were analyzed as secondary
end points. Participants have been followed for ≥14 years
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of
2023. Para uso personal exclusivamente. No se permiten otros usos sin autoriz
with in-person and telephone encounters every 9 to
12 months.11,15 In MESA, HF was classified as definite,
probable, or absent. Probable HF was defined on the basis
of symptomatic diagnosis by a physician for a patient
receiving medical treatment for HF. In addition to the crite-
ria required for probable HF, definite HF diagnosis required
additional evidence of pulmonary edema/congestion by
chest X-ray examination and/or dilated ventricle or poor
LV function by echocardiography or ventriculography or
evidence of LV diastolic dysfunction. Two physicians
reviewed and adjudicated all records for HF diagnosis.15

For our analyses, participants with definite or probable HF
were classified as having incident HF consistent with previ-
ous analyses in MESA.7 In addition, on the basis of echo-
cardiographic findings at the time of HF diagnosis, we
classified participants who had definite or probable HF with
ejection fraction ≥50% or <50% as HFpEF and HFrEF,
respectively.

Covariate information was ascertained at the baseline
visit. Information about age, gender, race/ethnicity, ciga-
rette smoking, and educational status was obtained through
self-report. Smoking status was categorized as current, for-
mer, or never smoker. Resting blood pressure was measured
3 times, and the average of the last 2 readings was used in
analyses of blood pressure.11 Hypertension was defined as
average blood pressure measurements of ≥140 systolic or
≥90 mm Hg diastolic, or report of antihypertensive medica-
tion usage or self-report of hypertension based on accepted
definitions at the time of the baseline encounter.16 Blood
was drawn after a 12-hour fast, for the measurement of fast-
ing blood glucose. Diabetes was defined as fasting glucose
≥126 mg/100 ml or report of hypoglycemic agent usage, or
self-report of diabetes.17 Body mass index (BMI) was cal-
culated as weight in kilograms divided by the square of
height in meters.18

Because of physiologic differences in cardiac structure
by gender, all analyses were stratified by gender a priori.
Latent class analysis was then used to define clusters or
phenogroups on the basis of baseline measurements of mul-
tiple cMRI parameters of LV and RV structure and func-
tion. Participants were clustered on the basis of 15 cMRI
variables, including LV cardiac output, LV wall thickness,
LV end-diastolic mass, LV end-diastolic volume, LV end-
systolic volume, LV stroke volume, LV ejection fraction,
RV diameter, RV end-diastolic volume, RV end-systolic
volume, RV stroke volume, RV cardiac output, RV ejection
fraction, RV end-diastolic mass, and tricuspid annular plane
systolic excursion. For the latent class analysis, the SAS
procedure “proc lca” was used to cluster participants into
phenogroups based on similarities and differences in 15
cMRI variables. Two response categories were created to
represent the number of response categories of the cMRI
variables by dichotomizing cMRI variables at the median.
To determine the optimal number of phenogroups, the
latent class analysis was started with consideration of 2
groups (or clusters); groups were subsequently added to the
model, 1 group at a time, considering up to 7 phenogroups.
The optimal number of clusters or phenogroups was deter-
mined on the basis of statistical criteria: Akaike’s Informa-
tion Criterion, Bayesian Information Criterion, and visual
inspection.
 Health and Social Security de ClinicalKey.es por Elsevier en enero 26, 
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Baseline characteristics were compared among the dif-
ferent phenogroups, using generalized linear models for
continuous variables and chi-square tests for categorical
variables. Histograms were used to compare the baseline
distribution of 4 cMRI variables included in the latent class
analysis in men and women separately. Overlay histograms
were also used to compare the ejection fraction at baseline
and at the time of HF diagnosis in men and women.

Kaplan−Meier survival analysis was used to compare
incident HF across phenogroups as the primary outcome
and HF subtypes (HFpEF, and HFrEF) as the secondary
outcome. Cox proportional hazard models were used to
assess the association between phenogroup membership
and risk of incident HF (and HF subtypes), using phe-
nogroup 1 as the reference group. Complete case analyses
were used in the Cox proportional models. Model 1 was
unadjusted. Model 2 was adjusted for age, race, education,
BMI, hypertension, diabetes, and cigarette smoking. All
statistical analyses were performed using SAS statistical
software (version 9.4, SAS Institute, Cary, North Carolina)
and R statistical software (version 4.1.0, The R Foundation
for Statistical Computing, Vienna, Austria). Statistical sig-
nificance was defined as p <0.05.
Results

In 4,204 participants included, the mean age was 61 §
10 years, and 53% were women. The mean follow-up time
was 14 § 4 years for men and 15 § 4 years for women. The
distribution of cMRI variables at baseline was skewed for
men and women (Supplementary Figures 2 and 3), with
higher RV ejection fraction and RV end-diastolic volume in
women than in men. The ejection fraction at baseline and at
the time of HF diagnosis was also higher in women than in
men (Supplementary Figure 4). In men and women sepa-
rately, 4 distinct phenogroups were identified on the basis
of Akaike’s Information Criterion, Bayesian Information
Criterion, and visual inspection. The 4 phenogroups were
described as (1) ideal cardiac mechanics; (2) higher output/
hypertrophied LV; (3) impaired EF/dilated LV; and (4)
higher output/hyperdynamic (LV). In both men and women,
participants in phenogroups 2, 3, and 4 were younger and
had higher BMI and lower heart rate than did participants
in phenogroup 1 (Table 1). Of the 4,204 participants, 4,180
(99%), 4,067 (97%), and 4,039 (96%) had all covariate data
for incident HF, HFrEF, and HFpEF, respectively, and
were included in the complete case analyses.

In men, participants in phenogroups 2, 3, and 4 had
higher cardiac output, higher LV and RV end-diastolic
mass, and higher LV and RV stroke volume than did partic-
ipants in phenogroup 1 (Table 2). A similar pattern was
seen in the comparison of differences in baseline cMRI
characteristics among phenogroups in women (Table 2).

In men and women, incident HF occurred in 124 and 93,
respectively. For men, the rates of incident HF were 17 of
124 (14%) for phenogroup 1, 48 of 124 (39%) for phe-
nogroup 2, 29 of 124 (23%) for phenogroup 3, and 30 of
124 (24%) for phenogroup 4 (log-rank p = 0.002; Figure 1).
The rates of incident HF in women were 33 of 93 (35%), 25
of 93 (27%), 16 of 93 (17%), and 19 of 93 (20%) for phe-
nogroups 1, 2, 3, and 4, respectively (log-rank p = 0.49;
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of
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Figure 2). In men, participants in phenogroup 4 (hazard
ratio [HR] 2.91, 95% confidence interval [CI] 1.60 to 5.31,
p = 0.0005), phenogroup 3 (HR 3.52, 95% CI 1.90 to 6.53,
p <0.0001), and phenogroup 2 (HR 3.49, 95% CI 1.94 to
6.28, p <0.0001) each had greater hazards of HF than did
participants in phenogroup 1, adjusting for age, race, educa-
tion status, BMI, hypertension status, diabetes status, and
cigarette smoking. In women, no significant associations
were found for the association between phenogroup mem-
bership and incident HF in fully adjusted models (Table 3).

In analyses of the association between phenogroup mem-
bership and HFpEF in both men and women, no significant
associations were found after adjusting for covariates of
interest (Supplementary Table 1). For HFrEF in men, after
adjusting for demographic and clinical covariates of inter-
est, the HRs were 4.94 (95% CI 2.09 to 11.65, p = 0.0003),
5.04 (95% CI 2.06 to 12.29, p = 0.0004), and 3.30 (95% CI
1.34 to 8.11, p = 0.01) for phenogroups 2, 3, and 4, respec-
tively (Supplementary Table 2). No significant associations
were found between phenogroup membership and HFrEF
in a fully adjusted model in women (Supplementary
Table 2).
Discussion

In this large, multiethnic cohort of participants free of
CVD at baseline, we identified 4 distinct phenogroups, or
clusters of subjects with similar features of LV and RV
structure and function based on 15 cMRI variables, in men
and women separately. In men, the different phenogroups
identified had significantly different risks for incident HF.
No significant associations were found between phenogroup
membership and incident HF in women. With the latest
classification emphasizing a pre-HF stage,19 phenogrouping
may allow early identification of patients at high risk, for
precision prevention.

This analysis in patients at risk for HF based on cMRI
extends previous studies that applied latent class analysis in
patients with prevalent HF.8,20 For example, using latent
class analysis, Cohen et al identified 3 distinct phenogroups
based on multiple demographic and clinical characteris-
tics.8 In another study, Kao et al used latent class analysis
to cluster 4,113 patients with HFpEF on the basis of 11
demographic and clinical variables.20 The 6 phenogroups
identified had different risks for mortality and cardiovascu-
lar hospitalization.20 Phenogroup membership has been
used to identify characteristics of responders to cardiac
resynchronization therapy in HF21 and spironolactone in
HFpEF.8 Furthermore, some studies found significant asso-
ciations between phenogroup classes and adverse outcomes
such as sudden death or death from HF, all-cause mortality,
all-cause hospitalization, and HF hospitalization.22−24

Other statistical methods have also been used for phe-
nogroup identification.10,22−25 In a study of 397 patients
with HFpEF, Shah et al used unbiased hierarchical cluster
analysis and penalized model-based clustering to identify 3
distinct phenogroups that differed in clinical characteristics,
cardiac structure and function, and outcomes.10 No previous
studies have used latent class analysis to cluster subjects
free of CVD at baseline and on the basis of cMRI variables
of structure and function.
 Health and Social Security de ClinicalKey.es por Elsevier en enero 26, 
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Table 1

Baseline characteristics of MESA participants by sex and phenogroup

Men, n = 1995

Variable Phenogroup 1

(ideal cardiac

mechanics)

(n = 589)

Phenogroup 2

(higher output/

hypertrophied LV)

(n = 673)

Phenogroup 3

(impaired EF/

dilated LV)

(n = 359)

Phenogroup 4

(higher output/

hyperdynamic LV)

(n = 374)

p-Value

Age (years) 64.9 (10.0) 58.3 (9.5) 60.3 (9.4) 63.0 (9.7) <.0001
Ethnicity

White

Chinese American

Black

Hispanic

188 (31.9%)

145 (24.6%)

140 (23.8%)

116 (19.7%)

304 (45.2%)

29 (4.3%)

186 (27.6%)

154 (22.9%)

146 (40.7%)

32 (8.9%)

89 (24.8%)

92 (25.6%)

131 (35.0%)

47 (12.6%)

88 (23.5%)

108 (28.9%)

<.0001

BMI (kg/m2) 25.8 (3.9) 28.9 (4.0) 27.8 (3.9) 27.4 (3.9) <.0001
Smoking status

Never

Former

Current

260 (44.3%)

251 (42.8%)

76 (13.0%)

275 (40.9%)

299 (44.5%)

98 (14.6%)

146 (40.9%)

156 (43.7%)

55 (15.4%)

156 (41.7%)

167 (44.7%)

51 (13.6%)

0.87

Educational status

Less than high school

High school or more

107 (18.2%)

480 (81.8%)

68 (10.1%)

604 (89.9%)

49 (13.7%)

308 (86.3%)

83 (22.2%)

291 (77.8%)

<.0001

Diabetes mellitus 82 (13.9%) 85 (12.6%) 50 (13.9%) 50 (13.4%) 0.90

Hypertension 271 (46.0%) 284 (42.2%) 132 (36.8%) 196 (52.4%) 0.0002

Heart rate (beats/min) 63.9 (10.0) 59.1 (9.1) 62.2 (9.7) 61.5 (9.5) <.0001
Systolic blood pressure (mmHg) 124.8 (18.3) 124.6 (18.8) 121.9 (17.8) 129.4 (20.2) <.0001
Fasting blood glucose (mg/dl) 100.2 (29.9) 96.2 (27.0) 101.4 (36.4) 100.1 (33.4) 0.03

Women, N= 2209

Variable Phenogroup 1

(ideal cardiac

mechanics)

(n = 653)

Phenogroup 2

(higher output/

hypertrophied LV)

(n = 679)

Phenogroup 3

(impaired EF/

dilated LV)

(n = 429)

Phenogroup 4

(higher output/

hyperdynamic LV)

(n = 448)

p-Value

Age (years) 65.2 (10.0) 57.6 (8.9) 61.4 (10.2) 61.9 (9.8) <.0001
Ethnicity

White

Chinese American

Black

Hispanic

261 (40.0%)

140 (21.4%)

127 (19.5%)

125 (19.1%)

256 (37.7%)

35 (5.2%)

247 (36.4%)

141 (20.8%)

176 (41.0%)

51 (11.9%)

113 (26.3%)

89 (20.8%)

183 (40.9%)

43 (9.6%)

122 (27.2%)

100 (22.3%)

<.0001

BMI (kg/m2) 25.6 (4.6) 31.0 (5.9) 27.4 (4.7) 28.5 (5.3) <.0001
Smoking status

Never

Former

Current

430 (66.2%)

167 (25.7%)

53 (8.2%)

388 (57.3%)

207 (30.6%)

82 (12.1%)

247 (57.7%)

116 (27.1%)

65 (15.2%)

265 (59.4%)

133 (29.8%)

48 (10.8%)

0.002

Educational status

Less than high school

High school or more

146 (22.5%)

504 (77.5%)

85 (12.6%)

592 (87.4%)

62 (14.5%)

366 (85.5%)

82 (18.4%)

364 (81.6%)

<.0001

Diabetes mellitus 73 (11.2%) 87 (12.8%) 44 (10.2%) 47 (10.5%) 0.51

Hypertension 302 (46.3%) 320 (47.1%) 175 (40.8%) 240 (53.6%) 0.002

Heart rate (beats/min) 65.5 (9.2) 63.2 (9.0) 64.1 (8.9) 62.6 (9.0) <.0001
Systolic blood pressure (mmHg) 127.2 (23.0) 124.5 (22.0) 123.2 (22.2) 128.5 (23.5) 0.0009

Fasting blood glucose (mg/dl) 94.5 (27.3) 94.5 (26.7) 91.3 (24.2) 93.6 (26.1) 0.18

BMI = body mass index.

Continuous variables are presented as mean (standard deviation); categorical variables are presented as number (percentage).
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Gender differences in HF outcomes in response to HF
treatment have also been reported.26,27 In the present study,
the association between phenogroup membership and inci-
dent HF differed by gender and was not significantly associ-
ated with HF in women. Furthermore, although previous
studies showed that women were more likely to develop
HFpEF than were men,3 this study indicates that women
generally have higher EF before the development of HF,
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of
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which may explain the higher risk of HFpEF in women.
Differences in incident HF may be related to distinct patho-
biologic processes that lead to HF in women after meno-
pause who are more likely to experience HFpEF, as
observed by the distribution of EF at the time of HF. Fur-
thermore, because estrogen inhibits the renin-angiotensin
system and cardiac fibroblast collagen synthesis in
women,28 lower estrogen levels during menopause render
 Health and Social Security de ClinicalKey.es por Elsevier en enero 26, 
ación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Table 2

Baseline measures of cardiac structure and function of MESA participants by sex and phenogroup

Men, N = 1995

Variable Phenogroup 1

(ideal cardiac

mechanics)

n = 589

Phenogroup 2

(higher output/

hypertrophied LV)

n = 673

Phenogroup 3

(impaired EF/

dilated LV)

n = 359

Phenogroup 4

(higher output/

hyperdynamic LV)

n = 374

p-Value

Cardiac output (L/min) 4.9 (1.1) 6.9 (1.4) 5.4 (1.1) 6.4 (1.4) <.0001
Mean LV wall thickness, End-diastole (mm) 10.1 (1.9) 10.2 (1.6) 10.5 (1.8) 9.9 (1.9) <.0001
LV end-diastolic mass (g) 118.9 (19.9) 155.0 (25.2) 141.4 (23.7) 135.6 (23.2) <.0001
LV end-diastolic volume (mL) 111.9 (17.1) 171.2 (23.9) 139.7 (19.6) 138.9 (17.5) <.0001
LV end-systolic volume (mL) 44.7 (10.7) 65.7 (16.6) 60.4 (15.1) 49.5 (10.8) <.0001
LV ejection fraction (%) 60.1 (6.1) 61.9 (5.7) 57.0 (6.3) 64.5 (5.6) <.0001
LV stroke volume (mL) 67.2 (11.7) 105.5 (14.6) 79.2 (11.5) 89.5 (12.8) <.0001
RV diameter (mm) 40.9 (5.2) 47.8 (5.3) 45.0 (5.4) 44.2 (4.9) <.0001
RV end-diastolic volume (mL) 110.2 (14.5) 170.5 (21.1) 143.8 (15.2) 132.9 (13.1) <.0001
RV end-systolic volume (mL) 34.8 (8.3) 55.2 (12.6) 53.9 (9.5) 34.4 (5.6) <.0001
RV stroke volume (mL) 75.4 (11.1) 115.3 (15.8) 89.9 (11.8) 98.4 (10.6) <.0001
RV cardiac output (L/min) 4.9 (1.2) 6.8 (1.8) 5.7 (1.3) 6.3 (1.5) <.0001
RV ejection fraction (%) 68.5 (5.9) 67.7 (5.3) 62.5 (5.0) 74.1 (3.3) <.0001
RV end-diastolic mass (g) 19.0 (2.3) 27.0 (3.6) 23.5 (2.8) 22.0 (2.7) <.0001
Tricuspid annular plane systolic excursion (mm) 16.6 (5.8) 17.5 (4.9) 16.7 (4.3) 16.9 (4.7) 0.18

Women, n = 2209

Phenogroup 1

(ideal cardiac

mechanics)

n = 653

Phenogroup 2

(higher output/

hypertrophied LV)

n = 679

Phenogroup 3

(impaired EF/

dilated LV)

n = 429

Phenogroup 4

(higher output/

hyperdynamic LV)

n = 448

p-Value

Cardiac output (L/min) 4.7 (1.0) 6.3 (1.4) 4.9 (1.0) 5.8 (1.2) <.0001
Mean LV wall thickness, end-diastole (mm) 8.4 (1.5) 8.7 (1.5) 8.7 (1.7) 8.6 (1.5) <.0001
LV end-diastolic mass (g) 91.6 (15.1) 118.4 (20.2) 101.7 (17.2) 107.6 (18.3) <.0001
LV end-diastolic volume (mL) 95.4 (11.8) 139.4 (19.4) 110.1 (15.4) 122.4 (15.2) <.0001
LV end-systolic volume (mL) 34.9 (6.1) 50.0 (10.6) 43.2 (9.8) 41.9 (9.6) <.0001
LV ejection fraction (%) 63.2 (5.2) 64.2 (5.0) 60.8 (6.2) 65.9 (5.4) <.0001
LV stroke volume (mL) 60.4 (9.5) 89.4 (13.9) 66.9 (11.2) 80.5 (11.1) <.0001
RV diameter (mm) 37.7 (4.7) 43.0 (4.7) 39.8 (4.7) 40.4 (4.6) <.0001
RV end-diastolic volume (mL) 85.6 (10.9) 134.0 (17.7) 104.2 (11.2) 110.4 (12.2) <.0001
RV end-systolic volume (mL) 21.5 (4.7) 40.0 (8.7) 35.2 (6.3) 24.1 (3.8) <.0001
RV stroke volume (mL) 64.1 (8.9) 94.0 (13.5) 69.0 (8.7) 86.3 (10.8) <.0001
RV cardiac output (L/min) 4.4 (1.1) 6.1 (1.5) 4.4 (1.1) 5.6 (1.4) <.0001
RV ejection fraction (%) 74.9 (4.7) 70.2 (4.6) 66.2 (4.6) 78.1 (3.0) <.0001
RV end-diastolic mass (g) 15.9 (2.1) 22.6 (3.1) 18.8 (2.4) 19.3 (2.3) <.0001
Tricuspid annular plane systolic excursion (mm) 16.3 (4.9) 16.6 (4.8) 16.3 (4.0) 17.4 (6.1) 0.10

BMI = body mass index; LV = left ventricular; RV = right ventricular.

Continuous variables are presented as mean (standard deviation); categorical variables are presented as number (percentage).
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women’s hearts more prone to harm and may account for
the later development of CVD among women.29 It is also
possible that co-morbidities such as diabetes, obesity, or
hormonal factors and not intrinsic cardiac changes are asso-
ciated with greater risk of HF in women. In addition, future
studies are needed to examine the association of cardiac
risk factor phenogroup membership with other HF subtypes
such as HF with improved ejection fraction and HF with
midrange ejection fraction because these represent distinct
HF subtypes with distinct prognosis.

The strengths of this study include the large multiethnic
cohort from multiple centers and high-quality cMRI varia-
bles used in developing phenogroups. There are some lim-
itations to this study. First, the study was observational,
and no causal inferences can be made. Second, although
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of
2023. Para uso personal exclusivamente. No se permiten otros usos sin autoriz
latent class analysis is an innovative approach that allows
participants to be clustered on the basis of probability for
data presentation and interpretation, participants do not
belong to 1 group. Third, the phenogroups identified rep-
resent statistical associations and may not necessarily
reflect pathophysiology, nor are they intended to serve as
risk prediction models. However, the groups identified
were consistent with patterns of cardiac remodeling
observed in middle age to older adulthood, as has been
shown previously.30 Fourth, because the primary objective
of the study was to identify cMRI phenogroups, compet-
ing events such as deaths and incident myocardial infarc-
tion were not considered in the Cox proportional models.
It is possible that lack of competing events in the models
may have affected the results.
 Health and Social Security de ClinicalKey.es por Elsevier en enero 26, 
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Figure 1. Kaplan−Meier curves for incident heart failure for men.
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In summary, phenogroup membership based on cardiac
parameters in midlife-to-older adulthood in men was signif-
icantly associated with incident HF. These findings suggest
that integration of cardiac structure and function variable
before clinical symptoms may help identify those men at
increased risk for HF, in addition to clinical characteristics
and biomarkers.
Figure 2. Kaplan−Meier curves for in
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Table 3

Cox proportional hazard models for incident heart failure

Men, n = 1985

Model 1* Model 2

HR (95% CI) p-Value HR (95% CI) p-Value

Phenogroup 1

(ideal cardiac mechanics)

Referent - Referent -

Phenogroup 2

(higher output/hypertrophied LV)

2.36

(1.36, 4.10)

0.002 3.49

(1.94, 6.28)

<.0001

Phenogroup 3

(impaired EF/dilated LV)

2.72

(1.49, 4.94)

0.001 3.52

(1.90, 6.53)

<.0001

Phenogroup 4

(higher output/hyperdynamic LV)

2.82

(1.56, 5.12)

0.0006 2.91

(1.60, 5.31)

0.0005

Women, n = 2195

Phenogroup 1

(ideal cardiac mechanics)

Referent - Referent ———-

Phenogroup 2

(higher output/ hypertrophied LV)

0.69

(0.41, 1.15)

0.16 0.98

(0.53, 1.77)

0.94

Phenogroup 3

(impaired EF/dilated LV)

0.71

(0.39, 1.30)

0.27 0.85

(0.46, 1.56)

0.60

Phenogroup 4

(higher output/hyperdynamic LV)

0.80

(0.45, 1.41)

0.44 0.79

(0.44, 1.43)

0.44

95% CI = 95% confidence interval; HR = hazards ratio.

*Model 1— unadjusted.

Model 2— adjusted for age, race, education, body mass index, diabetes, hypertension, and cigarette smoking.
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