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Abstract

Aims—General obesity, measured by the body mass index (BMI), and abdominal adiposity,
measured as waist circumference (WC) and waist-to-hip ratio (WHR), are associated with heart
failure and cardiovascular events. However, the relationship of general and abdominal obesity with
subclinical left ventricular (LV) dysfunction is unknown. We assessed the association of general
and abdominal obesity with subclinical LV systolic dysfunction in a population-based elderly
cohort.

Methods and Results—Participants from the Cardiovascular Abnormalities and Brain lesions
study underwent measurement of BMI, WC, and WHR. LV systolic function was assessed by two-
dimensional echocardiographic LV ejection fraction (LVEF) and speckle-tracking global
longitudinal strain (GLS). The study population included 729 participants (mean age 71+9 years,
60% women). In multivariate analysis, higher BMI (but not WC and WHR) was associated with
higher LVEF ($=0.11, p=0.003). Higher WC ($=0.08, p=0.038) and higher WHR (=0.15,
p<0.001) were associated with lower GLS, whereas BMI was not (p=0.720). Compared with
normal WHR, high WHR was associated with lower GLS in all BMI categories (normal,
overweight, and obese), and was associated with subclinical LV dysfunction by GLS both in
participants without (adjusted OR=2.0, 95% C1=1.1-3.6, p=0.020) and with general obesity
(adjusted OR=5.4, 95% Cl=1.1-25.9, p=0.034). WHR was incremental to BMI and risk factors in
predicting LV dysfunction.
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Conclusion—Abdominal adiposity was independently associated with subclinical LV systolic
dysfunction by GLS in all BMI categories. BMI was not associated with LV dysfunction.
Increased abdominal adiposity may be a risk factor for LV dysfunction regardless of the presence
of general obesity.
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Introduction

In the United States, more than one third of the adult population is obese.! Obesity is
associated with an excess of cardiovascular risk factors, and is a major predictor of
cardiovascular disease and mortality.24 Obese and overweight individuals have significantly
greater prevalence of left ventricular (LV) diastolic dysfunction and higher risk of heart
failure compared to those with normal weight.>6 The body mass index (BMI) has been often
adopted as a measure of body size because easily determined from height and weight
measurements. However, measures of abdominal adiposity, such as waist circumference
(WC) and waist-to-hip ratio (WHR), are strongly associated with cardiovascular risk factors
and metabolic abnormalities,”8 and have been shown to be strong predictors of incident
cardiovascular events, especially in the elderly.%-15

Although obesity is an established predictor of heart failure, it is not clear whether it is
related to early abnormalities in LV systolic function independent of risk factors and cardiac
adaptations associated with the excess body weight. Also, it is not known whether general
and abdominal measures of body size share similar relationships with LV function. In
previous studies, despite the documented obesity-related changes in LV structure (increased
mass, concentric geometry) and diastolic function,® LV systolic function measured by LV
ejection fraction (LVEF) or midwall shortening was not affected in obese subjects, or was
even increased.16-18 Recent studies showed that LV longitudinal strain, a measure of
myocardial fiber deformation in the longitudinal direction, can detect subclinical LV systolic
dysfunction in a significant proportion of individuals with normal LVEF, and that such
dysfunction strongly predicts future cardiovascular events.1® Although some studies have
documented an impaired LV longitudinal strain in obese subjects, this evidence was limited
to small, selected samples often including young individuals.20-22 There is lack of data
regarding the association of general and abdominal obesity metrics with subclinical LV
dysfunction in population setting and especially in the elderly, in whom the relationship of
anthropometric measures with body composition may substantially change. Accordingly, we
assessed the relationship of different body size metrics with LV systolic dysfunction
assessed by traditional and novel echocardiographic techniques in a middle-aged to elderly
population-based cohort.
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Study population

Risk factors

Participants from the Cardiovascular Abnormalities and Brain Lesion (CABL) study
underwent two-dimensional echocardiographic assessment of LV function using traditional
and speckle-tracking imaging. CABL based its recruitment on the Northern Manhattan
Study (NOMAS), a population-based prospective study designed to investigate the
epidemiology and risk factors for stroke and cardiovascular disease that enrolled 3,298
participants from the community living in northern Manhattan between 1993 and 2001. The
study design and recruitment details of NOMAS have been described previously.23
Beginning in 2003, participants were invited to participate in a brain MRI substudy if they:
1) were at least 50 years of age; 2) had no contraindications to MRI; and 3) did not have a
prior diagnosis of stroke. From September 2005 to July 2010, NOMAS MRI participants
that voluntarily agreed to undergo an extensive cardiovascular evaluation were included in
CABL. Of the 1,004 CABL participants, 854 had echocardiographic exams available in
digital format, 125 of whom were excluded because of suboptimal image quality for
speckle-tracking analysis, leading to a final study sample of 729. Written informed consent
was obtained from all study participants. The study complies with the Declaration of
Helsinki and was approved by the Institutional Review Boards of Columbia University
Medical Center and of the University of Miami.

and body size assessment

Cardiovascular risk factors were ascertained through direct examination and interview by
trained research assistants. Hypertension was defined as systolic blood pressure (SBP) = 140
mmHg or diastolic blood pressure (DBP) =90 mmHg, or self-reported history of
hypertension or use of anti-hypertensive medication. Diabetes mellitus was defined as
fasting blood glucose =126 mg/dL or self-reported history of diabetes or use of diabetes
medications. Hypercholesterolemia was defined as total serum cholesterol >240 mg/dL, self-
report of hypercholesterolemia, or use of lipid-lowering treatment. Cigarette smoking, either
at the time of the interview or in the past, was recorded. Coronary artery disease was defined
as history of myocardial infarction, coronary artery bypass grafting, or percutaneous
coronary intervention. The race-ethnicity classification was based on self-identification, and
modeled after the U.S. Census. Height and weight were measured using a standard scale.
BMI was calculated as weight (kilograms) divided by height (meters) squared. Normal BMI
was defined as < 25 kg/m?, overweight was defined as BMI between 25 and 29.9 kg/m?2, and
obesity was defined as BMI = 30.0 kg /m2. Waist and hip circumferences were measured
using flexible measuring tape with participants standing and relaxed without heavy outer
garments. WC was measured at the level of the umbilicus, and hip circumference was
measured at the level of the greater trochanters. WHR was defined as WC divided by hip
circumference. Increased abdominal adiposity was defined as recommended by the World
Health Organization (WC >88 cm in women and >102 cm in men; WHR =0.85 in women
and 20.90 in men).24
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Echocardiographic assessment

Two-dimensional echocardiography—Transthoracic echocardiography was performed
using a commercially available system (iE 33, Philips, Andover, MA) by a trained,
registered cardiac sonographer according to a standardized protocol. LV dimensions were
measured from a parasternal long-axis view according to the recommendations of the
American Society of Echocardiography,2> and LV mass was calculated with a validated
method?® and indexed by height?-7. LV volumes (indexed by body surface area) and LVEF
were calculated using the biplane modified Simpson's rule. LV mass/volume ratio (M/V), an
indicator of LV geometry, was calculated as LV mass/end-diastolic volume. LV diastolic
function was assessed from the apical 4-chamber view by means of the peak early velocity
(E) of the trans-mitral flow and the early diastolic velocity (e’) of the mitral annulus (average
of septal and lateral site) by pulsed-wave tissue-Doppler, as previously described.2”:28 The
ratio E/e’ was calculated as an indicator LV diastolic function and filling pressure.

Speckle-tracking strain imaging—Speckle-tracking analysis was performed off-line
using commercially available software (Philips QLAB Advanced Quantification Software
version 8.1). Analysis of LV myocardial deformation over the longitudinal axis was
performed from two-dimensional gray-scale loops by automatic tracking of myocardial
speckles after manual selection of landmark points as previously described.?? Global LV
longitudinal systolic strain (GLS) was calculated from the apical 4-chamber and 2-chamber
views. At least two cardiac cycles were recorded at a frame rate = 45 fps, and were averaged
for strain analysis. Abnormal GLS was previously defined as GLS > -14.7% (GLS is a
negative number, therefore less negative values correspond to smaller systolic longitudinal
shortening), representing the cut-off identifying the lower 5% of the GLS distribution in a
healthy subgroup of participants.1® Inter-observer reproducibility of GLS measurement was
assessed in a random sample of 20 study participants. Intra-class correlation coefficient for
GLS was 0.85. Mean difference between measurements was 0.08+2.4%, and the coefficient
of variation (standard deviation/mean) was 0.09.

Statistical analysis

Data are presented as mean * standard deviation, and median and interquartile range for
continuous variables and as percentage for categorical variables. The Student's t-test and chi-
square test were used to assess differences between groups. Simple correlations were
assessed by Pearson's correlation coefficients. Linear regressions were used to assess the
association of parameters of LV function with body size measures, and unstandardized (B)
and standardized (j3) parameter estimates and standard errors (SE) were reported. Logistic
regression analyses were performed to assess the risk of abnormal GLS in different quartiles
of body size metrics, and adjusted odds ratios (OR) and 95% confidence intervals (CI) were
calculated. Covariates were selected based on their univariate association with body size
metrics. The likelihood ratio test was used in nested logistic models to evaluate the
incremental value of body size metrics over risk factors in predicting LV dysfunction by
GLS. For all statistical analyses, a two-tailed p<0.05 was considered significant. Statistical
analyses were performed using IBM SPSS Statistics software version 22 (IBM Corp.,
Armonk, NY).
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Clinical characteristics of the study cohort

Demographics and clinical characteristics of study participants and associations with body
size metrics are reported in Table 1. The study population consisted of 729 participants
(mean age 71.5+9.4 years, 60.5% women). Mean BMI was 27.8+4.6 kg/m2, WC was
95.2+11.9 cm, and WHR was 0.91+0.08. BMI showed a good correlation with WC (8=0.71,
p<0.001), whereas the correlation with WHR was weaker although statistically significant
(=0.11, p=0.004).

Higher BMI was associated with younger age, female sex, higher blood pressure,
hypertension, diabetes, African-American or Hispanic race-ethnicity, no history of cigarette
smoking, and lower education level (all p<0.05). WC and WHR were not associated with
age, but were associated with male sex, blood pressure, hypertension, diabetes, coronary
artery disease, and lower education level (all p<0.05).

Body size and LV structure and function

Echocardiographic characteristics of the study population and their association with body
size parameters are shown in Table 2. BMI was significantly associated with lower LV
volumes, greater LV mass, lower €/, and higher E/e’ (all p<0.05). WC and WHR were not
associated with LV volumes, but were significantly associated with greater LV mass and LV
M/V, and lower ¢’ and E/¢’ (all p<0.05).

Univariate correlations of BMI, WC, and WHR with LV systolic function are shown in Table
2 and Figure 1. Higher BMI correlated weakly but significantly with higher LVEF (r=0.11,
p<0.01), whereas WC and WHR were not correlated with LVEF. Higher WC and WHR
were correlated with less negative GLS (r=0.17 and r=0.22, respectively, both p<0.001),
indicative of more impaired longitudinal LV systolic function; BMI did not show a
significant correlation with GLS (r=0.05, p=0.22). In multivariate regression analyses (Table
3), after adjusting for demographics and risk factors including LV mass and geometry,
higher BMI remained associated with higher LVEF (3=0.11, p=0.005), whereas it was not
correlated with GLS (p=0.954). WC and WHR remained independently and significantly
correlated with lower GLS (3=0.08, p=0.026 and =0.15, p<0.001, respectively), but not
with LVEF (p=0.104 and p=169, respectively).

In Figure 2 are shown GLS values in normal and high WHR across different BMI categories.
In participants with normal BMI (<25 kg/m?2), high WHR was significantly associate with
lower GLS compared to the normal WHR group (-16.5£3.4% vs. -18.0+3.1%, p=0.002). In
participants with BMI between 25 and 29.9 kg/m?2, a high WHR was also associated with
lower GLS compared to normal WHR (-16.7+3.2% vs. -17.8+3.3%, p=0.013). A similar
finding was observed in the group with BMI = 30 kg/m?2, where GLS was significantly lower
in those with high WHR compared to normal WHR (-16.6+3.4% vs. -18.0£3.1%
respectively, p=0.024).
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In multivariate analyses (Table 4), an increased WHR significantly predicted LV dysfunction
by GLS in both non-obese (adjusted OR=2.0, 95% CI=1.1-3.6, p=0.020) and obese
participants (adjusted OR=5.4, 95% CI1=1.1-25.9, p=0.034).

The incremental value of abdominal adiposity over risk factors and BMI in predicting LV
dysfunction by GLS is shown in Figure 3. When added to a model including risk factors (-2
log likelihood=631.7, chi-square=85.2), BMI did not increase the model prediction (-2 log
likelihood=631.0, chi-square change=0.6, p=0.423). The further addition of WC (-2 log
likelihood=620.4, chi-square change=10.7, p=0.001) and WHR (-2 log likelihood=616.0,
chi-square change=15.0, p<0.001) resulted in a significant and incremental prediction of
abnormal GLS.

Discussion

In this study, we found that WC and WHR were independently associated with subclinical
LV systolic dysfunction measured by LV longitudinal strain. Abdominal adiposity was
associated with subclinical LV dysfunction in normal weight, overweight, and obese
individuals, as defined by BMI. Since our study was carried out in a community-based
cohort with mostly normal LVEF, abdominal adiposity can be considered therefore a risk
factor for subclinical LV dysfunction at a stage when LVEF is still normal. We also found
that in the absence of an increased abdominal adiposity (i.e. when WHR is normal),
increasing BMI was not associated with worsening GLS. Similarly, an increase in BMI was
not associated with a GLS reduction in subjects with increased abdominal adiposity.

Body size metrics and cardiovascular risk

Although BMI is more frequently used as a measure of obesity in clinical studies due to the
ease of acquisition and well documented association with cardiovascular events and
mortality,%11:30-32 measures of abdominal adiposity have been shown to be associated with a
range of metabolic abnormalities, including decreased glucose tolerance, reduced insulin
sensitivity, and dyslipidemia.8 The observation from our and previous studies that abdominal
adiposity metrics, especially WHR, are not well correlated with BMI, suggest that these
measures have the potential to show a different or additional impact on cardiovascular risk.
In a large study conducted in 29 countries, WC and BMI, although well-correlated, often did
not agree in the classification of obese subjects, and WC showed to carry significant
information regarding the amount of visceral adipose tissue regardless of the BMI
category.33 In the INTERHEART study, the Cardiovascular Health Study, and the Health,
Aging and Body Composition Study, abdominal obesity measures predicted cardiovascular
events and heart failure independent of BMI, whereas the latter did not after adjusting for
abdominal obesity metrics.10:3435 |n the Emerging Risk Factors Collaboration, WHR
showed higher hazard ratios for cardiovascular disease than BMI, and was associated with
incident coronary artery disease in all BMI categories.3® In other studies, abdominal obesity
was also found to be a strong predictor of cardiovascular events, but it did not show clear
superiority over BMI.11 Qur findings are consistent with those from a recent report from the
Third National Health and Nutrition Examination Survey (NHANES I11) that investigated
the impact of different types of obesity defined by BMI and WHR on total and
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cardiovascular mortality in 15,184 individuals from the community.15 In that study,
Sahakyan and coll. showed that an increased abdominal adiposity significantly predicted
total and cardiovascular mortality regardless of BMI-defined obesity, and that having an
increased WHR was a stronger predictor of mortality than having an increased BMI alone.

Body size metrics and LV systolic dysfunction

Obesity is associated with LV structural and functional changes resulting in increased
cardiac output to support the expansion of both fat and fat-free mass associated with the
increased body size.37-40 These adaptive mechanisms often result in LV mass increase,
concentric geometry, and preserved or increased LVEF, as shown in our and previous
studies.16-18.21 Wwhile the relationship between obesity and LV diastolic dysfunction is well
documented and is likely multifactorial,® involving chronic increase in pre- and after-load
and LV mass and geometry changes, insulin resistance, and increased oxidative stress
resulting in impaired myocardial relaxation, the relationship of obesity with systolic function
is more elusive. Despite the consistent finding of a higher LVEF in obese subjects, some
studies found associations between BMI and LV strain;21.2241 however, these studies were
mostly conducted in small, selected samples and in cohorts of significantly younger age than
ours, in which the increase in BMI is paralleled by an increase of both fat and fat-free
mass.39 In the elderly, a progressive loss of fat-free mass and an increase in fat mass is
common, suggesting that abdominal adiposity parameters might be better indicators of
obesity and cardiovascular risk in the elderly than BMI. This observation might also help
reconcile conflicting results from previous studies. In fact, studies that reported a better
prognostic value of WC and WHR over BMI were those conducted in older
populations.10:33-354243 |n 4 recent study, Wang et al. found that obesity was related lower
longitudinal strain, however no difference in strain were found between metabolic healthy
and unhealthy obese subjects.*# In this study, the mean age of the population was
significantly younger than ours, and therefore the prevalence of subclinical LV dysfunction
is likely low, a factor that may have contributed to the results.

The mechanism of the association of GLS with abdominal adiposity is not known.
Abdominal adiposity is associated with cardiovascular and metabolic risk factors which may
in part mediate its association with GLS. In fact, GLS has been shown to be associated with
cardiovascular risk factors, arterial stiffness, coronary artery calcium, and silent
cerebrovascular disease.*>-47” GLS, however, remained associated with abdominal adiposity
even after accounting for traditional cardiovascular risk factor. Abdominal adiposity may
exert negative effects on myocardial function through several pathways involving
inflammatory cytokines, renin-angiotensin-aldosterone system activation, insulin resistance
and hyperinsulinemia, and lipotoxicity from lipid accumulation in the cardiac tissue;*8:49 all
these stimuli may result in impaired myocardial energetics, myocytes apoptosis, and
increased fibrosis. Since the LV contraction in the longitudinal direction is often the first
sign of an initial impairment in systolic function, GLS may be able to detect LV dysfunction
when LVEF is still in the normal range. Given the demonstrated negative prognostic value of
an impaired GLS towards cardiovascular events, early treatment strategies in subjects with
abdominal obesity might improve the outcome in this group, a hypothesis that needs further
investigation.
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Our study adds to the evidence documenting the relationship between obesity and
subclinical LV dysfunction. Since an abnormal GLS has been demonstrated to be a powerful
and independent predictor of cardiovascular outcome even in the general population,1? its
impairment may represent an early stage in the progression toward symptomatic heart
failure, and may be considered as another feature of the stage B of the heart failure
classification. However, the relationship of obesity with heart failure is complex. While
obesity is a risk factor for the development of heart failure, its presence has been associated
with better prognosis once the disease has developed, a phenomenon known as “obesity
paradox”. The relationship between body size, body composition and LV function in patients
with overt heart failure is not well characterized, and more studies are needed to investigate
whether it plays a role in the obesity paradox.

Strengths and limitations

Our study was the first to assess the relationship between general and abdominal obesity
metrics with LV function using advanced imaging techniques in a large, tri-ethnic,
community-based cohort of middle-aged to elderly subjects. Our population had the ideal
risk profile to assess such relationship, a context that may provide useful clinical information
in elderly patients at high cardiovascular risk. We performed the study analyses using
multivariate models controlling for known risk factors and confounders affecting LV
function, including strong determinants such as LV mass and geometry. Our study also has
limitations that need to be considered. The cross-sectional design of the analysis allowed us
to describe associations between abdominal adiposity metrics and systolic dysfunction, and
although we controlled for possible confounders, it is not possible to draw definitive
conclusions regarding cause-effect relationships. Finally, although we used clinically
accepted metrics of body size (BMI, WC, WHR), the assessment of fat mass and fat-free
mass, helpful to better understand the relationships between body size and body
composition, was not available in our study.

Conclusions

In this community cohort of prevalently elderly subjects, abdominal adiposity was
associated with subclinical LV systolic dysfunction, independent of cardiovascular risk
factors and other confounders. The presence of abdominal adiposity significantly increased
the risk of subclinical LV systolic dysfunction both in participants with and without general
obesity. Cardiovascular risk stratification in the elderly might be improved by the assessment
of simple abdominal adiposity measures.
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Figure 1. Body size and left ventricular function
Scatterplots showing the association of body size metrics (BMI, WC, WHR) with LVEF and

GLS.
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Figure 2. GLS by normal/high WHR in participants with BM1<25, BMI between 25 and 29.9),
and BMI 230 kg/m?

GLS was significantly reduced (less negative) in participants with high WHR in all BMI
categories. The GLS values in participants with normal WHR were not significantly
different across the BMI groups, and the same was observed for GLS values in high WHR
participants.
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Figure 3. Incremental value of abdominal obesity metrics toward LV dysfunction
WC and WHR showed significant incremental value over risk factors and BMI in predicting

LV dysfunction by GLS.
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Table 1
Demographics and clinical characteristics of the study population and univariate

relationships with body size metrics

B values

Variable N=729 BMI WC  WHR
Age, years 71.5+9.4 (71, 13) 0147 -0.01 0.06
Women, n (%) 441 (60.5) 0157 -018" -0367
BMI, kg/m? 27.8+4.6 (27, 6) - 071t o117
WC, cm 95.24¢11.9(95,15) 0717 - 0607
WHR 0.91+0.08 (0.91,0.10) 0117 0607 -
Race-ethnicity

Caucasians, n (%) 104 (14.3) Ref. Ref. Ref.

African-Americans, n (%) 123 (16.9) 0.12% 003 -0.04

Hispanics, n (%) 488 (66.9) 0207 0.6 0.002

Other, n (%) 14 (1.9) 0.02  -0.02 -0.02
Systolic BP, mmHg 135.2#16.7 (134,22) 0167 0.137 0.06
Diastolic BP, mmHg 78.2+9.4 (79, 14) 018" 0177 009*
Hypertension, n (%) 569 (78.1) 018’ o187 0117
Anti-hypertensive medications, n (%) 515 (70.6) 018’ 0187 o107
Diabetes mellitus, n (%) 205 (28.1) 0147 0157 o008*
Hypercholesterolemia, n (%) 483 (66.3) 0.06 0.03 0.02
Cholesterol-lowering medications, n (%) 361 (49.5) 0.07 0.06 0.02
Coronary artery disease, n (%) 48 (6.6) 0.05 0107 o007%
Cigarette smoking, n (%) 388 (53.2) .009* 0.05 0107
High school education, n (%) 335 (46.0) 0117 -006 -009*

Values in table are mean = SD (median, interquartile range) for continuous variables, numerosity (percent) for proportions, and standardized
coefficients () from linear regressions.

*
p<0.05.

fp<0.01. BMI: Body mass index. WC: Waist circumference. WHR: Waist-to-hip ratio. BP: Blood pressure.
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Table 2
Echocardiographic variables and univariate relationships with body size metrics
B values

Variable N=729 BMI wcC WHR

LV end-diastolic volume, ml/m?  53.7+15.5 (52, 17) .0.09* -0.05 0.03

LV end-systolic volume, ml/m? 20.1+10.1 (18, 8) .0.09% -0.02 0.03

LV mass, g 181.6+48.5 (176,61) 0187 0337 0277

LV mass/height?7, g/m27 50.0+13.3 (48, 16) 0277 0197 0117

LV MV 2.0+0.6 (2,0.7) 0.06 0147 o127

LVEF, % 63.3+7.2 (64, 7) 0117 -0.01 -0.06

GLS, % -17.0+.33(-17,4) 005 0177 0227

Left atrial volume, ml/m?2 24.8+7.9 (24,9) -0.07 -0.03 -0.01

¢/, cmis 7.3t1.7(7,2) 008 -0.107 -0117

Ele’ 10.3+3.3(10, 3) 0147 -0.08* -0.002

Values in table are mean + SD (median, interquartile range) for continuous variables, numerosity (percent) for proportions, and standardized

coefficients () from linear regressions.

p<0.05.
#

ejection fraction. GLS: Global longitudinal strain.

p<0.01. BMI: Body mass index. WC: Waist circumference. WHR: Waist-to-hip ratio. LV: Left ventricular. M/V: Mass/volume ratio. LVEF: LV
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Table 4
Multivariate logistic regressions of LV systolic dysfunction by GLS with abnormal WHR

in obese and non-obese participants

Adjusted OR (95% CI) P value

BMI < 30 (n=522)
Normal WHR Reference -
High WHR 2.0 (1.1-3.6) 0.020

BMI = 30 (n=207)
Normal WHR Reference -
High WHR 5.4 (1.1-25.9) 0.034

Values in table are adjusted ORs and 95% CI for abnormal GLS. OR: Odds ratio. Cl: Confidence interval. WHR: Waist-to-hip ratio. Covariates:
Age, sex, hypertension, anti-hypertensive medications, diabetes, coronary artery disease, cigarette smoking, education level, race-ethnicity, LV

mass/height2-7, LV mass/volume, and E/e’.
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