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Abstract

Objectives—We sought to measure the strength of association between two indices of obesity,
waist hip ratio (WHR) and body mass index (BMI), with left ventricular (LV) dysfunction and
mortality in a community cohort.

Background—The distribution of body fat is thought to affect cardiovascular disease risk. The
association of BMI (an index of overall obesity) and WHR (an index of central obesity) with LV
systolic and diastolic dysfunction in a population-based cohort is unknown.

Methods Results—Anthropomorphic measurements and echocardiographic LV function were
measured in a cross-sectional population-based sample of 2042 men and women >45 years old in
the Olmsted County Heart Function Study. Five year prospective mortality was measured.

Results—Increased WHR had a stronger association than BMI with: 1) lower LV EF (r=-0.24,
p<0.0001 versus r=-0.04, p=0.09), and 2) LV diastolic dysfunction (r = 0.18, p<0.0001 versus r =
0.05, p = 0.02). After adjustment for standard cardiovascular risk factors WHR continued to be
significantly associated with diastolic dysfunction, but not with systolic dysfunction. WHR, but
not BMI, was strongly predictive of all cause mortality independent of age and sex (HR 23.6, ClI
4.0, 139.8; p = 0.0005). This relationship was attenuated on adjustment for diastolic dysfunction.

Conclusions—WHR is a stronger correlate of LV dysfunction and mortality than BMI. These
cross-sectional data suggest that the increased risk of mortality from central obesity is mediated at
least in part by LV dysfunction, especially diastolic dysfunction.
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INTRODUCTION

METHODS

Concern has been raised about the growing prevalence of obesity in the US and its potential
future impact on longevity. Overall obesity, as measured by body mass index (BMI), is an
independent risk factor for cardiovascular disease and increased mortality.26 Recently,
particular attention has been given to patterns of body fat distribution and their comparative
impact on cardiovascular disease risk. Central obesity, commonly measured by waist hip
ratio (WHR), is increasingly recognized as a more powerful predictor of obesity-related
cardiovascular risk factors and death than is overall obesity.3-18. 42

Important unresolved issues in the relationship between obesity, cardiovascular disease and
death include the form of obesity (overall or central) most associated with left ventricular
(LV) dysfunction, and the form of LV dysfunction (systolic or diastolic) most associated
with obesity. Although WHR and LV dysfunction have separately been shown to be
predictive of mortality, studies evaluating the relationship between WHR, LV systolic and
diastolic function and mortality are lacking. A better understanding of the link between
obesity and ventricular dysfunction may help elucidate mechanisms through which obesity
contributes to the risk of cardiovascular events and mortality.1?

In this report from the Olmsted County Heart Function Study we examined cross-sectional
population-based community cohort data to determine the association between obesity
indices and echocardiographically determined LV systolic and diastolic function. In
addition, we analyzed the relationship between WHR, LV dysfunction and five year all-
cause mortality.

The Mayo Foundation and Olmsted Medical Center Institutional Review Boards approved
this study and all subjects gave written informed consent.

Study setting

. In 1990, 96% of the 106,400 residents of Olmsted County were white. Other characteristics
of this population and its unique resources for population based epidemiology research have
been previously described.20:21

Population sampling and data collection

Residents of Olmsted County were enumerated using methods previously validated in the
Rochester Epidemiology Project.2! A random sample of residents, > 45 years of age on
January 1, 1997 was identified. A sampling fraction of 7% was applied within each gender
and age (five years) specific stratum. Of the 4203 subjects invited, 2,042 (49%) participated.
Analysis of medical records from 500 randomly selected nonparticipants demonstrated that
participation rates were not different according to past history of coronary disease, heart
failure or other cardiovascular disease, indicating little effect of participation bias.??

Enrollment took place from January 1, 1997 to September 30, 2000. Each subject completed
a self-administered questionnaire. Medical records were abstracted by trained nurse
abstractors: hypertension, diabetes mellitus, coronary artery disease, cerebrovascular
disease, congestive heart failure, myocardial infarction, peripheral vascular disease were
diagnosed if recognized criteria were met and if documented by a physician.23-27
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Anthropometric measurements

Measurements were carried out by a trained research nurse with the subjects in the standing
position. Body mass index (BM1) was measured as weight/height2. Body circumferences
were measured in centimeters: for waist at the top of umbilicus, for hip at the greatest
diameter and for neck at the lower half of the neck.

Echocardiographic analysis

All subjects underwent echocardiography, performed by one of three registered diagnostic
cardiac sonographers, using the same echocardiography machine (HP-2500), and following
a standardized protocol.23:24 A single echocardiographer (M.M.R.) interpreted all
echocardiograms without knowledge of the subjects’ clinical information.

Echocardiographic methods have been previously described and validated.23:24 Ejection
Fraction (EF) was measured by M-mode, Biplane Simpson's 2-D, and 2-D visual estimate.
As EFs from these three methods were very highly correlated, and as the visual estimate was
available in >99% of participants, visual estimate was used for analysis.24 Systolic
dysfunction was defined as EF <50%.23

As previously described and validated, left ventricular diastolic dysfunction (LVVDD) was
assessed by pulsed-wave Doppler examination of mitral flow (before and during Valsalva
maneuver) and pulmonary venous inflow, as well as by Doppler tissue imaging of the mitral
annulus.23.28:29 | VDD was graded on a 4-point ordinal scale: normal; mild DD = abnormal
relaxation without increased LV end-diastolic filling pressure (decreased E/A ratio <0.75);
moderate or “pseudonormal” DD = abnormal relaxation with increased LV end-diastolic
filling pressure (E/A 0.75 to 1.5, deceleration time >140 ms, and 2 other Doppler indices of
elevated LV end-diastolic filling pressure); or severe DD = advanced reduction in
compliance with restrictive filling (E/A ratio of >1.5, deceleration time <140 ms, and
Doppler indices of elevated LV end-diastolic filling pressure). For subjects in atrial
fibrillation, diastolic function was classified as indeterminate unless restrictive physiology
(E/A >1.5, deceleration time <140 ms) was present. M-mode tracings were measured
according to American Society of Echocardiography convention, and LV mass calculated as
previously described.2°

Mortality data

Mortality data in the Rochester Epidemiology Project are ascertained by review of medical
records, death certificates, and obituary notices. Participants were followed until death or
November 1 2004, at which time they were censored. This provided 11210 person-years of
follow-up (median follow-up 5.5 years) with 128 deaths. Active surveillance by recruitment
for follow-up examination in the first 974 (41%) participants identified no deaths additional
to those identified by the above mechanisms.

Statistical analysis

Clinical characteristics of subjects were compared using the chi square test for categorical
variables and t-test or ANOVA for continuous variables. Due to non-normal bivariate
distributions, Spearman's correlation coefficient was used. Spearman's correlation
coefficient, and parameter estimate () from linear regression were employed to evaluate the
strength of association between measures of obesity and LV function. DD was collapsed
from six ordinal levels to a dichotomous variable of DD (Present/Absent) for *any degree of
DD’ used in logistic regression analyses.

A Cox proportional hazards model was used to estimate the association between WHR and
all-cause mortality. This association was adjusted separately for confounding variables (age

Am Heart J. Author manuscript; available in PMC 2012 February 10.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Ammar et al.

RESULTS

Page 4

and sex, for potentially intervening variables (LV mass, EF and DD) based on the
biologically plausible assumption that if obesity is associated with increased mortality, this
would be mediated via LV dysfunction. A decrease in HR (HR) of >20% was considered
evidence of significant confounding or intervening effect of the newly introduced variable in
the model. Analyses were performed on JMP version 5 and SAS version 8 (SAS Institute,
Cary, NC).

Clinical and echocardiographic characteristics of study participants

Men and women had a similar mean age, and similar prevalences of diabetes and
hypertension. Men were more likely to have coronary artery disease, heart failure, and
systolic dysfunction. (Table I)

The distribution of LV DD categories was similar in women and men: approximately 70%
normal diastolic function, 20% mild, 7% moderate and 1% severe LVDD.

Anthropometric Characteristics

Men had greater weight, BMI, waist/neck circumference and WHR than women with much
higher prevalence of central obesity (WHR criteria). (Table I1)

Among persons with established cardiovascular disease (heart failure, coronary artery
disease, myocardial infarction, stroke, peripheral vascular disease, dilated cardiomyopathy),
78% were centrally obese (WHR >0.9 for men and >0.85 for women) whereas only 30% had
overall obesity (BMI>30).

Overall obesity and LV function

BMI was not significantly associated with EF in the whole cohort (Table I11a), nor was it
associated in any stratum defined by age, sex, or hypertension. BMI had a weak positive
correlation with the severity of DD (Table I11b). On stratification for age, gender and
hypertension, BMI continued to have an association with DD only in women (r=0.1; p =
0.001) and in persons <65 years of age (r=0.14; p = <0.0001).

Central obesity and LV function

WHR was more strongly correlated to EF (Table I11a). This negative relationship between
WHR and EF became insignificant when stratified for gender; men contribute more heavily
to the lower end of EF spectrum and women to the higher end. This confounding rendered
further analysis of the relationship between WHR and EF meaningless.

WHR was more highly correlated with the severity of DD than was BMI (Table I11b). In a
multiple logistic regression analysis WHR continued to be strongly associated with DD even
after addition of coronary risk factors (age, sex, smoking, diabetes, hypertension), coronary
artery disease and systolic dysfunction in the model. Figure 1 depicts a model of
multivariable odds ratios (OR) for LVDD plotted against quintiles of WHR, and shows a
strong positive relationship (p<0.001 for each OR comparison) between WHR and the odds
of having LVDD.

In addition to the primary observation of the relationship between WHR and DD, it was
noted that WHR was consistently more closely associated with other measures of cardiac
structure than was BMI: LV end diastolic dimension (r=0.36 for WHR; p<0.0001 vs. r=0.27
for BMI; p<0.0001), LV Mass (r=0.54 for WHR; p<0.0001 vs. r=0.42 for BMI; p<0.0001)
and left atrial volume index (r=0.09;p<0.0001 for WHR vs. r=0.04; p=0.05 for BMI).
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Since LVDD is highly associated with LV mass we examined LV mass in different forms of
obesity. Average LV mass in centrally obese subjects was 120 g/m compared to 112 g/m in

overall obese subjects (p<0.0001). Average LV mass increased with worsening systolic and

diastolic function (data not shown).

Clinical Heart Failure: Relationship to Forms of Obesity and Ventricular Dysfunction

The odds of having clinical heart failure were more than two fold higher in subjects with
central obesity (OR 2.7; Cl 1.4,5.4; p=0.003) compared to subjects with overall obesity (OR
1.3; C1 0.7,2.3; p=0.4) in the same logistic regression model, before and after adjustment for
sex. After adding DD and systolic dysfunction into this model, WHR was no longer
associated with clinical heart failure (OR 1.7; C1 0.6, 5.4). In this multivariable logistic
regression model adjusted for WHR, both DD (OR 28.4; CI 5.6, 518.0; p=0.001) and
systolic dysfunction (OR 16.6; Cl 7.2, 41.3; p<0.0001) were associated with clinical heart
failure, suggesting that these are intervening variables between central obesity and clinical
heart failure. Adjustment for age and sex did not meaningfully alter these results. All-cause
mortality among heart failure patients was much greater than expected, and was similarly
increased in those with systolic dysfunction and in those with LVVDD. This finding was
consistent through the WHR quintiles (data not shown).

Mortality Analysis

After a median follow-up of 5.5 years there were 128 deaths. In the whole cohort BMI was
not associated with increased all cause mortality (HR 0.91; CI 0.62-1.31). In contrast, Cox
proportional hazard analysis for WHR as a predictor of all cause mortality showed that
WHR was associated with a HR of 23.6 (p = 0.0005) for all-cause mortality in the
unadjusted model 1. (Table 1V) There was no confounding by age or sex (Models 2 and 3).
However, adjustment for EF, DD, LV mass, coronary artery disease or congestive heart
failure markedly attenuated the effect of WHR on mortality, suggesting that the impact of
WHR on mortality may have been substantially mediated through these intervening
variables (Models 4-6, 8 and 9). This was further borne out in model 7, which adjusted for
both confounding (age, sex) and intervening (EF, LVDD) variables. In model 7, only age,
systolic dysfunction and DD continued to be significant independent predictors of mortality.

DISCUSSION

In these cross-sectional data from our population-based community study of adults over age
45 years, central obesity measured by WHR had a stronger correlation with LV systolic and
LVDD than did overall obesity measured by BMI. WHR was also more closely associated
with the diagnosis of clinical heart failure. Baseline WHR, but not BMI, was predictive of
subsequent all cause mortality during follow-up.

Obesity and Cardiovascular Disease

The demonstration of association of obesity with cardiovascular morbidity and mortality
started with the definition of obesity based on Metropolotan Weight indices,* was followed
by definitions based on BMI12:5.7:8 and finally has been followed by definitions based on the
location of adipose tissue. 1:31-37 This population based study demonstrates much greater
prevalence of central obesity than overall obesity (78% vs. 30%) in patients with established
cardiovascular disease, highlighting the closer association of central obesity with cardiac
disease.
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Association of Overall Obesity (BMI) with LV Structure and Function

Prior studies of BMI and LV function include an evaluation of the relationship between
overall obesity and ventricular function in a small group of apparently healthy obese young
women, which suggested that increasing BMI was associated with higher EF and worse
diastolic function.19 In our cohort, the association between BMI and LVDD is confirmed
and extended from young obese women(25-30 years)10 to older women (age >45) as well as
to middle aged (age 45 to 65 years) community dwelling adults. By contrast, the lack of
relationship between BMI and EF may reflect differences in our older population, in whom
persons with established cardiovascular disease were included.

Analysis of a large Framingham cohort without cardiovascular disease did not assess
diastolic function but established that BMI was an independent predictor of LV mass.38 Our
finding of a correlation between BMI and diastolic function, though weak, confirms the
relationship between increased LV mass and extends it to include its functional correlate,
LVDD.

Association of Central Obesity (WHR) with LV Structure and Function

Prior studies have shown the association of central obesity with coronary heart disease,3
hypertension and diabetes.14:1519:39 Qyr study builds on these previous investigations by
adding information on cardiac function. It demonstrates that increased central obesity,
whether measured by neck or waist circumference or WHR, correlates more powerfully with
ventricular dysfunction than do measures of overall obesity such as BMI. The neck
correlates with waist (r=0.8; p<0.0001) in our population and may be easier to measure. In
addition, WHR has a stronger association with LV function then waist circumference (Table
I11), indicating that it may be a better measure of obesity. For each standard deviation
increase in WHR the odds of LVDD increased 1.55 times. In contrast, for each standard
deviation increase in BMI, the odds of LVDD increased 1.13 times. Furthermore, the
relationship between WHR and LVVDD was not confounded by age, gender or hypertension,
indicating a true association independent of these important confounders.

Clinical Heart Failure

Positive associations among BMI, increased left ventricular mass and left ventricular
enlargement have been reported by others.38:4041 |n our study BMI and WHR were more
strongly associated with LVVDD than with LV systolic dysfunction, a finding not reported in
other population-based studies. Furthermore, WHR was more strongly associated with
LVDD than was BMI, and only WHR was associated with clinical heart failure. A recent
study has shown central obesity (WHR) to be a stronger predictor of incident heart failure
than overall obesity (BMI). However this study did not include echocardiographic
characterization of LV function.*2 The strong association between heart failure and LVDD
may be related to the higher LV mass in centrally obese persons.38 The effect of WHR was
mediated similarly via LVDD and systolic dysfunction, underscoring the importance of
LVDD as a factor in heart failure in the community.

In this study, the data show a consistently stronger association of WHR, as compared to
BMI, with echocardiographic indices of LV dysfunction (including LV LVDD, left atrial
size, LV mass and left ventricular end diastolic dimension), myocardial infarction, stroke,
and peripheral vascular disease, adding further credence to the concept that central obesity
may be a stronger independent risk factor for diastolic dysfunction and congestive heart
failure than overall obesity.%-13 31, 33
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Analyses from Framingham have implicated central obesity as a risk factor for mortality.3
Due to the narrow range of WHR measurement units a meaningful effect of WHR on
mortality is indicated by a change of 0.1 unit (one standard deviation) in the WHR, instead
of 1 unit change. In this study (Table IV, model 1) all cause mortality risk increases 23.59
fold with an increase of 1.0 unit of WHR. An increment of 1.0 unit of WHR is unlikely to
occur. A more meaningful expression of this relationship is that mortality risk increases 1.37
fold (p=-0.0005) for each 0.1 unit increase in WHR. Our findings confirm those from
Framingham and indicate that WHR is a powerful risk factor for all cause mortality.
Furthermore, our analysis demonstrates that after adjustment for EF and diastolic function,
WHR was no longer a risk factor for mortality. This suggests that ventricular dysfunction
may be an important intervening variable between WHR and mortality. This is further
supported by Models 8 and 9 (Table IV), in which coronary artery disease (a cause of
systolic and LVVDD) and congestive heart failure (the final outcome of ventricular
dysfunction) seem to be intervening variables between WHR and mortality.

The impact of LV mass on the relationship between WHR and increased mortality done was
as strong as that of systolic and diastolic function combined (Table 1V, Models 6 and 7); in
either model the mortality HR drops from 23.55 fold to less than 1.0 after adjustment. The
current study extends previous findings of LV mass as an independent predictor of
mortality; persons with systolic or LVDD have an increased LV mass.

In contrast to the Framingham Study, BMI was not associated with increased mortality risk
in this cohort of 2042 persons with 5.5 years follow-up. This difference may be a function of
our smaller cohort size, shorter duration of follow-up, as well as stronger correlation of
WHR with ventricular dysfunction and mortality than BMI.

Strengths and Limitations

The strengths of this study include a large population-based sample with standardized
anthropomorphic and echocardiographic measurements of both systolic and diastolic
function. The observational design limits the ability to identify confounders. The cross-
sectional nature of the correlation of central obesity with ventricular dysfunction limits the
ability to make cause-effect inferences. A potential limitation is the lack of ethnic diversity,
and these findings may not apply to nonwhite populations. Anthropomorphic measurements
are an imperfect approximation of percent body fat, but are clinically applicable and widely
reported in population studies

CONCLUSION

WHR, a measure of central obesity, is more strongly associated with left ventricular systolic
and diastolic dysfunction than is BMI, a measure of overall obesity. WHR was more
strongly associated with clinical heart failure than was BMI, and this relationship was
mediated, in significant part, through ventricular dysfunction. Increased WHR was also a
more powerful predictor of all cause mortality than was BMI. The relationship between
WHR and increased mortality disappears after adjusting for LVVDD, supporting the concept
that LVDD could be in the causal pathway between central obesity and increased mortality.
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Figure 1.

Multivariable odds of any degree of diastolic function as a function of quintiles of waist hip
ratio adjusted for age, sex, diabetes, hypertension and smoking. Second, third, fourth and
fifth quintiles of WHR compared against the first quintile as referent (p<0.001 for each
comparison).
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Table |

All Men Women
N 2034 982 1052
Mean Age (yrs) (Range 45,96) 62 62 63
Diabetes (%) 75 9.6 5.6
Hypertension (%) 30 29 30
Current smokers (%) 9 10 7
Past smokers (%) 41 53 31
*
Never smokers (%) 50 87 62
Congestive heart failure (%)T 25 33 18
*
Coronary Artery Disease (%) 2 18 !
*

Mean EF (%) 63 61 65
Any Grade Diastolic Dysfunction (%) 28 30 27

Out of a total of 2042 subjects, seven were excluded due to indeterminate M1 and one due to error in BMI.

*

+

p<0.0001, men vs. women

p<0.05, men vs. women
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Table Il
Anthropometric measures of obesity

All Men Women
swit 284453  28.9+46 27.9458
Weight (Kg)" 80.0£18.0 89.3+16  72.8+16
Waist Circumference (cm)” 91.7+145 99+11.6  85+13.4
Waist Hip Ratio™ 0.88£0.1  0.95:0.1 0.810.1
Neck Circumference (cm)" 36.7+42 39.7+31 33.9+2.9
Overall Obesity (BMI>30) (%) 32 33 31
Severe Overall Obesity (BMI1>40);(%) 3 25 4

55 83.9 27.1

*,
Central Obesity (WHO criteria)(%) §

¥ Overall obesity was defined as BMI (Weight/heightz) >30.

Continuous variables are presented as mean + SD.

*

p<0.0001 men vs. women

Tp<0.01 men vs. womens

§

Central obesity was defined as WHR >0.9 in men and >0.85 in women (WHO criteria).
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Table llla

Association of anthropometric measures with left ventricular systolic function

EF (r=) p-value Parameter estimate (=) p-value

Overall Obesity
BMI -0.04 0.09 -0.04 015
Central Obesity

Waist Hip Ratio -0.24 <0.0001 -16.67  <0.0001
Waist Circumference -0.18 <0.0001 -0.08 <0.0001
Neck Circumference -0.25 <0.0001 -0.38  <0.0001

*
In addition to the analysis using visual estimate EF these analyses were also run using EF by Teicholz and M-mode and there was no noticeable
difference in the results.
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Cox proportional hazard analysis of all cause mortality as a function of waist hip ratio and potential
confounding variables (age, sex) and potential pathophysiologic intervening variables (LVDD and EF)

Table IV

Hazard Ratio P-value

Model 1, unadjusted

WHR 23.59 (3.96,139.77)  0.0005
Models 2-3, adjusting for confounding varaibles
Model 2, adjusted for age

WHR 14.7 (2.08,104.58) 0.007
Model 3, adjusted for sex

WHR 23.82 (2.06,270.43) 0.001
Models 4-6, adjusting for intervening variables
Model 4, adjusted for EF

WHR 5.01 (0.77,32.92) 0.09
Model 5, adjusted for LVDD

WHR 2.32(0.25,21.99) 0.46
Model 6, adjusted for LV mass

WHR 0.77 (0.05,11.10) 0.85
Model 7, adjusted for confounding and intervening variables

WHR 0.41 (0.02,11.39) 0.60

Age 1.09 (1.06,1.11)  <0.0001

Female sex 0.78 (0.43,1.41) 0.40

EF 0.96 (0.94,,0.97)  <0.0001

LVDD (mild) 2.87 (1.59,5.13) 0.0004

Moderate to severe LVDD 3.36(1.88,1.72) 0.0004

Model 8, adjusted for coronary artery disease
WHR 5.8 (0.89, 37.74 0.06
Model 9, adjusted for congestive heart failure
WHR 9.59 (1.56,60.16) 0.01
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