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Abstract
Total body fat and adipose tissue distribution are associated with cardiometabolic risk, yet there are
conflicting data as to whether waist circumference (WC) or body mass index (BMI) is a better
predictor of cardiovascular risk. To determine whether WC or BMI was more strongly associated
with cardiometabolic risk, family members of patients with cardiac disease were studied (N=501;
mean age, 48 years; 66% female; 36% nonwhite). Height, weight, WC, BMI, blood pressure, high-
density lipoprotein cholesterol, triglycerides, glucose, high-sensitivity C-reactive protein, and
lipoprotein-associated phospholipase A2 were systematically measured. Global risk was calculated
using the Framingham function. Increased WC and BMI were equally strong predictors of
cardiometabolic and global risk. The prevalence of cardiometabolic risk factors and their correlation
with WC and BMI varied by race/ethnicity. Our data support inclusion of WC and BMI in screening
guidelines for diverse populations to identify individuals at increased cardiometabolic risk.

The prevalence of obesity, a global public health problem, is reaching epidemic proportions
and is of great concern because it increases risk of coronary heart disease, stroke, diabetes,
certain cancers, mortality, and health care expenses.1,2 Previous research has documented that
both absolute total body fat and adipose tissue distribution are associated with cardiometabolic
risk.3–6 However, there are conflicting data as to whether fat distribution and central adiposity
(assessed by waist circumference [WC]) or absolute total fat (assessed by body mass index
[BMI]) is more closely associated with cardiovascular risk.7,8

Multiple obesity indices (ie, BMI, waist-hip ratio, WC, body fat mass) are used to define
cardiometabolic risk in clinical and research settings. Initially, waist-hip ratio was the most
widely used index of central fat distribution due to its benefits in routine monitoring and
assessment in patients. The World Health Organization recommends using BMI, the National
Cholesterol Education Program defines the metabolic syndrome using WC, and the National
Heart, Lung, and Blood Institute’s (NHLBI) Guidelines for the Identification, Evaluation, and
Treatment of Overweight and Obesity in Adults support the combined evaluation of BMI and
WC in individuals who are overweight (BMI ≥25 kg/m2).9–11 The NHLBI guidelines also
recommend that practitioners use BMI to assess overweight and obesity and to identify those
with increased disease risk.11 Nonstandardized definitions for obesity have contributed to
differences in the prevalence and incidence of the metabolic syndrome reported in previous
studies. Recent research has high-lighted the association that exists between WC and
cardiovascular disease (CVD) risk factors such as serum lipid levels, insulin resistance, and
blood pressure, suggesting that it may be a more useful clinical indicator of risk than BMI.12
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However, further data are required to determine whether BMI or WC is a better predictor of
cardio-metabolic risk factors, especially among ethnically diverse samples.

The purpose of this study was to evaluate the independent association of WC and BMI with
major CVD risk factors including blood pressure, high-density lipoprotein (HDL) cholesterol,
triglycerides, fasting glucose, high-sensitivity C-reactive protein (hs-CRP), lipoprotein-
associated phospholipase A2 (LpPLA2), and global cardiac risk among a diverse group of
individuals who participated in a family-based lifestyle intervention trial at NewYork-
Presbyterian Hospital. It is hypothesized that both anthropometric indices will be associated
with major cardiometabolic risk factors and that those associations will vary by race/ethnicity.

Methods
Design and Participants

Participants in the Family-Based Intervention Trial for Heart Health (FIT Heart) were included
in this cross-sectional analysis (N=501; mean age, 48±13 years; 66% female; 36% nonwhite).
The design and main results have been published elsewhere.13 FIT Heart is a 1-year randomized
controlled clinical trial among family members/cohabitants of patients hospitalized with CVD
at NewYork-Presbyterian Hospital, Columbia University Medical Center campus. Family
members or cohabitants were recruited into the study, and patients were only eligible if they
were candidates for the primary prevention of CVD and did not have established CVD or a
CVD risk equivalent. Only 1 family member was permitted to participate in the study. The
purpose of FIT Heart was to test the effectiveness of a hospital-based standardized screening
and educational intervention to increase adherence to national CVD prevention goals.

Risk Factor Screening
Each participant completed a standardized questionnaire including demographic data, medical
history, medication use, family history of CVD, and smoking status. Physical activity level
was also assessed at baseline using standardized questions that were adapted from the
Behavioral Risk Factor Survey and validated. The questions collected information about the
number of days per week participants engaged in physical activity, as well as the number of
minutes per day. The following questions were included: “At least once a week, do you engage
in any regular physical activity (brisk walking, jogging, bicycling, etc.) long enough to work
up a sweat?” “If yes, how many days per week do you engage in physical activity that works
up a sweat?” “For each time you engage in physical activity, how many minutes do you exercise
for?” Bilingual staff members were available to assist participants, and all forms were available
in English and Spanish.

Trained health care professionals performed standardized cardiometabolic risk factor
screenings including height, weight, BMI, WC, blood pressure, HDL cholesterol, triglycerides,
fasting glucose, hs-CRP, and LpPLA2.

Blood Pressure
Systolic and diastolic blood pressure was assessed by an automated blood pressure monitor in
the Columbia University General Clinical Research Center (GCRC) using standard protocol.
Briefly, the patient was sitting, with the arm not restricted by clothing and legs uncrossed. The
patient was asked to relax arm muscles and rest for 5 minutes before blood pressure was
measured. The patient’s arm was supported at heart level, with the palm up. Trained personnel
palpated the brachial artery and positioned the cuff 1 inch above the site of brachial pulsation
and the center bladder of the cuff above the artery. The fully deflated cuff was wrapped snugly
around the upper arm. The research-grade automated blood pressure monitor was activated.
Extra-large cuffs were available and utilized on an as-needed basis. In this study, hypertension
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was defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood pressure ≥90 mm
Hg based on national guidelines.14 Utilization of blood pressure medication was recorded and
adjusted for in analyses when appropriate.

Body Composition
Height was measured by a precision wall-mounted standardized height rod located in each
examination room of the Columbia University GCRC. Body weight was taken by research-
grade, portable Healthometer scales (Jarden Consumer Solutions, Boca Raton, FL) and
recorded to the nearest 1 lb. BMI was calculated directly by the standard formula: weight (kg)/
height (m)2. In this study, overweight was defined as a BMI 25.0 to 29.9 kg/m2, and obesity
was defined as a BMI ≥30 kg/m2.

WC was measured by trained examiners using a US government standard protocol.11

Measurements were recorded to the nearest 0.3 cm. In this study, increased WC was defined
as >88.9 cm in women and >101.6 cm in men. Due to variations in WC measurement
methodology used by various health care organizations and studies, the trained health care
professionals conducting this study performed a quality assurance evaluation among a small
sample of individuals attending a recent CVD screening event (n=104), and interrater (r>0.97,
P<.01) and intrarater (r>0.99, P<.01) reliability was high.

Lipids, Glucose, and hs-CRP
Values of plasma glucose, lipids (total cholesterol, HDL cholesterol, low-density lipoprotein
(LDL) cholesterol, and triglycerides), and hs-CRP were evaluated from venous blood that was
drawn from all participants at baseline after a 6- to 12-hour fast. Determination of lipids was
performed on blood collected in tubes containing ethylenediamine-tetraacetic acid and were
stored and analyzed in the Columbia University GCRC at −70°C for up to 2 weeks. The Centers
for Disease Control lipid quality control program certifies the GCRC core laboratory. The HDL
cholesterol assay was performed on the Hitachi 912 chemical analyzer (Roche Diagnostics,
Indianapolis, IN) using the HDL cholesterol plus second-generation assay for direct
measurement of HDL cholesterol in human serum and plasma. Triglyceride levels were also
determined by enzymatic methods. LDL cholesterol was calculated using the Friedewald
equation, and if triglycerides exceed 22.22 mmol/L, LDL cholesterol was assessed using a
direct measurement assay. Quantitative assay was used for the measurement of hs-CRP
(diaDexus, South San Francisco, CA). It is a standard solid-phase enzyme-linked
immunoabsorbent assay with intra- and inter-assay coefficients of variation <3.9% and <5.1%,
respectively. The diaDexus, Inc. PLAC Test (diaDexus, South San Francisco, CA), a
microplate-based enzyme immunoassay, is cleared for marketing by the US Food and Drug
Administration and was used for the quantitative determination of LpPLA2 in human plasma.

Based on national guidelines, dyslipidemia was defined as an HDL cholesterol level <50 mg/
dL in women or <40 mg/dL in men and a triglyceride level ≥150 mg/dL.10,15 Impaired
nonfasting glucose was defined as a glucose value ≥100 mg/dL, based on the American
Diabetes Association expert recommendations.16 The cutoff for elevated hs-CRP was ≥3.0 mg/
L, according to national guidelines.17 Increased LpPLA2 was defined as ≥217 mg/L, the highest
quartile of results.

We certify that all applicable institutional and governmental regulations concerning the ethical
use of human volunteers were followed during this research. The study was approved by the
institutional review board of Columbia University Medical Center.
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Data Management and Statistics
All data were collected on duplicate standardized forms and double-entered into a Microsoft
Access database, then exported to SAS version 9.1 (SAS Institute, Inc., Cary, NC) for purposes
of statistical analysis. Variables outside specified ranges were removed from the analysis,
including hs-CRP levels ≥10 mg/L (n=34). Categorical data are presented as frequencies and
percentages. Continuous data are presented as means and SDs. Comparisons across racial/
ethnic groups were made using the chisquare test for categorical data and analysis of variance
for continuous data. Percentage 10-year risk of fatal or nonfatal coronary heart disease was
determined from the calculated Framingham risk function.10 Regression equations were
calculated with each of the risk factors (ie, HDL cholesterol, blood pressure, global risk) as
dependent variables and WC and/or BMI as potential predictor variables. Models were adjusted
for potential confounders including age, ethnicity, education level, medication use (when
applicable to the risk factor being evaluated), and smoking status. Variables and interactions
with significant contributions to the model were retained in the regression equation. Utilization
of blood glucose– and/or cholesterol-lowering medication was recorded and adjusted for in
analyses when appropriate. Variables already included in the Framingham risk calculation such
as age, treatment for blood pressure, and smoking were not included in multivariable logistic
regression models. Statistical significance was set at P<.05.

Results
The characteristics of the 501 participants included in the analysis are listed in Table I. The
mean age was 48±13 years and participants’ ages ranged from 20 to 78 years; 36% were
nonwhite and more than half of the sample (66%) was female. Lipids, blood glucose, hs-CRP,
LpPLA2, blood pressure, BMI, WC, physical activity level, and smoking status data were
available on 501 participants; mean levels are presented in Table I. Overall, mean values for
each CVD risk factor assessed were in a normal range except for BMI, WC, and hs-CRP, the
mean values of which exceeded optimal levels.

In this study, when using the same anthropometric index as the National Health and Nutrition
Examination Survey (NHANES) to define overweight and obesity (ie, BMI), 152 (31%) of
patients were classified as overweight, and 324 (65%) were classified as overweight/obese.
This rate of obesity is slightly higher than the national average, which may be explained by
the high participation rate by women (66%) and ethnic/racial minorities in this study (36%);
these are groups that obesity affects at a disproportionate rate.1

The prevalence of cardiometabolic risk factors and their association with WC and BMI is shown
in Table II. As demonstrated, having an increased WC (>35 in women or >40 in in men) posed
similar cardiometabolic risk as having an increased BMI (≥30 kg/m2), and elevated hs-CRP
was the most commonly associated cardiometabolic risk factor with increased WC (62%) and
a BMI ≥30 kg/m2 (67%).

To determine whether WC was more effective in identifying those at risk for CVD compared
with BMI, we assessed the percentage of participants with abnormal WC and normal BMI and
vice versa. Overall, 17% of patients who had a normal WC (>35 in women or >40 in in men)
had an abnormal BMI (≥25 kg/m2), and 24% of those meeting the BMI goal (<25 kg/m2) had
an abnormal WC.

As shown in Table III, in a univariate logistic regression model, those with an increased WC
were significantly more likely to have hypertension (P<.01), low HDL cholesterol (P<.0001),
increased triglycerides (P<.0001), high glucose (P<.01), and hs-CRP ≥3.0 mg/L (P<.0001)
compared to those with a normal WC. Participants with an increased BMI were significantly
more likely to have hypertension (P<.0001), low HDL cholesterol (P<.0001), increased
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triglycerides (P<.0001), high glucose (P<.01), hs-CRP ≥3.0 mg/L (P<.0001), and a global risk
≥10% (P=.01) vs those with a normal BMI. When evaluating individuals who had both a WC
and BMI above nationally recommended levels, we found that they were significantly more
likely to be hypertensive (P<.0001) and have low HDL cholesterol (P<.0001), increased
triglycerides (P<.0001), high glucose (P<.001), hs-CRP ≥3.0 mg/L (P<.0001), and a global
risk ≥10% (P=.01) compared to those who met both goals. Table IV shows the univariate
associations stratified by race/ethnicity.

In a multivariable model controlling for potential confounders (Table V), both WC and BMI
significantly predicted cardiometabolic risk factors after adjustment for age, race/ethnicity,
education, medication use (if applicable), and smoking. Having an increased WC and/or BMI
remained a significant predictor of having all 5 major cardiometabolic risk factors including
blood pressure ≥140/90 mm Hg, HDL cholesterol <50 (in women) or <40 (in men) mg/dL,
triglycerides ≥150 mg/dL, glucose ≥100 mg/dL, and hs-CRP ≥3.0 mg/L. However, only having
a BMI ≥25 kg/m2 or both BMI ≥25 kg/m2 and WC >35 (in women) or >40 (in men) in predicted
increased LpPLA2 and a global risk of ≥10%, whereas an increased WC alone was not
associated with either of these variables.

Discussion
The major findings of this study among 501 ethnically diverse family members of patients
hospitalized with CVD were that (1) the prevalence of major cardiometabolic risk factors
among those with abnormal WC and BMI was high and varied by race/ethnicity, (2) a strong
correlate of increased WC and BMI was elevated hs-CRP, and (3) WC and BMI were equally
strong independent predictors of cardiometabolic and global risk, suggesting that both may be
appropriate for inclusion in national screening guidelines.

Our data show that the association between WC, BMI, and major cardio-metabolic risk factors
varied by race/ethnicity. While previous research has documented higher rates of obesity
among racial/ethnic minority populations, these novel data prove that an association exists
between obesity and certain cardiometabolic risk factors, which suggests that the use of specific
anthropometric indices may be appropriate to assess cardiometabolic and global risk among
specific subpopulations. 1 For instance, WC was not a significant predictor of hypertension
among nonwhites, although it did identify white patients with hypertension and BMI
significantly predicted hypertension among all groups. So, clinicians caring for nonwhite
patients and nonwhite patients themselves may benefit from routine monitoring of WC (vs
BMI) to identify a potential problem with blood pressure. This is a key finding, since
hypertension disproportionately afflicts racial/ethnic minorities, and methods to better identify
patients at risk are needed.

We found hs-CRP to be a strong correlate of adiposity, with 30% of those with a BMI ≥25 kg/
m2, 39% of those with a WC >35 (in women) or >40 (in men) in, and 41% of those with a BMI
≥30 kg/m2 having an hs-CRP level ≥3.0 mg/L. Previous research has documented a positive
correlation between adipocyte size and hs-CRP levels in healthy individuals, those with
obesity, and first-degree relatives of type 2 diabetic patients; this suggests that obesity may
result in low-grade inflammation. 18–21 Our novel data contribute to the existing body of
literature by suggesting that easily measured anthropometric indices (BMI and WC) can serve
as surrogate markers of abdominal fat and adipocyte size that can be utilized to identify those
at increased risk for CVD based on inflammation. Previous research lends support for the
consideration of hs-CRP as a potential adjunct in future global cardiac risk calculations. 22

However, the correlation between hs-CRP and 10-year Framingham coronary heart disease
risk scores has been found to be partly related to the presence of obesity.23 Our findings support
a strong correlation between hs-CRP and obesity but do not address the added value of one of
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these anthropometric indices over the other in risk prediction or cost-effectiveness; this should
be addressed in future research.

Our finding that WC was an equally strong, independent predictor of cardiometabolic risk
when compared to BMI among an ethnically diverse group of family members/cohabitants of
CVD patients concurs with previous research that has demonstrated WC to have the strongest
associations with health risk indicators and multiple major CVD risk factors including blood
pressure, lipid, and glucose values.7,8,12,24–33 These data lend further support to the role of
WC in predicting increased cardiometabolic risk. Associations have also been found between
WC and insulin and plasma circulating oxidized LDL cholesterol, but these factors were not
assessed in the current study. These data suggest that the combined evaluation of these
anthropometric indices, as currently recommended in NHLBI guidelines, is optimal for
identifying those at risk.11 Furthermore, these data imply that a simple screening test that can
be assessed by self-examination with reasonable accuracy, waist measurement, may potentially
identify those at increased risk for CVD who might benefit from further evaluation and
intervention.34–36

Our study has limitations that should be considered. Although a large, diverse sample was
obtained, participants may be select and not representative of all family members/cohabitants
of patients hospitalized with CVD. Patients agreeing to participate in research are generally
from higher socioeconomic groups and have better general health, suggesting that these data
may represent a best-case scenario and patients choosing not to participate may have worse
cardiometabolic pro-files. Further, there may have been inadvertent misclassification of risk
factor status due to measurement error, although this was minimized by developing a uniform
research protocol, conducting systematic training of staff, and utilizing standardized research-
grade equipment. Last, only 2 surrogate markers of adiposity were assessed in this study, and
therefore correlations between cardiometabolic risk factors and other anthropometric indices
such as waist-hip ratio cannot be discussed. Future studies could benefit from an objective
measure of abdominal fat such as dual-energy x-ray absorptiometry, computed tomography,
or magnetic resonance imaging.

The rates of obesity observed in this study are fairly consistent with national averages reported
in NHANES and underscore the need for future interventions to increase awareness of
overweight/obesity as a risk factor for CVD and other chronic illnesses.1

Conclusions
Data obtained from a CVD primary prevention trial targeted to family members/cohabitants
of patients hospitalized with CVD documented that a simple, inexpensive anthropometric
index, such as WC or BMI, may be useful to health care providers in the clinical office setting
because of its high predictive power to identify individuals with cardiometabolic risk factors
who may have heightened risk of CVD. Future research and programs should evaluate the role
of inflammation in cardiometabolic risk by routinely measuring adiposity using both WC and
BMI. Future CVD screening and prevention guidelines should encourage assessment of WC
and BMI, especially among diverse populations, to identify individuals at increased
cardiometabolic and global risk.
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Table I
Characteristics of Respondents (N=501)

Characteristic No. (%)

Age, y (mean±SD) 48±13

Female 332 (66)

Nonwhite 178 (36)

>High school education 386 (78)

Employed/student 370 (74)

Married/living with someone 328 (66)

No health insurance 70 (14)

Nonsmoker 448 (90)

Range Mean±SD

HDL cholesterol, mg/dL 20–160 59±19

Triglycerides, mg/dL 35–624 116±67

Glucose, mg/dL 40–310 99±17

hs-CRP, mg/L 0–10 1.96±2.09

LpPLA2, mg/L 41–453 191±47

Systolic BP, mm Hg 92–219 127±16

Diastolic BP, mm Hg 49–121 77±11

BMI, kg/m2 16–52 28±6

WC, in 22–54 36±6

Days/week exercise 0–7 1.76±1.93

Minutes/day exercise 0–300 27.12±33.58

Abbreviations: BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; hs-CRP, high sensitivity C-reactive protein; LpPLA2,
lipoprotein-associated phospholipase A2; WC, waist circumference.
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