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1. Proposal Title: Obesity and Mortality: The Jackson Heart Study 

 
2. Lead Author: Yuan-I Min 

 
3. Overview 

Provide a brief overview of the proposal including the nature of the problem to be addressed, scientific 
relevance, objectives/aims, research question/hypotheses, and methods/analytical plan (<250 words): 

 
The objective of this study is to evaluate the associations between several obesity measures and mortality risk. 
Data collected in the Jackson Heart Study (JHS) will be used. The obesity measures to be evaluated are body 
mass index (BMI), waist circumference (WC), waist-to-height ratio (WHtR) and waist-to-hip ratio (WHR). 
Separate analyses will be performed for all-cause mortality, cardiovascular (CVD) mortality and cancer 
mortality. Cox regression models will be used to perform these analyses. Covariates will include age, sex and 
smoking. Stratified analysis by sex and by age will be performed.  
 

4. Background/Rationale 
Please include discussion on relevance of African Americans to the proposed topic (<1000 words). 

The “obesity paradox,” where overweight and moderately obese individuals have a lower overall mortality risk 
compared with their normal weight counterparts, has been observed in the general population, as well as in 
population subgroups.P

1-5
P In a systematic review of prospective studies of general populations of adults, 

compared with normal weight (BMI 18.5-<25 kg/mP

2
P), overweight (BMI 25-<30 kg/mP

2
P) was associated with a 

significantly lower overall mortality, whereas grade 1 obesity (BMI 30-<35 kg/mP

2
P) was not associated with a 

higher overall mortality, and grades 2 and 3 obesity (BMI≥35 kg/mP

2
P) were associated with a significantly 

higher overall mortality.P

1
P Similar findings have been reported in the elderly population, and chronic kidney 

disease, coronary heart disease, heart failure and chronic obstructive pulmonary disease patient cohorts.P

2-5
P  

 
The reasons for the “obesity paradox” are unclear and it cannot be completely explained by potential selection 
biases, such as survival bias and healthy participant effect.P

6
P One possible explanation is that BMI is not a good 

measure of obesity as it does not distinguish muscle and fat mass. This is particularly true in the elderly 
population; while BMI may appear stable in old age (e.g., with decreasing in both weight and height), 
decreasing in muscle mass and increasing in adiposity typically occur. A prospective cohort study of US male 
health professionals observed a strong positive monotonic association between predicted fat mass and overall 
mortality and a U-shaped association between predicted lean body mass and overall mortality, suggesting the 
“obesity paradox” may be largely attributable to low lean body mass, rather than low fat mass, in the lower BMI 
range.P

7
P Similarly, in a population-based cohort study of older men in the UK,P

8
P both sarcopenia and central 

adiposity were associated with greater overall mortality, with the highest risk in sarcopenic obese men. Further, 
sarcopenia and sarcopenic obesity, but not obesity alone, were associated with greater overall mortality after 
adjusting for cardiovascular disease risk factors, inflammation and weight loss. However, these findings have 
not been replicated in women and nonwhite groups. Moreover, in a systematic review of studies of patients with 
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coronary artery disease, heart failure and hypertension, the “obesity paradox” was not supported in studies using 
measures of obesity other than BMI, such as WC, WHtR and WHR.P

9
P  

 
The “obesity paradox” is also present in the Jackson Heart Study (JHS), a large population-based African 
American cohort. In the JHS, a 1-point increase in BMI was associated with a 9% decrease in overall mortality 
up to 27 kg/mP

2
P with no significant association between BMI and overall mortality in BMI greater than 27 

kg/mP

2
P; further, compared with normal weight participants, overall mortality was 34%, 30% and 34% lower in 

overweight, obese and morbidly obese (BMI≥40 kg/mP

2
P) group, respectively.P

10
P In this study, we propose to 

compare the associations of overall mortality and BMI with other obesity measures that may be better measures 
of adiposity than BMI, including WC, WHtR and WHR in the JHS. We postulate that increasing levels of 
central adiposity vs. increasing BMI levels will show a more consistent pattern of increasing risks of overall 
mortality.  
 
Furthermore, given the strong correlation between measures of obesity, particularly central adiposity, and 
cardiometabolic risk factors, as well as the risk of some cancers,P

11,12,13
P in addition to overall mortality, we will 

compare the predictive ability of these obesity measures for CVD mortality and cancer mortality.  
 
The results of this study may help elucidate the “obesity paradox” phenomenon and the effect of obesity on 
overall mortality. 
 

5. Research Hypothesis 
 
We hypothesize that obesity measures that are better proxies for adiposity, specifically central adiposity, such as 
WC, WHtR and WHR, are more consistent predictors of overall, CVD and cancer mortality than BMI. 

6. Inclusions/Exclusions 
 
Data collected in the JHS will be used for this analysis. 
 
Inclusion criteria: all participants attended Exam 2.  
Because hip circumference is not collected at Exam 1, for comparison purposes, all obesity measures will be 
based on data collected at Exam 2 (2005-2008). 
 
Exclusion criteria: participants with BMI <18.5 kg/mP

2
P or missing data on any of the obesity measures (BMI, 

WC, WHtR, WHR). 
 
Dependent variables: all-cause mortality, CVD mortality and cancer mortality.  
Causes of deaths (ICD-10 code) will be provided by the Mississippi State Department of Health, by applying 
algorithms developed by the National Center for Health Statistics (NCHS) using death certificates. ICD-10 
codes used to define CVD and cancer mortality are as follows: 

• Major CVD Mortality includes all deaths with ICD-10 codes I00 to I78. 
• Heart Disease Mortality includes all deaths with ICD-10 codes I00-I09, I11, I13, I20-I51. 
• Cancer Mortality includes all deaths with ICD-10 codes C00 to C97. 

 
Independent variables: BMI, WC, WHtR and WHR.  
Additionally, as supplemental analyses, we will explore the relationship between body composition variables 
measured by Tanita, including body fat (%), impedance (Ω), fat mass (%) and fat free mass (lb.), and mortality. 
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Covariates: Age, sex and smoking (minimum).P

1
P Additional covariates including income, education and lifestyle 

factors (hypertension, diabetes, alcohol use, physical activity and nutrition) may be evaluated for possible 
factors in the causal pathway between obesity and mortality.  
 

7. Statistical Analysis Plan and Methods 
Include power calculations, if necessary. 

 
After excluding participants who did not attend Exam 2 (n=1101), participants with BMI<18.5 kg/mP

2
P (n=24) 

and participants with missing values on any of the obesity measures (n=142), 4039 participants, including 447 
deaths (as of December 31, 2015) will be included in the analysis. Cox regression models will be used to evaluate 
the association between obesity measures and all-cause mortality. Competing risk analysis will be implemented for 
analysis of CVD mortality and cancer mortality. “Time 0” for the survival analysis will be the date of Exam 2 and the 
administrative censoring date will be December 31, 2015. Obesity measures will be analyzed as categorical variables 
based on standard cut-points (see table below) reported in the literature, as quintiles and as continuous variables when 
appropriate. Obesity measures will be converted to standard deviation unit when analyzed as continuous variables to 
facilitate comparisons among the obesity measures. The predictive ability of these obesity measures will be assessed using 
c-index for right-censored survival outcome.P

14 
 
In addition to the overall analysis, stratified analyses by age (≥65 vs. <65 years) and by sex will be performed. Formal test 
for interactions will be performed to evaluate effect modifications by age and sex. The cut-point for age groups is based 
on the typical age for retirement. 
 
Categorical obesity measures will be defined as follows: 
 Number of groups Comparison Groups 
BMI (kg/mP

2
P) 5 18.5-<25 (ref), 25-<30, 30-<35, 35-

<40, ≥40 
WC (cm) 2 men: ≤102 (ref), >102 

women: ≤88 (ref), >88  
WHtR  2 <0.5 (ref), ≥0.5 
WHR  2 men: <0.9 (ref), ≥0.9 

women: <0.85 (ref), ≥0.85  
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