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3. Timeline: 
      December 2008:   Apply for CARDIA proposal approval (Approved 1/09 by CARDIA committee) 
         January 2009:   Apply for ARIC proposal approval; apply for CARDIA & ARIC data access  
       February 2009:   Obtain datasets and begin data cleaning 
March/April  2009:   Begin exploratory work 
     May/June  2009:   Begin preliminary analysis 
 July/August  2009:   Continue analyses and begin draft of manuscript 
        Sept/Oct 2009:   Complete draft of manuscript 
        Nov/Dec 2009:    Revise manuscript and submit draft to CARDIA committee 
 
4. Rationale:  
 Numerous studies have shown an increase in hypertension and other metabolic risk 
factors with increasing body mass index (BMI), and the level of risk at a specific level of obesity 
often varies by ethnicity. Epidemiologic studies on Chinese populations have shown an increase 
in metabolic risk factors at a BMI of 21-24 kg/m2; values considered normal by the World Health 
Organizations (WHO) standards (>18.5 and <25 kg/m2). 1,2,3,4    Based on this literature a BMI of 
23 or 24 kg/m2. is commonly suggested to be a more appropriate cutpoint to define overweight 
within China. The WHO’s most recent consensus statement, issued in 2004, suggested a range of 
plausible BMI cutpoints for overweight and obese exist for Asians, depending on the outcome of 
interest.5  Based on the existing scientific evidence and expert consensus, China responded by 
establishing country specific standards to define overweight (24 kg/m2<BMI<28 kg/m2) and 
obesity (BMI>28 kg/m2). 

Much of the research cited in support of lower BMI cutpoints, examines disease 
prevalence rather than incidence and lacks a Caucasian or non-Asian comparison group. ROC 
curves, driven by the underlying population distribution of BMI, and odds ratio estimates from 
cross-sectional studies are the two most common methods used to support the need for lower 
BMI cutpoints in China.   

These approaches have important flaws that may lead to incorrect conclusions.6  To our 
knowledge, our research group published the only study7 directly comparing differences in the 
incidence of hypertension by BMI among Chinese Asians, American Whites and American 
Blacks. The American Whites and American Blacks were from the Atherosclerosis Risk in 
Communities Study (ARIC) and the Chinese Asians were from the People’s Republic of China 
Study (PRC). Our results supported a stronger influence of BMI on incident hypertension among 
Chinese Asians compared to American Whites. However, subjects were 45-64 years old at 
baseline and within this age range the adjusted prevalence of hypertension among Chinese 
Asians, American Whites and American Blacks was 29.6, 22.5 and 44.2%, respectively. The high 
and differential prevalence of cases at baseline may limit studies of the relationship of BMI to 
incident hypertension. The very high prevalence in African Americans may mean that the 
participants remaining in an incidence study were resistance to hypertension. Therefore, to further 
explore the effect of BMI on incident hypertension, we propose to examine the relationship in a 
younger adult population in whom the prevalence of hypertension will be lower. We will 
compare the ethnic specific relationship to that which is observed in an older adult population of 
the same ethnic groups.  
 We will use population-based samples of American White, American Black and Chinese 
Asian men and women from three longitudinal cohorts to examine associations of adiposity with 
hypertension. Chinese Asians will be from the People’s Republic of China Study (PRC), 
American White and American Black young-adults will be from the Coronary Artery Risk 
Development in Young Adults (CARDIA) study and American White and American Black 
middle-aged adults will be from the Atherosclerosis Risk in Communities Study (ARIC). No new 
data collection is proposed. 
 



Cohorts: 
In addition to the The ARIC Study - American White and American Black mature adults, we 
will use data from: 
 
The CARDIA Study - American White and American Black young adults 
The CARDIA Study, funded by the NHLBI, is an on-going, prospective, multi-site 
investigation examining the etiology of heart disease in young adults. In 1986, baseline 
data were collected from 5,115 Black and White American men and women aged 18-30 
years. Participants were from four U.S. sites (Birmingham, AL; Chicago, IL; 
Minneapolis, MN; and Oakland, CA) to provide approximately equal numbers within 
subgroups of race, gender, education (high school or less and more than high school) and 
age (18-24 and 25-30).  Follow-up examinations occurred during 1987-1988 (Year 2), 
1990-1991 (Year 5), 1992-1993 (Year 7), 1995-1996 (Year 10), 2000-2001 (Year 15), 
and 2005-2006 (Year 20). The retention rate at each follow-up visit is 90% (Year 2), 86% 
(Year 5), 81% (Year 7), 79% (Year 10), 74% (Year 15), and 72% (Year 20), respectively. 
 
The PRC Study Chinese Asian Adults 
The PRC Study is a prospective, observational study of cardiovascular disease in China.  
This was a joint research program sponsored by the NIH involving the People’s Republic 
of China and the United States of America under the USA-PRC Cooperation in Science 
and Technology to conduct prospective studies on CVD and its risk factors.  In 1983–
1984, baseline data were collected from 13,210 Chinese men and women aged 24 – 84 
years. Participants were from urban and rural regions of Beijing (Northern China) and 
Guangzhou (Southern China).  Follow-up examinations were in 1987-88 and 1993-94. 
There were 1,848 between the ages of 24-35 (n=1,077 CF & n=771 CM) and 6,575 
subjects were between the ages of 45 to 64 at baseline (n= 3,286 CF & n=3,289 M).   

There are many similarities in the design and data collection among the three cohorts. 
The Collaborative Studies Coordinating Center (CSCC) at the University of North Carolina, 
Chapel Hill served as the coordinating center for both the PRC and ARIC studies. They provided 
training manuals and protocols for data collection and were responsible for data processing and 
review for both studies. Informed consent was obtained from each participant at each 
examination. Many of the data collection methods were similar among the PRC, ARIC and 
CARDIA studies. 
 
 
5. Main Hypothesis/Study Questions: 
Determine and compare the relationship of BMI with hypertension in American White, American 
Black and Chinese Asian adults in early and middle adulthood. 

a.  Determine the ethnic specific relationship of BMI with prevalent hypertension among 
American White, American Black and Chinese Asian adults in early (24-35 year olds) and 
middle (45-64 year olds) adulthood. 

We hypothesize the measure of effect associated with the BMI – prevalent hypertension 
relationship will vary by ethnicity during early and middle adulthood. Specifically, during 
early adulthood, the association will be steepest in Black Americans and least steep in 
Chinese Asians. During middle adulthood, the association will be steepest in Black 
Americans and least steep in White Americans.          

 



b. Determine the ethnic specific relationship of BMI with incident hypertension among 
American White, American Black and Chinese Asian adults in (24-35 year olds) and middle 
(45-64 year olds) adulthood. 

We hypothesize the effect associated with the BMI – incident hypertension relationship 
will vary by ethnicity during early and middle adulthood. Specifically, during early 
adulthood, the association will be steepest in Black Americans and least steep in White 
Americans. During middle adulthood, the association will be steepest in Chinese Asians and 
least steep in White Americans. 

 
 
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other 
variables of interest with specific reference to the time of their collection, summary 
of data analysis, and any anticipated methodologic limitations or challenges if 
present).  
 
We propose to use data from each cohort during the bolded visit years listed in Table 1. 
below. This will facilitate the best match of calendar year and age. 
 
Table 1. Cohort exam years 
 Cohort Exam Years 
Visit #  PRC CARDIA ARIC 

1 1983-84 1985-86   1987-89 
2 1987-88 1987-88 1990-92 
3 1993-94 1990-91 1993-95 
4  1992-93 1996-98 
5  1995-96    
6  2000-01    
7  2005-06  

 
 
 
Overview of Analytic Plan: 
Outcome, exposure and covariates 
 The primary outcome for this manuscript will be hypertension. We will also examine the 
outcome pre-hypertension in the young adult population. Participants will be classified as 
hypertensive if they present with 1) systolic blood pressure greater than or equal to 140 mm Hg, 
2) diastolic blood pressure greater than or equal to 90 mm Hg or 3) self-report of current 
antihypertensive medication use.  Participants will be classified as pre-hypertensive if they 
present with 1) systolic blood pressure of 120 to 139 mm Hg or 2) diastolic blood pressure of 80 
to 89 mm Hg. 

All models will use the same exposure variable, BMI, calculated from measured weight 
and height. BMI will be treated as a continuous variable unless a quadratic term is deemed 
appropriate. Models will be stratified by race within each age group. Covariates will include age, 
gender, field center, smoking, alcohol use and education. 
Measure of effect: 
 We will calculate prevalence and cumulative incidence. Comparisons of the effect of 
obesity between ethnic populations are susceptible to spurious conclusions depending on the use 
of multiplicative or additive risk estimates.  As demonstrated by Stevens,8 conclusions regarding 



the relative effect of obesity in Black vs. White adults were contradictory when employing risk 
ratio vs. risk difference measures. This was attributed to differences in the rate at the reference 
level of adiposity between ethnic groups and the impact of these differences when using a 
multiplicative as opposed to an additive risk assessment.9,10  This is one of the main reasons 
epidemiologists encourage the use of risk difference measures to estimate risk.11  Therefore, for 
each aim, we will calculate the risk difference to estimate risk. 
 
Limitations 
 There are limitations in the proposed work. Namely, several factors that influence blood 
pressure are hard to measure (physchosocial factors); some of the variables are not equivalent 
across ethnic groups (education level); potential bias may be introduced by variable treatment 
rates across ethnic groups; the overlay of ethnicity and social factors, geography and nationality 
cannot be separated; populations studies are from different countries; and lastly we do not have 
adequate measures of diet or physical activity measures across ethnic groups. 
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June Stevens past work with the ARIC cohort has been most similar to this analysis. She 
will be involved in the current project. 
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