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Abstract

Objective—To compare body-mass index (BMI)-related mortality risk in US Blacks vs. Whites
as the relationship appears to differ across race/ethnicity groups.

Design and Methods—We pooled cross-sectional surveys of nationally representative samples
of 11,934 Blacks and 59,741 Whites aged 35-75 in the National Health Interview Survey from
1997-2002 with no history of cardiovascular disease or cancer. Mortality follow-up was available
through 2006. BMI was calculated from self-reported height and weight. We used adjusted Cox
regression analysis to adjust for potential confounders.

Results—Over 9 years of follow-up, there were 4,303 deaths (1,205 among never smokers).
Age-adjusted mortality rates were higher in Blacks compared to Whites at BMI < 25 kg/m? and
showed no increase at higher levels of BMI. In men, adjusted hazard ratios for all-cause death rose
in a similar fashion across upper BMI quintiles in Blacks and Whites; in women, however, BMI
was positively associated with mortality risk in Whites, but inversely associated in Blacks (p
interaction = 0.01). Racial disparities were amplified in subsidiary analyses that introduced a 12-
month lag for mortality or focused on CVD mortality.

Conclusions—The relationship of elevated BMI to mortality appears weaker in US Blacks than
in Whites, especially among women.
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INTRODUCTION

In non-smoking adults of European ancestry, body-mass index (BMI) above 25 kg/m? is
consistently associated with elevated mortality risk (1). The BMI-mortality relationship is
less consistent in non-white populations. For example, the relationship appears to be weak or
even flat in Asian Indians and Bangladeshis (2).

Data on BMI-related risk in US Blacks are mixed. Compared to Whites, BMI in Blacks
appears to be less strongly associated with body fat, dyslipidemia, and metabolic syndrome
(3). Likewise, epidemiologic studies suggest that the relationship between BMI and all-
cause mortality may be weaker in Blacks compared to Whites (4-15). In contrast, a recent
nationwide cohort study of black women demonstrated a graded mortality risk, but the
cohort was not designed to be nationally representative and over-sampled more educated
women (16). If the BMI-mortality relationship were indeed weaker in Blacks, current
recommendations regarding optimal BMI in Blacks might require modification upon
reviewing disease incidence and mortality data.

We hypothesized that the BMI-mortality relationship is weaker in Blacks than in Whites. To
test this hypothesis, we analyzed mortality data from a nationally representative cohort of
59,741 White and 11,934 Black adults aged 35 to 75.

METHODS

The National Health Interview Survey

We used nationally representative survey data from the National Health Interview Survey
(NHIS). NHIS uses a three-stage stratified cluster probability sampling design to conduct
annual face-to-face health interviews of non-institutionalized US civilians. A complete
description of NHIS procedures is available elsewhere (17).

The survey interviews were conducted using computer-assisted personal interviewing
(CAPI). After enumerating all the members of the household, the following data were
collected on every member: socio-demographic characteristics, medical history, activity
limitations, injuries, health insurance coverage, and access to and use of health care services.
Within each family in a household, one child (not included in this analysis) and one adult
(the focus of this analysis) were randomly selected to provide more extensive health-related
information. We used NHIS data pooled from 1997 to 2002 by the Integrated Health
Interview Series with links to the National Death Index (NDI) up to December 31, 2006
(18). The average response rate for the randomly sampled adults over the study period was
73.7% (range: 71.1-78.1%).
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Our study was approved by the Institutional Review Board’s Committee on Human
Research at the Johns Hopkins Bloomberg School of Public Health and the NHIS received
informed consent from each participant.

Study participants

Measures

Our sample included participants who were between 35 and 75 years old who were Non-
Hispanic White or Non-Hispanic Black (henceforth, White or Black) based on self-report.
We excluded individuals if they met any of the following conditions: 1) were born outside
the US; 2) reported a prior history of cancer and/or heart disease (to minimize the influence
of reverse causation); 3) were pregnant at time of interview; 4) had missing data on height,
weight, mortality, heart disease, cancer, or smoking status; or 5) had a body-mass index
(BMI) <15 or >55 kg/m?2. After exclusions, our final sample consisted of 71,675 participants
(see Figure 1). We compared analysis-eligible NHIS participants with complete data vs.
their counterparts with missing data and found no significant differences in age, sex, race,
health status, poverty status, or household size.

All-cause mortality—Our main outcome of interest was all-cause mortality. Deaths were
identified by linking NHIS to the National Death Index (NDI), and International
Classification of Disease (ICD)-10 codes were used. The NDI is a computer database of all
deaths in the US since 1979 with a high level of death ascertainment (19). The matching
methodology employed in linking NHIS and NDI is a modification of probabilistic
approaches and was performed by the National Center for Health Statistics (NCHS). This
procedure identifies 93% of deaths.

Only participants with sufficient data to be eligible for mortality follow-up were included in
the study and multiple sources of death information (e.g. NDI death certificate, Social
Security Administration, Center for Medicaid and Medicare Services) were used for
matching; if there was no linkage with death by the end of the study period, the participants
were assumed to be alive.

Body-Mass Index—Using the entire analytic sample of participant-reported heights and
weights, we classified participants into BMI quintiles, rounded to the nearest 0.5 BMI unit.
Quintile 1 represented BMI < 23.0 kg/m?; quintile 2: BMI 23.0-24.9 kg/m?; quintile 3: BMI
25.0-27.4 kg/m?; quintile 4: BMI 27.5-30.9 kg/m?; and quintile 5: BMI = 31.0 kg/m2.
Standardized categories based on WHO organization categorizations were also employed for
more straightforward comparisons.

Covariates—Covariates selected a priori as potential confounders included age (as the
timescale), smoking, alcohol consumption, leisure-time physical activity, educational
attainment, and marital status. We did not attempt to adjust for potential mediators of the
association between BMI and mortality (e.g. hypertension and diabetes mellitus). Cigarette
smoking status was categorized as ever or never, and alcohol consumption as current, former
or never. Leisure-time physical activity was categorized as none, low, or high based on the
participant’s answer to the following two questions: (1) ‘How often do you do light or
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moderate leisure-time physical activities for at least 10 minutes that cause only light
sweating or a slight to moderate increase in breathing or heart rate?” and (2) ‘How often do
you do vigorous physical activities for at least 10 minutes that cause heavy sweating or a
large increase in breathing or heart rate?” Participants who answered ‘never’ or ‘unable to do
this type activity’ were classified as ‘none.” Participants who engaged in at least some level
of activity and provided a specific number of activity bouts were classified as either “low”
or “high” using the median (i.e. 9 bouts of moderate and 5 bouts of vigorous activity) as the
cut point.

Educational attainment was categorized as low (no high school diploma), medium (high
school or general equivalency diploma), and high (higher than a high school diploma).
Marital status was categorized as either married; divorced, widowed, or separated; or never
married.

Statistical Analysis

We used sampling weights to account for the unequal probabilities of selection resulting
from the sample design, from non-response to the NHIS, and from planned oversampling of
Hispanic, Non-Hispanic Black, Non-Hispanic Asian and the elderly (65 years or older).
Standard errors or variance estimations were calculated using Taylor series linearization.
The “subpop” command in STATA version 10 (STATA Corporation, College Station,
Texas, USA, 2007) was used for correct variance estimation using the analytic sample. A
two-sided p-value < 0.05 was considered statistically significant.

We compared Blacks and Whites across BMI quintiles for sociodemographic characteristics,
self-reported medical history, health behaviors, and all-cause mortality. Continuous
variables were expressed as means (standard error). Distributions of categorical variables
were presented using estimated population percentages. To test for differences in pre-
specified sociodemographic, clinical, and behavioral characteristics between Whites and
Blacks, we used the Rao-Scott second-order-corrected Pearson statistic for complex survey
data (20).

We stratified all mortality analysis by smoking status (ever vs. never), since smoking is well
known to increase mortality risk while decreasing body weight. We focused mainly on never
smokers for that reason.

Using the age distribution from the 2000 U.S. Census as the standard population, we used
the direct adjustment method to calculate age-standardized death rates for BMI quintiles
associated with each race-sex group. We computed rate ratios by dividing the sex-specific
death rate for Blacks in each BMI quintile by the corresponding rate for Whites in the same
quintile. Rate differences were computed by subtracting the sex-specific death rate for
Blacks in each BMI quintile from the corresponding rate for Whites.

To calculate race-sex-specific excess death rates, BMI quintile 2 (23.0-24.9 kg/m?) was
used as the reference category. We first subtracted deaths in the reference category from
each BMI quintile for each specific race-sex group. To calculate sex-specific excess death
rates, we subtracted deaths in the reference category from Whites in each BMI quintile.
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We used Cox proportional hazard regression models to assess the race-sex specific hazard
ratio of all-cause mortality across BMI quintiles. The proportional hazards assumption of the
model, tested using Schoenfield residuals, was met.

Follow-up time for the analyses was counted from age at enrollment to either age of death
or, if classified as alive, then age at the end of the study period (31 December 2006), or age
75—whichever was lowest. Age in years was used as the timescale in proportional hazard
modeling.

We conducted three subsidiary analyses with limited power: 1) for mortality related to
cardiovascular disease, cancer, and other less common causes; 2) for a possible interaction
between educational attainment and mortality risk within race-sex groups and 3) after
excluding deaths within the first 12 months to reduce the likelihood of reverse causality.

We also conducted sensitivity analyses using a multiple imputation approach to correct for
potential impacts of covariate measurement errors in self reported BMI (21). The mean
model for imputing the measured BMI was developed using measured and self-reported
BMI data from the NHANES collected in 1999 to 2002, following a similar approach by
Stommel & Schoenborn (22), which resulted in a model accounted for 93% of the variability
in measured BMI. Ten sets of measured BMI were imputed and similarly analyzed, with
results combined using standard multiple imputation approach, to examine the robustness of
the finding based on self-reported BMI.

Characteristics of the study sample

Sociodemographic, clinical and behavioral characteristics of the 32,975 never-smokers
without a history of heart disease or cancer are shown by BMI quintile at baseline in Table
1. As expected, adults with higher BMI were more likely to be Black, to have less education,
to be physically inactive, and to have diabetes and hypertension. Similar trends prevailed
among ever smokers, except for education (Table 2).

Among never smokers, we found expected racial disparities (Table 3). Compared to their
White counterparts, Blacks had less education, were less likely to have married, were more
likely to have diabetes and hypertension, were more likely to be physically inactive, and had
higher BMI.

Black-White Comparison of the BMI-Mortality Relationship

During 9 years (median 6; mean 6.4) of follow-up from 1997 to 2006, corresponding to
212,349 person-years, there were 4,303 deaths: 3,321 in Whites and 982 in Blacks.

Age-standardized all-cause mortality rates for never and ever smokers by sex and BMI
quintile are illustrated in Figure 2. Among both never and ever smokers, mortality rates were
higher among Blacks compared to Whites, especially at BMIs < 25 kg/m?2. In Blacks,
mortality rates appeared higher in quintile 2 (23.0 — 24.9 kg/m?2) than in quintile 5 (31.0 —
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55.0 kg/m?2). In Whites, however, mortality rates appeared higher in quintile 5 than quintile
2, except in male ever smokers.

We found similar patterns for sex-specific excess deaths (Table 4). Excess deaths in Black
men (compared to White men) appeared higher in BMI quintiles 1 and 2 than in quintile 5.
Excess deaths in Black Women (compared to White women) appeared higher in BMI
quintiles 1 and 2 than in quintiles 4 or 5. The data is also displayed by standard BMI
categories (Supplementary Table 1).

Figure 3 displays fully adjusted hazard ratios for all-cause mortality by BMI, race and sex.
Low BMI (< 23.0 kg/m?2) was independently associated with higher mortality rates in all 4
race-sex groups compared to quintile 2 (23.0 — 24.9 kg/m?) as the referent. In never smoker
White women, BMI in excess of 25.0 kg/m? was associated with greater mortality in a
graded fashion. In white men, the relationship was flatter, but still statistically significant (p
=0.03) for quintile 5 (31.0 — 55.0 kg/m2) compared with quintile 2 (23.0 — 24.9 kg/m?). The
adjusted risk pattern in Black men was similar to that of their White counterparts. In
nonsmoking Black women, however, the relationship of BMI to mortality was inverse above
23.0 kg/m? and significantly different from the relationship in nonsmoking White women (p
for interaction = 0.01).

Subsidiary Analyses

We conducted three fully adjusted subsidiary analyses to confirm the robustness of our main
results. First, the Black-White contrast in risk patterns was heightened after excluding deaths
in the first 12 months of follow-up (Figure 4). Second, the contrast was also amplified when
we limited the outcome to cardiovascular disease (CVVD) mortality (Supplementary Table 2).
In this analysis, the BMI-mortality relationship was strongly positive in White men and
strongly negative in Black men (p for interaction < 0.001). Finally, in a pre-specified
analysis prompted by the results of the Black Women’s Study (16), we found interactions
between educational attainment and the BMI-mortality relationship: in White and Black
women and in White men, lower educational attainment was associated with an inverse
relationship between BMI and mortality (Supplementary Figure 1). Positive associations
between BMI above 23.0 kg/m? and mortality appear limited to individuals with at least a
high school education. Correcting for potential self-reporting errors in sensitivity analyses
did not meaningfully alter the risk patterns across BMI quintiles among race and sex groups
(Supplementary Figures 2 and 3).

DISCUSSION

These data suggest that the relationship of body-mass index to mortality risk is weaker in US
Blacks than in Whites, especially in women. The racial contrast in the BMI-mortality
relationship was present in never smokers without a history of heart disease or cancer, was
stronger when limited to cardiovascular disease mortality, and was stronger when excluding
deaths in the first 12 months of follow-up. Compared to prior studies of BMI and mortality
risk in Blacks, our study had four main strengths: 1) a nationally representative cohort; 2)
comparable data on Black and White men and women that allowed a direct comparison of
risk patterns; 3) more recently collected data; and 4) measurement error corrected estimates.
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Since 1980, at least 18 published studies of BMI and mortality have included data on US
Blacks (4-11, 13-16, 23-27). Ten studies included Black and White men and women from
the same study sample (5-7, 9-11, 23, 24, 26, 28), 2 studies reported the BMI-mortality
relationship among Blacks only (15, 16), 3 studies compared Black-White BMI-mortality
relationships in women only (5, 13, 14), and 1 in men only (29). Fifteen of the 18 studies
reported a weaker BMI-mortality relationship in Blacks vs. White women (4-7, 9-11, 13-
15, 23, 24, 26, 28), and 11 a weaker relationship in Black vs. White men (5-8, 10, 11, 23—
28). A review conducted in 2000 also concluded that the elevated BMI-mortality association
was weaker in Black compared to White women (29).

The strongest evidence favoring a positive BMI-mortality relationship in Blacks comes from
the Black Women’s Health Study (BWHS) (16). We used a nationally representative sample
of Black women, whereas the BWHS which recruited participants via college sororities,
professional organizations, and magazine subscription lists, producing a convenience sample
of whom 44% had completed college. In BWHS, the positive finding was limited to women
who had attended college; there was no relationship between BMI and mortality in women
who had not attended college. In our nationally representative cohort, the inverse
relationship of BMI to mortality was strongest, in absolute terms, in black women who had
not graduated high school. Low educational attainment also appeared to efface the positive
BMI-mortality relationship in Whites. Thus, convenience samples might hide important
interactions between socioeconomic status and BMI in regards to mortality risk.

Most large-scale studies of BMI and mortality rely on self-reported height and weight for
convenience. An exception is the NHANES Mortality Study, which uses measured height
and weight (7). Perhaps not incidentally, NHANES has generally found weaker associations
between BMI and mortality in the general population than have other cohort studies with
convenience samples and self-report data (7, 8, 24). Most studies have concluded that
Blacks and Whites do not self-report their height and weight differently (30-35) while some
have reported small differences (22, 36, 37), including a tendency for more educated Black
women to under-report body weight more than other race-sex-education groups (38).

If the elevated BMI-mortality relationship in U.S. Blacks, especially Black women is weaker
than in their White counterparts, what might explain the difference? First, BMI may be a
weaker indicator of adiposity in Blacks (39). Second, at the same level of adiposity, fat
distribution may be more favorable in Blacks (39). Third, BMI in Blacks is less strongly
associated than in Whites with dyslipidemia—an important risk factor for cardiovascular
disease (3, 26). Fourth, Black women may have greater chances of preclinical and
undiagnosed chronic diseases that may lead to weight loss, thereby enhancing the
probability of reverse causation. Fifth, BMI may pose a smaller obstacle to some health
behaviors in Black vs. White women. For example, increasing BMI is strongly associated
with a lower likelihood of undergoing routine mammography in White, but not Black
women (40).

How should the higher background mortality in Blacks, specifically in the reference group
(quintile 2, BMI 23.0 — 24.9 kg/m?), influence our interpretation? Higher mortality at lower
BMI must of course drive the weaker or inverse risk patterns in Blacks. But if BMI were
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positively associated with mortality in Black women, then rates should rise further with
BMI. Or if the BMI signal were too weak in the presence of higher background mortality,
then rates should remain steady or rise subtly in Black women. We did not observe such
patterns.

We conclude that the BMI-Mortality relationship appears weaker among Blacks compared
to Whites, especially among women—a finding that is consistent with the bulk of prior
mortality literature. We believe that these data support a careful reconsideration of current
BMI recommendations for US Blacks understanding that recommendations are largely
based on incidence rather than mortality data.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Dr. Brancati was supported by a grant from NIDDK (K24 DK62222). Drs. Yeh, Wang, and Brancati were
supported by a Diabetes Research and Training Center grant, also from NIDDK (P60 DK079637). Dr. Wang was
supported by a grant from NCATS (UL1 RR025005). Dr. Jackson was supported by a C. Sylvia and Eddie C.
Brown Scholarship from the Johns Hopkins Bloomberg School of Public Health.

Reference List

1. Berrington de GA, Hartge P, Cerhan JR, Flint AJ, Hannan L, Maclnnis RJ, et al. Body-mass index
and mortality among 1.46 million white adults. N Engl J Med. 2010; 363(23):2211-9. [PubMed:
21121834]

2. Zheng W, McLerran DF, Rolland B, Zhang X, Inoue M, Matsuo K, et al. Association between
body-mass index and risk of death in more than 1 million Asians. N Engl J Med. 2011; 364(8):719—
29. [PubMed: 21345101]

3. Lin SX, Carnethon M, Szklo M, Bertoni A. Racial/ethnic differences in the association of
triglycerides with other metabolic syndrome components: the Multi-Ethnic Study of
Atherosclerosis. Metab SyndrRelat Disord. 2011; 9(1):35-40.

4. Abell JE, Egan BM, Wilson PW, Lipsitz S, Woolson RF, Lackland DT. Age and race impact the
association between BMI and CVD mortality in women. Public Health Rep. 2007; 122(4):507-12.
[PubMed: 17639654]

5. Abell JE, Egan BM, Wilson PW, Lipsitz S, Woolson RF, Lackland DT. Differences in
cardiovascular disease mortality associated with body mass between Black and White persons.
AmJPublic Health. 2008; 98(1):63-6.

6. Calle EE, Thun MJ, Petrelli JM, Rodriguez C, Heath CW Jr. Body-mass index and mortality in a
prospective cohort of U.S. adults. N Engl J Med. 1999; 341(15):1097-105. [PubMed: 10511607]

7. Cornoni-Huntley JC, Harris TB, Everett DF, Albanes D, Micozzi MS, Miles TP, et al. An overview
of body weight of older persons, including the impact on mortality. The National Health and
Nutrition Examination Survey I--Epidemiologic Follow-up Study. J Clin Epidemiol. 1991; 44(8):
743-53. [PubMed: 1941025]

8. Durazo-Arvizu, R.; McGee, D.; Cooper, R. Mortality and optimal body mass index in African
American men and women; 1996 Proceedings of the Epidemiology Section; Chicago, IL. American
Statistical Association; 1996. p. 1-9.

9. Johnson JL, Heineman EF, Heiss G, Hames CG, Tyroler HA. Cardiovascular disease risk factors
and mortality among black women and white women aged 40-64 years in Evans County, Georgia.
American journal of epidemiology. 1986; 123(2):209-20. [PubMed: 3946371]

10. Livingston EH, Ko CY. Effect of diabetes and hypertension on obesity-related mortality. Surgery.

2005; 137(1):16-25. [PubMed: 15614276]

Obesity (Silver Soring). Author manuscript; available in PMC 2014 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jackson et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Page 9

Sanchez AM, Reed DR, Price RA. Reduced mortality associated with body mass index (BMI) in
African Americans relative to Caucasians. Ethn Dis. 2000; 10(1):24-30. [PubMed: 10764127]

Stevens J, Cai J, Pamuk ER, Williamson DF, Thun MJ, Wood JL. The effect of age on the
association between body-mass index and mortality. N Engl J Med. 1998; 338(1):1-7. [PubMed:
9414324]

Stevens J, Keil JE, Rust PF, Tyroler HA, Davis CE, Gazes PC. Body mass index and body girths as
predictors of mortality in black and white women. Archives of internal medicine. 1992; 152(6):
1257-62. [PubMed: 1599355]

Stevens J, Plankey MW, Williamson DF, Thun MJ, Rust PF, Palesch Y, et al. The body mass
index-mortality relationship in white and African American women. Obes Res. 1998; 6(4):268-77.
[PubMed: 9688103]

Wienpahl J, Ragland DR, Sidney S. Body mass index and 15-year mortality in a cohort of black
men and women. J Clin Epidemiol. 1990; 43(9):949-60. [PubMed: 2213083]

Boggs DA, Rosenberg L, Cozier YC, Wise LA, Coogan PF, Ruiz-Narvaez EA, et al. General and
abdominal obesity and risk of death among black women. NEnglJMed. 2011; 365(10):901-8.
National Center for Health Statistics, Centers for Disease Control and Prevention. National Health
Interview Survey. Hyattsville, MD: Available at: http://www.cdc.gov/nchs/nhis.htm [Accessed
October 22, 2012]

Minnesota Population Center and State Health Access Data Assistance Center. Integrated Health
Interview Series: Version 3.0. Minneapolis: University of Minnesota; 2010.

Stampfer MJ, Willett WC, Speizer FE, Dysert DC, Lipnick R, Rosner B, et al. Test of the National
Death Index. American journal of epidemiology. 1984; 119(5):837-9. [PubMed: 6720679]

Rao JN, Scott AJ. A simple method for the analysis of clustered binary data. Biometrics. 1992;
48(2):577-85. [PubMed: 1637980]

Cole SR, Chu H, Greenland S. Multiple-imputation for measurement-error correction.
IntJEpidemiol. 2006; 35(4):1074-81.

Stommel M, Schoenborn CA. Accuracy and usefulness of BMI measures based on self-reported
weight and height: findings from the NHANES & NHIS 2001-2006. BMCPublic Health. 2009;
9:421.

Adams KF, Schatzkin A, Harris TB, Kipnis V, Mouw T, Ballard-Barbash R, et al. Overweight,
obesity, and mortality in a large prospective cohort of persons 50 to 71 years old. N Engl J Med.
2006; 355(8):763-78. [PubMed: 16926275]

Durazo-Arvizu R, Cooper RS, Luke A, Prewitt TE, Liao Y, McGee DL. Relative weight and
mortality in U.S. blacks and whites: findings from representative national population samples.
Annals of epidemiology. 1997; 7(6):383-95. [PubMed: 9279447]

Durazo-Arvizu R, McGee D, Li Z, Cooper R. Establishing the nadir of the body mass index-
mortality relationship: a case study. JAmStatAssoc. 1997; 92(440):1,312-1,9.

Reis JP, Araneta MR, Wingard DL, Macera CA, Lindsay SP, Marshall SJ. Overall obesity and
abdominal adiposity as predictors of mortality in u.s. White and black adults. AnnEpidemiol.
2009; 19(2):134-42.

Tyroler HA, Knowles MG, Wing SB, Logue EE, Davis CE, Heiss G, et al. Ischemic heart disease
risk factors and twenty-year mortality in middle-age Evans County black males. Am Heart J. 1984;
108(3 Pt 2):738-46. [PubMed: 6475743]

Durazo-Arvizu RA, McGee DL, Cooper RS, Liao Y, Luke A. Mortality and optimal body mass
index in a sample of the US population. American journal of epidemiology. 1998; 147(8):739-49.
[PubMed: 9554415]

Stevens J. Obesity and mortality in Africans-Americans. Nutr Rev. 2000; 58(11):346-53.
[PubMed: 11140906]

Engstrom JL, Paterson SA, Doherty A, Trabulsi M, Speer KL. Accuracy of self-reported height
and weight in women: an integrative review of the literature. J Midwifery Womens Health. 2003;
48(5):338-45. [PubMed: 14526347]

Gillum RF, Sempos CT. Ethnic variation in validity of classification of overweight and obesity
using self-reported weight and height in American women and men: the Third National Health and
Nutrition Examination Survey. Nutr J. 2005; 4:27. [PubMed: 16209706]

Obesity (Silver Soring). Author manuscript; available in PMC 2014 September 01.


http://www.cdc.gov/nchs/nhis.htm

1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Jackson et al.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 10

Kuczmarski MF, Kuczmarski RJ, Najjar M. Effects of age on validity of self-reported height,
weight, and body mass index: findings from the Third National Health and Nutrition Examination
Survey, 1988-1994. J Am DietAssoc. 2001; 101(1):28-34.

McAdams MA, Van Dam RM, Hu FB. Comparison of self-reported and measured BMI as
correlates of disease markers in US adults. Obesity (Silver Spring). 2007; 15(1):188-96. [PubMed:
17228047]

Merrill RM, Richardson JS. Validity of self-reported height, weight, and body mass index: findings
from the National Health and Nutrition Examination Survey, 2001-2006. Prev Chronic Dis. 2009;
6(4):A121. [PubMed: 19754997]

Rowland ML. Self-reported weight and height. Am J Clin Nutr. 1990; 52(6):1125-33. [PubMed:
2239790]

Craig BM, Adams AK. Accuracy of body mass index categories based on self-reported height and
weight among women in the United States. MaternChild Health J. 2009; 13:489-96.

Villanueva EV. The validity of self-reported weight in US adults: a population based cross-
sectional study. BMCPublic Health. 2001; 1:11.

Yun S, Zhu BP, Black W, Brownson RC. A comparison of national estimates of obesity prevalence
from the behavioral risk factor surveillance system and the National Health and Nutrition
Examination Survey. Int J Obes (Lond). 2006; 30(1):164-70. [PubMed: 16231026]

Camhi SM, Bray GA, Bouchard C, Greenway FL, Johnson WD, Newton RL, et al. The
relationship of waist circumference and BMI to visceral, subcutaneous, and total body fat: sex and
race differences. Obesity(SilverSpring). 2011; 19(2):402-8.

Maruthur NM, Bolen S, Brancati FL, Clark JM. Obesity and mammography: a systematic review
and meta-analysis. JGenlnternMed. 2009; 24(5):665-77.

Obesity (Silver Soring). Author manuscript; available in PMC 2014 September 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Jackson et al.

NHIS, 1997-2002
(n= 594,085)

Page 11

Not Sampled (by design)
(n=397,984)

\ 4

Age <35 or >75 years
(n=75,090)

A 4

Not NH White or NH Black
(n=20,970)

Eligible Sampled Adults
(n=94,635)

A 4

Non-US Born
(n=5,406)

n= 90,730

A 4

Outside BMI Range
(n=3,905)

A 4

Missing Data*
(n=4,617)

n= 86,113

A 4

n= 71,867

Heart Disease (n=7,701)
Cancer (n=7,664)
Both (n=1,119)

A 4

Total Analytic Sample
(n=71,675)

s

v

Pregnant
(n=192)

Never Smokers
(n=32,975)

Ever Smokers
(n=38,700)

Figure 1. Composition of the Analytic Sample
NHIS=National Health Interview Survey from 1997 to 2002 with mortality follow-up until

2006; NH=Non-Hispanic; *Missing data on smoking, cancer, heart disease, or mortality
status; All participant characteristics have less than 10% missing values. Not sampled=not
randomly selected to participate in sample adult file that has more extensive health data than

family file
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Figure 2. Age-standardized All-Cause Mortality Rates (per 1000 person-years) through 2006 for
(1) 32,975 Never Smokers and (2) 38,700 Ever Smokers Aged 35 to 75 Years without a History of
Heart Disease or Cancer at Baseline, by Race, Sex, and Body-Mass Index Quintile

Bars indicate upper or lower 95% confidence intervals.
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Figure 3. Adjusted Hazard Ratios for Death from Any Cause among 1) 32,975 Never Smokers
and 2) 38,700 Ever Smokers Aged 35 to 75 without Heart Disease or Cancer at Baseline by Race,
Sex, and Body-Mass Index Quintile

Error bars indicate upper or lower 95% confidence intervals

Hazard ratios were obtained using Cox proportional hazards models adjusted for age (as the
timescale), alcohol consumption, leisure-time physical activity, educational attainment (less
than high school, high school, some college, college or more), and marital status.

Each race-sex specific group uses its respective quintile 2 as the reference

*Indicates p<0.05 for comparison to quintile 2 for each separate race-sex group

p for linear trend for quintile 2 through quintile 5: 0.09 (White men) and 0.25 (White
women)

p for Race-BMI
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Figure 4. Adjusted Hazard Ratios for All-Cause Mortality (Censoring Deaths in the First 12
Months of Follow-Up) in 32,975 Never Smokers Aged 35 to 75 without Heart Disease or Cancer
by Race, Sex, and Body-Mass Index Quintile

Hazard ratios were obtained using Cox proportional hazards models adjusted for age (as the
timescale), alcohol consumption, leisure-time physical activity, educational attainment (less
than high school, high school, some college, college or more), and marital status. Each race-
sex specific group uses its respective quintile 2 as the reference *indicates p<0.05 for
comparison to quintile 2; p for linear trend above quintile 2 is p=0.08 (White men); 0.95
(Black men); 0.20 (White women); 0.30 (Black women); p for Race-BMI interaction: 0.12
(men) and 0.03 (women)
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Table 1

Baseline Sociodemographic, Health Behavior, and Clinical Characteristics of 32,975 Never Smokers Aged 35
to 75 without Heart Disease or Cancer by BMI Quintile, National Health Interview Survey, 1997-2002

BMI (kg/m?)
Q1 Q2 Q3 Q4 Q5 All Quintiles
<23 23.0-249 250-274 275-309 231.0
Sample Size 6,740 5,356 7,377 6,354 7,148 32,975
Age, mean (SE) 48.2(0.15) 49.5(0.16) 49.7(0.14) 49.7(0.16) 49.3(0.13)  49.3(0.07)
Age group
35-49 63 58 57 57 57 58
50-64 25 28 30 30 32 29
65-75 12 14 13 13 11 13
Male 21 43 56 54 42 43
White 93 90 88 84 79 87
Black 7 10 12 16 21 13

Educational Attainment

<High school 26 30 31 32 36 31
High school graduate 5 6 7 9 11 8
Some college 26 26 27 28 30 27
2College 43 38 35 31 23 34
Marital Status
Married/Living with Partner 73 73 74 73 67 72
Divorced/widowed/separated 17 18 18 18 21 18
Never married 10 9 8 9 12 10
Income Below Poverty Level 5 4 4 5 8 5

Health Behaviors

Alcohol Drinking

Current 25 24 24 26 30 26
Former 10 12 13 14 17 13
Never 65 64 63 60 53 61

Leisure-time physical activity

Inactive 27 29 31 33 43 33
Low 35 34 34 35 30 34
High 38 37 35 32 27 33
Clinical Characteristics
BMI (kg/m?), mean (SE) 21.1(0.02) 24.0(0.01) 26.2(0.01) 29.2(0.01) 35.6(0.06) 27.4 (0.04)
Hypertension (yes) 12 17 22 31 44 25
Diabetes (yes) 2 2 4 6 13 5

All results are percentages (except where indicated) and are weighted to reflect the general US population. SE indicates standard error
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Table 2

Baseline Sociodemographic, Health Behavior, and Clinical Characteristics of 38,700 Ever Smokers Aged 35
to 75 without Heart Disease or Cancer by BMI Quintile, National Health Interview Survey, 1997-2002

BMI (kg/m?)
Q1 Q2 Q3 Q4 Q5 All Quintiles
<23 23.0-249 250-274 275-309 231.0
Sample Size 8,570 6,523 8,893 7,405 7,309
Age, mean (SE) 496 (0.13) 50.7(0.14) 51.4(0.13) 51.4(0.15) 51.0(0.14)  50.8 (0.07)
Age group
35-49 57 52 49 48 48 51
50-64 29 33 36 37 39 35
65-75 14 14 15 15 13 14
Male 35 54 66 68 56 56
White 93 91 89 85 80 87
Black 9 10 11 13 16 13

Educational Attainment

<High school 37 37 37 38 39 38
High school graduate 15 13 13 15 17 14
Some college 28 28 29 29 29 28
2College 20 22 21 19 15 19
Marital Status
Married/Living with Partner 72 73 74 73 67 72
Divorced/widowed/separated 18 18 18 18 20 18
Never married 10 9 8 9 13 10
Income Below Poverty Level 10 8 6 7 10 8

Health Behaviors

Alcohol consumption

Current 9 8 8 9 10 9
Former 18 18 19 21 25 20
Never 73 74 73 69 65 71

Leisure-time physical activity

Inactive 40 35 36 38 45 39
Low 27 30 30 30 28 29
High 33 36 34 32 26 32
Clinical Characteristics
BMI (kg/m?), mean (SE) 21.0(0.02) 24.0(0.01) 26.2(0.01) 29.2(0.01) 35.3(0.06) 27.1(0.03)
Hypertension 15 22 26 33 44 28
Diabetes 3 4 6 8 15 7

All results are percentages (except where indicated) and are weighted to reflect the general US population. SE indicates standard error
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Table 3

Baseline Sociodemographic, Health Behavior, and Clinical Characteristics of 32,975 Never Smokers Aged 35
to 75 without a History of Heart Disease or Cancer, by Race and Sex, National Health Interview Survey,

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

1997-2002

White men Black men p-value White women Black women p-value Total
Sample Size 11,123 1,861 16,037 3,954 32,975
Age in years, mean (SE) 475(0.11)  46.7 (0.30) 0.731 50.9 (0.11) 49.3 (0.24) <0.001  49.3(0.07)
Age group
35-49 65 69 52 58 59
50-64 27 23 32 28 29
65-75 8 9 0.136 16 14 <0.001 13
Educational Attainment
<High school 26 37 34 34 31
High school graduate 5 14 7 19 8
Some college 26 29 28 29 27
>College 43 20 <0.001 31 18 <0.001 33
Marital Status
Married/Living with Partner 77 62 74 43 72
Divorced/widowed/separated 12 20 20 39 18
Never married 11 19 <0.001 6 19 <0.001 10
Income Below Poverty Level 3 9 4 20 6
Health Behaviors
Alcohol Drinking
Current 17 28 29 49 26
Former 13 18 12 17 13
Never 70 54 <0.001 59 34 61
Leisure-time physical activity <0.001
Inactive 28 41 33 52 34
Low 35 29 34 26 33
High 37 30 <0.001 33 22 <0.001 33
Clinical Characteristics
BMI (kg/m?), mean (SE) 27.8(0.05) 29.0(0.14) <0.001 26.5 (0.06) 29.8 (0.13) <0.001 27.4(0.04)
Hypertension 22 32 <0.001 25 41 <0.001 25
Diabetes 5 8 <0.001 5 12 <0.001 6

All results are percentages (except where indicated) and are weighted to reflect the general US population. SE indicates standard error
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Age-standardized All-cause Mortality Rates (per 1,000 person-years) and Excess Deaths by Race and Body-
Mass Index Quintile in 32,975 Never Smokers Without Heart Disease or Cancer at Baseline through 2006

Black men (n=1,861)
BMI Quintile (kg/m?)

<230 23.0-249 25.0-27.4 27.5-30.9 >31.0
Deaths, n 20 13 28 15 43
Population, N 158 238 493 361 611
Person-years of follow-up 978 1,515 3,205 2,977 3,068

Death rate”

Per 1000 p-yrs (CI)

176.0 (89.9 - 262.2)

75.8 (29.6 — 122.0)

77.6 (48.1 - 107.0)

85.3 (48.2 -122.4)

717 (41.2 - 102.3)

Excess deaths (own ref) 100.2 - 1.8 9.5 -4.1
Excess deaths (WM ref) 137.8 37.6 38.4 47.1 335

White men (n=11,123)

BMI Quintile (kg/m?)

<230 23.0-24.9 25.0-27.4 27.5-30.9 >31.0

Deaths 52 55 95 77 95
Population 1,202 1,882 3,294 2,632 2,113
Person-years of follow-up 7,866 12,273 21,232 16,929 13,171

Death rate”

Per 1000 p-yrs (CI)

72.9 (53.3 - 92.5)

38.2 (26.3 - 50.1)

42.7(32.5-52.9) 38.6(28.5-48.7)

67.6 (50.7 — 84.6)

Excess deaths (own ref) 34.7 - 4.5 0.4 29.4
Black-White Difference 103.1 37.6 34.9 46.7 4.1
Black-White Ratio 2.41 1.98 1.82 2.21 1.06
Black women (n=3,954)
BMI Quintile (kg/m?)

<23.0 23.0-24.9 25.0-27.4 27.5-30.9 >31.0
Deaths 26 26 19 52 80
Population 493 494 692 853 1,422
Person-years of follow-up 3,148 3,200 4527 5,448 8,883

Death rate”

Per 1000 p-yrs (CI)
Excess deaths (own ref)
Excess deaths (WW ref)

94.2 (51.9 - 136.5)
27
68.2

91.5 (54.7 — 128.4)

65.5

34.4(16.6 - 52.2)
-57.1 -259

8.4 39.6
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White women (n=16,037)
BMI Quintile (kg/m?)

<23.0 23.0-249 25.0-274 27.5-30.9 231.0
Deaths 129 67 101 87 125
Population 4,887 2,742 2,898 2,397 3,113
Person-years of follow-up 31,955 17,842 18,860 15,557 19,715
Death rate”

Per 1000 p-yrs (CI) 36.1(28.7-436) 26.0(19.7-324) 31.0(249-37.2) 36.3(29.1-43.6) 43.2(35.2-51.1)
Excess deaths (own ref) 10.1 - 5 10.3 17.2
Black-White Difference 58.1 65.5 34 29.3 19.3
Black-White Ratio 2.61 3.52 111 1.81 1.45

*

Age-standardized by the direct method with 3 age categories (35-49; 50-64; 65-75 years) and the 2000 US Census as the standard;
Cl=confidence interval; MR=Mortality rate; excess death rates determined by comparing death rate with reference death rate category of 22.84—
25.09 for 1) race-sex specific group or 2) the sex-specific White category. WM=White men; BM=Black men; WW=White women; BW=Black
women; ref=reference; own ref=each race-sex specific group uses its respective quintile 2 as the reference
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