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Abstract

Purpose—Approximately 20% of young adults in the United States are obese, and most gain
weight between young and middle adulthood. Few studies have examined the association between
elevated BMI in early adulthood and mortality or examined such effects independent of changes in
weight. We know of no studies in African American samples.

Methods—We used data from 13,941 African American and White adults who self-reported
their weight at age 25 and had weight and height measured when they were 45-64 years of age
(1987-89). Date of death was ascertained from 1987 to 2005. Hazard ratios and hazard differences
for the effects of BMI at age 25 on all-cause mortality were determined using Cox proportional
hazard and additive hazard models, respectively.

Results—In the combined ethnic-gender groups, the hazard ratio associated with a 5 kg/m?2
increment in BMI at age 25 was 1.28 (95% ClI: 1.22, 1.35) and the hazard difference was 2.75
(2.01, 3.50) deaths/1,000 person-years. Associations were observed in all four ethnic-gender
groups. Models including weight change from age 25 to age in 1987-89 resulted in null estimates
for BMI in African American men, while associations were maintained or only mildly attenuated
in other ethnic-gender groups.

Conclusions—Excess weight during young adulthood should be avoided as it contributes to
increases in death rates that may be independent of changes in weight experienced in later life.
Further study is needed to better understand these associations in African American men.
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INTRODUCTION

Between 1988 and 2004, obesity prevalence in young adults, aged 18-29, increased by
almost 100% [1, 2]. Over the past 30 years prevalence rates of obesity almost tripled in
young men (ages 20-39) and more than tripled in young women [3, 4]. Obesity rates in
young African Americans are even higher than those observed in the general population. In
NHANES 2007-2008 prevalence rates of obesity in 20-39 year old non-Hispanic African
Americans compared to Whites were 34.7% versus 26.3% in men and 47.2% versus 31.3%
in women [4].

There is reason for concern that these high rates of obesity in young adults could signal
future declines in the health and vitality of the American population. We know of four
studies [5-8] that have examined the effect of body weight in early adulthood (18-22 years)
on all-cause mortality among predominantly White populations. All these studies showed a
positive association between body weight and all-cause mortality with risks ranging from
16% to 95% comparing the highest BMI categories (ranging from >24.2 to >26.0 kg/m?) to
a lower category (ranging from <18.5 to <25.0 kg/m?2) in multivariate adjusted models. To
our knowledge, two studies have examined the impact of BMI during early adulthood on
mortality in Japanese [9, 10]. Recalled information on BMI at age 20 was collected as part
of the Ohsaki National Health Insurance study of 30,080 men and women 40-79 years of age
in 1994 [9]. Multivariable adjusted hazard ratios (HR) were 1.13 (95% CI: 1.03-1.24) for a
BMI of 25.0-29.9 kg/m? and 1.39 (95% CI: 1.11-1.75) for a BMI of >30.0 kg/m?. The
second study used self-reported weight at age 25 from 8,006 Japanese American men 45-68
years old in 1939-1945 who were participants in the Honolulu Heart Study [10]. Mortality
rates were higher among men with a BMI >26.3 kg/m? at age 25 (14.1 per 1,000) compared
to men with a BMI <21.2 kg/m? (7.1 per 1,000).

None of the available studies examined the contribution of early obesity among African
Americans or adjusted for the effects of subsequent weight change. The purpose of this
paper is to estimate the associations of BMI at age 25 to all-cause mortality in African
Americans and Whites. In addition, we will test whether adjusting for subsequent changes in
BMI between age 25 and middle adulthood (ages 45-64) alters the impact of BMI in young
adulthood on mortality in both ethnic groups.

METHODS

Study population

The Atherosclerosis Risk in Communities (ARIC) study is a prospective investigation of the
natural history and etiology of atherosclerosis and cardiovascular disease in four US
communities: Forsyth County, NC; Jackson, MS; the northwestern suburbs of Minneapolis,
MN; and Washington County, MD [11]. Baseline data were collected in 1987-1989 on
15,792 White and African American adults 45-64 years old. Three additional examinations
occurred at approximately three year intervals. This study was approved by the Institutional
Review Boards (IRB) at each field center and this analysis was approved by the University
of North Carolina at Chapel Hill Public Health and Nursing IRB on research involving
human subjects.

Measures and covariates

At visit 1, participants were asked to recall their body weight at age 25. Interviewers used
time-associated life events to assist participants in their recall. Body weight was measured at
all examinations in a scrub suit to the nearest pound using a beam balance scale. Height
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(without shoes) was measured to the nearest centimeter using a metal ruler attached to a wall
and a standard triangular headboard. BMI (weight (kg)/height (m?2)) was calculated at age 25
and at visit 1 using visit 1 height. Absolute weight change was calculated as the difference in
self-reported weight at age 25 and measured weight at visit 1.

To ascertain deaths, the ARIC study used cohort and community surveillance including
surveying discharge lists from local hospitals and local obituaries and conducting annual
reviews of vital statistics tapes to detect additional deaths. Death certificates were obtained
for all deaths. All-cause mortality was defined as death during the period between 1987 and
December 31, 2005. Follow-up years were calculated as years from visit 1 to date of death,
loss to follow-up, or December 31, 2005. Less than 1% of the cohort was lost to follow-up.

Date of birth, race/ethnicity and gender were self-reported during the recruitment phase and
confirmed during the first examination. Covariates assessed by interviewer administered
questionnaires at visit 1 included education, cigarette smoking status, alcohol consumption
and physical activity. We categorized education as less than a high school education, high
school graduate or at least some college. At visit 1, participants were asked “have you ever
smoked cigarettes”, “how old were you when you first started regular cigarette smoking”,
“do you now smoke cigarettes” and “how old were you when you stopped”. Using the data
generated, we categorized participants’ cigarette smoking status at age 25 (smoker or
nonsmoker) and at visit 1 (current, former or never cigarette smokers). Participants were
asked whether they “presently drink alcoholic beverages”, “ever consumed alcoholic
beverages” and the quantity of drinks (wine, beer, hard liquor) they usually consume per
week. The amount of ethanol consumed (in grams per week (g/wk)) was calculated
assuming the following: 4 0z wine=10.8 g, 12 0z beer=13.2 g, 1.5 oz hard liquor=15.1 g. For
a drinker who reported less than one drink per week, the alcohol consumption was recorded
as zero grams per week. At visit 1, participants were classified as never or rare drinker (0 g/
wk), former drinker, light drinker (<30 g/wk), moderate drinker (30-70 g/wk in women and
30-140 g/wk in men) and heavy drinker (>70 g/wk in women and >140 g/wk in men).
Physical activity was assessed using the Baecke leisure time physical activity questionnaire
[12], and was categorized using tertiles based on the entire cohort.

It is standard ARIC protocol to exclude African Americans from Washington County, MD
or Minneapolis, MN (n=55) and participants who classified their ethnicity as other than
White or African American (n=48) because the samples were too small to allow ethnic and
center-specific analyses. In addition, we excluded participants who met one of the following
conditions: 1) died within one year of visit 1 (n=93); 2) prevalent CHD or stroke at visit 1
(n=950); 3) missing visit 1 covariates or history of prevalent CHD or stroke (n=516); or 4)
missing smoking status or BMI at age 25 (n=189). This analysis was based on 13,941 White
and African American men and women.

Statistical analysis

Poisson regression was used to calculate mortality rates standardized to the mean value for
smoking status at age 25 and age, education, physical activity, alcohol consumption and
height at visit 1. Furthermore, the rates were standardized to a BMI of 21 kg/m? and equal
distribution by field center. The BMI-mortality relationship was examined on the
multiplicative (HR) and additive (hazard difference, HD) scales. The adjusted HRs were
calculated using Cox proportional hazard models [13] in SAS version 9.2 (SAS Institute,
Inc, Cary, North Carolina). The proportional hazards assumption, tested by examining
Kaplan-Meier survival curves and Schoenfeld residuals, was not violated. The adjusted HDs
were calculated based on additive risk models [14] in R (R Foundation for Statistical
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Computing, Vienna, Austria). The HRs and HDs were calculated overall and by ethnic-
gender group.

HRs and HDs per 1,000 person-years for all-cause mortality were calculated using
continuous and categorical BMI at age 25. For the categorical analysis, subjects were
classified as underweight (<18.5 kg/m?2), normal weight (18.5 to <25.0 kg/m?), overweight
(BMI 25.0 to <30.0 kg/m?) or obese (>30.0 kg/m?). For the continuous analysis, we chose
the most appropriate forms for BMI and weight change by fitting models with quadratic
splines. The initial models used quadratic spline regression analysis [15] with 5 knots to
examine the shapes of the association of BMI at age 25 and weight change from age 25 to
visit 1 with all-cause mortality. More simple models examined BMI and weight change in
quadratic or linear forms. Likelihood ratio tests were used to compare nested models.

Separate models using age or follow-up length as the time scale were examined. Results
were similar and here we present results from the analyses using follow-up time as the time
scale. Because of the large range of ages at visit 1 (45-64 years) the interval over which
weight change was assessed varied from 20-39 years. We investigated the impact of this
range by comparing results for participants with shorter compared to longer weight change
intervals, dividing the study population into two groups with equal numbers of events. We
found no differences between the groups in our primary analyses and, therefore, they are
combined here. Covariates in the full models included cigarette smoking status at age 25 and
age, education, field center, height, cigarette smoking status, alcohol consumption status and
physical activity at visit 1.

The descriptive characteristics of the analysis sample are shown in Table 1 by ethnic-gender
groups. The mean BMI at age 25 was within the normal range for all ethnic-gender groups
and slightly higher in men than women. African American women gained an average of 21.5
kg over 20-39 years, which was substantially more than observed in the other groups. For all
groups combined, BMI at age 25 and subsequent weight change (age 25 to visit 1) were
negatively correlated (r=-0.22), whereas the correlation between weight change and BMI at
visit 1 was positive (r=0.50). The correlation between BMI at age 25 and weight change was
null in White women (r=-0.02, p>0.1) and strongest in White men (r=-0.34). Correlations in
African American women and men were intermediate at -0.24 and -0.33 respectively.
Correlations of BMI at age 25 and BMI at visit 1 ranged from 0.47 (African American
women) to 0.59 (White women).

Crude mortality rates were higher in men than women of the same ethnicity and higher in
African Americans than Whites of the same gender (Table 2). The rate (per 1,000 person-
years) in African American men (19.3, 95% CI: 17.3-21.2) was over twice that seen in
White women (7.5, 95% CI: 7.0-8.1). Standardizing the rates for age, field center, smoking,
education, physical activity, alcohol consumption and height reduced differences between
the groups. Standardizing the estimates to a BMI of 21 kg/m? at age 25 tended to lower the
mortality rates and to further reduce differences among the ethnic-gender groups. Additional
standardization for weight change between age 25 and visit 1 had little impact. The fully
standardized death rates remained lower in Whites than in African Americans of the same
gender, but the differences were smaller than observed in the crude estimates.

Figure 1 shows the adjusted HR from mortality by weight status group, with and without
adjustment for weight change. Overall, compared to normal weight adults, the HR was
higher in overweight (HR=1.25, 95% CI: 1.13-1.38) and obese (HR=2.04, 95% CI:
1.74-2.38) adults. Estimates varied between ethnic and gender groups, but confidence
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intervals were large. Weight change was included in models as a quadratic spline function
with 5 knots at the ethnic-gender specific 5th, 15th, 25th, 50th and 95th percentiles. This
addition resulted in attenuation of the BMI estimates that was most apparent in obese
African American men and women. As shown in Figure 2, patterns of the associations
between weight status and mortality examined using differences were similar to those seen
using ratios. The categorical analyses shown in Figures 1 and 2 showed generally monotonic
associations between BMI and mortality.

For continuous BMI the linear form based on spline analysis and likelihood ratio tests for
nested models was appropriate in these data for models that examined HR and those that
examined HD. Results from the analyses of continuous BMI are shown in Table 3. The
overall mortality HR increased by 28% for every 5 kg/m? increment in BMI at age 25. After
adjusting for weight change, results were attenuated in all ethnic-gender groups, except
White men. The confidence interval for the HR included 1.0 in African American men
(HR=1.05, 95% ClI: 0.91-1.22), and there was a statistically significant difference (p<0.05)
between the fully adjusted estimates in African American and White men.

The HD analysis showed that, with all ethnic-gender groups combined, every 5 kg/m?2
increment of BMI was associated with 2.75 (95% CI: 2.01-3.50) more deaths per 1,000
person-years and this estimate was smaller (HD=1.74, 95% CI: 0.94-2.53) after adjustment
for weight change. The effect of BMI on mortality rate difference was significantly higher in
African American women compared to White women (p=0.013), but not in African
American men compared to White men when weight change was not adjusted. Adjusting for
weight change attenuated the results, and BMI was not statistically significant in African
American men, but there was no difference between African American and White men
detected.

DISCUSSION

Our analyses showed the estimated impact of young adult BMI on mortality given the
subsequent changes in body weight that naturally occurred in this free-living, community-
based sample. Thus, the unadjusted results provided a prediction of the risk of obesity in a
similar population of 25 year old adults, assuming that body weight would change with
aging as occurred in our free-living cohort. We found that elevated BMI at age 25 was
associated with more deaths than being normal weight at age 25, and the finding was
consistent in the overall and the ethnic-gender specific analyses and was seen in both HR
and HD.

Our results indicated that associations between BMI and mortality were as strong in African
Americans as in Whites and perhaps even slightly stronger in African American women than
White women when assessed using risk difference. This finding contrasts with some
previous studies showing weaker associations in African American compared to White
women [16]. The Cancer Prevention Study Il (CPS-I11) cohort, for example, included
participants aged 30-111 years and used recent information (baseline in 1982) and a
geographically diverse sample while controlling for possible confounding by smoking and
pre-existing illness [17, 18]. Despite a large sample size and good statistical power, no
statistically significant associations were found between elevated BMI and all-cause
mortality in African Americans but elevated BMI increased mortality in Whites.

In a review on the effect of BMI on all-cause mortality in African Americans in 2000 [16], it
was noted that several studies indicated that the impact of BMI on mortality may be weaker
in African Americans compared to Whites. Since the appearance of this review, we know of
only three studies that have compared associations of BMI and all-cause mortality between
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African Americans and White Americans [19-21]. Interactions with ethnicity and BMI were
not always tested and confidence intervals were large or not shown, but nevertheless, all
three studies showed that the relative risk associated with elevated BMI in African
Americans tended to be smaller than that observed in White Americans.

One concern about the interpretation of these studies stems from the use of risk estimates in
the form of ratios (odds ratios or HR) [22]. Often missing in the discussion is an
appreciation of the potential impact of differences in the incidence of the outcome at the
reference level of the exposure (e.g. death rates in normal weight African Americans
compared to normal weight Whites). When these levels are substantially different,
comparisons between ethnic groups can be in opposite directions depending on whether a
ratio or a difference is used to estimate effects [22]. In these instances we have suggested
investigators examine both risk ratios and risk differences and compare the trends between
groups cautiously. Since death rates are higher in African Americans than in Whites [23],
the type of estimates compared could be important. In an analysis comparing the BMI-
mortality associations, higher death rates among the normal weight could result in lower risk
ratios in obese African Americans (calculated as the death rate in obese divided by the death
rate in normal weight), even when the difference in the number of deaths (calculated as the
death rate in obese minus the death rate in normal weight) was larger in African Americans
compared to Whites.

In our analyses of ethnic and gender groups combined, adjusting for weight change from age
25 to visit 1 only slightly attenuated the HR and HD. This result suggested that BMI at age
25 may influence mortality even when subsequent weight change was controlled and that the
impact of obesity in young adults was not dependent on subsequent changes in BMI. This
overall finding was not seen in the separate analyses of African American men among
whom BMI was not associated with mortality after adjustment for weight change. Compared
to the other groups studied here, the association of BMI at age 25 with mortality in African
American men was apparently more dependent on weight changes, although the correlation
between BMI at age 25 and weight change (r=-0.33) was not larger than in other groups.
Weight change could be serving as a marker for important lifestyle factors in African
American men that were not measured here. To our knowledge, no other study has
investigated the link between long-term weight change and mortality in an African
American sample.

Estimates from previous studies on BMI in early adulthood and mortality among
predominantly Whites were consistent with our risk ratios [5-8]; Yarnell et al. (2000) [7],
for example, reported estimates of 1.25 (95% CI: 1.13, 1.38) for overweight and 2.04 (95%
Cl: 1.74, 2.38) for obese participants in the analysis without adjustment for weight change.

Of the six studies examining BMI in early adulthood that we mentioned previously [5-10],
only two used measured body weight in young adulthood [5, 8]. One examined 629 men in
the Glasgow Alumni Cohort whose body weight was measured at the Student Health Service
between 1948 and 1949 when the men were at a median age of 22 years [5]. The second
used data from 79,657 Dutch men aged 18 years from compulsory military medical
examinations [8]. Both studies found estimates similar to those found here, which is
reassuring given the fact that our data on weight at age 25 was self-reported and was
recalled over an interval of 20 years or longer. Self-reported weight is prone to measurement
error, yet it does provide a reasonable proxy of measured weight with correlation
coefficients above 0.9 for concurrent estimates [24]. In addition, it has been shown that
recall of weight much earlier in life (28 years prior) is also highly correlated (0.82) with
weight measured at that time. Nevertheless, there is bias toward the mean, and
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categorization of participants into weight status groups dependent upon absolute BMI is
imperfect [25].

It was a limitation of our study that the samples were not nationally representative and that
ethnicity was partially confounded by geographic location since African Americans were
studied in only two, and Whites in only three, of the four study centers. This study did not
include any deaths in individuals who died before the age of 45. It has been shown that
obesity-associated risk ratios tend to be larger in younger individuals compared to older,
whereas positive associations with age are seen when risk differences are examined [16].
Since patterns of BMI associations were similar in this study in both the ratio and the
difference analyses, it is unlikely that this feature of our study design seriously biased our
results, but we cannot know this with certainty. It was a strength of this work that we
examined risk using both ratios and differences. We hypothesized that higher levels of
mortality in normal weight African Americans compared to Whites might result in BMI
associated risk ratios being lower and risk differences being similar in African Americans
compared to Whites. However, similar levels of risk were observed using ratios and larger
risk using differences for African American (4.33, 95% ClI: 2.47, 6.19) compared to White
women (1.65, 95% CI: 0.65, 2.64) in analyses without control for weight change. The
greater number of deaths associated with obesity in young adult African American women
compared to White women, shown here in our analysis of risk differences, is a novel
finding. Since the number of deaths is more directly linked to public health impact, this
could indicate that obesity is more detrimental in African American women. In African
American and White men, both risk ratios and risk differences were similar.

In African American men, BMI was null in models including weight change, while
associations were maintained or only mildly attenuated in other ethnic-gender groups.
Causes of death in African Americans have been shown to differ from those of Whites [26].
These differences are most dramatic in African American men who suffer higher rates of
death from causes that are not likely linked to obesity, such as assault and homicide, viral
infections including HIV and viral hepatitis, septicemia, and pneumonia [23]. Differences in
the spectrum of causes may make associations between obesity and all-cause mortality less
clear in African American men. More work is needed to better understand the impact of
obesity on mortality in African American populations.
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Figure 1.

Adjusted hazard ratios for mortality by weight status category (at age 25) overall and by
ethnic-gender group. Models were adjusted for smoking status at age 25 and age, education,
field center, smoking status, physical activity, alcohol consumption and height at visit 1.
Overall model also adjusted for gender and race. Open symbols are from models not
adjusted for weight change. Closed symbols are from models adjusted for weight change
(measured weight at visit 1 minus self-reported weight at age 25 and modeled using a
quadratic spline function with 5 knots).
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Figure 2.

Adjusted hazard differences per 1,000 person-years for mortality by weight status category
(at age 25) overall and by ethnic-gender group. Models were adjusted for smoking status at
age 25 and age, education, field center, smoking status, physical activity, alcohol
consumption and height at visit 1. Overall model also adjusted for gender and race. Open
symbols are from models not adjusted for weight change. Closed symbols are from models
adjusted for weight change (measured weight at visit 1 minus self-reported weight at age 25
and modeled using a quadratic spline function with 5 knots).
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Table 1

Descriptive characteristics of the analysis sample by ethnic-gender groups
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White women (n=5,652)

African American White men (n=4,693)
women (n=2,272)

African American
men (n=1,324)

Age at visit 1 (years, mean (SD))
BMI at age 25 (kg/m?, %)
Underweight
Normal
Overweight
Obese
Weight at age 25 (kg &, mean (SD))
Weight change P (kg & mean (SD))
Height (cm, mean (SD))
Education (%)
Less than high school
High school or equivalent
At least some college
Cigarette smokers at age 25 (%)
Smoking status at visit 1 (%)
Never
Former
Current
Alcohol consumption at visit 1 (%)
Never/rare
Former
Light
Moderate
Heavy
Physical activity at visit 1 (%)
1st tertile (1.00-2.00)
2nd tertile (2.01-2.75)
3rd tertile (2.76-5.00)

53.9 (5.7)

8.1
80.6
8.6
2.7
56.9 (9.0)

12.2 (11.5)

162.0 (5.9)

15.7
51.0
333
40.7

51.0
24.4
24.6

52.2
13.7
10.9
10.8
12.3

40.2
331
26.7

53.2 (5.7) 54.5 (5.7)
10.6 15
69.5 62.6
14.0 30.6
5.9 5.3

59.4 (11.3) 74.6 (11.5)

215 (15.6) 9.8 (10.9)

163.1 (6.1) 176.3 (6.5)
38.8 16.3
29.4 39.2
317 445
332 64.6
58.8 29.4
17.3 46.4
2338 241
65.1 255
19.7 19.3

48 11.0
5.1 26.1
54 18.1
61.2 30.0
26.0 30.3
12.9 39.7

53.5 (5.9)

37
63.7
255

71

74.0 (13.1)

10.9 (14.1)

176.1 (6.7)

41.2
26.4
324
65.3

29.6
32.6
37.8

27.6
26.6
6.4
23.0
16.3

52.6
27.6
19.9

21 Ib=0.45kg;

b, . . . . .
Weight change calculated as measured weight at visit 1 minus self-reported weight at age 25
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