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Background. To compare the effect of obesity and related risk factors on 10-year mortality in two cohorts of older
adults of African descent; one from the United States and one from Nigeria.

Methods. Study participants were community residents aged 70 or older of African descent living in Indianapolis,
Indiana (N = 1,269) or Ibadan, Nigeria (1,197). We compared survival curves between the two cohorts by obesity class
and estimated the effect of obesity class on mortality in Cox proportional hazards models controlling for age, gender,
alcohol use, and smoking history, and the cardiometabolic biomarkers blood pressure, triglycerides, high-density lipo-
protein, low-density lipoprotein, and C-reactive protein.

Results. We found that underweight was associated with an increased risk of death in both the Yoruba (hazards ratio =
1.35, 95% confidence interval: 1.12—1.63) and African American samples (hazards ratio = 2.49, 95% confidence interval:
1.40-4.43) compared with those with normal weight. The overweight and obese participants in both cohorts experienced
survival similar to the normal weight participants. Controlling for cardiometabolic biomarkers had little effect on the
obesity-specific hazard ratios in either cohort.

Conclusions. Despite significant differences across these two cohorts in terms of obesity and biomarker levels, overall
10-year survival and obesity class—specific survival were remarkably similar.
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BESITY is a long-established risk factor for disease,

but evidence has raised questions about excess weight,
including mild obesity, as a risk factor for mortality in older
adults (1). Although the findings of two recent meta-analy-
ses of body mass index (BMI) and mortality conflict slightly
in regard to older adults (2,3), the largest and most recent
of the two which used measured height and weight showed
overweight was associated with less mortality risk and obe-
sity was not associated with risk in comparison to normal
BMI (3). Findings regarding BMI and mortality are even
more striking for African American adults (4). Overweight
and class I obesity (and class II obesity among women)
were recently shown to be associated with less mortality
than normal weight (5). These findings were based on a
cohort study with a 7-year follow-up of over 50,000 men
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and women and were similar when restricted to adults of
older ages. These counterintuitive findings may be under-
stood under what has been termed an obesity paradox (6).

The obesity paradox refers to the observation that BMI
has an inverse association with mortality among adults with
chronic illness and among older adults. Some have hypoth-
esized this to be a spurious finding; lower weight adults
have advanced illness and BMI serves as a proxy for illness
severity (7). African Americans and older adults have rela-
tively high rates of chronic illness so this hypothesis may be
playing out in these subpopulations.

Others have hypothesized that older adults benefit from
excess adiposity, which provides more energy reserves to
fight off acute illness (8). A very recent study showed that
lower density tissue determined from computed tomography
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imaging, an indication of greater fat content, was associated
with less mortality (9). Another hypothesis is that BMI is a
poor proxy for excess body fat and does not capture nuances
of fat storage (10). Biomarkers such as triglycerides, high-
density lipoprotein (HDL), and C-reactive protein may bet-
ter represent fat storage and risk (11,12).

In an effort to shed light on the so-called obesity para-
dox among African Americans, we compared the effect of
obesity and related risk factors on mortality in older adults
of African descent who resided in the Midwestern United
States (Indianapolis) and older Yorubas who resided in
Ibadan, Nigeria. In contrast to Indianapolis’ obesogenic
environment, Ibadan can be characterized as a leptogenic
environment. An obesogenic environment is one in which
energy dense foods are palatable and relatively inexpen-
sive and where daily physical activity demands are low for
a majority of inhabitants. For unknown reasons, African
Americans, particularly women, have proven to be par-
ticularly susceptible to the obesogenic environment of the
United States (13). The leptogenic environment that the
Yoruba of Ibadan experience, on the other hand, offers lim-
ited opportunity for energy dense foods and involves sig-
nificant daily energy expenditure (14).

Given these contrasting environments, the two cohorts
have very different levels of obesity. In fact, the BMI dis-
tributions of the two samples overlap little. In the Ibadan
sample, over three fourths have a BMI that classifies as
underweight or normal weight according to World Health
Organization guidelines. In the Indianapolis sample, over
three fourths have a BMI of overweight or obesity. The
two cohorts also have different cardiometabolic biomarker
risk factor levels with Ibadan generally having much more
favorable levels than Indianapolis.

In light of the current literature and these contrast-
ing environments and biomarker profiles, we tested four
hypotheses in these two samples of older adults: (a) under-
weight adults have higher rates of chronic illness, (b) older
Yorubas who were underweight or normal weight at base-
line did not experience greater mortality in comparison to
overweight or obese Yorubas, (c) obese older adults experi-
ence less mortality in comparison to normal weight older
adults (fat confers survival), and (d) there is no association
between BMI and mortality but a significant association
between biomarker levels and mortality.

METHODS

Study Populations

Data are from the Indianapolis—Ibadan Dementia Project,
a population-based comparative epidemiological study of
risk factors for dementia. Study participants were commu-
nity residents aged 70 or older of African descent living in
Indianapolis, Indiana, or Ibadan, Nigeria. The first cohorts
were recruited in 1992. In 2001, survivors of the original

1163

cohorts were reinterviewed, and new participants were
added. For the analyses reported here, we used the 1992 sur-
vivors available in 2001 and the 2001 cohort with 10-year
mortality follow-up. Details of the study methodology have
been described elsewhere (15). The study was approved by
the Ethics Committee of the University of Ibadan/University
College Hospital, Ibadan, Nigeria, as well as the Indiana
University-Purdue University of Indianapolis Institutional
Review Board. All enrolled participants provided informed
consent for each phase of the study.

In the first recruitment in 1992, a cohort of African
Americans aged 65 or older living in Indianapolis were
enrolled in the study. The geographic target area used in
the study consisted of 29 contiguous census tracts in which
African Americans represented 80% of the population in
the 1990 U.S. census. Interviewers went door to door to ran-
domly sampled addresses to invite African Americans aged
65 and older to participate. In 1992, 2,212 individuals were
enrolled while 249 (9.6%) refused and 121 (4.7%) were too
sick to participate. In the 2001 Indianapolis recruitment,
potential study participants were screened for age, ethnic-
ity, and county of residence from Medicare beneficiary
files. There were 4,433 older adults meeting criteria and not
already in our study that were contacted. A slight majority
either refused (2,020) or was too ill, dead, or in a nursing
home (523). There were 1,893 (43%) who agreed to partici-
pate and were enrolled in the study.

In Ibadan, a census was conducted in contiguous, politi-
cally defined geographic districts populated by the Yoruba.
With the approval of community leaders, the study was
highly regarded in the community and no one refused. In
1992, 2,486 participants were enrolled, and in 2001, 1,939
participants were enrolled.

In 2001, a separate consent for blood draw was completed
in survivors and new enrollees. In Indianapolis, 1,516 of
2,631 surviving participants from both enrollments con-
sented to the blood draw and 1,254 of 2,807 consented in
Ibadan. For this analysis, we required biomarker data ascer-
tained from the blood draw. Missing data, primarily blood
pressure and C-reactive protein, in Indianapolis left a sam-
ple for the analyses reported here of 1,269 (83.7%). Missing
data in the Ibadan sample, primarily C-reactive protein, left
1,197 (95.5%) for our analyses. See Figure 1; more study
details are available in prior publications (15-17).

Measures

Date of birth for Indianapolis participants was available
from the Medicare files and confirmed by the participants.
A standard practice for establishing date of birth among
adults in Nigeria is from a table of historical landmarks well
known to the population. This is a well-tested practice (18).
In the Indianapolis cohort, date of death was obtained from
obituaries and the Indiana State Vital Statistics. For the
Ibadan cohort, interviewers monitored the community daily
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Enrolled in 1992

N1=2212
N,=2486

Alive in
2001

Ni=1434
N,=1235

Evaluated in 2001 /

N1=738
N,=868

Newly Enrolled in 2001

N,=1893
N,=1939

Had Blood Draw in 2001

N1=1516
N,=1254

Excluded Due to Missing Data

Ny=247
N,=57

Subjects Included in Analysis

N1=1269
N,=1197

Figure 1. Sample size and recruitment flow diagram (N, = Indianapolis; N, = Ibadan).

and recorded all deaths. The surviving participants from the
Ibadan cohort were censored at the participant’s last visit,
while those from Indianapolis were censored on the last day
of the project in Ibadan, August 26, 2011.

At both sites, the participant or a family member
responded to the questions “Do or did you drink alcoholic
beverages” and “Has there ever been a period when you
smoked cigarettes, cigars, a pipe, chewing tobacco, or snuff
nearly every day?” BMI was determined from height and
weight measurements and categorized according to the
World Health Organization criteria (19) into underweight
(<18.5), normal (18.5-24.9), overweight (25-29.9), and
obese (230). Blood pressure was taken by trained interview-
ers with Omron digital units. In both samples, history of
disease, illness, and injury was obtained by self- or proxy
report. We included in this report history of angina, arthri-
tis, depression, diabetes, epilepsy, head injury, heart attack,
hypertension, kidney disease, liver disease, lung disease,
Parkinson’s disease, stroke, thyroid disease, vascular dis-
ease, cancer, and heart problems.

Blood samples were drawn in 10-mL EDTA Vacutainer
tubes. The specimens were transported on ice from the field

to the laboratory at Ibadan University College Hospital. In
the laboratory, erythrocytes, buffy coat, and plasma were
separated. After labeling the plasma and buffy coat tubes
with a unique bar code for each participant, the samples
were stored in a —=70°C freezer. Samples were shipped to
Indiana University in approved blood shipping containers
with dry ice and arrived usually within 3 days. Samples from
Indianapolis were directly processed at Indiana University.
Triglyceride and HDL cholesterol levels were deter-
mined by using commercial kits from Roche Diagnostics
(Indianapolis, IN). Low-density lipoprotein (LDL) cho-
lesterol levels were calculated by using the Friedewald
equation. C-reactive protein was determined by using a
commercial kit from BioRad, Hercules, CA.

Analysis

We first provide descriptive data and make comparisons
across the cohorts on each of the variables using ¢ tests
for continuous variables and chi-square tests for categori-
cal variables. Cox’s proportional hazard models were used
with time to death from baseline as the outcome variable,
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and BMI groups as the independent variable in each cohort
adjusting for age, gender, smoking history, and alcohol
use. A global test of the proportional hazards assumption
was performed by including time-dependent covariates
representing interactions between a function of time and
each independent variable. The normal weight group was
designated as the reference group. To account for poten-
tial reverse causality in the relationship between BMI and
serious illness, we reran the multivariate models exclud-
ing those who died within the first year of follow-up. We
also investigated disease rates and biomarker levels of
underweight, overweight, and obese participants from
Indianapolis and Ibadan in comparison to normal weight
participants using logistic regression and analysis of covari-
ance models for each cohort. Finally, we present the results
of multivariate cox proportional hazards models of death
comparing hazard ratios (HRs) of select biomarkers and
patient characteristics and BMI in each cohort. HR, 95%
confidence intervals (CI), and p values are reported from
the survival models. Log-rank tests were used to compare
survival curves using Kaplan—Meier estimator between the
BMI groups for each cohort.

RESsULTS

Table 1 shows that the prevalence of ever smoking and
any alcohol use were considerably lower in the Yoruba. As
noted earlier, BMI was dramatically different; 25% of the
Yoruba had a BMI in the underweight category while just
1.3% of the African Americans did. Fifty-four percent of the
Yoruba were in the normal weight category while 21% of
the African Americans were in the normal weight category.
African Americans were twice as likely to be overweight
and over 7 times more likely to be obese in comparison to
the Yoruba. The African American cohort had significantly
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lower mean blood pressure readings, but 77% reported
use of antihypertensive medications (data not shown). The
Yoruba rarely receive pharmaceutical treatment for high
blood pressure and when they do it is not sustained in many
due to affordability. Finally, in comparison to the Yoruba,
African Americans had significantly higher LDL, triglycer-
ides, and C-reactive protein.

Although 1.1 years younger on average, the Yoruba
experienced a statistically similar 10-year mortality rate as
the African Americans (Table 1). Figure 2 shows survival
curves by BMI class separately for the Yoruba and African
American cohorts. As can be seen, the overweight and obese
participants in both cohorts experienced survival similar to
the normal weight participants, whereas the underweight
experienced higher mortality.

Hypothesis 1, that underweight adults have higher rates
of chronic illness, is not supported. The only diseases, ill-
nesses, or injuries that were significantly elevated for the
underweight compared with the normal weight class in the
Indianapolis sample were depression (24% vs 8%) and liver
disease (12% vs 1%; see Table 2). In the Yoruba, none of the
17 diseases, illnesses, or injuries was elevated in the under-
weight compared with normal weight Yoruba participants.
In fact, hypertension was less prevalent in the underweight.
Of the biomarkers blood pressure, triglycerides, HDL and
LDL cholesterol, and CRP, the only one that differed sig-
nificantly between the underweight and normal weight
respondents in both cohorts was HDL cholesterol, which
was significantly higher in the underweight participants
(see Table 2). Also in the Ibadan cohort, diastolic blood
pressure and triglycerides were significantly lower in the
underweight participants compared with the normal weight
participants.

Despite no apparent elevated disease or biomarker risk
levels, the underweight Yoruba experienced higher rates

Table 1. Comparison of Mortality, Baseline Demographics, Body Mass Index, and Biomarker Measures in Yoruba-Nigerian (N = 1,197) and
African American (N = 1,269) Samples

Yoruba (N = 1,197) African American (N = 1,269) p Value
Died within 10 years, % 47.0 43.6 10926
Age, mean (SD) 76.5 (5.3) 77.6 (5.2) <.0001
Female, % 66.6 66.4 9031
Use any alcohol, % 21.7 55.2 <.0001
Ever smoked, % 38.4 56.9 <.0001
BMI, mean (SD) 22.3 (4.7) 29.8 (6.0) <.0001
Underweight (BMI < 18.5), % 25.1 1.3
Normal weight (BMI 18.5-24.9), % 54.2 20.9
Overweight (BMI 25-29.9), % 15.0 34.1
Obese (BMI = 30), % 5.7 43.7
Systolic blood pressure, mean (SD) 152.5 (30.8) 145.5 (21.7) <.0001
Diastolic blood pressure, mean (SD) 85.2 (15.4) 789 (11.4) <.0001
Triglycerides, mean (SD) 89.6 (36.7) 114.2 (55.7) <.0001
High-density lipoprotein, mean (SD) 50.1 (13.8) 51.3 (15.6) .0520
Low-density lipoprotein, mean (SD) 107.0 (33.3) 112.7 (34.3) <.0001
C-reactive protein, mean (SD) 8.0 (18.6) 13.8 (26.0) <.0001

Note: BMI, body mass index; SD, standard deviation.
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Ibadan
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— - — Overweight (25 to <30)
—— — Underweight (<18.5)

Figure 2. Survival curves for underweight, normal weight, overweight, and obese for Yoruba-Nigerian and African American samples. Log rank p values for both

the Ibadan-Nigerian and African American samples were less than .001.

of death compared with the normal weight (see Table 2).
In models adjusted for age, gender, smoking history, and
alcohol use (see Table 3 models without biomarkers), we
found that underweight was associated with an increased
risk of death in both the Yoruba (HR = 1.35, 95% CI: 1.12-
1.63) and African American samples (HR = 2.49, 95%
CI: 1.40-4.43). Excluding those who died within the first
year of follow-up (not shown: n = 26 Yoruba and n = 25
African Americans) from the multivariate model yielded lit-
tle change in the HRs for underweight Yoruba (1.36, 95%
CI: 1.12-1.64) or African Americans (2.29, 95% CI: 1.23-
4.27). Therefore, hypothesis 2 is not supported.

Hypothesis 3 is not supported by these data either. It is
evident from the Table 3 models without biomarkers that in
these two cohorts the overweight and obese participants did
not experience a statistically significant survival advantage
over normal weight participants.

For investigation of hypothesis 4, multivariate cox propor-
tional hazards models of death were estimated with each of
the covariates listed in Table 1 including biomarkers as well as
BMI class. The results of these models are shown separately
for the Yoruba and African Americans in the Table 3 models
with biomarkers. Neither overweight nor obesity is associ-
ated with mortality in either cohort. In the Yoruba, higher tri-
glycerides resulted in a statistically significant increased risk
of death. In the African American sample, higher C-reactive
protein resulted in an increased risk of death, but higher

diastolic blood pressure resulted in a lower risk of death.
Thus, hypothesis 4 (ie, that there is no association of BMI
with mortality but an association of biomarkers with mortal-
ity) is partially supported. Finally, with biomarkers included
in the multivariate model, HRs for underweight are signifi-
cant and little changed from what is shown in Table 3.

DiscussioN

In reference to the four hypotheses presented in the intro-
duction—low weight as illness proxy, underweight Yoruba
will not experience excess mortality, excess weight provides
physiological reserve, BMI is a poor proxy for body fat percent
and storage—we conclude that excess mortality associated
with underweight in relation to normal weight was not due to
baseline clinical disease prevalence in these cohorts. Nor was
it apparently related to the baseline levels of biomarkers stud-
ied in these analyses. And, excluding participants who died
within 1 year of baseline did not change the HRs associated
with underweight. We cannot, however, exclude the possibil-
ity that increased risk of mortality was due to illness severity
or subclinical disease as we did not have such measures. One
difficulty of analyses of underweight in U.S. older adults is
that underweight is rare; just 1.3% of the African American
participants in this study were underweight. Indeed, our sam-
ple size in this category is a significant limitation of the study.
In Ibadan, however, 1 in 4 were underweight—the second
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Table 2. Disease, Illness, and Injury Prevalence and Biomarker Values by Body Mass Index Categories for Older
Yoruba-Nigerian and African Americans

Ibadan Indianapolis
Underweight Normal Overweight Obese Underweight Normal Overweight Obese
(n =300) (n = 649) (n=180) (n = 68) (n=17) (n =265) (n=433) (n=554)

Angina, % 4 5 4 7 0 4 7 Ok
Arthritis, % 19 23 30 31 53 55 68** 80***
Depression, % 14 11 9 6 24 8 8 14
Diabetes, % 1 1 3 19 18 28%* 34k
Epilepsy, % 0 0 1 0 0 2 2 1
Head injury, % 5 4 3 1 6 13 T 8%
Heart attack, % 5 3 5 6 13 14 13 13
Hypertension, % 16k 26 34 38% 82 67 76%* 8k
Kidney disease, % 0 0 0 0 6 5 3 6
Liver disease, % 5 7 7 7 12 1 2 1
Lung disease, % 6 3 7 1 24 10 7 7
Parkinson’s disease, % 4 4 3 0 0 0 1 1
Stroke, % 1 2 2 1 24 15 16 16
Thyroid disease, % 0 1 0 1 12 13 12 16
Vascular disease, % 2 3 6 3 12 6 9 11%*
Cancer, % 1 1 1 0 18 16 19 14
Heart problems, % 9 8 9 12 24 29 34 32
Number of comorbidities, mean (SD) 0.9(1.2) 1.0 (1.3) 1.2(1.2) 1.2 (1.1) 3221 2.7 (1.6) 3.1 (1.8)*% 3.4 (1.9)%**
Systolic blood pressure, mean (SD) 151 (33) 152 (30) 155 (31) 154 (30) 140 (22) 144 (22) 146 (22) 146 (21)
Diastolic blood pressure, mean (SD) 83* (16) 85 (15) 87 (14) 90* (15) 74 (14) 77 (12) 79* (11) 80** (11)
Triglycerides, mean (SD) 82%* (29) 87 (35) 105%#* (43)  105%** (49) 92 (48) 107 (52) 113 (55) 120%* (58)
HDL, mean (SD) 53%##% (15) 49 (13) 48 (14) 49 (12) 67%* (20) 55 (16) 51%* (16) 49%*% (14)
LDL, mean (SD) 102 (30) 106 (33) 119%%#* (38) 112 (30) 97 (35) 114 (34) 111 (35) 114 (34)
CRP, mean (SD) 9 (23) 7(17) 7(11) 11 (28) 5(6) 11(18) 12 (26) 16%% (29)
Died within 10 years, n (%) 174 (58)*** 300 (46) 63 (35)** 25 (37) 13 (76)* 125 (47) 178 (41) 237 (43)

Note: SD, standard deviation. All tests of significance in reference to normal weight category.

*p < 05; ¥p < 01; ¥4 < 001

most prevalent BMI class—yet underweight was associ-
ated with slightly greater than a one-third increased risk of
death independent of the biomarker covariates included in
the model. This one-third greater risk, however, was less than
seen for underweight African Americans who had a greater
than 150% elevated risk of death.

We found limited support for the hypothesis that excess
weight provides a physiological reserve if excess weight
refers to overweight and obesity classes. These classes were
not associated with significantly less mortality than normal
weight in either cohort. However, as noted, underweight
was associated with significantly excess mortality risk in
both samples. This may indicate that some weight is needed
for physiological reserve, but the amount required may
only be enough to maintain a normal weight status. In the
African American cohort, the obese had higher prevalence
of chronic disease and less favorable biomarker levels yet
did not suffer higher rates of mortality. This is a paradox in
itself, but the finding may be due to less than ideal lifestyle
practices in every BMI class including the normal weight.
A very recent analysis of African American Adventists
supports this view. Adventists are encouraged to avoid
tobacco, alcohol, and meat products, follow a plant-based
diet, and keep a program of vigorous physical activity (20).
In this sample with relatively positive health behaviors,

instantaneous hazards indicated that obesity relative to nor-
mal weight was associated with an approximately 6-year
decrease in life expectancy through 85 years of age (20).

Hypothesis 4 had two components; first, BMI is a poor
proxy of amount and site of body fat, and second, biomark-
ers known to be associated with amount and type of body fat
will be associated with mortality. We cannot directly address
the first component but, other than underweight, BMI was not
associated with mortality in either cohort, and the inclusion
of biomarkers in the multivariate models did not change the
findings. A recent study used plasma Leptin concentrations, a
biomarker associated with percent body fat in the oldest old
(21), to investigate whether BMI is a reasonable proxy for
percent body fat. Lisko and colleagues showed that BMI did
have a moderate positive correlation (r = .56—.59) with plasma
Leptin concentration (22). In this same cohort, however, BMI
class was not associated with mortality among women, but, in
men, overweight participants had a lower mortality risk than
normal weight participants. There were no underweight men
and only three underweight women in the sample (23).

In regard to the second component of hypothesis 4, we
investigated the association of HDL and LDL cholesterol,
triglycerides, and CRP with mortality based on recent evi-
dence that amount and type of body fat (ie, visceral fat) carry
elevated carbiometabolic risk in large part through effects
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Table 3. Multivariate Cox Proportional Hazards Regressing Age,
Gender, Alcohol Use, Smoking History, Body Mass Index, and
Biomarkers on Survival in Yoruba-Nigerian and African

American Samples

African-
Yoruba American
(n=1,197) (n=1,269)
Hazard Ratios (95% Hazard Ratios
CI) (95% CI)

Model without biomarkers
BMI
Underweight
Normal weight
Overweight
Obese
Age in years
Female
Use any alcohol
Ever smoked
Model with biomarkers
BMI
Underweight
Normal weight
Overweight
Obese
Age in years
Female
Use any alcohol
Ever smoked
Systolic blood pressure,
per 10 units
Diastolic blood pressure,
per 10 units
Triglycerides, per 10 units
High-density lipoprotein,
per 10 units
Low-density lipoprotein,
per 10 units
C-reactive protein, per 10 units

1.35(1.12-1.63)
Reference
0.88 (0.67-1.16)
0.92 (0.61-1.39)
1.06 (1.04-1.07)
0.74 (0.61-0.90)
0.87 (0.71-1.07)
1.23 (1.02-1.48)

1.34 (1.11-1.63)
Reference
0.81 (0.61-1.07)
0.82 (0.54-1.24)
1.06 (1.05-1.08)
0.73 (0.60-0.89)
0.90 (0.73-1.12)
1.16 (0.96-1.40)
1.04 (1.00-1.09)

1.06 (0.96-1.16)

1.03 (1.01-1.06)
1.04 (0.98-1.11)

0.99 (0.97-1.02)

1.02 (0.98-1.06)

2.49 (1.40-4.43)
Reference
0.90 (0.72-1.14)
1.06 (0.85-1.33)
1.08 (1.06-1.09)
0.61 (0.51-0.73)
0.89 (0.74-1.08)
1.47 (1.21-1.79)

2.59 (1.44-4.65)
Reference
0.91 (0.72-1.15)
1.04 (0.83-1.31)
1.07 (1.06-1.09)
0.62 (0.51-0.75)
0.90 (0.74-1.08)
1.48 (1.22-1.80)
1.04 (0.99-1.10)

0.88 (0.80-0.96)

1.00 (0.98-1.01)
0.98 (0.92-1.04)

0.99 (0.96-1.02)

1.04 (1.02-1.08)

Note: BMI, body mass index. The assumption for proportional hazards was
satisfied in all models shown in Table 3 (p > .07).

on blood pressure, lipids, and systemic inflammation, repre-
sented here by CRP (12). We found significant associations
but the associated biomarkers differed across the cohorts. In
the Yoruba, triglyceride had a positive association with mor-
tality, whereas in the African Americans, CRP had a posi-
tive association. In addition, diastolic blood pressure had an
inverse association with mortality in the African American
sample. We do not have an explanation for this finding, but
low blood pressure may be an indication of poor health in
the oldest old; a recent study showed that frail older adults
with high blood pressure experienced significantly lower
mortality compared with those with low blood pressure (24).
BMI class differences in systolic blood pressure were not
significant but differences in diastolic blood pressure were.
In African Americans, diastolic blood pressure was generally
2 points greater for each increase in BMI class such that the
underweight had a mean diastolic pressure of 73.9 and the

obese had a mean of 79.6. The same BMI-blood pressure
pattern was apparent in the Yoruba, but overall mean blood
pressures were 8—10 points greater in the Yoruba compared
with the African Americans perhaps due to a high prevalence
of antihypertensive use in the African Americans (>75%).
Medication use in the Yoruba is uncommon and temporary,
and no medication use data were collected for that cohort.

There are important limitations to consider in this report.
First, with the study design and data available, we could not
directly test any of the hypotheses. We used the hypotheses to
organize an exploration of the role of BMI and biomarkers on
mortality in two very different cohorts with the goal of con-
tributing information to the obesity paradox observed in older
adults in general and older African Americans in particular.
Second, a large portion of participants could not be included
in the analyses due to no blood draw. Third, as is the case
with virtually all studies of underweight in the United States,
our sample size of underweight African Americans was very
small. Fourth, it is known that the U.S. and Sub-Saharan
African environments differ markedly in ways highly relevant
to cardiometabolic risk (25), but we do not have data specific
to these cohorts on nutrition or energy expenditure. Similarly,
we do not have data on socioeconomic status although relative
poverty is known to be high in both cohorts. In Ibadan, the
study was carried out in the Idikan area and adjacent wards
in the more ancient parts of the city where residents are typi-
cally small traders and craftsmen. In Indianapolis, one fifth of
African Americans lived below the poverty level in 2000 (26),
and 46% of the sample had not completed high school.

Fifth, vastly different environments likely produce very dif-
ferent survivors, but our capacity to characterize the ways in
which these two cohorts of survivors differ is limited to the
relatively small set of variables reported. This substantially
limits our interpretation of results and the conclusions that can
be made. As one example, access to medical care may account
for both the risk factor differences and the survival similari-
ties. Medical care is of lower quality and more difficult to
access in Ibadan relative to Indianapolis where a high-quality
safety-net health system has existed for decades. In Ibadan,
individuals unfortunate enough to contract disease or who are
less resilient may have died earlier leaving an older cohort
with relatively favorable risk factors. Although the diseases
responsible for early and mid-life mortality differ substan-
tially between the two cohorts—acute versus chronic (25)—it
may be true under both acute and chronic disease scenarios
that a higher level of resilience is required to reach late life in
contexts that have limited access to high-quality medical care.
That the African Americans in the study have higher rates of
disease and less healthy biomarker values than the Yoruba
sample yet survive at a similar rate may again represent the
influence of medical care but in this case late life medical care.
Stating this from another perspective, the Ibadan cohort was
cardiometabolically healthier and achieved survival similar to
that of the African Americans despite orders of magnitude less
medical care access and spending.
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Sixth, censoring differed between the two cohorts. In
Indianapolis, due to the availability of county health records,
dates of death were available for all deceased participants with
censoring at the end of study. In Ibadan, death was ascertained
during each follow-up evaluation. Censoring was caused by
loss to follow-up and refusal, thus occurring throughout the
study. To the best of our knowledge, most loss to follow-up
in Ibadan resulted from participants moving away from the
survey area for various reasons. It seems reasonable that
the assumption of uninformative censoring holds for both
cohorts. Hence, the difference in censoring between the
cohorts should have little or no impact on our results. Finally,
a recent publication showed evidence of cohort effects on the
relationship between obesity and mortality with more recent
cohorts suffering greater obesity-attributable mortality (27).
Our participants were born in 1931 and earlier, and results
may not generalize to more recent cohorts.

In sum, we found evidence of a mortality disadvantage
in the underweight of both cohorts but little evidence that
this is due to greater illness suggesting that possibly some
body fat is required for favorable survival. However, we
did not find a mortality advantage for the overweight or
obese. Evidence for a significant effect of cardiometabolic
biomarkers on mortality was limited. Despite significant
differences across these two cohorts in terms of BMI distri-
bution, disease rates, and biomarker levels, overall survival
and BMI class—specific survival were remarkably similar.
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