® American Journal of Epidemiology
wg Copyright © 1997 by The Johns Hopkins University Schoo! of Hygiene and Public Health

All rights reserved

ORIGINAL CONTRIBUTIONS

Vol. 148, No. 11
Printed In U.S.A.
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The objective of this research was to investigate the long-term relation between body mass index (BMI) and
mortality from all causes and from specific causes in the general population. A 29-year follow-up study was
conducted in a random sample of white men (n = 611) and women (n = 697) aged 20-96 years who were
residents of Buffalo, New York, in 1960. At baseline, height and weight were determined by self-report. BMI
was calculated as weight (kg)/height (m?). During the follow-up period, 295 (48.3 percent) men and 281 (40.3
percent) women died. With the Cox proportional hazards model and adjustment for age, education, and
cigarette smoking, a significant linear association was found between BMI and all-cause mortality in men less
than age 65 years at baseline (relative risk (RR) = 1.06, 95 percent confidence interval 1.02~1.09), but not in
women (RR = 1.02, 95 percent confidence interval 0.99~1.05). In men age 65 years and older, the relation was
quadratic in form (p = 0.02), with the lowest risks appearing in the BMI range of 23-27. BMI was most strongly
related to cardiovascular disease (CVD) and coronary heart disease mortality in women and younger men. No
such associations were observed in older men. BMI was not related to an increased risk of death from
non-CVD or cancer in either sex. These findings illustrate the importance of BMI as a risk factor for CVD and
coronary heart disease mortality in certain gender-age groups and indicate that the majority of the impact of
BMI on overall mortality is due to the strong relation between relative weight and these specific causes of

death. Am J Epidemiol 1997;146:919-31.
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Since the early 1960s, Americans have made sub-
stantial improvements in the levels of a number of
coronary heart disease (CHD) risk factors (1-6). For
example, the mean serum cholesterol level in US
adults decreased 15 mg/dl from the 1960-1962 Na-
tional Health and Examination Survey I to the 1988 —
1992 National Health and Nutrition Examination Sur-
vey I (7). The number of Americans who reported
better diagnosis and treatment of elevated blood pres-
sure has also increased (2, 3). Finally, lower preva-
lence rates of cigarette smoking have been reported in
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many subgroups of the population, with the one ex-
ception being adolescent and young aduit females (8).
A trend that has not been decreasing and, in fact,
appears to be worsening is that Americans have been
getting heavier over time (9).

Obesity has been shown to be positively related to a
number of CHD risk factors and other health risks
(10-17), as well as to mortality (18-26). However, the
association between mortality and body weight
throughout the range of weight has been described as
being J-shaped, U-shaped, inverse, positive, and ab-
sent (18-27). The more recent prospective studies,
which took into consideration the major limitations of
previous research as described by Manson et al. (28),
such as failure to control for cigarette smoking, inap-
propriate control for physiologic effects of disease risk
factors, and failure to control for loss of weight due to
subclinical disease at baseline, have claimed a signif-
icant, direct relation between body weight and overall
mortality (25, 26). Evidence also suggests that it may
take a substantial period of time for the risks of being
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overweight to become manifest. Results from the
Framingham Heart Study indicated that a significant
independent relation between relative weight and
CHD incidence did not emerge until after 8 years of
follow-up in men and 14 years in women (11).

Given that 1) the prevalence of overweight Ameri-
cans is increasing (9), 2) many recent studies examin-
ing body weight and mortality have focused on very
select populations (25, 26), and 3) findings from the
Framingham Heart Study indicate that a long follow-
up may be needed to detect an independent risk of
being overweight (11), our goal was to examine the
long-term (29-year) relation between relative weight
and mortality in a randomly selected sample of the
general population. Body mass index (BMI) was uti-
lized as an indicator of relative weight, with all-cause
mortality as the primary outcome. Since there is no
reason to assume that BMI is related to all diseases to
the same degree, the relations between BMI and spe-
cific causes of death (cardiovascular diseases, coro-
nary heart disease, noncardiovascular diseases, and
cancer) were investigated as well. We also examined
the shape of the relation, particularly whether any
excess mortality risks existed in individuals with
the lowest BMI. Careful consideration was given to
reduce possible biases and limitations of previous
studies.

MATERIALS AND METHODS
Study population

In 1960, 2,273 men and women aged 15-96 years
were enrolled in the Buffalo Blood Pressure Study, an
epidemiologic investigation designed to examine fac-
tors related to hypertension. The study sample was
randomly selected from the general population of Buf-
falo, New York, using the City Directory as the sam-
pling frame (29). All City of Buffalo census tracts
were represented, and 1,369 households were ran-
domly selected, for an overall sampling ratio of 7.7 per
thousand. At least one person from a total of 1,082
households agreed to take part in the study, for a
participation rate of 79.0 percent (29).

Our study focuses on the follow-up of the 866 white
men and 1,050 white women. Excluded from the anal-
yses were 90 (10.4 percent) males and 86 (8.2 percent)
females who were less than age 20 years at baseline
since there was the likelihood that they were still
growing and that their baseline reported height would
not be indicative of their adult height, 58 (6.7 percent)
males and 71 (6.8 percent) females with insufficient
data available for follow-up, and 35 (4.0 percent)
males and 48 (4.6 percent) females with incomplete
data for BMI and potential covariates. In addition, to

reduce potential bias due to weight loss-related illness,
70 (8.1 percent) men and 70 (6.7 percent) women who
reported a physician-diagnosed history of heart dis-
ease, stroke, cancer, or diabetes mellitus at baseline
were excluded. Two (0.2 percent) males and 78 (7.4
percent) females were excluded as lost-to-follow up.
These exclusions resulted in a total of 611 white men
and 697 white women aged 20-96 years and free of
known disease at baseline available for inclusion in the
analysis. Black men (n = 155), black women (n =
190), and other minority groups (n = 12) were not
included at this time because of incomplete follow-up
in these race-gender groups.

Follow-up of the cohort and ascertainment of
vital status

A prospective study design was utilized, and the
average length of follow-up was 29 years, beginning
with each participant’s baseline date of interview
(June 1960 through December 1961) and ending on
December 31, 1989. Vital status was determined, and
participants were followed until their death or until the
termination of the study.

Procedures to locate the cohort members were ini-
tiated in 1990 and were completed over the subsequent
5 years. Vital status was determined by using comput-
erized searches of the New York State Department of
Health Vital Records Death Registry, the Cancer Tu-
mor Registry, the Department of Motor Vehicles
records of drivers’ licenses and automobile registra-
tions, and the United States Social Security Adminis-
tration Death Master Files. Manual searches of the
telephone and Polk directories for the City of Buffalo
and surrounding suburbs were also conducted. Other
methods of follow-up included contacting the individ-
ual’s last employer (as of 1960), church, or other
organizations listed on the original questionnaire. Polk
and telephone directories were also utilized to locate
neighbors, who were telephoned to obtain information
regarding the current location of study participants.

Vital status of living participants was confirmed by
telephone or mail correspondence with the participant,
a direct family member, or other acquaintance (i.e.,
nursing home worker). Death certificate data were
utilized with rigid matching criteria (exact spelling of
last name and exact date of birth) to determine partic-
ipant deaths. Match results were manually reviewed
on an individual basis.

Outcome measures

The study outcomes were mortality from all causes
and from specific causes, including cardiovascular dis-
eases (CVD), CHD, all noncardiovascular diseases

Am J Epidemiol Vol. 146, No. 11, 1997

202 Iudy 60 uo 1senb Aq 018LSL/616/1 L/9YL/81one/ele/woo dnoolwspeoe//:sdiy woly papeojumo(



Body Mass Index and Mortality 921

(non-CVD), and cancer. For all deaths, the date and
underlying cause of death noted on the death certifi-
cate were used to ascertain time and cause of death.
International Classification of Diseases codes were
upgraded to the ninth revision by a trained nosologist.
All deaths that occurred in the study population be-
tween the baseline interview and December 1989 were
considered in the analysis for all-cause mortality. The
following International Classification of Diseases,
Ninth Revision, codes were utilized to classify the
specific causes of death: 390-459, CVD; 410-414,
CHD; all codes except 390-459, non-CVD deaths;
and 140-209, cancer.

Baseline measures

At baseline, a 70-item questionnaire was adminis-
tered by the interviewer in each participant’s home to
obtain information regarding anthropometric, social,
and lifestyle variables. Systolic and diastolic blood
pressures were measured three times throughout the
interview in each individual in a standardized manner
by trained personnel using a standard mercury sphyg-
momanometer. Measurement was made to the nearest
2-mm scale indicator. Systolic pressure was recorded
as the first phase (level of first audible sound). Dia-
stolic pressure was recorded as the fifth phase (level of
absence of sound). The blood pressure index utilized
in our study was the mean arterial blood pressure
(MAP), calculated as the diastolic pressure (DBP) plus
one third of the difference between systolic (SBP) and
diastolic pressures (MAP = DBP + 1/3(SBP -
DBP)). The mean of the second and third blood pres-
sure measurements was used in the above calculation.
Height and weight were determined by self-report.
Other information obtained by self-report included age
(in years), cigarette smoking history (in packs/day),
education, and medical history. Detailed information
was gathered on usual physical activities performed
during work and leisure time. A physical activity in-
dex indicative of participants’ total weekly energy
expenditure (kcal/kg/hour) was calculated as recom-
mended by Ainsworth et al. (30).

Body mass index was calculated as body weight
(kg)/height (m?). A cutpoint of 27.50 for men and
27.13 for women was utilized to characterize partici-
pant’s weight status. These values represent the fourth
quartile of the BMI distribution in both sexes and
approximately represent the 85th percentile of BMI for
white males and females aged 20-29 years from the
National Health and Nutrition Examination Survey I
(31). This decision was based on recommendations by
Must et al. (31), suggesting that from a public health
standpoint it may be most prudent to classify adult

Am J Epidemiol Vol. 146, No. 11, 1997

overweight status on the basis of young adult stan-
dards.

Statistical analysis

Cox proportional hazards model (32) was utilized to
examine the relations between BMI and mortality
from all causes and from specific causes and to test for
potential interactions between BMI and various co-
variates. Body mass index was utilized as a continuous
variable. In all analyses aimed at describing the shape
of the BMI-mortality associations, we categorized
BMI into sex-specific quartiles and used the lightest
quartile as the reference group. Age and education (in
years) and cigarette smoking (in packs/day) were con-
sidered as continuous covariates. These variables were
selected on the basis of their known relation to both
BMI and mortality. Separate models that included
mean arterial blood pressure were tested to enable us
to ascertain the contribution of MAP to the BMI-
mortality relations. Additional analyses were per-
formed, adjusting for participants’ physical activity
levels.

To test for nonlinear quadratic trends for both all-
cause mortality and CHD mortality, we used statistical
models that included both quadratic and linear terms
for BMI entered as a continuous variable. All analyses
were repeated, excluding individuals who died within
the first 5 years of the study to rule out the possibility
that unknown underlying disease at baseline may have
resulted in weight loss and influenced early mortality.

To explore the relation between overweight status
and all-cause mortality throughout the 29 years of the
study, we plotted cumulative survival curves at the
mean of age, education, and packs of cigarettes
smoked comparing individuals above and below the
previously described BMI cutpoints, starting at base-
line and continuing through the end of the follow-up
period.

The validity of the underlying assumption of the
Cox model, that the proportional hazard does not
change with time, was tested for each outcome stud-
ied, with age, education, and cigarette smoking in-
cluded in the model as covariates. No evidence of
violation of this assumption was found in males or
females. Statistical Package for the Social Sciences for
Windows (33) was utilized to conduct the Cox pro-
portional hazards survival analyses and to examine the
relation between categories of weight status over the
29 years of follow-up. Statistical significance was
declared when a two-tailed p value of less than 0.05
was observed. Ninety-five percent confidence inter-
vals were calculated around point estimates of risk.
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RESULTS

In males, statistical testing for potential interactions
revealed a significant interaction between BMI and
age when age was utilized as a dichotomous variable
(<65 vs. =65 years) and mortality from all causes,
CHD, and CVD were the outcome measures. Age 65
years was chosen since it represents a commonly used
cutpoint for identification of elderly subjects. Prelim-
inary analyses indicated that this cutpoint appropri-
ately defined the interaction. No meaningful BMI X
age interactions were observed in females for any
outcome studied. The baseline characteristics of the
study participants are presented separately for males
and females across the entire age range and stratified
by age (table 1).

The mean weight for men was 78.2 (12.2) kg, and
the men were 1.75 (0.07) m tall, with a mean BMI of
25.5 (3.6) kg/m*. The average weight for women was
64.7 (12.5) kg, they were 1.62 (0.07) m tall, and they
had a mean BMI of 24.7 (4.7). Mean age at baseline
was 45.8 (5.6) years for men and 45.5 (15.8) years for
women, while the average number of years of educa-
tion was 10.5 (3.5) and 10.2 (3.0) for men and women,
respectively. Nearly 75 percent of the men smoked
cigarettes, for an average of 1.3 packs/day, including

nonsmokers. Fewer women (53.2 percent) reported
smoking cigarettes, and they averaged less than one
pack/day.

In males, those aged 65 years and older weighed
less, were shorter and less educated, and had higher
systolic pressures than did their younger counterparts.
The older men also smoked fewer cigarettes per day
and were less physically active than were those under
age 65 years. BMI did not differ between the age
groups. Older women weighed more, were similar in
height, and, consequently, had higher BMI levels than
did younger women. As with the men, older women
had fewer years of education and smoked less com-
pared with women younger than age 65 years. No
differences between the age groups were apparent for
physical activity, but systolic and diastolic pressures
were higher in older compared with younger women.

During the 29-year follow-up period, 295 (48.3 per-
cent) men and 281 (40.3 percent) women died (table
2). As expected, CVD deaths represented the leading
cause of death in both genders and age groups, with a
total of 154 (25.2 percent) men and 153 (22.0 percent)
women dying from CVD. CHD deaths accounted for
the largest portion of the CVD deaths (70.1 percent in
men and 53.6 percent in women). Sixty-nine (11.3

TABLE 1. Characteristics of the Buffalo Health Study participants at baseline, 1960

Age group (mean (standard deviation))

Characteristics Entlre Ages Ages
samplo 1564 yoars 65—-96 ysars
Men
No. 611 518 a3
Weight (kg) 78.2 (12.2) 78.7 (12.2) 75.0 (11.5)*
Height (m) 1.75 (0.07) 1.75 (0.07) 1.72 (0.07)**
Body mass index (kg/m?) 255 (3.6) 256 (3.6) 253 (3.7)
Age (years) 458 (5.8) 41.3 (12.0) 712 (6.7)**
Education (years) 105 (3.5 11.0 (3.3) 8.1 (4.0)**
Cigarettas smoked (packs/day)t 1.3 (0.9) 1.4 (0.9) 0.9 (1.01)**
Systolic blood pressure (mmHg) 142.5 (22.5) 139.8 (21.1) 167.5 (24.7)*
Diastolic blood pressure (mmHg) 88.0 (13.8) 87.7 (13.8) 899 (3.7)
Mean artarial pressure (mmHg) 106.2 (15.4) 105.1 (15.2) 1125 (15.5)**
Physical activity (kcal’kg/hour) 1.9 (0.4) 1.9 (0.4) 1.6  (0.3)**
Women
No. 897 600 97
Weight (kg) 64.7 (12.5) 84.2 (12.7) 67.9 (11.3)*
Height (m) 1.62 (0.07) 1.62 (0.08) 1.62 (0.08)
Body mass index (kg/m?) 247 (47) 245 (4.7) 28.3 (4.9)*
Age (years) 455 (15.8) 41.3 (12.5) 716  (5.8)**
Education (ysars) 102 (3.0) 10.6 (2.8) 7.9 (3.4)**
Cigarettes smoked (packs/day)t 0.7 (0.80) 08 (0.8) 0.3 (0.8)**
Systolic blood pressure (mmHg) 138.2 (27.4) 133.6 (24.7) 166.6 (26.5)**
Diastolic blood pressure (mmHg) 83.7 (15.0) 82.5 (14.6) 91.4 (15.2)**
Mean artsrial pressure (nmHg) 101.9 (18.1) 99.5 (17.1) 118.5 (17.3)**
Physical activity (kcal’kg/hour) 17 (3.0) 1.8 (0.7) 198 (1.3)

* p <0.01; ** p < 0.001, gender-specific { tests for age group differencss.

1 Includes nonsmokers (25.5% of men and 46.8% of women).
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TABLE 2. Vital status and cause of death in deceased participants of the Buffalo Health Study as of

December 31, 1989

Age group
Enttre Ages Ages
sample 15-64 years 85-66 years
No. % No. % No. %
Men
Vital status
Alive 316 51.7 314 60.6 2 2.2
Deceased 295 48.3 204 39.4 91 97.8
Cause of death
Cardiovascular diseasss 154 25.2 96 18.5 58 62.4
Coronary heart disease 108 17.7 66 12.7 42 452
Cancer 69 11.3 49 9.5 20 215
Respiratory disease 28 4.6 2 42 8 6.5
Injury 5 0.8 5 1.0 0 0.0
Noncardiovascular diseases 141 231 108 20.8 33 355
Total no. 611 100.0 518 84.8 93 15.2
Women
Vital status
Alive 416 59.7 414 69.0 2 21
Deceased 281 40.3 186 31.0 95 97.9
Cause of death
Cardiovascular diseases 153 2.0 89 14.8 64 66.0
Coronary heart disease 82 11.8 51 8.5 31 32.0
Cancer 68 9.8 52 8.7 16 16.5
Respiratory disease 12 1.7 7 1.2 5 52
Injury 7 1.0 4 0.7 1 1.0
Noncardiovascular diseases 128 18.4 97 16.2 30 30.9
Total no. 697 100.0 600 88.1 97 13.9

percent) cancer deaths were recorded in men and 68
(9.8 percent) in women.

Using Cox proportional hazards survival analyses,
we examined the nature of the relation between BMI
and mortality from all causes and specific causes over
time in men and women separately and by age groups
in men when necessary due to significant age X BMI
interactions. In men less than age 65 years, the qua-
dratic BMI term was determined to be nonsignificant
for all-cause, CVD, and CHD mortality. Among the
older men, this was not the case. The quadratic BMI
term was significant for all-cause (p = 0.02) and CHD
(p = 0.047) mortality, and it approached significance
for CVD (p = 0.09) deaths. For cancer and non-CVD
mortality, no significant quadratic relations were
found when men of all ages were studied together. In
women, the quadratic term for BMI was nonsignifi-
cant for mortality from all causes, CVD, and CHD,
while for non-CVD and cancer mortality, the signifi-
cance levels were both p < 0.01.

The results of the Cox proportional hazards survival
analyses, using BMI as a continuous variable with

Am J Epidemiol Vol. 146, No. 11, 1997

mortality from all causes and specific causes as the
outcomes, are presented in table 3 for men and women
separately. Results are shown only for age-gender
groups in which no significant interactions or qua-
dratic BMI terms were found. In the younger men,
BMI at baseline was associated with a statistically
significant 6 percent increased age-, education-, and
smoking-adjusted risk of death from all-cause mortal-
ity. The influence of BMI on CVD and CHD mortality
was somewhat greater than that observed for overall
mortality, with a significant multivariate-adjusted rel-
ative risk of 1.10 (95 percent confidence interval (CI)
1.06-1.15) noted for CVD mortality and 1.12 (95
percent CI 1.07-1.18) for CHD mortality. As ex-
pected, the addition of MAP to the models resulted in
a slight attenuation of the relative risks. BMI was not
associated with risk of death from non-CVD or cancer
in men aged 15-96 years.

Among women, the only significant association ob-
served was between BMI and CHD mortality (age-,
education-, and smoking-adjusted relative risk = 1.06,
95 percent CI 1.01-1.11). When MAP was included in
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TABLE 3. Relative risks of death from all causes and specific causes according to baseline levels of
body mass index as a continuous variable, the Buffalo Health Study, 1960-1989

All men Maen aged <65 years Women
(n=611) (n=518) (n=697)
95% 5% 5%
Her:iklve confldence Hertiktve confidence Heﬁva confidence
nterval interval Interval
All-cause mortality
Age-adjusted relative risk 1.04 1.01-1.08 1.01 0.99-1.04
Multivariate relative risk* 1.06 1.02-1.09 1.02 0.99-1.05
Muttivariate relative riskf 1.04 1.00-1.08 1.01 0.98-1.04
Specific cause mortality
Cardiovascular disease
Age-adjusted relative risk 1.08 1.04-1.13 1.03 0.99-1.08
Multivariate relative risk* 1.10 1.06~1.15 1.02 0.98-1.06
Multivariate relative riskt 1.08 1.03-1.13 1.00 0.96—1.04
Coronary heart disease
Age-adjusted relative risk 1.1 1.06-1.16 1.05 1.01-1.10
Multivariate relative risk* 1.12 1.07-1.18 1.06 1.01-1.11
Multivariate relative niskt 1.10 1.05-1.16 1.04 0.98-1.09
Noncardiovascular diseases
Age-adjusted relative risk 1.00 0.95-1.05
Multivariate relative risk* 1.00 0.95-1.05
Multivariate relative riskt 1.00 0.95~1.05
Cancer
Age-adjusted relative risk 0.96 0.89-1.03
Multivariate relative risk* 0.95 0.88-1.02
Multivariate relative riskt 0.96 0.89-1.04

* Adjusted for age (years), education (years), and cigarette smoking (packs/day).
1 Adjusted for age (years), education (years), cigarette smoking (packs/day), and mean arterial blood pressure

{(mmHg).

the analyses, the relative risk was reduced to 1.04 and
was no longer statistically significant. For all-cause
mortality and CVD mortality, all age- and multivariate-
adjusted relative risks were above one, but the confi-
dence intervals each included one.

Figures 1 and 2 illustrate the results of analyses for
overall and cause-specific mortality endpoints classi-
fying male and female participants, respectively, into
gender-specific quartiles of BMI. For men (figure 1),
all-cause, CVD, and CHD mortality results are pre-
sented stratified by age group (<65 vs. =65 years). In
younger men, an increased risk of death from all
causes became apparent at a BMI level above 23.0
(quartile 2). In each successive BMI quartile, the risk
estimates increased, with men in the highest BMI
quartile (BMI = 27.50) experiencing a significant 67
percent increased risk of overall mortality. CVD and
CHD mortality were strongly related to BMI in this
group of men. The age-, education-, and smoking-
adjusted relative risks of CVD mortality in the third
and fourth BMI quartiles were 2.77 and 2.96, respec-
tively. Similarly adjusted relative risks for CHD mor-

tality were 2.28 and 3.45. In contrast, in men aged 65
years and older, a BMI in the range of 25.2-27.4
(quartile 3) appeared to be associated with the lowest
risk of mortality from all causes, CVD, and CHD,
although the results did not reach statistical signifi-
cance.

No associations were apparent for non-CVD or can-
cer deaths in the entire cohort of men. Although the
point estimates of risk for these causes of death in the
two highest BMI quartiles were below one, the 95
percent confidence intervals included unity.

For women (figure 2), the associations between
BMI and mortality from CVD and CHD appear to be
linear, and in the case of CHD mortality, were about
the same magnitude as those observed in men younger
than aged 65 years. Women with a BMI above 27.13
(quartile 4) had a significant, nearly 2.6-fold increased
risk of dying from CHD compared with women whose
BMI was below 21.44 (quartile 1). With regard to the
significant quadratic relation between BMI and non-
CVD or cancer mortality, no evidence of an increased
risk was observed with increasing levels of BMI. For

Am J Epidemiol Vol. 146, No. 11, 1997

202 Iudy 60 uo 1senb Aq 018LSL/616/1 L/9YL/81one/ele/woo dnoolwspeoe//:sdiy woly papeojumo(



Body Mass Index and Mortality 925

Non-Cardiovascuiar Dissases®
18
LARK } " 1 1.0
HEY i taa !
' 12 116
a 1.2 4 L] I !
t t 4] } :
b ‘s N e
o 081 . s i:i:‘ o,
n 01 " i
1 0.4 | 041
L[]
:u. . 0.2 4
tan @ @ o tay a a o4
Quartiies of BM], 1960 Quartfles of BMI, 1960
Cancer*
3 24 T
% TR
:L‘ t 1.8 1
s 21 : 1.4 4 T
: 18 112 flam
v 18 : 14 __'——"\ onm
* 1a TY ! a7 bl
70,. | 0.8 4 i
. ul i :M‘ i i
P ar oant oy~ -.-::: 01
tar @ @ o tas a @ Qs
Quartiles of BML, 1960 Quartiles of BME, 1960
* Adjusted for age (years), education (yesrs) and cigareties smoked (packs/day)
Numbaers in parentheses represent relative risks adjustad for the above, plus
mesn arterial blood pressure.
Y t Q1 - quartiie 1, BMI Range 17.9 -22.9
L Q2 - quarthe 2, BMI Range 23.0 - 25.1
. Q3J - quarthe 3, BMI Range 252 - 27.4
::.1 Q4 - quartie 4, BMI Range 27.5 - 47.0
'
v 1.8
* 184
a 124
1 0.9 4
' 4]
L& ]

FIGURE 1. Relative risk of all-cause and specific-cause mortality by quartiles of body mass index (BMI) in white males aged 20-96 years
(n = 611), the Buffalo Health Study, 1960-1989. Analyses for all-cause, CVD, and CHD mortality are stratified by age group (<65 vs. 265
years). Analyses are adjusted for age (in years), education (in years), and cigarettes smoked (in packs/day). Numbers in parentheses represent
relative risks adjusted for age, education, and cigarettes smoked plus mean arterial blood pressure (in mmHg). The lowest quartile is the
reference group. Ninety-five percent confidence intervals are indicated by the vertical bars.
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FIGURE 2. Relative risk of all-cause and specific-cause mortality by quartiles of body mass index (BMI) in white females aged 20-96 years
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non-CVD mortality, the lowest risk was observed in
women with a BMI between 21.5 and 23.7 (quartile 2).

In both sexes, a slight attenuating effect of blood
pressure on the BMI-mortality relations was observed
mainly for all-cause, CVD, and CHD mortality with
little or no effects on non-CVD or cancer mortality. In
men, the impact was more apparent in younger compared
with older men. In women, the strongest contribution
of blood pressure appeared to be on CHD mortality,
particularly in nonsmoking women (figure 3).

In women and younger men, results were generally
similar when participants who died within the first 5
years after the initial interview were excluded from the
analysis. In older men, there was a slight shift, with the
lowest all-cause, CVD, and CHD mortality risks now
appearing in the second rather than the third BMI
quartile. Additional adjustment for the effects of usual
work and leisure-time physical activity did not change
any of the observed associations in women or in men.

Of the 697 women in the cohort, 326 (46.8 percent)
were never-smokers. Recognizing the constraints of
the reduced sample size, we repeated the survival
analyses in this group of women. The results are
illustrated in figure 3. Even among never-smoking
women, there was no relation between BMI and all-
cause mortality. The survival curves in this group
resembled those of the entire cohort; however, the
strong BMI-CHD mortality relation was even stronger
in never-smokers. Women in the heaviest group, 27
(24.8 percent) of whom died from CHD, experienced
an approximate eightfold significant increased risk of
CHD death. Too few men (n = 67) reported never
smoking to permit such analyses in this gender group.

We next examined cumulative survival curves to
quantify the length of time needed to observe an
impact of increased body weight on all-cause mortal-
ity. For these analyses, separate curves were plotted
comparing individuals above and below the gender-
specific fourth quartile of BMI. For men, the BMI
cutpoint was 27.50, and for women, BMI was divided
at the level of 27.13. In men, the survival curves were
similar until approximately 25 months and then di-
verged as the follow-up period was extended, indicat-
ing that the mortality risk associated with a BMI at or
above 27.50 increased over time. In women, differ-
ences in the all-cause survival curves did not appear
until approximately 100 months (8.3 years) after the
baseline interview, and the difference between the two
groups stayed fairly constant over time.

DISCUSSION

In our general population sample of white men and
women, BMI emerged as an important, independent
risk factor for overall mortality in men less than age 65
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years, but not in older men. BMI was not related to
all-cause mortality in women, even when analyses
were restricted to women who reported never smoking
cigarettes. In younger male members of the cohort, the
relation was linear, with no increased risks noted in
individuals with BMI levels below the twenty-fifth
percentile. In the older men, this was not the case. The
relation was quadratic in form, and the lowest risk was
seen in the third BMI quartile.

Previous studies examining the relation between
relative weight and all-cause mortality have presented
varied findings with regard to the shape of the relation
(18-27). The inconsistencies have been attributed to
overadjustment of potential biologic mechanisms, fail-
ure to properly take cigarette smoking into account,
and lack of exclusion of individuals with weight loss-
related illness (28). The latter is particularly important
in the elderly (34), for whom low body weight is often
presumed to be a risk factor for early death. The
Buffalo Health Study results for younger men are simi-
lar to those reported by others, particularly those who
restricted their analyses to former or never-smokers,
removed biases due to illness-related weight loss, and did
not overcontrol for potential biologic mechanisms (22,
25). We excluded all persons with known disease at
baseline and provided separate analyses with and without
adjustment for blood pressure, a potential mechanism
whereby increased weight may effect mortality. Our pri-
mary analyses included adjustment for cigarette smok-
ing, but sample size restrictions, particularly in men,
limited our ability to examine the BMI-mortality rela-
tions in never-smokers.

The fact that we did not find an increased risk at the
low end of BMI in these younger men, despite the fact
that current smokers were included, differs somewhat
from the findings of others (23, 25). The most plausi-
ble explanation for the differences may be the lack of
a sufficient number of men with very low BMI levels
in our cohort. The BMI range of our lowest quartile
was between 17.9 and 23.0, with a mean of 21.5 £ 1.2,
but only four men under age 65 years had a BMI level
below 19.0. Therefore, our ability to detect any pos-
sible increased risk of mortality in the very lean was
limited.

Another potential explanation may be that our follow-
up period was 29 years long, and any effects of pre-
clinical illness on baseline BMI or early mortality
were overridden by the long follow-up. Evidence to
this point was provided by the Harvard Alumni Study
(25), in which different follow-up periods were exam-
ined separately. Within the first 10 years of follow-up,
a U-shaped curve was reported. Subsequent follow-up
periods revealed first a J-shaped relation and then a
linear trend in the last 6 years of follow-up (25).

20z I1dy 60 uo 1senb Aq 0¥81G1/616/1 L/9L/BoIe/ole/W00 dno olWepese)/: Ay WOy papeojumoq



928 Dom et al.

All-Causes* Non-Cardiovascuiar Dissases*
a 181 . T a 1484
181 I i T
o 144 i . 144
HRE S } i ! ;129 T
i 108
¢ 1] e~ . |
¢ o i | e l > | o oy
n oe J_ i " o8 H o Lol
! aa . 041 Yas
K 0.2 A LIN.X } lm
to a2 a3 a4 ta -] a o4
Quartiles of BML, 1960 Quartiles of BML, 1960
Cardiovascular Diseasss® Cancer*
2.4 4 s e 2 . 109 -
r 22 i R 18
H 2 N -
s | s |
o £ 1ar HEE! l
v 12 ‘ﬂ-ﬂ L] i“‘"’ L2 - ! \"-
LI > ¥ | . os i 'N
n 08 J. LAY o8
[T} :u [T ]
;o : A
03 02 Lo L
tar @ @ o tor a2 © o4
Quartiies of BML 1960 Quartiles of BMI, 1960
* Adusted tor age (yesrs) and education {ysars)
Coronary Heart Dissase’ Numbers in parenthesss represent relative risks adjusted lor the above, plus
ran s ‘o ts meaan arterial biood pressure.,
4 " t Q1 - quarthe 1, BMI Range 15.4 - 21.4, Mean (SD) 18.8 (1.2) (n=62)
a 781 o Q2 - quartie 2, BMI Range 21.5 - 23.7, Mean (SD) 22.6 (0.6) (n=66)
HETE Q3 - quastie 3, BMI Aange 23.9 - 27.0, Mean (SD) 25.2 (0.9) (n=89)
.. S Q4 - quartie 4, BM] Range 27.1 - 48.3, Msan (SD) 31.3 (3.9) (n=108)
' ":1 'Y 1-0e%
v o
L] u_‘
24
R 281
Vo2
.18
B
a8 i
a1 @ @ o4
Quartiles of BM, 1960

FIGURE 3. Relative risk of all-cause and specific-cause mortality by quartiles of body mass index (BMI) in white females aged 20-96 years
who reported themselves as never-smokers at baseline (n = 326), the Buffalo Health Study, 1960-1989. Analyses are adjusted for age (in
years) and education (in years). Numbers in parentheses represent relative risks adjusted for age and education plus mean arterial blood
pressure (in mmHg). The lowest quartile is the reference group. Ninety-five percent confidence intervals are indicated by the vertical bars.
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Finally, differences in various study populations
may also account for the discrepant findings. Our
study population was a randomly selected sample of
residents of Buffalo, New York, and likely differs
from select populations such as the Harvard Alumni in
important health-related characteristics, such as edu-
cational attainment and socioeconomic status. In such
diverse groups, BMI may have very different socio-
demographic and psychosocial correlates and, there-
fore, different interpretations with regard to mortality.

In men in the older age group, the relations between
BMI and mortality from all causes, CVD, and CHD
differed considerably from those in younger men.
Compared with the first quartile of BMI, estimates of
relative risks for all subsequent quartiles were below
one, although all confidence intervals included one.
For each outcome, the lowest risk estimates were
found in the third quartile. Analyses eliminating
deaths that occurred in the first 5 years of follow-up
had little effect on the results, except that the lowest
risks shifted from the third to the second BMI quartile.
The lack of data on recent weight loss as well as
sample size and statistical power considerations war-
rant careful interpretation of the results in this age
group. However, the possibility that a BMI between 23
and 25 in elderly men may be more advantageous than
a lower level cannot be ruled out.

In female members of the Buffalo Health Study
cohort, we found no relation between BMI and overall
mortality. Our findings corroborate those of others
who have reported the lack of an association between
BMI and all-cause mortality in women (20, 23, 24)
and cannot be attributed to residual confounding due
to cigarette smoking, overcontrol for potential mech-
anisms, or lack of elimination of woman with baseline
illness, since we took each of these factors into careful
consideration. ,

Of the specific causes of death studied, BMI was
most strongly related to CVD and CHD mortality in
both sexes. These findings concur with those of others
who found CHD or CVD in general to be the specific
causes of death most strongly associated with in-
creased relative weight (19, 22, 25, 26). In the Buffalo
Health Study women, BMI appeared to be at least as
strong a risk factor for CHD as in the younger men.
Although the relative risks did not reach statistical
significance until BMI was above 27.13 (quartile 4), a
positive trend was apparent even in women with an
average BMI of 22.6 compared with women in the
lowest quartile. Owing to the large number of men
who reported smoking at baseline (74.5 percent), we
were unable to examine the BMI-CHD mortality rela-
tions in never-smokers. However, statistical tests for
an interaction between BMI and cigarette smoking
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habits were nonsignificant, indicating no differences
in the relation between BMI and mortality in smokers
compared with nonsmokers. In women who reported
never smoking, relative risks at each quartile were
greater than those observed in the total cohort of
women.

BMI was not associated with non-CVD or cancer
mortality in men, while a significant quadratic relation
for these outcomes was found in women. Since our
cancer endpoint includes a variety of cancer sites and
non-CVD deaths include all cancers as well as a mix-
ture of very different causes of death, these findings
are not unexpected. The findings in men may partially
reflect competing risks of mortality due to the in-
creased risks of CVD/CHD mortality associated with
an elevated BMI or may, in fact, be indicative of a
lower risk of death from cancer in the heavier men.
Therefore, the observed associations for all-cause
mortality are predominantly influenced by deaths due
to CHD. The relatively small percentage of deaths due
to CHD in women (29.2 percent) may be one reason
why we found no significant relation between BMI
and all-cause mortality in women.

We did not find a strong attenuating effect of blood
pressure on any outcome, except perhaps for CHD
mortality in nonsmoking women. The implications of
this finding are that there are mechanisms other than
blood pressure in the causal pathway. It is also possi-
ble that secular trends in blood pressure treatment and
control are responsible for the small contribution of
blood pressure we observed on the BMI-mortality
relations.

A major strength of our study is that the participants
were a randomly selected sample of the general pop-
ulation of Buffalo, New York, with a baseline partic-
ipation rate of 79 percent and an average follow-up
rate of 93.1 percent. Although the sample size is
relatively small compared with other populations stud-
ied, this study is unique because it allows comparisons
between men and women across a wide age range
regarding the long-term relation between BMI and
mortality from all causes, as well as from a number of
specific causes of death. In addition to supporting
research utilizing select populations, our findings pro-
vide evidence that the risk of CHD with increasing
BMI is generalizable to the general population of
white Americans from northeastern industrial cities.

Another strength is the length of the follow-up pe-
riod. In addition to allowing examination of the long-
term relation between BMI and mortality, the 29-year
follow-up was long enough that any effects of weight
loss early in the study due to subclinical disease at
baseline would not influence the overall results. The
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long follow-up and the wide range of ages also allow
for interesting comparisons by age.

While it is common practice to control for BMI
when the association between physical activity and
mortality is being investigated, few studies have ex-
amined the relations between relative weight and mor-
tality after taking into consideration participants’ ac-
tivity levels. A final strength of our study includes the
comprehensive data available regarding physical ac-
tivity. Addition of this information to the model en-
abled us to conclude that the observed BMI-mortality
relations were independent of any effects of energy
expenditure.

One limitation of our study was that height and
weight were determined by self-report. Self-reported
height and weight may have resulted in an underesti-
mation of BMI, since people tend to overreport their
height and underreport their weight (35, 36). However,
these errors in estimation tend to be small (35, 36), and
our highest quartiles in both sexes closely approximate
the 85th percentile of BMI for whites aged 20-29
years, a somewhat conservative cutpoint for over-
weight status. With these conservative cutpoints, the
heaviest women and younger men were at signifi-
cantly greater risks of death from CHD when com-
pared with their leanest counterparts.

Another potential limitation is that BMI and other
characteristics were determined only at baseline, and
participants could have changed their body weight and
other lifestyle factors (i.e., cigarette smoking) during
the follow-up period. Therefore, we were unable to
examine effects of changes in weight or weight cy-
cling on mortality. While it is possible that some
participants lost weight, traditionally, as Americans
age, body weight tends to increase (31, 37). This fact
has been accepted by many in the past and is reflected
in existing health guidelines that allow for increases in
weight with increasing age (38). One exception may
be the elderly, in whom weight may have remained
relatively stable or even decreased in those who sur-
vived to the eldest ages. This measurement bias may
have been reflected in the lower point estimates of risk
that we observed in this age group.

Finally, no measures of body composition or fat
distribution were available from the baseline inter-
view. Therefore, we were unable to examine specific
hypotheses regarding the role of body fat or the loca-
tion of such fat on mortality. It is possible, particularly
in men, that a high BMI indicates muscularity rather
than adiposity. Given that our population is a random
sample of residents of Buffalo, New York, it is un-
likely that a large percentage of individuals with high
BMI levels are particularly muscular. Fat distribution,
measured by the waist-to-hip circumference, was

found to be a better predictor of mortality in woman
than was BMI (39), and measures of fat distribution
may have provided important information to help ex-
plain any observed mortality differences between men
and women. Nevertheless, height and weight are rel-
atively easy to measure in a clinical setting, and our
study results concur with others that show that being
overweight is related to higher mortality risks, espe-
cially from CHD (22, 25, 26).

In conclusion, our findings provide yet another
piece of evidence illustrating the importance of BMI
as a risk factor for CHD mortality in men and women.
This increased risk contributes to a significant in-
creased risk of all-cause mortality in men under age 65
years, but in women no evidence is provided to sup-
port the notion that risk of overall mortality is related
to BMI. Because few participants reported very low
BMI levels, we were unable to rule out the possibility
that such individuals were at increased risk of death.
Despite favorable trends in CHD mortality (5), the
disease remains the leading cause of death in the
United States (40). Given that approximately one third
of American adults are described as being at least 20
percent above desirable body weight and that the trend
is worsening (9), these findings have strong public
health implications regarding both the prevention and
treatment of obesity in men and women.
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