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ABSTRACT

Background: Obesity is known to be associ-
ated with an increased risk of death, but cur-
rent definitions of obesity are based on data
from white populations. We examined the
association between body mass index (BMI)
and the risk of death in a large population of
adult Chinese people.

Methods: We examined the association be-
tween body mass index (BMI) and all-cause
mortality prospectively among 58 738 men
and 65 718 women aged 20 years and older
enrolled in 1998-1999 from four national
health screening centres in Taiwan. We used
Cox proportional hazards regression analyses
to estimate the relative risks of all-cause mor-
tality for different BMI categories during a
maximum follow-up of 10 years.

Results: A total of 3947 participants died during
the follow-up period. The lowest risk of death
was observed among men and women who had

T he prevalence of obesity has dramatically
increased in past decades in both developed
and developing countries. The World
Health Organization (WHO) reported that 1.6 bil-
lion adults are overweight and at least 400 million
are obese.* The WHO further predicted that by the
year 2015, about 2.3 billion adults will be over-
weight and more than 700 million will be obese.* In
Taiwan, according to a national survey performed
between 1993-1996 and 2005-2008, the preva-
lence of overweight and obesity (defined as body
mass index [BMI] > 24 kg/m?) had increased dra-
matically, from 33.4% to 50.8% among men and
from 31.7% to 36.9% among women.?

Overweight and obesity have been recognized
as important and independent risk factors for
many chronic diseases such as diabetes mellitus,
hypertension, stroke, cardiovascular diseases and
malignant diseases.*” Substantial epidemiologic
evidence shows that obesity is associated with an
increased risk of cardiovascular-related and all-
cause mortality.®® Therefore, obesity has become
a major public health problem around the world.

© 2011 Canadian Medical Association or its licensors

a BMI of 24.0-25.9 (mean 24.9). After adjust-
ment for age, smoking status, alcohol intake,
betel-nut chewing, level of physical activity,
income level and education level, we observed a
U-shaped association between BMI and all-cause
mortality. Similar U-shaped associations were
observed when we analyzed data by age (20-64
or > 65 years), smoking (never, < 10 pack-years
or > 10 pack-years) and presence of a pre-exist-
ing chronic disease, and after we excluded
deaths that occurred in the first three years of
follow-up.

Interpretation: BMI and all-cause mortality
had a U-shaped association among adult Chi-
nese people in our study. The lowest risk of
death was among adults who had a BMI of
24.0-25.9 (mean 24.9). Our findings do not
support the use of a lower cutoff value for
overweight and obesity in the adult Chinese
population.

Current definitions of obesity and overweight
in adults are based on data from white popula-
tions. The WHO has proposed another definition
for Asian people, but most of the data it used
were from cross-sectional studies.*® One study
showed that, for a given BMI, Asian people had
higher body fat than white people.** Furthermore,
the association between BMI and all-cause mor-
tality has been reported to be J-shaped or U-
shaped. Most of the studies involved white peo-
ple, with only a few involving Asian populations.
Gu and colleagues reported a U-shaped associa-
tion between BMI and all-cause mortality among
Chinese people.? However, they included only
middle-aged adults over 40 years old and not all
adults over 20 years.

We designed a large prospective cohort study
to assess the association between BMI and all-
cause mortality in a nationwide representative
sample of Chinese adults over 20 years old in
Taiwan. We also intended to find the optimal
BMI cutoff values for overweight and obesity
among Chinese adults.
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Methods

Study population

The data were collected from four private
national health screening centres in Taiwan from
1998 to 1999. The registered health practitioners
in these centres provide multidisciplinary care to
people who are members of these centres. Most
of the members undergo a health examination
every three to four years, and about 30% receive
the same health check-up every year.

A total of 58 738 men and 65 718 women
aged 20 years and older were recruited. The
structure of our study population was similar to
the national data for adults published by the Tai-
wanese government.** Deaths were ascertained
by computer linkage to the national death reg-
istry using individual identification numbers. All

deaths that occurred between study entry and
December 2008 were included for analysis.

Approval for patient recruitment and data analy-
ses was obtained from the MJ Research Foundation
Review Committee in Taiwan. Informed consent
was obtained from every participant.

Anthropometric indices

Collection of anthropometric data was described
in our previous report.*** In brief, trained staff
measured height (to the nearest 0.1 cm) and
weight (to the nearest 0.1 kg) of each participant
using an auto-anthropometer (KN-5000A, Naka-
mura, Tokyo, Japan). Study participants were
grouped into nine categories according to their
BMI at baseline: < 18.5, 18.5-19.9, 20.0-21.9,
22.0-23.9, 24.0-25.9, 26.0-27.9, 28.0-29.9,
30.0-34.9, and > 35.0 kg/m2,

Table 1: Baseline characteristics of men aged 20 years and older in Taiwan, by body mass index (BMI)
BMI; % of participants*
<18.5 18.5-19.9  20.0-21.9 22.0-23.9 24.0-259 26.0-27.9 28.0-29.9 30.0-34.9 >35

Characteristic n=2448 n=4300 n=10473 n=14983 n=13368 n=7738 n=3374 n=1819 n=235
Age, yr, mean (SD) 39.3(15.6) 39.7 (14.8) 41.1 (14.5) 43.3(13.8) 44.6(13.4) 451 (13.3) 444(13.4) 41.7(129) 37.5(11.9)
Height, cm, mean (SD) 169.1 (6.6) 169.0 (6.5) 168.8 (6.2) 168.5 (6.3) 168.2(6.2) 168.1 (6.1) 168.4 (6.3) 169.0 (6.4) 170.2 (7.1)
Weight, kg, mean (SD) 50.3 (4.6) 55.3 (4.4) 60.1 (4.7) 654 (5.1) 70.4(5.4) 76.1 (5.8) 819 (6.4) 90.3 (8.0) 109.0(11.4)
BMI, mean (SD) 17.5 (0.8) 19.3 (0.4) 21.1 (0.6) 23.0 (0.6) 24.9(0.6) 269 (0.6) 288 (0.6) 31.6 (1.3) 37.7 (3.9
Smoking status

Current 46.2 43.6 40.7 38.7 39.4 40.5 42.5 44.7 56.5

Former 9.7 9.7 10.6 12.1 13.3 13.5 14.3 13.0 8.1

Never 441 46.7 48.7 49.2 47.3 46.0 43.2 42.3 35.4
Alcohol intake

Current 24.3 25.0 27.7 30.2 33.0 33.9 34.4 35.1 22.8

Former 5.8 5.0 5.2 5.0 5.4 6.3 7.0 6.7 7.8

Never 69.9 70.0 67.1 64.8 61.6 59.8 58.6 58.2 69.4
Betel-nut chewing

Current 9.6 10.1 9.5 9.7 10.6 12.2 13.8 15.6 18.8

Former 10.9 9.5 9.3 8.5 9.8 11.0 12.6 14.8 18.4

Never 79.5 80.4 81.2 81.8 79.6 76.8 73.7 69.6 62.8
Level of physical activity

None or mild 52.1 48.6 45.5 42.6 42.8 44.7 46.4 51.0 55.6

Moderate 34.9 37.5 38.4 39.4 38.5 37.2 36.5 34.5 34.7

Vigorous 13.1 13.8 16.1 18.0 18.7 18.1 17.1 14.5 9.7
Income level

Low 39.7 37.2 32.2 27.8 27.0 28.3 29.3 29.0 34.6

Moderate 55.1 57.1 59.5 61.5 60.6 59.2 58.5 60.3 55.1

High 5.2 5.7 8.3 10.7 12.4 12.5 12.2 10.7 10.3
Education level

Low 13.5 13.7 13.5 15.5 16.9 18.3 18.9 15.8 12.6

Moderate 38.2 36.1 34.6 33.2 34.8 36.1 37.5 39.0 41.7

High 48.3 50.2 51.8 51.3 48.4 45.6 43.6 45.2 45.7
Note: SD = standard deviation.
*Unless stated otherwise.

E330 CMAJ, April 5, 2011, 183(6)



RESEARCH

Other variables

Smoking status, alcohol intake, betel-nut chew-
ing and level of physical activity were recorded
for each participant using a questionnaire. Infor-
mation about smoking status, alcohol intake and
betel-nut chewing at baseline was categorized as
“current,” “former” or “never.”

The cumulative exposure to smoking was
assessed by recording the duration (in years) and
quantity (in number of cigarettes per day). For-
mer smokers were asked for their age at the time
of quitting. To calculate cumulative pack-years
of smoking, we multiplied the number of smok-
ing-years by the average number of cigarettes
smoked daily and divided the value by 20.
Cumulative pack-years were categorized into
two groups: low (< 10 pack-years) and high
(= 10 pack-years).

Physical activity was classified into three
levels: none to mild (les than one hour of physi-
cal activity per week), moderate (one to four
hours per week) and vigorous (five or more
hours per week).

Income status was divided into three levels
of annual income: low (< US$12 500), middle
(US$12 500-$37 500) and high (> US$37 500).

Education was classified into three levels:
low (elementary school and lower), middle
(junior and senior high school) and high (college
or university and higher).

Participants who reported a history of stroke,
cardiovascular disease, cirrhosis of the liver,
asthma, chronic renal disease or cancer were
defined as having a pre-existing chronic disease
(n =15 180). The remaining 109 276 partici-
pants were defined as healthy.

Table 2: Baseline characteristics of women aged 20 years and older in Taiwan, by body mass index (BMI)
BMI; % of participants*
< 18.5 18.5-19.9 20.0-21.9 22.0-23.9 24.0-25.9  26.0-27.9 28.0-29.9 30.0-34.9 235

Characteristic n =6 850 n=10171 n=16054 n=13253 n=9224 n=5322 n=2633 n=1908 n =303
Age, yr, mean (SD) 32.7(10.6) 35.5(11.1) 40.1(12.2) 455(13.1) 495(128) 51.6(125) 51.8(124) 51.2(13.0) 47.6(13.5)
Height, cm, mean (SD) 158.6 (5.6) 158.0 (5.5 157.0 (5.6) 155.7 (5.6) 155.0 (5.5) 1544 (5.5) 1543 (5.6) 1543 (5.6) 1544 (6.3)
Weight, kg, mean (SD) 44.0 (3.7) 483 (3.5) 51.8 (3.8) 557 (4.1) 599 (44) 642 (47) 689 (5.1) 756 (6.3) 89.7 (9.5
BMI, mean (SD) 17.5 (0.8) 19.3 (0.4) 21.0 (0.6) 23.0 (0.6) 249 (0.6) 269 (0.6) 289 (0.6) 317 (1.3) 376 (2.4)
Smoking status

Current 9.0 7.3 5.6 4.7 3.9 4.2 4.3 5.0 6.7

Former 2.2 2.0 1.6 1.3 1.1 1.0 1.5 1.5 2.1

Never 88.8 90.7 92.8 94.0 95.0 94.8 94.2 93.5 91.2
Alcohol intake

Current 5.6 4.9 5.9 5.7 5.7 5.6 4.6 5.3 6.2

Former 1.5 1.3 1.4 1.6 1.5 1.4 1.3 2.3 6.2

Never 92.9 93.8 92.7 92.8 92.8 92.9 94.1 924 87.6
Betel-nut chewing

Current 0.2 0.3 0.3 0.3 0.5 0.9 1.3 1.6 2.9

Former 0.2 0.1 0.2 0.4 0.3 0.5 0.5 0.9 0.4

Never 99.6 99.6 99.5 99.3 99.2 98.6 98.2 98.5 96.7
Level of physical activity

None or mild 67.2 60.2 54.7 50.2 49.0 48.9 52.7 54.6 59.2

Moderate 28.1 32.9 35.1 34.3 32.8 31.6 30.0 29.0 29.6

Vigorous 4.7 7.0 10.2 15.5 18.2 19.5 17.2 16.5 11.2
Income level

Low 57.8 54.3 57.0 65.6 73.4 78.5 79.4 82.8 80.1

Moderate 39.8 42.7 39.6 31.6 24.4 19.5 17.9 15.7 18.1

High 2.4 3.0 3.4 2.8 2.2 2.1 2.7 1.5 1.8
Education level

Low 7.0 9.9 18.6 34.7 48.5 58.5 61.6 62.0 56.7

Moderate 38.6 39.7 40.5 37.0 32.8 28.5 26.6 26.1 28.9

High 54.4 50.5 40.9 28.3 18.7 13.0 11.8 11.9 14.4
Note: SD = standard deviation.
*Unless stated otherwise.
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Statistical analysis

The data are presented as means with standard
deviations for continuous variables. Analysis of
variance was used to compare the continuous
variables (age, height, weight) across BMI cate-
gories. Proportions and categorical variables
(e.g., smoking status, alcohol intake and betel-
nut chewing) were tested with the y? test and the
two-tailed Fisher exact test when appropriate.
We used Cox proportional hazards regression
analysis, adjusted for possible confounders, to
estimate the relative risk (RR) for all-cause mor-
tality in relation to BMI categories.

We conducted sensitivity analyses to deter-
mine the optimal cutoff values of BMI for all-
cause mortality by dividing BMI values into 14
groups: < 18.5, 18.5-19.9, 20.0-20.9, 21.0-21.9,
22.0-22.9, 23.0-23.9, 24.0-24.9, 25.0-25.9,
26.0-26.9, 27.0-27.9, 28.0-28.9, 29.0-29.9,
30.0-34.9and 35.

Results

The baseline characteristics of the study partici-
pants by BMI category are shown in Tables 1

and 2. Compared with participants in the highest
BMI category (= 35), those who had a lower
BMI were older, more likely to consume alcohol
and chew betel nuts, less physically active, in a
higher (men) or lower (women) income level,
and less educated (women).

During the 10-year follow-up period
(1109 273 person-years), 3947 people (2398
men and 1549 women) died. We found a nonlin-
ear association between BMI and the risk of all-
cause mortality among men and women, even
after adjustment for age, smoking status, alcohol
intake, betel-nut chewing, level of physical
activity, income level and education level (Table
3, Figure 1). The lowest risk of death was found
among men and women with a BMI of 24.0-
25.9 (mean 24.9).

There were significant interactions (p < 0.05)
between BMI categories and certain covariates
(age, smoking and pre-existing chronic disease)
for predicting the risk of all-cause mortality. As in
the primary analysis, we observed significant U-
shaped associations between BMI and all-cause
mortality when we analyzed data by age (20-64
or = 65 years), smoking (never, <10 pack-years

Table 3: Association between death and body mass index (BMI) among Chinese men and women

RR (95% CI)

Adjusted RR

for follow-up period

Adjustedt 1990-2007% (95% CI)

No. of No. of
BMI deaths person-years Crude*
Men
<185 145 21507 1.80 (1.50-2.17)
18.5-19.9 196 38 092 1.47 (1.24-1.73)
20.0-21.9 425 92 829 1.26 (1.11-1.44)
22.0-23.9 586 133 037 1.11 (0.98-1.25)
24.0-25.9 506 118 723 1.00 (ref)
26.0-27.9 310 68 759 1.03 (0.90-1.19)
28.0-29.9 148 29954 1.18 (0.98-1.42)
30.0-34.9 71 16 083 1.40 (1.09-1.80)
>35 11 2 080 2.48 (1.36-4.50)
Women
<185 90 61448 1.50 (1.19-1.90)
18.5-19.9 128 91 146 1.22 (0.99-1.50)
20.0-21.9 265 143 926 1.05 (0.89-1.24)
22.0-23.9 332 118733 0.99 (0.85-1.16)
24.0-25.9 306 82 357 1.00 (ref)
26.0-27.9 202 47 488 1.00 (0.84-1.20)
28.0-29.9 117 23422 1.16 (0.94-1.44)
30.0-34.9 95 16 989 1.34 (1.07-1.69)
=235 14 2 698 1.63 (0.96-2.79)

1.65 (1.34-2.04)
1.32 (1.09-1.60)
1.15 (0.99-1.33)
1.14 (0.99-1.30)
1.00 (ref)

1.01 (0.86-1.18)
1.12 (0.91-1.38)
1.27 (0.95-1.70)
2.37 (1.22-4.60)

1.52 (1.17-1.99)
1.34 (1.06-1.70)
1.18 (0.97-1.42)
1.05 (0.8-1.26)
1.00 (ref)

1.03 (0.84-1.26)
1.08 (0.83-1.39)
1.39 (1.07-1.80)
1.65 (0.92-2.95)

1.65 (1.29-2.10)
1.36 (1.10-1.69)
1.10 (0.92-1.30)
1.09 (0.94-1.27)
1.00 (ref)

1.00 (0.84-1.20)
1.19 (0.95-1.50)
1.09 (0.76-1.55)
2.08 (0.92-4.67)

1.60 (1.19-2.15)
1.22 (0.93-1.61)
1.22 (0.99-1.51)
1.03 (0.84-1.26)
1.00 (ref)

1.07 (0.85-1.34)
1.03 (0.77-1.38)
1.44 (1.08-1.93)
1.76 (0.93-3.34)

*Adjusted for age.

Note: Cl = confidence interval, ref = reference group, RR = relative risk.

tAdjusted for age, smoking status, alcohol intake, betel-nut chewing, level of physical activity, income level and education level.
$Only deaths that occurred after the first three years of follow-up are included.
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or > 10 pack-years), and presence or absence of a
pre-existing chronic disease (Figure 2).

People 65 years of age and older had a
steeper U-shaped curve than the younger partici-
pants (Figure 2A). As in the main analysis, the
lowest risk of death was observed among people
in both age groups who had a BMI of 24.0-25.9.
In the highest BMI category, the risk of death
was lower among people who had 10 or more
cumulative pack-years of smoking than among
those who had fewer pack-years or who never
smoked (Figure 2B). Among participants with a
BMI of less than 24.0, those who had a pre-
existing chronic disease were at higher risk of
death than those without a chronic disease. The
reverse was true among those with higher BMls
(Figure 2C).

The U-shaped association between BMI and
all-cause mortality remained significant after we
excluded participants who died during the first
three years of follow-up (Table 3).

In our sensitivity analyses in which we div-
ided BMI values into 14 groups to determine
the optimal cutoff values of BMI for all-cause

mortality, the lowest risk of death was observed
among men with a BMI of 24.0-24.9 (mean
24.5) and among women with a BMI of 25.0-
25.9 (mean BMI 25.5). These findings were con-
sistent with the results of our main analysis
(BMI 24.0-25.9) and show the robustness of our
results.

Interpretation

In this population-based prospective study, we
found a U-shaped association between BMI and
all-cause mortality among adult Chinese people
in Taiwan. The risk of death was higher among
people with BMIs in the lower and upper cate-
gories than among those with BMIs in the middle
category. The lowest risk of death was associated
with a BMI of 24.0-25.9 (mean 24.9) among
both men and women. We observed similar U-
shaped associations when we analyzed data by
age, smoking and presence of a pre-existing
chronic disease, and when we excluded people
who died within the first three years of follow-up.

The WHO has proposed lower BMI cutoff

Men
3.0

2.5

2.0

0.5

Women

T T T T T T T T T
<18.5 18.5-19.9 20.0-21.9 22.0-23.9 24.0-25.9 26.0-27.9 28.0-29.9 30.0-34.9 >35

3.0

Relative risk of death

2.5

2.0

0.5

-

T T T T T T T T T
<185 185-19.9 20.0-21.9 22.0-23.9 24.0-25.9 26.0-27.9 28.0-29.9 30.0-34.9  >35
Body mass index

Figure 1: Association between body mass index (BMI) and all-cause mortality among Chinese men and
women. Relative risks were adjusted for age, smoking status, alcohol intake, betel-nut chewing, level of
physical activity, income level and education level. Error bars indicate 95% confidence intervals.
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values for defining overweight (23.0-24.9) and
obesity (= 25) in Asian populations.*® However,
most of the evidence it used was from cross-
sectional studies. Earlier prospective studies
involving Chinese people reported a U-shaped
association between BMI and all-cause mortality
and showed that people with a BMI of 24.0-28.0
had the lowest risk of death.®2***" For example,
Gu and coauthors found that, among 169 871
Chinese people aged 40 years and older, both
men and women with a BMI of 24.0-24.9 had
the lowest risk of death. In white populations,
studies have reported a J- or U-shaped associa-
tion between BMI and all-cause mortality: a

BMI of 23.0-28.0 was associated with the low-
est risk of death, with the minimum mortality
close to a BMI of 25.0.8

The findings from our primary analysis and
sensitivity analyses are consistent with the re-
sults of these studies and do not support the use
of a lower BMI cutoff value for overweight and
obesity in the adult Chinese population.

Previous studies have shown that age is an
effect modifier for the association between BMI
and risk of death.’** Weiss and colleagues re-
ported that BMI was inversely related to mortal-
ity among elderly people.* In our study, how-
ever, the U-shaped association between BMI and

Age
2.5
—--— <65years
2.0 —&— >65years
.
1.5 -
1.0
05 T T T T T T T T T
<185 185-19.9 20.0-21.9 22.0-23.9 24.0-25.9 26.0-27.9 28.0-29.9 30.0-34.9 >35
Smoking
2.5

Pre-existing chronic disease

£
"gE —&— < 10 pack-years
% 2.0 —-o-— 210 pack-years
- —a— Never smoked
o
i 1.5
=
[}
2
S 1.0
S
]
o
0.5 T

T T T T T T T T
<185 18.5-19.9 20.0-21.9 22.0-23.9 24.0-25.9 26.0-27.9 28.0-29.9 30.0-34.9 >35

2.5
———— Absent
2.0 —&— Present 52
1.5+
1.0
0.5 T

T T T T T T T T
<185 185-19.9 20.0-21.9 22.0-23.9 24.0-25.9 26.0-27.9 28.0-29.9 30.0-349 =35
Body mass index

Figure 2: Adjusted relative risks of all-cause mortality by body mass index (BMI) category according to age
(< 65 or =65 years), smoking (never, < 10 pack-years or > 10 pack-years) and the presence or absence of
pre-existing chronic diseases (stroke, cardiovascular disease, cirrhosis of the liver, chronic renal disease,
asthma or cancer). The relative risks were adjusted for age, sex, cumulative pack-years of smoking, alco-
hol intake, betel-nut chewing, level of physical activity, income level and education level.
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all-cause mortality was significant among partic-
ipants aged 20-64 years and among those 65
years and older. This finding did not support the
theory of “obesity paradox” in elderly people.

Smoking is associated with lower body
weight and an increased risk of death.?>* Qur
findings support the results of previous studies
that have shown smokers who have lower BMI
values to be at higher risk of death than those
who never smoked.**# We found similar U-
shaped associations between BMI and all-cause
mortality among participants who never smoked,
smokers who had fewer than 10 cumulative
pack-years and smokers with 10 or more pack-
years.

The presence of pre-existing chronic diseases
was associated with an increase in all-cause mor-
tality and decreased body weight. We used two
criteria to avoid possible bias caused by pre-
existing chronic disease: we limited the analysis
to healthy participants, and we excluded people
who died during the first three years of follow-
up. The U-shaped associations between BMI and
all-cause mortality remained after making these
adjustments. In the lower BMI categories, the
risk of death was higher among participants with
a pre-existing chronic disease than among
healthy participants. This finding confirmed that
pre-existing chronic disease was associated with
an increased risk of death. In contrast, in the
higher BMI categories, the risk of death was
lower among participants with a pre-existing
chronic disease than among the healthy partici-
pants. This finding suggests that obesity may
have a protective effect in people with pre-
existing chronic diseases and is consistent with
reports from the United States.®

Limitations

Our study has some limitations worth noting.
First, we did not measure weight at the end of
the follow-up period. Therefore, we could not
determine changes in weight over time or
whether there was an association between weight
change and mortality. Second, our study popula-
tion comprised mainly volunteers in generally
good health who attended health screening cen-
tres. However, the population structure in our
study was similar to the national data for adults
reported by the Taiwanese government. External
validation will be necessary in future studies.
Finally, we adjusted for several variables, in -
cluding smoking status, alcohol intake, betel-nut
chewing, level of physical activity, education
level and income level, which allowed us to min-
imize the effect of potential confounders. How-
ever, we still could not exclude the possibility of
residual confounding.

Conclusion

Both obesity and underweight were related to an
increase in all-cause mortality among adult Chi-
nese people in Taiwan. This U-shaped associa-
tion remained when we examined data by age
(< 65 or > 65 years), smoking (never, < 10 pack-
years or > 10 pack-years) and the presence or
absence of pre-existing chronic disease, and
when we excluded people who died during the
first three years of follow-up. The consistency of
our findings with those in other populations sup-
ports the argument for a single recommended
range of BMI values.
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