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Abstract

Objective: The present study investigates the relationship between BMI and all-

cause mortality among middle-aged and older adults with or without pre-existing

diseases.

Design: A population-based cohort study.

Setting: The Taiwan Longitudinal Study on Aging is a nationwide prospective

cohort study comprising a representative random sample of middle-aged and

older adults. The study period was 1996-2007.

Subjects: We followed 4145 middle-aged and older adults, totalling 42 353 person-

years.

Results: Overweight and mildly obese participants showed a 16% and 30%

decrease in the risk of death, respectively, compared with those of normal weight

after adjusting for potential covariates (e.g. demographic characteristics, health

behaviour, co-morbidities and physical function). Underweight adults showed a

1-36-fold increased adjusted hazard ratio of death compared with normal-weight

adults. Adults with a BMI of 27-0-28-0 kg/m* showed a significantly lower adjusted

hazard ratio of all-cause mortality rate compared with adults who had normal BMI

values when they had coexisting hypertension or diabetes (adjusted hazard

ratio=0-50; 95 % CI 0-30, 0-81 for hypertension and adjusted hazard ratio =0-41;

95 % CI 0-18, 0-89 for diabetes).

Conclusions: The study demonstrates that underweight people have a higher risk Keywords
of death, and overweight and mildly obese people have a lower risk of death, BMI
compared with people of normal weight among middle-aged and older adults. An Mortality
optimal BMI may be based on the individual, who exhibits pre-existing diseases Middle-aged and older adulis
or not. Prospective cohort study

(G))

The prevalence of overweight and obesity is progressively
increasing worldwide'"*. Overweight and obesity are major
risk factors for numerous co-morbidities”. However, the
effects of overweight and obesity on the risk of death are
controversial ™. Jee et al. showed that underweight, over-
weight and obese men and women have higher death rates
than men and women with normal body weight®. Flegal
et al. performed a systematic review and meta-analysis, and
reported a significantly higher risk for all-cause mortality for
obese compared with people of normal weight, especially
for class II and class IIT obesity. However, mortality was
significantly lower among overweight people compared
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with people of normal weight”’. Overweight refers to an
excess amount of body weight that may come from muscle,
bone, fat and water. Obesity refers to an excess amount
of body fat.

BMI is a simple index of weight to height that is com-
monly used to classify overweight and obesity in adults. It
is calculated as a person’s weight in kilograms divided
by the square of his or her height in metres (kg/m?).
The WHO and the National Heart, Lung, and Blood
Institute have defined four weight groups: underweight
(BMI < 18-5 kg/m?), normal weight (18-5 kg/m? < BMI < 25-0
kg/m?), overweight (25-0 kg/m?<BMI < 30-0kg/m? and
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obese (BMI > 30-0 kg/m*)®. Because of differences in body
size among various ethnic groups, the WHO proposed that
Asian adults with a BMI>23.0 and <25-0kg/m* be con-
sidered overweight and those with a BMI >25-0 kg/m* be
considered obese”. The Department of Health in Taiwan
further classified adults as underweight (BMI < 18-5 kg/m?),
normal weight (185 kg/m* < BMI < 24-0 kg/m?), overweight
(24-0 kg/m* < BMI < 27-0 kg/m?), mildly obese (27-0 kg/m?* <
BMI < 30-0 kg/m?), moderately obese (30-0kg/m?<BMI <
35.0 kg/m?) and severely obese (BMI > 350 kg/m*)®.

The government is dedicated to a weight control pro-
gramme for Taiwanese citizens and initiated a nationwide
weight-loss promotion campaign in 2011°”. This campaign
has attracted over 720 000 Taiwanese citizens, resulting in
a total weight loss of 1100 tonnes by the end of 20124
As more people, including elderly people, are becoming
overweight or obese, weight loss is recommended to
improve one’s health. Health risks are lowered in over-
weight children and adults by dieting and exercise.
However, the health benefits of weight loss in elderly
people, particularly by energy restriction, are uncertain. Jee
et al. demonstrated that underweight men and women had
a higher risk of death than those of normal weight™®.
Abhyankar et al. found that overweight and obesity may
be positive factors, and reported improved survival rates
both 30d and 1 year after treatment in an intensive care
unit'?. Beleigoli et al. showed that overweight (BMI=
25:0-30-0kg/m?) is inversely associated with mortality
in older Brazilian adults"'?. Deurenberg et al. showed that
the relationship between body fat percentage and BMI

In TLSA 1996, wave 3 (baseline)
(n5131)
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varied among racial groups''®. Based on the inconsistency
of the results regarding the relationship between body
weight and mortality among various groups, we investi-
gated whether the normal BMI cut-off point is suitable
for middle-aged and older Taiwanese adults regarding
all-cause mortality.

Methods

Study participants

A population-based longitudinal cohort study, the Survey
of Health and Living Status of the Elderly in Taiwan
(SHLSET), renamed the Taiwan Longitudinal Study on
Aging (TLSA), with a nationwide representative random
sample of middle-aged and older adults, was conducted in
1989, with follow-ups in 1993, 1996, 1999, 2003 and 2007.
Details of the TLSA study design have been published .
The data used in the present study were retrieved from the
TLSA, which was funded by the US National Institute of
Aging, the Taiwan Bureau of Health Promotion and the
Population Studies Center at the University of Michigan.
Data files that identified people were encrypted and the
identification was removed.

The study participants were recruited at baseline in
1996, and followed up in 1999, 2003 and 2007. Participants
who passed away in the first 3 years of follow-up were
excluded, as were participants who provided incomplete
age or sex information. Patients who were not followed up
were also excluded (Fig. 1.

In TLSA 1999, wave 4
(n4440)

A

Individuals followed up from TLSA 1996 to TLSA 1999
(n4287)

Delete those with missing data on BMI in

A

A,

TLSA 1999
(n142)

Eligible individuals with BMI data for mortality
followed up
(n4145)

A

A

Missing data on depressive

Individuals with complete

Missing data on BMI in

symptoms, physical function data for analysis TLSA 1999
and other covariates in (n3842) (n142)
TLSA 1996
(n303)

Fig. 1 Flow diagram of the sampling scheme in the present study (TLSA, Taiwan Longitudinal Study on Aging)
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Table 1 Comparison of demographic characteristics between the surviving group and the deceased group during follow-up among
4145 middle-aged and older adults, totalling 42 353 person-years, Taiwan Longitudinal Study on Aging, 1996-2007

Survived (n 2719) Deceased (n 1123)

Characteristic in 1996 Mean or n sD or % Mean or n sD or % P value
Person-years (total) 31322 8254
Follow-up (years)t 115 0-3 73 25 <0-0001
Age (years)t 628 8:0 710 8.3 <0-0001
Gender <0-0001
Female 1354 757 434 24.3
Male 1365 66-5 689 335
Ethnicity 0-0773
Fu-Kien 1832 71-5 730 28-5
Hakka 459 721 178 279
Mainlander 392 66-8 195 332
Other 36 64-3 20 35.7
Education (years) <0-0001
llliterate 774 65-8 402 342
Elementary school 1267 714 508 286
Junior to senior high school 503 758 161 24.3
College degree and above 175 771 52 229
Spouse <0-0001
Without 610 59-6 4141 404
With 2109 74-8 709 252
Smoking <0-0001
No 2033 727 762 273
Yes 686 65-5 361 34-5
Alcohol drinking 05134
Not heavy 2451 70-6 1020 294
Heavy 268 72-2 103 27-8
BMI <0-0001
Underweight 123 50-4 121 49-6
Normal weight 1394 68-9 628 311
Overweight 779 75-0 260 25.0
Obesity 423 78-8 114 212

Underweight, BMI <18-5 kg/m?; normal weight, 18-5 kg/m? < BMI < 24-0 kg/m?; overweight, 24-0 kg/m? < BMI < 27-0 kg/m?; obesity, BMI > 27-0 kg/m?.
tValues are presented as mean and standard deviation.

Outcome measurement

The outcome measurement included all-cause mortality
for the study participants during the follow-up periods.
The follow-up person-years were estimated for the study
participants from the index date until death or until the
end of 2007.

Exposure measurement

Exposure variables comprised demographic variables, co-
morbid medical illness, physical function and depression
status. Demographic variables included age, age cohort
(50-64 years and >65 years), sex, ethnicity, education
level, marital status, smoking status, alcohol consumption
and BMI.

Ethnicity was categorized as Fu-Kien, Hakka, Mainlander
and Other. Education levels were divided into illiterate
(0 years of education), elementary school (1-6 years),
junior to senior high school (7-12 years) or college degree
and above (>12 years). Marital status was entered as a
dichotomous variable: with spouse (living with spouse or
companion) or without spouse (not married, widowed,
divorced or separated). Smoking status was dichotomized
as current user and current non-user. Alcohol consumption
was also dichotomized as heavy drinking (more than 30 g
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alcohol/d) and not heavy drinking. BMI was calculated
from self-reported weight and height and categorized as
underweight (BMI < 185 kg/m?), normal weight (18-5kg/
m® <BMI < 24-0 kg/m?), overweight (24-0kg/m*<BMI <
27-0kg/m?) or obese (BMI >27-0 kg/m?), according to the
Taiwan Department of Health guidelines. We further cate-
gorized obesity into BMI=27-0-280kg/m?* BMI=28-0-
29-0kg/m* and BMI>29-0 kg/m*. Co-morbidities were
based on records of self-reported chronic diseases that may
affect mortality (hypertension, diabetes, heart diseases,
stroke, cancer, lung diseases).

The physical function variable included eight items for
the assessment of mobility limitations: (i) ability to stand
for 15 min; (iD) ability to squat; (iiD) ability to reach over-
head; (iv) ability to grasp with the fingers; (v) ability to
carry a weight of 11kg; (vi) ability to run 20 to 30 my;
(viD) ability to walk 200 to 300 m; and (viil) ability to walk
up two to three flights of stairs. Limitations in the perfor-
mance of each mobility task were rated (0=not at all,
1=mild, 2=moderate, 3 =severe). A higher score indi-
cated a higher level of difficulty.

Depression status was measured by the ten-item Center
for Epidemiologic Studies Depression Scale (CES-D)>. A
summary of the depression status scores (range: 0-30) was
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Table 2 Relationships between BMI categories and all-cause mortality, co-morbidities and physical function among 4145 middle-aged and
older adults, totalling 42 353 person-years, Taiwan Longitudinal Study on Aging, 1996-2007

Underweight
(n 244)

Normal weight
(n 2022)

Overweight
(n 1039)

Obesity

Total (n 537)

Characteristic in 1996 nor Mean % or sb nor Mean % or sb nor Mean % orsb nor Mean % orsb nor Mean % orsp P value

Deceased <0-0001
No 2719 70-8 123 50-4 1394 68-9 779 75-0 423 788
Yes 1123 292 121 496 628 311 260 25.0 114 21.2
Hypertension <0-0001
No 2857 74-4 211 86-5 1580 781 745 717 321 59-8
Yes 985 256 33 135 442 21.9 294 283 216 40-2
Diabetes 0-0038
No 3462 90-1 230 94.3 1842 911 917 88-3 473 88-1
Yes 380 9.9 14 57 180 8.9 122 11.7 64 11.9
Heart disease 0-0024
No 3304 86-0 206 844 1764 872 899 865 435 81.0
Yes 538 14.0 38 156 258 12.8 140 135 102 19.0
Stroke 0-5327
No 3729 971 237 971 1956 96-7 1015 97.7 521 97.0
Yes 113 2.9 7 2.9 66 3.3 24 2.3 16 3.0
Cancer 0-4994
No 3805 99.0 241 98-8 2006 99.2 1029 99.0 529 985
Yes 37 1.0 3 1.2 16 08 10 1.0 8 1.5
Lung disease 0-2487
No 3508 91.3 217 889 1841 91.0 950 914 500 931
Yes 334 87 27 111 181 9.0 89 86 37 6-9
Depression status 0-0165
No 2783 724 161 66-0 1448 716 765 736 409 762
Yes 1059 276 83 34-0 574 28-4 274 26-4 128 23-8
Number of diseasest 0-62 0-85 0-50 077 0.57 0-82 0-65 0-88 0-82 090 <0-0001
Physical functiont 0-08 0-17 0-14 0-21 0-07 0-16 0-08 015 010 0-18 <0-0001

Underweight, BMI < 18-5 kg/m?; normal weight, 18-5 kg/m? < BMI <24-0 kg/m?; overweight, 24-0 kg/m? < BMI < 27-0 kg/m?; obesity, BMI >27-0 kg/m?.

tValues are presented as mean and standard deviation.

created from the sum of the responses to the ten items in
the scale. A total score >8 was defined as depression'®.

Statistical analysis

We described baseline participant characteristics of the
total population, the surviving group and the deceased
group. Associations of the categorical risk factors of mor-
tality were compared using the y” test. Student’s ¢ test was
performed to identify the differences in the continuous
variables between the surviving and deceased groups.
Multivariable Cox proportional-hazards regression models
were used to calculate hazard ratios (HR) and 95 % con-
fidence intervals with stratification based on BMI, marital
status, smoking habit, alcohol consumption, number of
co-morbidities, depression status and physical function.
We further used multivariable Cox proportional-hazards
regression models to examine the relationship between BMI
and mortality, and investigated the optimal BMI cut-off point
for participants with and without pre-existing diseases,
including those who presented with hypertension, CHD,
diabetes, depression and health. Adjusted potential con-
founders included sociodemographic variables, spouse
status, health-related behaviour, co-morbidity, depression
and physical function. To model the relationships of
the follow-up years and all-cause mortality among the
four BMI categories, we used the LIFETEST component
(the Kaplan—-Meier estimator) of the SAS statistical software
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package. All statistical analyses were performed using SAS
version 9-2. All statistical tests were two-tailed and the
significance level was set at 0-05.

Results

Demograpbic characteristics of the study
participants in 1996

A total of 4145 middle-aged and older adult cases were
followed, totalling 42353 person-years. Of these, 2208
(53-3%) were men and 1937 (46-7 %) were women. Dur-
ing the follow-up period, 1263 (30-5 %) participants passed
away. The deceased group was significantly older at death
than the surviving group (71-6 (sp 8-6) years v. 62:9 (sp 8-1)
years). A significantly lower proportion of women passed
away during the follow-up period than did men (25-9 % v.
34-5%). Race did not appear to be a factor in the risk of
death. More educated participants had significantly lower
death rates. Participants with spouses had significantly
lower death rates than those who did not have spouses
(259 % v. 42-8 %). Participants who smoked had significantly
higher death rates than those who did not smoke (35-5 % v.
28:6 %). Participants who consumed alcohol had significantly
lower death rates than those who did not consume alcohol
(255% v. 3199%). Regarding the relationship between
BMI categories and all-cause mortality, obese participants
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Table 4 Relationship between BMI categories and all-cause mortality among 4145 middle-aged and older adults with or without pre-existing
diseases, totalling 42 353 person-years, Taiwan Longitudinal Study on Aging, 1996—2007

BMI category HR 95% ClI  BMI category HR 95% Cl

Participants with Normal weight (M=172/442) 1.00 - Normal weight (M=172/442) 1-00 -
hypertension (n 985) Underweight (M=20/33) 1.65* 1-02, 2.66 Underweight (M=20/33) 1.65* 1.02, 2-66
Overweight (M=103/294) 091 0-70, 1-17 Overweight (M=103/294) 091 070, 117
Obesity (M=55/216) 0-69* 0-51,0.95 BMI=27.0-28-0kg/m? (M=18/80) 0-50** 0-30, 0-81
BMI=28-0-29-0 kg/m? (M=12/45) 073  0-40, 1.34
BMI >29.0 kg/m? (M=25/91) 094 061, 145

Participants with Normal weight (M=92/180) 1.00 - Normal weight (M=92/180) 1-00 -
diabetes (n 380) Underweight (M=8/14) 0-88 0-41, 1.87 Underweight (M=8/14) 0-88 041,1.87
Overweight (M=56/122) 075 0-53, 1-06 Overweight (M=56/122) 075 052, 1.06
Obesity (M=23/64) 0-57* 0-35, 0-92 BMI=27-0-28-0 kg/m? (M=7/23) 0-41* 0-18, 0-89
BMI =28.0-29.0 kg/m? (M=4/14) 058 019, 1.73
BMI >29.0 kg/m? (M= 12/27) 074 040, 1.36

Participants with depression Normal weight (M=228/574) 1-00 - Normal weight (M=228/574) 1-00 -
status (n 1059) Underweight (M=45/83) 110 0-79, 1-53 Underweight (M=45/83) 111 0.80, 1-54
Overweight (M=90/274) 0-81 0-63, 1-04 Overweight (M=90/274) 081 063, 1.04
Obesity (M=33/128) 0-63* 0-43, 091 BMI=27-0-28-0kg/m? (M=13/45) 0-60 0-34, 1.07
BMI =28.0-29-0 kg/m® (M=5/28) 045 018, 1-10
BMI >29.0 kg/m? (M= 15/55) 075 044,128

Healthy participantst Normal weight (M=176/934) 1-00 — Normal weight (M= 176/934) 1-00 —
(n 1629) Underweight (M=34/91) 1-55* 1.06, 2.26 Underweight (M=34/91) 1.55* 1.06, 2-26
Overweight (M=65/439) 1.01 0-76, 1-35 Overweight (M=65/439) 1.02 0.76, 1-36
Obesity (M=23/165) 1.02 065, 1.58 BMI=27-0-28-0 kg/m? (M=4/58) 043 016,115
BMI =28.0-29-0 kg/m? (M=8-41) 1.39 0-68, 2-85
BMI >29.0 kg/m? (M= 11/66) 1.47 079,274

HR, hazard ratio; M, number of deceased subjects in that group/total number of subjects in that group.
All models were adjusted for age, gender, education level, ethnicity, spouse status, current smoking and alcohol drinking status, co-morbidities and physical

function impairment.

Underweight, BMI < 18-5 kg/m?; normal weight, 18-5 kg/m? < BMI < 24-0 kg/m?; overweight, 24-0 kg/m? < BMI < 27.0 kg/m?; obesity, BMI > 27-0 kg/m?.

*P<0-05, **P<0-:01, **P<0-0001.
tHealthy participants had no co-morbidities.

HR of death if they had an additional co-morbidity. Partici-
pants had a 3-79-fold increase in adjusted HR of death per
increased standard score of physical function impairment
(Table 3).

Relationship between BMI category and all-cause
mortality among participants with or without a
pre-existing disease

Among participants with pre-existing hypertension, under-
weight individuals exhibited a 1-65-fold greater adjusted HR
of death than did people of normal weight. Obese people
exhibited a 31 % decrease in adjusted HR of death com-
pared with people of normal weight. We further found that
obese participants with a BMI of 27-0-28-0 kg/m? had a 50 %
decrease in adjusted HR of death compared with those of
normal weight. Among the participants with pre-existing
diabetes, obese participants with a BMI of 27-0-28-0 kg/m?
had a 59% decrease in adjusted HR of death compared
with participants of normal weight. Among the participants
without any co-morbidity, underweight participants had a
1-55-fold higher adjusted HR of death compared with those
of normal weight (Table 4).

Relationships of follow-up years and survival
among the four BMI categories

Underweight participants had a significantly lower survival
rate than normal-weight, overweight and obese partici-
pants during follow-up. Conversely, obese participants
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had a higher survival rate compared with other weight
groups during follow-up (Fig. 2).

Discussion

We investigated the relationship between all-cause morta-
lity in middle-aged and older adults and current standard
BMI categories used in Taiwan in a nationwide pro-
spective cohort study. Participants with obesity had a 33 %
lower risk of death compared with those of normal weight,
after adjusting for demographic variables, smoking status,
co-morbidities and physical function. The present study
demonstrates that BMI, whether alone or adjusted for
covariates, is inversely related to mortality among middle-
aged and older adults, which is consistent with previous
studies 121718

Previous studies have demonstrated a strong relationship
between BMI and total body fat"'?”. BMI may not only be
a good marker of adiposity in elderly people, but may also
indicate that adiposity offers some protection against fatal
diseases*"*?. The possible biological mechanisms that
explain this ‘obesity survival paradox’ in elderly people may
be associated with a lower rate of bone mass loss, which
reduces the effects of fall and trauma episodes, and greater
nutritional reserves to accommodate periods of acute
stress?>**. Hong et al. indicated that the good prognosis
among overweight or obese elderly may reflect the relative
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Fig. 2 Relationship of follow-up years and survival among the
four BMI categories (= = =, underweight, BMI<18:5 kg/mz;
, normal weight, 18-5kg/m?<BMI <24.0 kg/m?; == =,
overweight, 24.0kg/m?<BMI<27-0kg/m?%, ——, obesity,
BMI >27.0 kg/m?) using Kaplan-Meier analysis among 4145
middle-aged and older adults, totalling 42 353 person-years,
Taiwan Longitudinal Study on Aging, 1996-2007

safety of storing lipophilic chemicals in adipose tissue rather
than in other critical organs®.

It is important to consider pre-existing diseases when
investigating the relationship between BMI and all-cause
mortality for middle-aged and older adults. Because a
lower BMI may be the result, not the cause, of pre-existing
diseases, co-morbidities at baseline can result in reverse
causation®®?”. Table 2 shows that participants with
higher BMI values had higher rates of hypertension and
diabetes. However, Table 3 shows that the effect of obe-
sity on the risk of death remained protective after adjusting
for co-morbidities and symptoms of depression. This
accentuates the effect of obesity on the lower risk of
all-cause mortality, after adjusting for co-morbidities,
symptoms of depression and physical function impair-
ment. Conversely, underweight participants had a 1-36-
fold higher risk of death compared with participants of
normal weight, after adjusting for covariates.

Previous studies have shown that total mortality has
a J- or U-shaped relationship with BMI. Mortality rates
increase sharply at BMI values of less than 18-5 kg/m* and
greater than 30 kg/m***3®, However, previous research
has not clearly defined the optimal BMI values for various
age groups, with or without pre-existing diseases, based on
all-cause mortality. Our study showed that obese participants
with a BMI of 27-0-280kg/m? had the lowest all-cause
mortality rate compared with normal BMI values when
obese participants had hypertension or diabetes. In addition,
people with higher BMI values had a lower rate for
depression in our study. The finding is consistent with rela-
tively fewer depressive symptoms among the obese popu-
lation and a ‘olly fat’ hypothesis in Chinese elderly®**?.

The present nationwide longitudinal cohort study of
middle-aged and older adults demonstrates that obesity is
associated with a lower risk of death. We excluded deaths
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in the first 3 years of follow-up to limit the possibility of
reverse causation. We also examined how a comprehensive
assessment of baseline health status and physical function
affects the relationship between BMI and all-cause mortality.
The results are robust, and we used numerous models of
multivariate logistic regression analysis and Kaplan-Meier
analysis for the decreased risk of death in obese people.
However, our study is restrained by some limitations for the
following reasons. First, weight, height and co-morbidities
used self-reported information, which might result in biased
estimation. The lack of data on medication use, health
behaviours and disease severity, which are potential con-
founding factors, may be a major limitation of the study.

Conclusion

In conclusion, our nationwide longitudinal study performed
in Taiwan shows an increased risk of death in underweight
people and a decreased risk of death in overweight and
mildly obese people compared with people of normal
weight among middle-aged and older adults. For people
with hypertension or diabetes, mildly obese participants
with a BMI of 27-0-28:0 kg/m” had a lower adjusted HR of
all-cause mortality compared with those having normal BMI
values. An optimal BMI may be based on the individual,
who exhibits pre-existing diseases or not.
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