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Obesity and changes in body weight related to 10-year
diabetes incidence in women in Taiwan (1993-2003)
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This study aimed to investigate the relation of obesity and changes in body weight through adulthood with risks
of type 2 diabetes. This study of 954 middle-aged women free of diabetes (mean age, 37.1+9.6 years) was con-
ducted in a hospital. The baseline and biannual health check-ups were performed from 1993 to 2003. The cumu-
lative incidence rate of type 2 diabetes was 3.64 per 1000 person-years during the mean follow-up period of 10
years. 73.3% of subjects who developed type 2 diabetes were overweight (16.6%) or obese (56.7%). Obese sub-
jects (body mass index more than 25 kg/m?) had a relative risk of type 2 diabetes of 10.4 (95% confidence inter-
val 2.95-36.9) compared with subjects with an optimal body mass index (18-22.9 kg/m?). Long-term weight gain
was strongly related to the risk of type 2 diabetes. Each 1 kg of weight gain was associated with a 16% increase
in risk of developing diabetes. This study indicated that obesity at young adult and weight gain appreciably in-
crease risk for type 2 diabetes. Maintaining a lean weight throughout adulthood seems to be beneficial in the

primary prevention of type 2 diabetes.
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INTRODUCTION

Obesity is an epidemic problem in the industrialized world
4 and is also a growing problem in Taiwan.® Obesity is
well recognized as a major risk factor for the development
of type 2 diabetes. According to series reports of data on
Caucasians, risks for diabetes are greatly increased in obese
subjects."** The diabetes risk was four times higher in
males in the Health Professionals Follow-up Study, and
eight times higher in women in the Nurses' Health Study,
where subjects with body mass index (BMIs) > 26 were
compared to analogs with BMIs < 21.'2 Although Asian
adults have a much lower prevalence of obesity in compari-
son with Caucasian populations by World Health Organiza-
tion criteria, similar risks have been shown in Asian popu-
lations, such as Japanese and Chinese.**** The risks associ-
ated with weight gain or changes have been elucidated in
Caucasians populations.”>#’But there was no Taiwanese
data to evaluate the relations between weight changes and
the risk of diabetes.

Because treating diabetes over a long period is costly, the
best approach for the control of diabetes is primary preven-
tion. Examining the modifiable risks for diabetes, including
obesity and weight changes, has important public health
implications. The purpose of this study was to examine
cohort data of middle-aged Taiwanese women to describe
the effects of weight excess and its changes on the inci-
dence of diabetes.

MATERIALS AND METHODS

Subjects

Participants were employees of a hospital in Taipei, Tai-
wan. A total of 1,434 women aged 21 — 55 years received
health examination in 1993. We excluded subjects who, at
baseline, had pregnancy (n=11), body mass index (BMI)
less than 18 (n=74) or reported diabetes (n=10) and who
resigning from job (n=349), during follow-up period, or
died from other diseases (n=36). Subjects who retired
(n=125) were included. Data from the 954 participants
(66.5% follow-up rate) were used in the analysis. There
were no significant differences comparing the study sub-
jects and loss-of-follow-up groups for age, BMI and preva-
lence of baseline metabolic disorders.

The baseline health examination consisted of history-
taking, physical examinations, anthropometric measure-
ments (body height and weight), and blood pressure, fast-
ing plasma glucose, total cholesterol, and triglyceride in
1993. Venous blood was drawn for measurements after an
overnight fast and analyzed at a central laboratory in hospi-
tal. Blood pressure was measured by sitting position after
resting for 10 minutes. BMI was calculated by weight in
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kilograms divided by the height squared in meters. These
cutoffs of BMI corresponded to the definition of over-
weight and obesity suggested by the 2000 World Health
Organization Asian Pacific Guideline.”® Subjects were
classified into normal weight (BMI: 18-22.9 kg/m?),
overweight (BMI: 23-24.9) and obese (BMI>25) at base-
line. Subjects were asked to fill out a questionnaire in-
cluding family history of diabetes and alcohol intake. The
biannual health examination has been performed
from1993 to 2003. We recorded the further BMI of sub-
jects who had type 2 diabetes at the first diagnosis by
reviewing their medical charts, and of those who did not
have diabetes at regular health checkup in 2003. Hyper-
tension was defined as systolic blood pressure > 140
mmHg and/or diastolic blood pressure > 90 mmHg, or
physician-diagnosed hypertension. Hyperlipidemia was
defined as serum total cholesterol > 6.20 mmol/L and/or
triglyceride > 2.25 mmol/L according to Third Report of
the Expert Panel on Detection, Evaluation, and Treatment
of High Blood Cholesterol in Adults (Adult Treatment
Panel I11) Full Report.

Criteria of type 2 diabetes

Diabetes was defined according to the American Diabetes
Association criteria.?* Medical charts were reviewed, and
a diagnosis of incident diabetes was confirmed if the sub-
ject met one of the following criteria: 1) a fasting plasma
glucose level of at least 7.0 mmol/L and a 2 hr postpran-
dial plasma glucose level of at least 11.1 mmol/L; or 2)
elevated fasting plasma glucose level (>7.0 mmol/L) on at
least two different occasions; or 3) treatment with hypo-
glycemic medication. We recorded the date of the first
diagnosis.

Statistical analysis
Analysis of variance (F test) was performed to compare
the continuous covariates among different categories of

BMI. Incidence rates were obtained by dividing the num-
ber of cases by person-years in each category of BMI.
Person-years for each subject with diabetes were esti-
mated from the date of their first checkup in 1993 to the
date when diabetes was diagnosed by clinical physicians,
or the last examination in 2003. Relative risk was used as
the measure of association. Proportional hazards analyses
(Cox regression models) were performed to compute age-
adjusted and multivariate-adjusted relative risks with 95%
confidence intervals. Covariates included age, alcohol
intake (never, occasional and regular), family history of
diabetes and baseline measurements (fasting plasma glu-
cose, hypertension, hyperlipidemia).

Weight changes in either direction were used, with loss
of weight having a negative value and gain in weight hav-
ing a positive value. To obtain greater statistical power in
assessing the relationship between weight change and risk
of diabetes, weight changes were fitted as a continuous
covariate. We divided two Cox regression models of
weight loser (model I: weight change < 0) and weight
gainer (model Il: weight change > 0). We determined the
relative risk of diabetes for weight gain or loss in 10 years,
controlling for age, BMI, family history of diabetes, hy-
pertension, hyperlipidemia, fasting plasma glucose levels
and alcohol intake.

RESULTS

Table 1 shows baseline characteristics at the start of this
study in 1993. In 1993, a total 954 of women were 21 —
55 years of age, with a mean age of 37.1 (standard devia-
tion, SD 9.6) years. The prevalences of hypertension and
hyperlipidemia were 14.1% and 7.6%, respectively. The
mean body mass index at baseline in this cohort was 22.1
(SD 3.0) kg/m? while most subjects (66.2%) were of an
optimal BMI, 17.4% were overweight, and 16.4% were
obese. Total follow-up time was 8,234.5 person-years.
There were 30 incident cases of diabetes during the mean

Table 1. Baseline characteristics related to subsequent type 2 diabetes over 10 years follow up

Diabetes Non diabetes Total

Characteristics (n=30) (n=924) (n=954)
Age (y) 44.8 (9.7)*** 36.8 (9.5) 37.1(9.6)
Family history of diabetes (%) 63.3*%** 224 23.7
Hypertension (%) 43.3%** 131 141
Hyperlipidemia (%) 13.3 7.4 7.6
Current alcohol drinker (%) 5.9 4.7 4.7
BMITt (kg/m?) 26.1 (4.0)y*** 22.2 (2.7) 22.1(3.0)

Overweight (%), BMI 23-24.9 16.7 174 174

Obesity (%), BMI>25 56.7*** 15.3 16.4
Fasting plasma glucose (mmol/L) 5.7 (0.7)*** 5.0 (0.7) 5.0 (0.5)
Systolic blood pressure (mmHg) 129 (18.9)*** 114 (15.1) 115 (15.4)
Diastolic blood pressure (mmHg) 83.1 (11.4)** 75.9 (9.8) 76.2 (9.9)
Total cholesterol (mmol/L) 5.0 (0.9) 4.8 (0.9) 4.8(0.9)
Triglyceride (mmol/L) 1.4 (0.7)** 1.0 (0.7) 1.0 (0.6)

Data are means (SD) and %. * p<0.05, **p <0.01, ***p <0.001, as compared to non diabetes subjects.; T Body mass index.
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Table 2. Rate per 1,000 person-years and adjusted relative risk (RR) of type 2 diabetes by body mass index categories

Body mass index categories (kg/m?)

18.0-22.9 23.0-24.9 >25.0

(n=630) (n=166) (n=158) p-level
Age () 34.6 (8.3) 39.9(9.9) 43.7 (10.2) <0.001
Body mass index (kg/m?) 20.6 (1.3) 23.9 (0.6) 27.2(2.2) <0.001
Family history of diabetes (%) 20.6 26.5 331 0.0030
Hypertension (%) 7.6 21.7 31.7 <0.001
Hyperlipidemia (%) 3.0 15.1 17.7 <0.001
Current alcohol drinker (%) 3.8 9.2 45 0.04
Fasting plasma glucose (mmol/L) 4.9 (0.5) 5.1(0.5) 5.3 (0.6) <0.001
Total cholesterol (mmol/L) 4.7 (0.8) 51(1.1) 4.9 (0.9) <0.001
Triglyceride (mmol/L) 0.8 (0.3) 1.1 (0.7) 1.5(1.0) <0.001
Systolic blood pressure (mmHg) 111 (12.9) 118 (17.1) 124 (17.7) <0.001
Diastolic blood pressure (mmHg) 74.1 (8.9) 78.9 (9.7) 81.6 (11.1) <0.001
Cae e
RR (adjusted for age) 1.00 1.81 (0.57-5.77) 5.93 (2.32-15.15)
RRT (adjusted for multivariates) 1.00 1.02 (0.10-5.56) 10.4 (2.95-36.9)

T Cox regression model: adjusted for age, alcohol intake status, family history of diabetes, and medical history of hypertension,and hyperlip-

idemia.

Table 3. Cox regression analysis of the effect of weight change over 10 years and baseline characteristics on risk of

subsequent type 2 diabetes

model | (weight gain)

model 11 (weight loss)

variables RR 95% CI RR 95% CI
Weight change (kg) 1.16 1.01-1.33 0.99 0.61-1.62
Baseline BMIT (kg/m?) 1.31 1.07-1.58 1.77 1.01-3.09
(F)f‘g‘/ir'%)hismry of diabetes 6.43 1.53-20.0 8.19 1.90-72.2
Fasting plasma glucose (mmol/L) 8.65 1.70- 44.0 450 1.09-22.6
Age (y) 1.08 0.98-1.21 1.07 0.89-1.27
Current alcohol intake (yes/no) 3.68 0.41-33.1 - -
Hypertension (yes/no) 3.35 0.74-15.3 2.29 0.28-18.7
Hyperlipidemia (yes/no) 1.38 0.25-7.59 5.01 0.46-54.4

T Body mass index.

follow-up period of 10 years, a rate of 3.64/1,000 person-
years. The subjects who developed diabetes were older,
with positive family diabetes history and higher baseline
levels of fasting blood glucose, BMI, systolic blood pres-
sure, diastolic blood pressure, and triglyceride (Table 1).
73.3% of subjects who developed diabetes were over-
weight (16.6%) or obese (56.7%).

The incidence of diabetes increased progressively with
increasing categories of baseline BMI, and the incidence
(18.7/1000 pys) was significantly increased at BMI levels
more than 25.0 kg/m?® (Table 2). The age- adjusted risk
for type 2 diabetes was not significantly different between
subjects with BMI 18-22.9 and those with BMI 23-24.9.

However, subjects with BMI more than 25 kg/m? had a
5.93-fold higher relative risk than subjects with BMI 18-
22.9 kg/m?. After adjustment for the possible confound-
ing factors, the risk remained significant in obese subjects.
The multivariate-adjusted RRs and 95% Cls for over-
weight group and obesity group were 1.02 (0.10-5.56)
and 10.4 (2.95-36.9), respectively.

Baseline BMI was a significant predictor for the devel-
opment of type 2 diabetes regardless of long-term weight
gain or loss. Long-term weight gain was strongly related
to the risk of diabetes (Table 3) after controlling for fam-
ily history of diabetes, alcohol intake status, hypertension,
hyperlipidemia, baseline fasting plasma glucose, and
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body mass index. Each 1 kg weight gain was associated
with a 16% increase in risk of developing diabetes in the
subsequent 10 years. However, the effect of weight loss
was not significant.

DISCUSSION

The present study, based on 10 years of follow-up, con-
firms that the risk of diabetes increased progressively
with increasing baseline BMI and significantly increased
at levels of BMI > 25kg/m?. We also found positive asso-
ciations between greater weight gains and risk of diabetes,
independent of known risk factors.

Type 2 diabetes is strongly associated with obesity in
both genders in many ethnic groups.®** This association
has been also found in populations from industrialized
and non-industrialized areas. The risk of diabetes was
lowest in individuals with a BMI less than 22 kg/m?in the
Nurses Health Study and 24 kg/m?in the Health Profes-
sionals Follow-Up Study.**® As BMI increased, the rela-
tive risk increased, such that at a BMI of 35 kg/m?, the
relative risk increased 40-fold to 60-fold. Our study is
consistent with previous studies, indicating a strong rela-
tion between BMI in midlife and subsequentrisk for dia-
betes. Higher BMI was strongly related to an increased
risk for subsequent diabetes, and the risk was still appre-
ciable after we controlled for weight changes later in life.
Ata BMI above 25 kg/m?, the multivariate-adjusted rela-
tive risk for diabetes increased 10-fold. It was still sig-
nificant when BMI was treated as a continuous variable;
increase in BMI of 1 kg/m? increased risk by 32 %.

In addition to BMI, weight gains appeared to precede
the onset of diabetes. The finding of increased risk of
diabetes among weight gainers is consistent with those of
several other adult population studies.’>** In the Health
Professionals Follow-Up Study, relative risk of develop-
ing diabetes increased with weight gain as well as with
increased baseline BMI, whereas a 3-kg weight loss was
associated with a reduction in relative risk, and relative
risk declined by nearly 50% with a weight loss of 5-11 kg.
Weight loss seems to be a promising method for reducing
incidence of diabetes among high-risk populations.”?
However, in this study, the effect of weight loss was not
significant after adjustment for covariates. The informa-
tion of further body weight in incident cases of diabetes
was available in their medical chart on the date of diagno-
sis. Body weight may loss due to disease process which
could lead to an underestimation of the benefits of weight
loss for diabetes incidence and, thus, bias our result to-
ward the null. Another potential cause was that the ex-
tenuatory weight over the follow up period (mean: -2.1 kg)
was trivial and insufficient to reduce the risk of diabetes.
Indeed, the efficacy of weight reduction approach in the
primary prevention of diabetes is not well established.
Some investigators have observed an increased risk of
diabetes,? and others have suggested that weight fluctua-
tion (weight loss followed by weight gain) may be diabe-
togenic.*

Because as many as one million Taiwanese, or one in
ten adults more than 40 years old, are classified as dia-
betic, an effective means of preventing diabetes has great
clinical and public health importance. Our data provide
the evidence that long-term weight gain dramatically in-

creases the incidence of diabetes, although this study re-
vealed no significant benefit for subsequent diabetes
when subjects lost weight during 10 years. We found
those subjects who developed diabetes among weight
losers had higher baseline fasting plasma glucose (mean:
5.9 vs. 5.3 mmol/L), higher baseline BMI (mean; 26.3 vs.
25.8 kg/m?), and higher prevalence of family history of
diabetes than those who developed diabetes among
weight gainers.

The mechanisms leading to diabetes in obese persons
are not completely known. It is hypothesized that in-
creased insulin resistance and hyperinsulinemia.**** Obe-
sity results in the increase secretion of free fatty acids
from fat cells that are then stored in the liver or muscle,
and reduced production of adiponectin, which induce an
insulin-resistant state, hyperinsulinemia, and diabetes
develops. Previous study shows that insulin resistance
and hyperinsulinemia are reversible with weight loss.*

Both obesity and type 2 diabetes are preventable.?
Lifestyle choices such as increased consumption of fruit
punch and sugar-sweetened soft drinks were associated
with greater weight gain and incidence of diabetes.* Pre-
vious studies have demonstrated that changes in lifestyle
are effective in preventing both diabetes and obesity in
high-risk adults with impaired glucose tolerance.”* In-
creasing physical activity, improving diet, then sustaining
these lifestyle changes can reduce both weight and risk of
diabetes.

In conclusion, our findings indicate that excess BMI
during young adulthood and sequential weight gain ap-
preciably increase risk for developing diabetes. Thus,
maintaining a lean weight throughout adulthood seems to
be beneficial in the primary prevention of diabetes. Public
health strategies to prevent type 2 diabetes need to focus
on preventing obesity and further weight gain.
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