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Abstract

Objective: To investigate the association of long-term changes in body mass index, waist cir-
cumference, and waist-to-height ratio with the risk of type 2 diabetes mellitus in the older
population.

Methods: We conducted a prospective cohort study in Jiangsu Province, China. Data from 593
participants who were aged >60 years were analyzed. The hazard ratios and 95% confidence
intervals were estimated using the Cox proportional hazards model.

Results: Over a median follow-up period of 5.08 years, 70 participants (1 1.80%) developed type
2 diabetes mellitus. Compared with participants with persistently normal body mass index, waist
circumference, and waist-to-height ratio, those in whom these parameters changed from normal
to abnormal and those in whom these parameters were persistently abnormal had a significantly
higher risk of type 2 diabetes mellitus, with adjusted hazard ratios of 2.11 (95% confidence
interval: 1.05—4.26) and 2.37 (95% confidence interval: 1.21—4.63) for body mass index, 2.75
(95% confidence interval: 1.16—-6.51) and 2.32 (95% confidence interval: 1.29—4.16) for waist
circumference, and 2.24 (95% confidence interval: 1.14-5.91) and 4.11 (95% confidence interval:
2.21-7.68) for waist-to-height ratio, respectively.
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Conclusion: Long-term changes in obesity-related anthropometric indicators are strongly asso-
ciated with the risk of type 2 diabetes mellitus in the older population.
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Introduction

Diabetes is a leading cause of disability and
premature death, affecting people regard-
less of nation of residence, age, and sex.!
In 2021, the prevalence of diabetes was
10.5% worldwide (536.6 million), and by
2045, it is expected to increase to 12.2%
(783.2 million).? The prevalence of diabetes
in China has significantly increased over the
past few decades, rising from less than 1%
in the 1980s to 12.4% in 2018.% China is one
of the fastest-aging countries in the world.*
According to data from the seventh nation-
al census in China, people aged >60 years
constituted 18.7% (260.4 million) of the
overall population in 2020. Thirty percent
of them had diabetes (78.13 million, with
over 95% of them having type 2 diabetes
mellitus (T2DM)). Complications caused
by poor blood glucose control are the
main risk factors that threaten healthy sur-
vival of older adults. Therefore, one of the
main initiatives of Healthy China (2019-
2030) has been the prevention and treat-
ment of diabetes.’

Overweight and obesity have grown
to be serious public health concerns in
China.® According to the most recent
National Physical Fitness Monitoring
Bulletin, based on the Chinese criteria, the
prevalence of overweight and obesity was
41.7% and 16.7%, respectively, in individ-
uals aged >60 years in 2020. Body mass
index (BMI) has been used to assess general
obesity, while waist circumference (WC)

and waist-to-height ratio (WHtR) are used
to identify abdominal obesity in popula-
tions.”* Some studies have indicated that
when assessing the impact of excess fat,
long-term changes in weight/ WC may be
better indicators than baseline BMI/
WC.>1% A prospective cohort study con-
ducted in the UK demonstrated that over
a mean follow-up period of 12 years, par-
ticipants with weight gain >10% had a
1.61-fold higher risk of T2DM than those
with stable weight, while those with weight
loss >4% were at a lower risk.'! A recent
10-year prospective cohort study conducted
in Southwest China found that changes in
weight and WC were both significantly
associated with an increased risk of
T2DM. Compared to participants with
stable WC from baseline to follow-up,
those with WC gain >9cm had a 1.61-fold
increased risk of T2DM, while those with
WC loss >3 cm had a 30% decreased risk.'?
However, throughout a 3-year follow-up
period, Biggs et al.'* found no association
of weight loss with a lower risk of T2DM.
Tatsumi et al.'"* similarly found that WC
loss was not associated with a decreased
risk of T2DM. These studies, however, did
not examine the effects of long-term
changes in WHtR on the risk of diabetes
and did not focus on the older population.
Additionally, there may be racial and ethnic
differences in the relationship between
changes in obesity-related anthropometric
indicators and the risk of T2DM."
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Therefore, based on the Prevention of
Metabolic Syndrome and Multi-metabolic
Disorders in Jiangsu Province of China,
we investigated the relationship of long-
term changes in BMI, WC, and WHtR
with the risk of T2DM in individuals aged
>60 years in China.

Methods

Study design and participants

The data used in this study were collected
from a prospective cohort study called the
Prevention of Metabolic Syndrome and
Multi-metabolic  Disorders in Jiangsu
Province of China. Previous reports have
revealed the study’s thorough design.'®!’
The baseline survey was carried out from
2000 to 2004 on 5888 participants aged
35-74 years. During the final follow-up
survey that was conducted from 2006 to
2008, 4582 participants from the baseline
cohort who had been followed up for at
least 5 years were contacted again.
Finally, 4083 participants completed the
final follow-up survey. The following were
the inclusion criteria for this study: (a) age
>60 years at baseline; (b) absence of diabe-
tes, cardiovascular disease, and cancer;
(c) BMI>18.5kg/m?; and (d) completion of
the survey from baseline to final follow-up.
The reporting of this study conforms to
the Strengthening the Reporting of
Observational studies in Epidemiology
(STROBE) statement.'® No identifiable
patient information was used in the study,
and all participant details were completely
de-identified before the analyses. This study
was carried out in accordance with the
Helsinki Declaration of 1975, as revised in
2024. Ethical approval was obtained from
the Institutional Review Board of Suzhou

Vocational Health College (Approval
Number: SWYXLL202209, 8/12/2022,
Suzhou, Jiangsu, China). Before data

collection, an informed consent form was
signed by each participant.

Data collection

General and clinical information of the par-
ticipants was collected at baseline and at the
time of follow-up. Face-to-face interviews
were conducted by professional investiga-
tors using a standardized questionnaire to
collect general information about age, sex,
smoking pattern, alcohol consumption, diet
style, physical activity, and family history
of diabetes. Clinical information, including
laboratory examinations, anthropometric
measurements, and self-reported disease
history, was obtained from the participants.
Blood samples were obtained from the par-
ticipants to test their fasting plasma glucose
(FPG) level after an 8-h fast. A fully auto-
mated electronic blood pressure monitor
was used to measure the participants’
blood pressure in the right arm. Before
having their blood pressure measured, the
participants were required to sit still and
rest in a quiet place for at least 10min.
Blood pressure was measured twice, sepa-
rated by approximately 1 min. A third mea-
surement of blood pressure was taken when
the two measurements differed by more
than 5mmHg. The final result was the aver-
age value of the measurements. The partic-
ipants were asked to remove their shoes and
wear light clothing for the measurement of
height and weight. Their height and weight
were recorded to the closest 0.1cm and
0.1 kg, respectively. BMI was calculated by
dividing the weight in kilograms by the
square of height in meters. WC was measured
at the midpoint of the distance between the
lowest coastal ridge and the upper border of
the iliac crest to the closest 0.1cm. By
dividing the WC by height, the WHtR was
determined. The cutoff values of WC for
abdominal obesity were 90cm in men and
80cm in women. BMI >24kg/m? indicated
overweight and general obesity; a WHtR
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>0.5 indicated abdominal obesity.'"” The
participants were divided into four groups
for further analyses based on the changes
in their parameters (BMI/WC/WHtR) at
baseline and the final follow-up. The
changes were categorized as follows: persis-
tently normal (normal BMI/WC/WHtR at
baseline and final follow-up), abnormal to
normal (abnormal BMI/WC/WHtR at base-
line and normal BMI/WC/WHtR at final
follow-up), normal to abnormal (normal
BMI/WC/WHtR at baseline and abnormal
BMI/WC/WHtR at final follow-up), and
persistently abnormal (abnormal BMI/WC/
WHtR at baseline and final follow-up).

Definition of T2DM

A diagnosis of T2DM was made for partic-
ipants with an FPGlevel >7.0 mmol/L
or those with a self-reported history of
T2DM (using insulin or oral hypoglycemic
medications).?

Statistical analyses

All statistical analyses were performed
using the Statistical Package for Social
Sciences (SPSS) 26.0 software (SPSS Inc.,
Chicago, USA). Continuous variables
were summarized as means and standard
deviations (SDs), and the differences
between the groups were compared using
Student’s t-test or analysis of variance.
Categorical variables were summarized as
numbers and percentages, and the differen-
ces between the groups were compared
using the chi-square test. The Cox propor-
tional hazard model was used to assess the
effect of different changes in BMI/WC/
WHtR on the incidence of T2DM. The
hazard ratios (HRs) and 95% confidence
intervals (CIs) in two models were calculat-
ed. Model 1 was unadjusted, whereas
Model 2 was adjusted for age, sex, smoking,
alcohol consumption, diet style, physical
activity, and family history of diabetes.

Receiver operating characteristic (ROC)
curves were created to compare the predictive
values of BMI, WC, and WHtR for T2DM
as measured by the area under the curve
(AUC). The Youden index (sensitivity
specificity — 1) was used to determine the
optimal cutoff point of each index. The
Z test was used to compare the differences
between two AUCs. A p-value of <0.05
was regarded as statistically significant.

Results

Characteristics of the participants and
FPG at the final follow-up

In total, 593 participants (248 males and
345 females) were included in this study.
Their mean (SD) age was 66.16 (5.02)
years. Over a median follow-up period of
5.08 years, 70 participants (11.80%) devel-
oped T2DM. The incidence of T2DM was
15.73% (39 participants) in males and
8.99% (31 subjects) in females (p=0.012).
Table 1 shows the FPG levels at the final
follow-up according to different character-
istics. The FPG levels of the participants
varied under four different change catego-
ries in BMI/WC/WHtR from baseline to
final follow-up (all p <0.05).

Associations of long-term changes in
BMI/WC/WHIR with the risk of T2DM

Compared to participants with persistently
normal BMI, those whose BMI changed
from normal to abnormal and those with
persistently abnormal BMI had a signifi-
cantly higher risk of T2DM, with adjusted
HRs of 2.11 (95% CI: 1.05-4.26) and 2.37
(95% CI: 1.21-4.63), respectively. Similarly,
compared to participants with persistently
normal WC, those whose WC changed
from normal to abnormal and those with
persistently abnormal WC had a 2.75-fold
(95% CI: 1.16-6.51) and 2.32-fold (95% CI:
1.29-4.16)  higher risk of T2DM,
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Table I. FPG at the final follow-up according to different characteristics.
FPG (mmol/L)
Characteristics N Mean + SD p
Age (years)
66.16 +5.02 593 491+£1.28
Sex 0.376
Male 248 497 +1.53
Female 345 4.87+1.07
Current smoking® 0.391
Yes 118 482+ 1.56
No 475 492+1.25
Alcohol consumption® 0.502
Yes 483 499+ 1.49
No 110 490+ 1.28
Physical activity® 0.115
Light 471 5.12+1.68
Medium 90 497 £1.21
Heavy 32 476 +1.32
Diet style® 0.475
High-fiber diet 122 490+ 1.30
Low-fiber diet 471 5.05+0.98
Family history of diabetes 0.221
Yes 35 512+ 1.34
No 558 486+ 1.21
Changes in BMI between baseline and final follow-up 0.002
Persistently normal 359 484+ 1.63
Abnormal to normal 50 4.81 +1.00
Normal to abnormal 47 536+ 1.30
Persistently abnormal 137 538+ 1.77
Changes in WC between baseline and final follow-up 0.010
Persistently normal 433 488+ 1.21
Abnormal to normal 27 471 £ 1.11
Normal to abnormal 47 520+ 1.13
Persistently abnormal 86 5541246
Changes in WHtR between baseline and final follow-up 0.011
Persistently normal 245 488+ 1.21
Abnormal to normal 49 4.84+091
Normal to abnormal 76 516£1.13
Persistently abnormal 223 5324 1.65

FPG: fasting plasma glucose; BMI: body mass index; WC: waist circumference; WHtR: waist-to-height ratio; SD: standard

deviation.

?Current smoking: smoking at least 100 cigarettes and continuing to smoke at the time of the interview.

®Alcohol consumption: drinking more than 12 times per year.

“Physical activity: light refers to work with a sitting position as the primary task; medium refers to work that requires
standing and walking; heavy refers to work that relies mostly on walking or physical labor.
“Diet style: a high-fiber diet indicates higher than the standard for the dietary pyramid, and a low-fiber diet indicates lower

than the standard.
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respectively; compared to participants with
persistently normal WHtR, those whose
WHtR changed from normal to abnormal
and those with persistently abnormal
WHtR had a 2.24-fold (95% CI: 1.14-
591) and 4.11-fold (95% CI. 2.21-7.68)
higher risk of T2DM, respectively (Table 2).

ROC curve analysis of BMI, WC, and
WHITtR in predicting T2DM

Table 3 and Figure 1 show the AUCs and
optimal cutoff points of BMI, WC, and
WHItR in predicting T2DM. BMI (cutoff
point: 25.3kg/m?), WC (cutoff point:
78.9cm), and WHtR (cutoff point: 0.48)
all demonstrated certain predictive values
for T2DM. The AUC of WC (AUC=
0.688, 95% CI: 0.620-0.755) was the largest
of them, followed by that of WHtR
(AUC=0.667, 95% CI: 0.598-0.736) and
BMI (AUC=0.626, 95% CI: 0.552-0.700).

Table 2. Associations of long-term changes in BMI, W

Discussion

Based on a 5-year prospective cohort study
conducted in Jiangsu Province of China, we
found a significant relationship between
the long-term changes in obesity-related
anthropometric indicators and the risk of
T2DM in the older population.
Overweight and obesity account for
approximately 80%-90% of all T2DM
cases and are important obstacles to the suc-
cessful long-term management of T2DM.?!
A meta-analysis of 84 studies involving more
than 2.69 million participants from 20 coun-
tries found that overweight/obesity is
associated with a 1.24-fold higher risk of
prediabetes, and overweight and obesity
result in a 2.24-fold and 4.56-fold higher
risk of T2DM, respectively.”* Several studies
have linked long-term changes in obesity-
related anthropometric indicators with the
risk of T2DM; however, their findings

C, and WHtR with the risk of T2DM.

Cox proportional hazard model

Model | Model 2

Variables (N) HR 95% Cl p HR 95% Cl p
Changes in BMI between baseline and final follow-up

Persistently normal (359) | |

Abnormal to normal (50) 1.91 0.86—4.25 0.351 1.28 0.58-3.17 0.551

Normal to abnormal (47) 2.49 1.25-5.39 0.015 2.11 1.05-4.26 0.036

Persistently abnormal (137) 3.39 1.98-5.79 <0.001 2.37 1.21-4.63 0.012
Changes in WC between baseline and final follow-up

Persistently normal (433) | |

Abnormal to normal (27) 1.34 0.56-5.38 0.129 1.75 0.75-3.87 0.141

Normal to abnormal (47) 2.52 1.21-5.25 0.014 2.75 1.16-6.51 0.016

Persistently abnormal (86) 2.95 1.61-5.41 <0.001 2.32 1.294.16 0.004
Changes in WHtR between baseline and final follow-up

Persistently normal (245) | |

Abnormal to normal (49) 1.99 0.59-5.05 0.244 1.13 0.49-2.61 0.770

Normal to abnormal (76) 2.48 1.08-6.28 0.012 2.24 1.14-5.91 0.017

Persistently abnormal (223) 5.67 2.99-10.76 <0.001 4.11 2.21-7.68 <0.001

BMI: body mass index; WC: waist circumference; WHtR: waist-to-height ratio; T2DM: type 2 diabetes mellitus; HR:

hazard ratio; Cl: confidence interval.
Model I: unadjusted.
Model 2: adjusted for age, sex, smoking, alcohol consumption,

diet style, physical activity, and family history of diabetes.
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Table 3. AUCs and optimal cutoff points of BMI, WC, and WHHTR in predicting T2DM.

Parameters AUC (95% ClI) Cutoff point Youden index Sensitivity Specificity
BMI 0.626 (0.552-0.700) 25.3 0.226 0.400 0.826
WC 0.688 (0.620-0.755)* 78.9 0.367 0.757 0.610
WHtR 0.667 (0.598-0.736) 0.48 0.298 0.814 0.484

AUC: area under the curve; BMI: body mass index; WC: waist circumference; WHtR: waist-to-height ratio; T2DM: type 2

diabetes mellitus; Cl: confidence interval.
* Z=1.991, p=0.046, compared to BMI.

0.8+

o
1

sensitivity

0.4+

— Reference

T T T

1 - specificity

Figure |I. ROC curves of BMI, WC, and WHTtR in predicting T2DM. ROC: receiver operating character-
istic; BMI: body mass index; WC: waist circumference; VWHtR: waist-to-height ratio; T2DM: type 2 diabetes

mellitus.

are inconsistent.'' '* In the current study,
compared to participants with persistently
normal BMI/WC/WHtR, those whose
BMI/WC/WHtR changed from normal to
abnormal had a significantly increased risk
of T2DM, consistent with previous stud-
ies.""12 These findings confirm that changes
in obesity-related anthropometric indicators
are significant predictors of T2DM. The
underlying mechanism could be that the
changes in BMI, WC, and WHtR reflect
an increase in adipose tissue, which is asso-
ciated with increased cytokine production
and insulin resistance.?> Furthermore, we
found that participants with persistently

abnormal BMI/WC/WHtR had a signifi-
cantly higher risk of T2DM than those
with persistently normal BMI/WC/WHtR.
Fan et al.** found that even overweight or
obese individuals with stable weight had a
higher risk of T2DM than normal-weight
individuals. Thus, maintaining weight or
WC alone is insufficient to lower the risk
of diabetes in overweight or obese individu-
als; however, a significant, sustained, and
deliberate reduction in weight or WC may
be beneficial. >

Whether WC or WHItR is a better pre-
dictor of T2DM remains debatable. The
results of a systematic review of 78 studies
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and a meta-analysis of 15 studies showed
that WC and WHtR are both better predic-
tors of diabetes than BMIL**?" The
Guangzhou  Biobank  Cohort  Study
(GBCS) found that abdominal obesity was
more strongly associated with incident dia-
betes than general obesity.?® In line with the
GBCS findings, our results showed that WC
was a superior predictor of T2DM than
BMI in our study population (aged >60
years) (p<0.05). This could be because
WC is more closely associated with visceral
fat distribution, which is strongly linked to
insulin resistance. Excess visceral fat leads to
visceral fat inflammation, a major contribu-
tor to the development of insulin resistance
and T2DM.*® A large prospective cohort
study based on the Women’s Health
Initiative found that WC had the strongest
association out of all the assessed parameters
with the risk of diabetes in postmenopausal
women of all racial and ethnic groups, espe-
cially Asian women.'> However, the WC
threshold is not uniformly defined, and it
should be established based on ethnic and
racial backgrounds.*® According to previous
studies, the optimal range of WC in Chinese
adults is 85-90 cm for men and 80-85cm for
women.’"* In a study of 44,048 Chinese
participants, the optimal cutoff point of
WC for hyperglycemia was 80.4cm, with a
sensitivity of 60% and a specificity of 46% .
Our study suggested that the optimal cutoff
point of WC for predicting T2DM was
78.9cm, with a sensitivity of 75.7% and a
specificity of 61.0%. A large-scale cross-sec-
tional study of 13,275 Han adults showed
that the optimal cutoff points of WC for
hyperglycemia were 90.5 and 78.5cm in
men and women, respectively.® The reason
for the slight discrepancy in the cutoff points
may be the difference between demographic
characteristics and diagnostic criteria.

To the best of our knowledge, this is the
first report on the association of long-term
changes in BMI, WC, and WHtR

with the risk of T2DM in older adults
(age >60 years) in China. We used data
from the Prevention of Metabolic Syndrome
and Multi-metabolic Disorders in Jiangsu
Province of China; thus, our study had a
long follow-up period and relatively low
follow-up loss of participants; further, the
data we used were obtained through stan-
dardized measurements rather than self-
reported by the participants, making the
results of this study more reliable.
However, this study has certain limitations.
First, the FPG levels and associated medical
history were used to diagnose new-onset
T2DM, which may have underestimated
the incidence of T2DM. Second, we
merged overweight and general obesity into
a category called “abnormal BMI” because
of the relatively low prevalence of obesity
(based on BMI values) at basecline and
follow-up. As a result, our study was
unable to differentiate between the effects
of overweight and obesity on the risk of
T2DM in the study population. Third, we
adjusted for the primary confounding fac-
tors in the statistical analyses, there may
still be some confounding factors that were
not considered in this study and may have
affected the results. The application of the
findings is limited to older populations.
Further large-scale prospective studies and
meta-analyses are needed to investigate the
potential differences between different pop-
ulations and more comprehensively deter-
mine the relationship between long-term
changes in various obesity-related anthropo-
metric indicators and the risk of T2DM.

Conclusion

Long-term changes in obesity-related
anthropometric indicators, from normal to
abnormal and persistently abnormal, are
strongly associated with an increased risk
of T2DM in older individuals. Prevention
of overweight and obesity may reduce the
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incidence of T2DM, and efforts should be
made to improve older adults’ knowledge
about importance and methods of weight
control and WC reduction.
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