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Abstract

Background: General obesity and abdominal obesity, typically measured by BMI and waist circumference (WC), respectively,
are associated with an increased risk of type 2 diabetes mellitus (T2DM). However, the magnitude of the association of these two
obesity indicators and their joint association with the onset of T2DM remain controversial.

Objective: The aim of this study was to investigate the associations between these two obesity indicators and T2DM among
the Chinese population to contribute scientific evidence for appropriate T2DM interventions.

Methods: A cohort of 3001 eligible participants was selected from the Ningbo Adult Chronic Disease Surveillance Project
running since 2015. Based on BMI, individuals were categorized into groups of underweight or normal, overweight, and obesity.
Based on WC, individual swere categorized in groups of normal, precentral obesity, and central obesity. Follow-up was performed
by linking data of the baseline data set with the diabetes registry data set and the vital registry data set (both from the Ningbo
Municipa Integrated Noncommunicable Disease Collaborative Management System), mainly using the participants' identity
numbers. Follow-up was completed when a participant was diagnosed with T2DM. The associations were estimated with
multivariate Cox proportional hazard regression.

Results: In the cohort, 90 of 3001 participants developed T2DM (incidence density: 6.483/1000 person-years) with a median
4.72 years of follow-up. After controlling for age, sex, hypertension, dyslipidemia, smoking status, and family history of diabetes,
the multivariate adjusted hazard ratios (HRs) across underweight/normal, overweight, and obesity BMI categories were 1.000,
1.653 (95% CI 1.030-2.654), and 2.375 (95% CI 1.261-4.473), respectively. The multivariate adjusted HRs across the normal,
precentral obesity, and central obesity WC categories were 1.000, 1.215 (95% Cl 0.689-2.142), and 1.663 (95% CI 1.016-2.723),
respectively. Compared with the reference group (normal WC with an underweight/normal BMI), the multivariate adjusted HR
for participants with both central obesity according to WC and obesity according to BMI was 2.489 (95% CI 1.284-4.825).

Conclusions: Both elevated BMI and WC at baseline increased the risk of T2DM. Compared with WC, BMI as an obesity
indicator was more strongly associated with the onset of T2DM.
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Introduction

Diabetesmellitusisagroup of metabolic disorders characterized
by elevated blood glucose levels, which can lead to various
health problems and severe complications with disease
progression [1]. A nationwide survey in 2015-2017 reported
that the prevalence of diabeteswas 12.8% in China[2]. Obesity
is as an important modifiable risk factor for type 2 diabetes
mellitus (T2DM), and the prevalence of overweight, obesity,
and abdominal obesity among the Chinese population was
estimated at 28.1%, 5.2%, and 29.1%, respectively, in
2012-2015 [3,4].

BMI and waist circumference (WC) aretwo of the key indicators
used to measure general obesity and abdominal obesity,
respectively. Some studies found that compared with that of
people without T2DM, the proportion of body fat distributed
in the abdominal areawas higher among patients who were not
classified as obese according to BMI criteria, whereas some
people with obesity were metabolically healthy [5,6]. Since
BMI does not take the exact fat mass into account, especially
the visceral adipose tissue, this indicator has a limitation in
reflecting the body fat distribution [7]. It has been reported that
WC might better reflect visceral obesity than BMI [8]. Recently,
a growing body of studies indicated that WC was strongly
associated with T2DM and is a better predictor for the onset of
T2DM than BMI [9-11].

Although both general obesity and abdominal obesity have been
confirmed to be associated with the risk of T2DM, the
magnitude of these two obesity indicators and their joint
association with T2DM remain controversial [12,13]. Moreover,
the number of prospective studies addressing thisissueislimited
for the Chinese population. Therefore, we performed this
prospective data-linkage study to investigate the independent
and joint associations of these two obesity indicators with the
risk of T2DM to provide better scientific evidence for T2DM
interventions in Ningbo, China.

Methods

Study Design and Participants

Baseline Survey

We conducted the baseline survey (the Ningbo Adult Chronic
Disease Surveillance Project) on October 26 and December 31,
2015. This was a population-based project with the aims of
understanding the prevalence, awareness, treatment, and control
situation, and to explore the relevant behavior risk factors of
major chronic diseases (hypertension, diabetes mellitus, and
dysdlipidemia) among Chinese adult residents aged 15-79 years
in Ningbo city.

A total of 5280 residentswere selected using amultistage cluster
random sampling method covering 11 districts and countiesin
Ningbo. In the first stage, three towns or streets were selected
from each county or district using a proportionate-to-population
size sampling scheme. In the second stage, two administrative
villages or neighborhood communitieswere selected from each
town or street using the same method as used in the first stage.
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Inthethird stage, onevillage containing at least 105 households
was selected from each neighborhood community or
administrativevillage. Inthefinal stage, 105 randomly selected
householdsfrom each village and oneresident aged 15-74 years
in each household whose date of birth was closest to the 15th
was selected as the survey participant. Finally, atotal of 5160
residents completed the survey with aresponse rate of 97.73%
(5160/5280).

Inclusion and Exclusion Criteria for Baseline
Participants

Inclusion criteriawereasfollows: (1) aged =40 years, (2) living
in the current district or county for at least 6 months, and (3)
capable of communicating in Mandarin or local dialects with
reading skills. The exclusion criterion was having been
diagnosed with diabetes by cliniciansin hospitals or community
health service centers at the time of the baseline survey. A total
of 3001 eligible participants aged above 40 years were selected
from the pool of 5160 participants. All participants signed the
written informed consent form.

Ethics Approval

The research protocol was approved by the ethics committee
of Ningbo Center for Disease Control and Prevention (approval
number 201702).

Data Collection

The data collection methods included a questionnaire survey,
physical measurements, and |aboratory tests. The questionnaire
consisted of five components, including physical activities,
environment and facilities, signs and symptoms, dietary and
drinking habits, and demographic characteristics. All
guestionnaires were filled in face-to-face by trained staff. The
completeness and accuracy of the questionnaire were
double-checked by quality control personnel following the
quality control requirements. We measured the height, weight,
WC, blood pressure, fasting plasma glucose (FPG), glycated
hemoglobin (HbA,.), total cholesterol (TC), triglycerides(TG),
high-density lipoprotein cholesterol (HDL-C), and low-density
lipoprotein cholesterol (LDL-C) for al participants. The physica
examinationswere carried out by theinvestigators using uniform
devices and methods. Participants fasted the night before
measurements were taken. The height, weight, and WC were
measured while the participant was wearing light clothing
(shorts and T-shirt) and without shoes. The participants were
required to avoid vigorous exercises, egting, and drinking
beverages (especialy caffeinated drinks) within 30 minutes
before measuring blood pressure and to rest quietly for 5 minutes
before the first measurement. The blood pressure was tested
three times and the average was taken. Five milliliters of the
fasting venous blood was collected from the participants to
detect FPG, HbA ., TC, TG, HDL-C, and LDL-C.

Follow-up by Data Linkage

The data sources for the follow-up were obtained from the
Ningbo Municipal Integrated Noncommunicable Disease
Collaborative Management System (NCDCMS), which has
continuously collected surveillance data since 2009 and covered
the whole population of Ningbo. This system, which has been
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proven to obtain high-quality data and to have a low rate of
underreporting (<5%), collectsfour types of noncommunicable
disease data (diabetes mellitus, ischemic heart disease and
cardiac arrest, cerebrovascular disease, malignant neoplasms)
and cause of death datain areal-time manner [ 14]. We obtained
the data from the diabetes registry with a diagnosis date from
October 26, 2015, to July 15, 2020; the data of vital registration
were collected according to adeath date from October 26, 2015,
to July 15, 2020. A total of 130,469 cases of T2DM and 189,694
cases of death were obtained from NCDCMS. The follow-up
was completed by linking data of the baseline data set with the

Figure 1. Flowchart of datalinkage. T2DM: type 2 diabetes mellitus.

3001 eligible
participants at
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diabetesregistry dataset and thevital registration data set using
the personal identification (ID) number. The participants who
failed to link with these two data sets by D number werelinked
viathree combinations of identifiersin turn (ie, name+sex+date
of  birth+county/district;  nametsex+date of  birth;
namet+sex+county/district). A double check was performed to
confirm whether the participants who successfully linked with
two data setsviathreeidentifierswere correct. Finally, 90 cases
of T2DM and 23 deaths were linked to the participants at
baseline through the data-linkage procedure. The flowchart of
datalinkageis provided in Figure 1.

baseline

130,469 residents with T2DM
were diagnosed between Oct

26, 2015 and Jul 15, 2020

Municipal Integrated
Noncommunicable
Disease Collaborative
Management System

A

189,694 residents with death
date between Oct 26, 2015

and Jul 15, 2020

'

Data Linkage Strategy

Step 1 resident identity card number (ID)

Step 2 name + sex + date of birth + county/district
Step 3 name + sex + date of birth

Step 4 name + sex + county/district

90 T2DM cases were

linked to the participants
at baseline.

Definition of Outcome (Endpoint of Follow-up)

The endpoint of follow-up was a diagnosis of T2DM. The
participants who failed to be linked with the diabetes registry
data set were regarded as censored. According to the Chinese
Type 2 Diabetes Prevention and Control 2017 Guidelines,
T2DM was defined as typical clinical manifestations (thirst,
frequent urination, overeating and unexplained weight l0ss),
and (1) random plasmaglucose>11.1 mmol/L (200 mg/dL), (2)
FPG=7.0 mmol/L (126 mg/dL), or (3) oral glucose tolerance
test 2-hour plasma glucose=11.1 mmol/L (200 mg/dL) [15].

Follow-up Time Calculation

The follow-up time was calculated as the date of diagnosis
minus the start date of the baseline survey (October 26, 2015)

https://publichealth.jmir.org/2023/1/€39459
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23 death cases were
linked to the participants

at baseline.

for participants who linked with the diabetes registry data set,
as the date of death minus the start date of the baseline survey
(October 26, 2015) for participants who linked with the vital
registration data set, and as the set end time of follow-up (July
15, 2020) minus the start date of the baseline survey (October
26, 2015) for participantswho failed to link with these two data
sets.

Exposure

According to the 2013 Health Industry Standards of the People’s
Republic of China*“ Criteriaof Weight for Adults’ and the World
Health Organization report of WC and waist-to-hip ratio (WHR),
BMI was categorized as underweight or normal (<23.9 kg/mz),

overweight (24-27.9 kg/m?), and obesity (=28 kg/m?). WC was
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divided into three groups as follows: (1) normal: WC<85 cm
for men and WC<80 cm for women; (2) precentral obesity: WC
of 85-89.9 cm for men, WC of 80-84.9 cm for women; and (3)
central obesity: WC=90 cm for men WC=85 cm for women
[16,17].

Covariates

Demographic and Lifestyle Factors

Demographic factorsincluded age, sex, education level, marital
status, residence place, and occupation. Lifestyle factors
included smoking status, alcohol consumption, and physical
activity level. Alcohol consumption was derived from the
guestion: “Have you had any kind of a coholic drink in the past
12 months?’ Participants were divided into three groups. No;
Yes, within 30 days; Yes, 30 days ago. Participants who
currently smoke cigarettes or quit smoking were defined as ever
smokers. Participants who never smoke cigarettes were defined
as never smokers. Physical activity was classified into the
following three levels in strict accordance with the Chinese
guidelines for data processing and analysis of the International
Physical Activity Questionnaire: low, moderate, and high. A
moderate physical level was defined as (1) 3 or more days of
vigorous-intensity activity of at least 20 minutes per day; (2) 5
or more days of moderate-intensity activity and/or walking at
least 30 minutes per day; or (3) 5 or more days of any
combination of walking, moderate-intensity activities, or
vigorous-intensity activities achieving aminimum total physical
activity of a least 600 metabolic equivalent
(MET)-minutes/week. A high physical activity level wasdefined
as. (1) vigorous-intensity activity at least 3 days per week
achieving a minimum total physical activity of at least 1500
MET-minutes/week or (2) 7 or more days of any combination
of walking, moderate-intensity activities, or vigorous-intensity
activitiesachieving aminimum total physical activity of at least
3000 MET-minutes/week [18].

Medical Conditions

Hypertension was defined as systolic blood pressure>140
mmHg, diastolic blood pressure=90 mmHg, current use of
antihypertensive medication, or self-reported history of
hypertension [19]. Dydlipidemiawas defined as TC=5.2 mmol/L,
TG=1.7 mmol/L, HDL-C<1.0 mmol/L, LDL-C=3.4 mmol/L,
current use of lipid-lowering medication, or self-reported history
of dydlipidemia.

Statistical Analyses

The incidence density of T2DM was obtained by dividing the
number of T2DM cases by the person-years of follow-up.
Normally distributed continuous data are described as mean
(SD) and skewed-distributed continuous data are described as
median (IQR). Categorica data are described as count
(percentage). Differences in the distribution of baseine
characteristics between participants with and without T2DM
were evaluated using the Mann-Whitney U test for continuous

variables and with the Pearson y? test for categorical variables.
The strength of the association was measured using Cramer V

for the x> test. Tests for linear trend across categories of BMI
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and WC were performed by treating the categories as a
continuous variable with the median value for each category.

Univariate Cox regressions were performed for each exposure
(BMI categories, central obesity categories) and covariates
(residence place, sex, age, education level, marital status,
occupation, family history of diabetes, alcohol consumption,
smoking status, physical activity, hypertension, and
dydlipidemia) to calculate the unadjusted hazard ratios (HRS)
with 95% Cls. Age and sex—adjusted HRs with 95% Cls were
estimated with Cox proportional hazard models stratified by
BMI and central obesity categories adjusting for age and sex.
Multivariate Cox proportional hazard models were performed
to calculate HRswith 95% Cl s based on the different categories
of BMI and central obesity by adjusting for potential
confounders (age, sex, hypertension, dyslipidemia, smoking
status, family history of diabetes).

To estimate the joint effect of general obesity according to BMI
and central obesity according to WC on therisk of T2DM, the
participants were classified into six groups based on the BMI
and WC categories. The adjusted HRs along with potential
confounders were estimated using Cox models. BMI and WC
were also included in the Cox regression model as continuous
variables, either separately or together. The proportionality
assumption of the hazards in the Cox regression analyses was
tested by Schoenfeld residual s and the assumption was satisfied
for al analyses. Forest plots were used to compare the
independent and joint associations of BMI and WC. All data
management and statistical analyses were performed using the
statistical software R version 3.4.3. P<.05 was considered
statistically significant.

Results

Baseline Characteristics of the Participants

The final cohort included 3001 participants at baseline with a
median age of 54 years. These participants were followed up
for amedian of 4.72 years, comprising 13,880.8 person-years
of follow-up. Overall, 90 of the 3001 participants devel oped
T2DM, with anincidence density of 6.483 per 1000 person-years
by the end of follow-up. As shown in Table 1, the participants
who developed T2DM were older with higher baseline BMI,
WC, FBG, and HbA ., and with a greater proportion reporting
afamily history of diabetes compared with those who did not
develop T2DM during the study period.

At baseline, 1570 (52.32%) of the participants were underwei ght
or normal, 1159 (38.62%) were overweight, and 272 (9.06%)
had obesity. Compared to the underweight or normal group,
participantsin the overweight and obesity groupstended to have
higher WC, SBP, DBP, HbA,;, LDL-C, TC, and TG; lower
HDL-C; and a higher proportion of hypertension and
dydipidemia. There were 1397 (46.55%) participants with
norma WC, 721 (24.03%) with precentral obesity, and 865
(28.82%) with central obesity, demonstrating similar patterns
as observed for BMI categories.
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Table 1. Baseline characteristics of the 3001 participants by diabetes status.

Variables Total (N=3001) T2DM? (n=90) No T2DM (n=2911) P value® Cramer V
Residence place, n (%) .50 0.01
Urban 1573 (52.4) 44 (48.9) 1529 (52.5)
Rural 1428 (47.6) 46 (51.1) 1382 (47.5)
Sex, n (%) 56 0.009
Male 1277 (42.6) 41 (45.6) 1236 (42.5)
Female 1724 (57.4) 49 (54.4) 1675 (57.5)
Education level, n (%) 37 0.026
Primary school and above 1423 (47.4) 44 (48.9) 1379 (47.4)
Middle school 1048 (34.9) 35(38.9) 1013 (34.8)
High school and above 530 (17.7) 11 (12.2) 519 (17.8)
Marital status, n (%) .52 0.028
Single 46 (1.5) 2(2.2) 44 (1.5)
Married 2734 (91.1) 78(86.7) 2656 (91.2)
Widowed 151 (5.0) 7(7.8) 144 (4.9)
Divorced/separated/ cohabitated 70(2.3) 3(3.3) 67 (2.3)
Occupation, n (%) .20 0.039
Agriculture/husbandry/transportation 803 (26.8) 24 (26.7) 779 (26.8)
Government agency/enterprises 324 (10.8) 6 (6.7) 318 (10.9)
Other industries 589 (19.6) 13 (14.4) 576 (19.8)
Unemployed/housework/retired 1285 (42.8) 47 (52.2) 1238 (42.5)
Family history of diabetes, n (%) <.001 0.074
No 2347 (78.2) 57 (63.3) 2290 (78.7)
Yes 407 (13.6) 25(27.8) 382(13.1)
| don’t know 247 (8.2) 8(8.9) 239(8.2)
Alcohol consumption, n (%) .67 0.016
No 2062 (68.7) 62 (68.9) 2000 (68.7)
Yes, within 30 days 780 (26.0) 25(27.8) 755 (25.9)
Yes, 30 days ago 159 (5.3) 3(3.3) 156 (5.4)
Smoking status, n (%) .38 0.013
Never smoker 2158 (71.9) 61 (67.8) 2097 (72.0)
Ever smoker 843 (28.1) 29(32.2) 814 (28.0)
Physical activity, n (%) .53 0.021
Low level 418 (13.9) 16 (17.8) 402 (13.8)
Median level 2455 (81.8) 71(78.9) 2384 (81.9)
High level 128 (4.3) 3(33) 125 (4.3)
Hypertension, n (%) <.001 0.079
No 1492 (49.7) 24(26.7) 1468 (50.4)
Yes 1509 (50.3) 66 (73.3) 1443 (49.6)
Dysdlipidemia, n (%) .01 0.045
No 1231 (41.0) 25 (27.8) 1206 (41.4)
Yes 1770 (59.0) 65 (72.2) 1705 (58.6)
BMI categories, n (%) <.001 0.072
https://publichealth,jmir.org/2023/1/639459 2023 | vol. 9| €39459 | p. 5
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Variables Total (N=3001) T2DM? (n=90) No T2DM (n=2911) P value® Cramer V
Underweight or normal 1570 (52.3) 30(33.3) 1540 (52.9)
Overweight 1159 (38.6) 45 (50.0) 1114 (38.3)
Obesity 272 (9.1) 15 (16.7) 257 (8.8)
WCE categories, n (%) 002 0.064
Normal 1415 (47.2) 29(32.2) 1386 (47.6)
Precentral obesity 721 (24.0) 21(23.3) 700 (24.0)
Central obesity 865 (28.8) 40 (44.4) 825 (28.3)
BMI (kg/m?), median (IQR) 23.81(21.94-2589)  25.14(2312-26.95)  23.77 (21.90-25.84) <.001 N/Ad
WC (cm), median (IQR) 82.25 (76.50-88.25) 86.00 (80.30-90.84)  82.20 (76.50-88.10) <.001 N/A
FBG® (mmol/L), median (IQR) 4.94 (4.60-5.38) 5.90 (5.23-6.99) 4.93 (4.59-5.36) <.001 N/A
HbA | (%), median (IQR) 4.70 (4.30-5.10) 5.40 (4.80-6.18) 4.70 (4.30-5.10) <.001 N/A
Age (years), median (IQR) 54.00 (48.00-63.00)  58.00 (52.00-65.50)  54.00 (48.00-63.00) <.001 N/A

3T2DM: type 2 diabetes mellitus.

bpifferences in the distribution of participants with and without T2DM were evaluated using the Mann-Whitney U test for continuous variables and

with the Pearson x2 test for categorical variables.
®WC: waist circumference.

IN/A: not applicable.

®FBG: fasting blood glucose.

"HbA1¢: glycated hemoglobin.

Univariate Cox Regression Analysis

BMI categories, WC categories, age, occupation, family history
of diabetes, hypertension, and dyslipidemia were significantly
associated with the incidence of T2DM. Compared with
participants of normal weight, the overweight (HR 2.052, 95%
Cl 1.293-3.258) and obesity (HR 2.924, 95% CI 1.573-5.434)
categories were significantly associated with an increased risk
of the development of T2DM. There was a dose-response
relationship between the BMI categoriesand the onset of T2DM
(P for trend <.001). Compared with participants in the normal
WC group as reference, central obesity (HR 2.289, 95% CI
1.419-3.691) was significantly associated with anincreased risk
of the development of T2DM (P for trend <.001). The risk of
T2DM onset was significantly increased with the increase of
age. The HRsfor age groups of 40-49 years, 50-59 years, 60-69
years, and =70 years were 1.000, 3.670, 3.423, and 5.279,
respectively. Therisk of T2DM in participantswith hypertension
and dyslipidemiawas respectively 2.754 (95% CI 1.726-4.393)
and 1.823 (95% Cl 1.149-2.891) higher that of participantsfree
of diseases.

Independent and Joint Associations of BM| and WC
on the Risk of T2DM

The independent and joint associations of BMI and WC with
T2DM development are displayed in Table 2 and Figure 2. The

https://publichealth.jmir.org/2023/1/€39459

age and sex—adjusted HRs increased across categories of BMI
and the same pattern was found after adjustment for potential
confounderswith adight decrease, although the trend remained
significant (P for trend <.001). The age and sex—adjusted HRs
aso increased across categories of WC (P for trend .003) and
the trend remained significant after adjustment of potential
confounders (P for trend .04).

Among the participants who were categorized in the central
obesity group, the age and sex—adjusted HRs increased
successively for those categorized in the underweight or normal,
overweight, and obesity groups according to BMI compared
with the reference group (normal WC with an underweight or
normal BMI). Compared to the reference group, the multivariate
adjusted HR for participants with both central obesity according
to WC and obesity according to BMI was much higher than that
for the independent association of central obesity or obesity
(Table 2).

When BMI and WC were treated as continuous variables, the
HR of BMI was still slightly higher than that of WC. When the
BMI and WC were considered together in the regression model
using mutual adjustment, BMI, but not WC, was significantly
associated with therisk of T2DM (Table 3).
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Table 2. Risk of type 2 diabetes mellitus stratified by categories of BMI and waist circumference (WC) in univariate, age and sex—adjusted, and
multivariate-adjusted regressions.

Categories

Univariate, HR? (95% Cl)

Age and sex—adjusted®, HR (95% CI)

Multivariate®, HR (95% ClI)

BMI categories

Underweight or norma (n=1570)
Overweight (n=1159)

Obesity (n=272)

P for trend

WC categories

Normal WC (n=1415)
Precentral obesity (n=721)
Central obesity (n=865)

P for trend

Joint effect of BM| and WC

Underweight or normal
BMI+normal WC (n=1456)

Underweight or normal
BMI+central obesity (n=114)

Overweight+normal WC (n=650)

Overweight+central obesity
(n=509)

Obesity+normal WC (n=30)
Obesity+central obesity (n=242)

1
2.052 (1.293-3.258)
2.924 (1.573-5.434)
<.001

1
1.425 (0.813-2.499)
2.289 (1.419-3.691)
<001

1.418 (0.430-4.676)

1.833 (1.044-3.218)
2.479 (1.421-4.323)

1.777 (0.241-13.07)
3.169 (1.662-6.044)

1

1.941 (1.221-3.087)
2.918 (1.569-5.425)
<.001

1
1.374 (0.767-2.364)
2.059 (1.273-2.059)
003

1.316 (0.398-4.352)

1.819 (1.035-3.198)
2.185 (1.249-3.823)

1.913 (0.259-14.08)
3.116 (1.633-5.945)

1
1.653 (1.030-2.654)
2.375 (1.261-4.473)
004

1
1.215 (0.689-2.142)
1.663 (1.016-2.723)
04

1.170 (0.353-3.878)

1.608 (0.908-2.847)
1.756 (0.991-3.110)

1.713 (0.231-12.65)
2.489 (1.284-4.825)

3HR: hazard ratio.
bAdjusted for age and sex.
CAdjusted for age, sex, hypertension, dyslipidemia, smoking, and family history of diabetes.

Figure 2. Forest plot of the association between categories of BMI and/or waist circumference (WC) and the onset of type 2 diabetes mellitus adjusting
for age, gender, hypertension, dyslipidemia, smoking, and family history of diabetes.
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Table 3. Risk of type 2 diabetes based on BMI and waist circumference (WC) as continuous variables.

Models Univariate, HR? (95% Cl)

Age and sex—adj ustedb, HR (95% ClI)

Multivariate®, HR (95% ClI)

Independent effects

BMI 1.142 (1.078-1.210) 1.141 (1.076-1.210) 1.118 (1.049-1.191)
e 1.041 (1.019-1.063) 1.038 (1.015-1.061) 1.029 (1.004-1.054)
Joint effects’
BMI 1116 (1.021-1.221) 1.143 (1.041-1.254) 1.130 (1.027-1.243)
wc 1.011 (0.979-1.045) 1.000 (0.965-1.035) 0.995 (0.960-1.031)
3HR: hazard ratio.

bAdjusted for age and sex.

CAdjusted for age, sex, hypertension, dyslipidemia, smoking, and family history of diabetes.

9BMI and WC were considered together in the regression model.

Discussion

Principal Findingsand Comparison to Previous Wor k

In this study, we found that both elevated BMI and WC at
baseline increased the risk of T2DM. Moreover, the magnitude
of association of BMI with T2DM was stronger than that of
WC, regardless of treating the exposures as continuous or
categorical variables, which was consistent with previous studies
conducted in aChinese population [20-22]. A prospective study
performed over 7.26 years of follow-up in a southeast province
of China indicated that BMI may be superior to WC in
predicting the incidence of T2DM in the Chinese population
[20]. A cohort study including 27,009 retirees in a centra
province concluded that BM 1 was the strongest predictor among
various anthropometric indiceswith 4.6 years of follow-up data
[22]. However, other studies reported inconsistent conclusions
[23-26]. Kodamaet al [23] reported that the pooled relative risk
of T2DM per 1-SD increase in BMI was significantly lower
than that for WC, indicating that WC was more strongly
associated with diabetesrisk than BMI. Leeet a [24] concluded
that although WC had a stronger association with the risk of
T2DM in comparison with BMI, there was no overall advantage
for WC a discriminating the risk of developing T2DM
compared with BMI.

Thediscrepanciesin conclusionsamong studieswerelikely due
to the differencesin ethnicity of the populations. Since thereis
an assumption that the superiority of WC to BMI for T2DM
prediction was based on the characteristics of the study
population, previous studies mainly conducted in
white-dominant populations or in the western sociocultural
context might lead to discrepancies[23-25,27]. Thisstudy adds
to this evidence for the Chinese population. Another reason for
the inconsistent conclusions might be the length of follow-up.
Aging is associated with progressive changes in the total and
regional fat distribution [22]. As age increases, the body fat
distribution changes with a decrease in lower subcutaneous fat
and an increase in abdominal fat [28]. The results of previous
studies might also be distorted by theincreasing follow-up time
as more participants tended to have abdominal obesity, which
diluted the overall impact of baseline body fat distribution [23].
Differences in research methods and populations can also lead

https://publichealth.jmir.org/2023/1/€39459

to different conclusions. Although alarge-popul ation prospective
study in Chinese adults showed that WC was a better predictor
than BMI for the onset of T2DM in women, this cohort study
used a logistic regression model rather than a Cox regression
model to predict the magnitude of associations[29]. The effect
of time of follow-up was not considered in the model, which
might have also affected the results. M oreover, as a cohort study
carried out in an employee population, the “healthy worker
effect” might have impacted these results [29]. Furthermore,
theinconsi stent conclusions might also berelated to the different
classification criteriaof BMI and WC in different studies. Some
studies obtained conclusions using categories of BMI or WC,
whereas others used the SD.

In our study, after 4.72 years of follow-up, 90 participants
developed T2DM with a total incidence density of 6.483 per
1000 person-years, similar to the study of Yang et a [21]
(0.89/100 person-years). However, this incidence density was
much lower than that reported in some previous longitudinal
studies [30,31]. In a 10-year population-based Asian Indian
cohort study, the incidence density of diabetes was 22.2 per
1000 person-years [32]. The cumulative incidence of T2DM
was 14.4 and 13.7 per 1000 person-years for men and women,
respectively, in an 18-year follow-up cohort study performed
in Mexico [30]. The relatively low incidence density in our
study may be attributed to the small humber of participants at
baseline, relatively young baseline population, and short
follow-up time.

Limitations and Future Work

There were some limitations of this study. First, the number of
participants at baseline was relatively small and the follow-up
time was short. Referring to the joint associations of BMI and
WC adjusting for age and sex, the HRs reveal ed adose-response
relationship in the overweight category. However, due to the
short time of follow-up and relatively young baseline
participants in this study, only 90 participants were diagnosed
with T2DM. Thenumber of newly diagnosed T2DM participants
in each BMI category might not have been sufficient to detect
the dose-response rel ationship with theincrease of WC. Second,
the distribution and composition of body fat might gradually
change during follow-up, along with the corresponding BMI
and WC. Inthis study, the change values of BMI and WC during
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follow-up were not adjusted in the models owing to the study
design, which may have influenced the results. Data linkage,
the key technique used in this study, has become a popular
research method for generating population-level electronic
cohorts, and is used as a supplement to conventional cohort
studies [14,29]. Data linkage provides a convenient and
cost-effective approach for collecting data from multichannel
sources and investigating the causes and development in the
variation of outcomes acrosstheindividual’slife course[29,33].
Nevertheless, compared with a conventional cohort study, data
linkage has some limitations and might introduce bias into
results dueto linkage errors (fal se matches or missed matches).
Despite NCDCMS being confirmed as a platform with high
data quality and a very low underreporting rate, some linkage
errors are till inevitable [14]. In this study, we tried to avoid
linkage errors by using three combinations of identifiers as a
complement to the ID and double checking whether the cases
linked via three combinations of identifiers were correct.
Moreover, we controlled the proven and possible confounding
factors in the models collected from the baseline survey and
strictly controlled the quality of data during the investigation.
Additionally, since the follow-up was compl eted by datalinkage
based on NCDCMS in Ningbo, the results might not be
generalizable to other cities.

The Chinese population generally has a higher percentage of
body fat and a greater propensity to central obesity compared
with those of western counterparts under the same BMI [34].
Although BMI as an obesity indicator was more strongly
associated with the risk of T2DM than WC in this study, we
recommend that the general population and people at high risk
of T2DM should focus on control of body weight as well as
WC, which is consistent with the Chinese Type 2 Diabetes
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Prevention and Control Guideline [15]. In addition to obesity,
therisk of developing T2DM was significantly higher in people
who showed comorbid hypertension or dyslipidemia in
comparison with participants who were free of diseases,
indicating the importance of blood pressure control and
maintaining anormal lipid level for the general population and
especially for peopleat high risk of T2DM. In addition, ahealthy
lifestyle, including a balanced diet, regular physical activities,
tobacco cessation, and alcohol control, ishighly recommended,
especialy in the elderly population.

A study with longer-term follow-up is needed to further
investigate the joint association of BMI and WC with the risk
of T2DM. Although BMI, WC, and the WHR are inexpensive
and easy measuresto assess the adiposetissue, thereisgrowing
interest in using magnetic resonance techniques for evaluating
total body fat and different fat compartments in western
countries. Magneti c resonance imaging provides high accuracy
in quantitatively detecting the subcutaneous and visceral adipose
tissue, which could be an option to further explore the
association between obesity and T2DM accurately [35].
Additionally, performing a meta-analysis for studies in the
Chinese population is suggested to better detect the pooled
relative risk by removing the influence of ethnicity.

Conclusion

In conclusion, both elevated BMI and WC at baselineincreased
the risk of T2DM. Compared with WC, BMI as an obesity
indicator was more strongly associated with the onset of T2DM
among Chinese adultsin Ningbo. We recommend that residents
of this population, especialy the elderly, maintain a normal
weight and a healthy lifestyle.
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