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ABSTRACT
Aims/Introduction: This longitudinal study aimed to explore whether distinct develop-
mental trajectories of body mass index (BMI) would be predictive of diabetes risk in gen-
eral Chinese adults.
Materials and Methods: A total of 4,519 participants aged >18 years who were free
of diabetes in 2011 (baseline of the current analysis) were enrolled in this study. All partici-
pants completed a medical examination every year during 2011–2016, and BMI levels
were measured two to six (average 5.6) times. Group-based trajectory modeling was
applied to identify BMI trajectories over time. New-onset diabetes was confirmed in 2016.
Results: During 2011–2016, four distinct BMI trajectories were identified according to
BMI range and changing pattern over time: “low” (19.6%), “moderate” (33.4%), “moderate-
high” (33.4%) and “high” (13.6%). A total of 168 (3.7%) new-onset diabetes cases were con-
firmed in 2016. Compared with the “low” BMI trajectory, participants in the “high” BMI tra-
jectory were at significantly higher risk for new-onset diabetes (adjusted relative risk 3.24,
95% confidence interval 1.27–8.24). Notably, BMI trajectories based on the first four or
three annual BMI tests yielded similar results. By contrast, no significant correlation was
found between categories of baseline BMI and new-onset diabetes in 2016 after multivari-
ate adjustment.
Conclusions: The present results show that distinct BMI trajectories, even identified
using just four or three annual BMI tests, are significantly associated with new-onset dia-
betes. Monitoring BMI trajectories over time might provide an important approach to
identify subpopulations at higher risk for developing diabetes.

INTRODUCTION
Diabetes is a major and growing health concern worldwide1. In
China, the prevalence of diabetes has increased sharply, from
0.67% in 1980, to 10.9% in 2013, as a result of considerable
changes in lifestyles and aging2. Meanwhile, the overall mortal-
ity, disability-adjusted life-years and economic costs attributable
to diabetes are showing rapid growth in China3,4. Previous
studies suggested that early detection and treatment of diabetes
would substantially reduce the related morbidity and mortal-
ity5,6. However, current diagnostic procedures, including fasting
blood glucose test, oral glucose tolerance test and hemoglobin
A1c test, are not suitable for large-scale population screening in

a developing country, such as China. Therefore, using a simple
method to identify subpopulations at higher risk for diabetes
would critically inform prevention efforts.
Obesity, commonly classified using a simple index – body

mass index (BMI) – is well recognized as the major risk fac-
tor for diabetes. However, previous studies were often based
on BMI at a certain point, regardless of the effect of long-
term BMI changes on diabetes risk7,8. Hence, understanding
the heterogeneity of diabetes risk by exploring the distinct
patterns of BMI changes might carry new insights into dia-
betes prevention. In addition, in China, the incidence of dia-
betes is high, despite a relatively low prevalence of obesity,
implying that the effect of BMI on diabetes might differ
across various racial/ethnic groups9.
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Group-based trajectory modeling (GBTM) is a type of latent
class growth analysis that can identify distinct clusters of indi-
viduals who are following similar BMI trajectories10. This
method assumes that individual differences in trajectories can
be summarized by a finite set of different polynomial functions
of time11. In the past years, this method has been successfully
used to examine the association between BMI trajectories and
the risk of hypertension12, cancer13–15 and all-cause mortal-
ity16,17. However, to date, just a few studies have explored the
association between BMI trajectories identified by GBTM and
diabetes risk18,19. Whether distinct BMI trajectories would be
predictive of diabetes risk in general Chinese adults is still
unknown. To address the gap, by using repeated measurements
of BMI in a longitudinal cohort of Chinese adults, we aimed to
examine the association of distinct BMI trajectories with new-
onset diabetes.

METHODS
Study population
The Health Management Center of Third Xiangya Hospital,
Changsha, Hunan, China is one of the largest medical examina-
tion centers in China, mainly servicing employees from hun-
dreds of institutions in Changsha. Of these institutions, 127
continuously chose the center for their annual employee medi-
cal examinations during 2011–2016. In the present study, we
retrospectively recruited 5,004 participants from the 127 institu-
tions. All participants were aged >18 years and had completed
a medical examination every year during 2011–2016 (Figure 1).
The present study was in accordance with the guidelines of the
Declaration of Helsinki and was approved by the Medical
Ethics Committee of Third Xiangya Hospital. All participants

signed an informed consent form and agreed to share their
health information for medical research.
Because diabetes is our primary outcome variable, 94 partici-

pants who had missing data on diabetes in 2011, and 288 par-
ticipants who were diagnosed with diabetes in 2011 were
excluded from this study. Meanwhile, 56 participants who had
missing data on the diagnosis of diabetes in 2016 were also
excluded. In addition, as the calculation of BMI trajectories
required at least two BMI tests20,21, we further excluded 47 par-
ticipants who could not meet this criterion. Finally, 4,519 par-
ticipants were deemed eligible for the present study.

Diagnosis of diabetes
Venous blood samples were collected in the morning after
overnight fasting for 8–12 h and then transfused into ethylene-
diaminetetraacetic acid-containing vacuum tubes. Blood samples
were stored at -20°C until analyzed. The concentration of fast-
ing blood glucose was determined by enzymatic colorimetric
assay using an automated analyzer (Hitachi 7600-110; Hitachi,
Tokyo, Japan) at the central laboratory of Third Xiangya
Hospital. The intra-assay coefficients of variation for blood glu-
cose were <2.5%. Diabetes was defined by the presence of any
of the following: (i) self-reported doctor-diagnosed diabetes; (ii)
current use of insulin or oral hypoglycemic agents; and (iii)
fasting blood glucose ≥7.0 mmol/L22.

Assessment of BMI
Bodyweight, height and waist circumference were measured to
the nearest 0.1 kg or 0.1 cm, with participants wearing light
clothes and no shoes. BMI was calculated as bodyweight in
kilograms (kg) divided by the square of height in meters (m2).

Assessment of potential covariates
Information on demographic variables (age, sex, race, occupa-
tion and marital status), lifestyle factors (cigarette smoking and
alcohol consumption) and medical history were obtained by
well-trained interviewers using standardized questionnaires. A
total of 11 racial groups, including Han, Miao, Tujia, Hui,
Zhuang, Bai, Dong, Man, Yao, Mongolian and Xibo, were iden-
tified in our study sample. For the analyses, just two categories
were considered: Han and all other minorities. Occupation was
classified into seven groups according to the types of institu-
tions.
Blood pressure (BP) was measured to the nearest 0.1 mmHg

in a sitting position after a 10-min rest. Using a corrected mer-
cury sphygmomanometer, two readings were obtained for both
systolic and diastolic BP, with a 30-s interval. The mean of the
two readings was considered as the participant’s BP. If the two
readings differed by >5 mmHg, BP was re-measured, and the
participant’s BP was finally calculated as the average of the
three readings. Hypertension was defined as systolic BP
≥140 mmHg and/or diastolic BP ≥90 mmHg, or self-reported
doctor-diagnosed hypertension, or current use of antihyperten-
sive agents23.

Baseline Year 1 Year 2 Year 3 Year 4 Year 5

(2016)(2015)(2014)(2013)(2012)

4 BMI tests

(a)

(b)

(c)

2 years lag

3 years lag3 BMI tests

(2011)

Primary trajectory analysis: 6 BMI tests

Figure 1 | Timeline of annual visits and study design. At baseline, all
participants were free of diabetes. New-onset diabetes was confirmed
in 2016. (a) The primary analysis identified distinct body mass index
(BMI) trajectories using six BMI tests (during 2011–2016). Regression
models were then constructed to examine the association between
distinct BMI trajectories and new-onset diabetes. (b,c) Secondary
analyses reconstructed the regression models after identifying distinct
BMI trajectories using four and three BMI tests.
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Other biochemical measurements, including total cholesterol,
triglycerides, hemoglobin, creatinine and uric acid, were also
taken at the central laboratory of Third Xiangya Hospital.
Details about the measurement methods were published previ-
ously23,24.

Statistical analysis
All analyses were carried out using Stata version 14.0 (Stata
Corp., College Station, TX, USA). The BMI trajectories were
determined by GBTM, fitted using the user-written “traj” pro-
cedure in Stata10,25. We used censored normal distribution to
model BMI. We chose the number and shape (i.e., intercept,
linear, quadratic and cubic) of BMI trajectories following the
criteria: lowest Bayesian information criterion, high posterior
probabilities (>0.7) and ≥5% of total sample in a trajectory
group. In a step-by-step manner, we finally decided on the
best-fitting model with four linear trajectories (Figure 2).
Baseline characteristics of the study sample were summarized

as the median (interquartile range) for continuous variables,
and as the number (percentage) for categorical variables. Com-
parisons of baseline characteristics by distinct BMI trajectories
were assessed using Kruskal–Wallis test for continuous vari-
ables, and the v2-test for categorical variables. Trends in base-
line characteristics across distinct BMI trajectories were assessed
using Spearman’s correlation for continuous variables, and the
Cochran–Armitage trend test for binary variables. Modified
Poisson regression models, using the robust error variance26,
were used to estimate the relative risks (RRs) for new-onset dia-
betes in 2016. All potential covariates in the regression models
were collected at baseline. Missing values of potential covariates
were assumed to be random, and were handled using multiple
imputation with chained equations27. As approximately 30% of

the study sample had missing values on at least one study vari-
able, we generated 30 imputed datasets in the imputation mod-
els27. To optimize the imputation, we added all study variables
into the imputation models27.
Statistical interactions between BMI trajectories and sex

(male vs female), age (<45 vs ≥45 years) and impaired fasting
glucose (fasting blood glucose <5.6 vs ≥5.6 mmol/L) in relation
to risks of new-onset diabetes were examined using likelihood
ratio tests in the regression models. To compare with tradi-
tional methods based on baseline BMI, we excluded 196 partici-
pants who had missing values on baseline BMI in a secondary
analysis. To explore whether BMI trajectories based on fewer
BMI tests could predict new-onset diabetes in 2016, we further
examined the association of BMI trajectories identified using
just four or three annual BMI tests with new-onset diabetes in
2016 (Figure 1).

RESULTS
Baseline characteristics of study participants by distinct BMI
trajectories
Of the 4,519 participants, 2,438 (53.9%) were men, and the
median age at baseline was 42.0 years (interquartile range 32.0–
57.0 years). Based on the BMI range and changing pattern dur-
ing 2011–2016, four linear BMI trajectories were identified in
these participants (Figure 2). Table 1 shows the baseline char-
acteristics of the study participants by distinct BMI trajectories.
Participants belonging to the “high” BMI trajectory were more
likely to be older, male, current smoker and current alcohol
drinker at baseline, and they tended to have an increased
prevalence of hypertension, as well as higher levels of BMI,
waist circumference, fasting blood glucose, total cholesterol,
triglycerides, hemoglobin, creatinine and uric acid at baseline.
In addition, the percentages of occupation, married status and
use of antihypertensive at baseline were also significantly differ-
ent across distinct BMI trajectories. However, there was no sig-
nificant difference in race and family history of diabetes by
distinct BMI trajectories.

Association between distinct BMI trajectories and diabetes risk
A total of 168 (3.7%) new-onset diabetes cases were identified
in 2016. As shown in Table 2, the incidence of new-onset
diabetes progressively increased from the “low” to “high” BMI
trajectory (0.6, 2.0, 5.1 and 9.1%, respectively). In model 1
adjusting for age and sex at baseline, the RR for new-onset
diabetes in the comparison between the “high” and “low”
BMI trajectory was 9.17 (95% confidence interval [CI] 3.67–
22.89). After further adjusting for all other potential covariates,
the risk was attenuated and the RR for new-onset diabetes in
the comparison between the “high” and “low” BMI trajectory
was 3.24 (95% CI 1.27–8.24). No significant interactions were
observed between distinct BMI trajectories and sex, age and
impaired fasting glucose in relation to risks of new-onset dia-
betes (P-values for interactions were 0.520, 0.389 and 0.849,
respectively).

Trajectory 4: High (13.6%)

Trajectory 3: Moderate-high (33.4%)

Trajectory 2: Moderate (33.4%)

Trajectory 1: Low (19.6%)

Year

2011

20
22

24
26

28
30

BM
I (

kg
/m

2 )

2012 2013 2014 2015 2016

Figure 2 | Group-based trajectory modeling used to determine distinct
body mass index (BMI) trajectories. Distinct BMI trajectories were
identified using six BMI tests (during 2011–2016).
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Comparison with traditional methods based on baseline BMI
Previous studies predicting diabetes risk usually divided baseline
BMI into groups. In the present study, we first divided baseline
BMI into four groups according to the proportions of BMI tra-
jectories. Then, we divided baseline BMI into quartiles, which
were in accordance with many previous studies28,29. As shown
in Table 2, the incidence of new-onset diabetes progressively
increased with higher BMI groups (0.8, 1.4, 5.5 and 8.3%,
respectively), as well as with higher BMI quartiles (0.8, 1.4, 4.7
and 7.4%, respectively). However, in models adjusting for all
potential covariates, no significant RRs for new-onset diabetes
were found in the comparison between the fourth and first
group (P = 0.393), as well as in the comparison between the
fourth and first quartile (P = 0.137).
By contrast, as described above, there was a significant RR

for new-onset diabetes in the comparison between “high” and
“low” BMI trajectory (P = 0.014). In a sensitivity analysis, by
excluding 196 participants who had missing data on baseline
BMI, the RR for new-onset diabetes in the comparison between
the “high” and “low” BMI trajectory remained significant
(P = 0.032; Table 2).

Association between BMI trajectories identified using fewer
BMI tests and diabetes risk
Finally, we explored whether BMI trajectories identified using
the first four or three annual BMI tests were associated with
new-onset diabetes in 2016 as well. When using the first four
annual BMI tests, we also identified four linear BMI trajectories
through the GBTM (Figure S1). As shown in Table 3, the inci-
dence of new-onset diabetes progressively increased from the
“low” to “high” BMI trajectory (0.7, 2.4, 5.1 and 10.1%, respec-
tively). In models adjusting for all potential covariates, the RR
for new-onset diabetes in the comparison between “high” and
“low” BMI trajectory was 3.10 (95% CI 1.30–7.38). In a sensi-
tivity analysis, by further excluding 114 participants who were
diagnosed with diabetes or had no information about diabetes
in 2014, the RR for new-onset diabetes in the comparison
between “high” and “low” BMI trajectory remained significant
(P = 0.028; Table 3).
Similarly, when using the first three annual BMI tests, we

identified four linear BMI trajectories through the GBTM (Fig-
ure S1). The incidence of new-onset diabetes progressively
increased from the “low” to “high” BMI trajectory (0.6, 2.2, 5.3
and 10.2%, respectively; Table 3). In models adjusting for all
potential covariates, the RR for new-onset diabetes in the com-
parison between the “high” and “low” BMI trajectory was 2.71
(95% CI 1.19–6.19). In a sensitivity analysis, by further exclud-
ing 87 participants who were diagnosed with diabetes or had
no information about diabetes in 2013, the RR for new-onset
diabetes in the comparison between “high” and “low” BMI tra-
jectory remained significant (P = 0.015; Table 3). These results
suggest that BMI trajectories based on just four or three annual
BMI tests were significantly associated with subsequent new-on-
set diabetes.

DISCUSSION
In the present longitudinal study carried out during 2011–2016,
we identified four distinct developmental trajectories of BMI by
the GBTM. We found that distinct BMI trajectories were signif-
icantly associated with new-onset diabetes in 2016. In addition,
we found that BMI trajectories identified using the first four or
three annual BMI tests were still significantly associated with
new-onset diabetes in 2016. By contrast, no significant correla-
tion was found between categories of baseline BMI and new-
onset diabetes in 2016 after multivariate adjustment.
Although few previous studies have explored the association

between BMI trajectories determined by GBTM and diabetes risk,
the majority of them focused on the effect of childhood BMI tra-
jectories on adult diabetes30–32 or the effect of BMI trajectories
before and during early pregnancy on gestational diabetes33. For
example, in a longitudinal cohort consisting of 2,449 USA resi-
dents, Tao et al.31 found that childhood (4–19 years) BMI trajec-
tories have a significant impact on adult (20–51 years) diabetes.
In an analysis of 8,009 Australian women aged 18–36 years,
Kakoly et al.33 identified three distinct BMI trajectories across six
surveys, and found that women in a high-rising trajectory were
independently associated with gestational diabetes, as compared
with those in a low-stable trajectory (OR 2.50, 95% CI 1.80–3.48).
However, these studies carried out with children or pregnant
women could not provide direct evidence for the primary preven-
tion of diabetes in general adults.
For those studies directly carried out with general adults,

three of them34–36 only showed the developmental trajectories
of BMI before the diagnosis of diabetes, without examining the
relative risk of diabetes across distinct BMI trajectories. In
another study consisting of 24,875 Australian adults, Peter
et al.37 showed that the incidence of diabetes was different
across distinct BMI trajectories; however, this study did not
adjust for potential covariates in the regression models. There-
fore, whether distinct BMI trajectories predict diabetes risk
could not be concluded from these studies. To date, there are
just two studies18,19 that have examined the relative risk of dia-
betes by distinct BMI trajectories in general adults. Neverthe-
less, both studies spanned decades. It remains uncertain
whether distinct BMI trajectories have an impact on diabetes
risk, even in a shorter period, such as several years. In addition,
we could not apply the conclusions to inform diabetes preven-
tion in China, as both studies were carried out in Western
countries. Thus, more evidence is really needed.
To our knowledge, the present study is the first to describe

the association between distinct BMI trajectories and diabetes
risk in general Chinese adults. We found that distinct BMI tra-
jectories, even identified using the first four or three annual
BMI tests, were significantly associated with new-onset diabetes.
The findings suggest that distinct BMI trajectories might be an
effective tool to predict future diabetes. In addition, no signifi-
cant interactions between distinct BMI trajectories and sex, age
and impaired fasting glucose in relation to risks of new-onset
diabetes were observed in the present study, implying that the
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effect of distinct BMI trajectories on diabetes risk was consistent
across these factors.
The strengths of the present study included a longitudinal

design, a large sample size, the availability of repeated measure-
ments of BMI over time and the use of GBTM. However, some
limitations should also be noted. First, the diagnosis of diabetes
was based on fasting blood glucose without using the oral glucose
tolerance test or hemoglobin A1c test, which is due to limited
data collection for such a large cohort. Second, we did not collect
information about the type of diabetes but, as the incident rate of
type 1 diabetes is extremely low in Chinese adults38, the majority
of new-onset cases in our cohort should be type 2 diabetes.
Third, approximately 30% of our study sample had missing val-
ues on at least one study variable. We thus used multiple imputa-
tion to increase the power of statistical tests. Multiple imputation
is well recognized as a flexible and reliable tool for handling miss-
ing data, and has been widely used in clinical studies39. Fourth,
the current study included only Chinese adults. As the BMI level
and its implications for diabetes differ widely across various
racial/ethnic groups9, the present findings might not be generaliz-
able to other populations.
In conclusion, the present results show that distinct BMI tra-

jectories, even identified using just four or three annual BMI
tests, are significantly associated with new-onset diabetes. The
findings suggest that monitoring BMI trajectories over time
might provide an important approach to identify subpopula-
tions at higher risk for diabetes in general Chinese adults.
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Figure S1 | Distinct body mass index trajectories identified using (a) four body mass index tests and (b) three body mass index
tests.
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