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Nonlinear association between changes
in fasting plasma glucose and the incidence
of diabetes in a nondiabetic Chinese cohort
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Abstract

Background: Limited data show that changes in fasting plasma glucose (FPG changes) are related to the incidence
of type 2 diabetes (T2D). We aimed to correlate FPG changes with incident diabetes and evaluate FPG changes as a
marker to screen participants at high risk of T2D in China.

Methods: A total of 116,816 individuals were followed during a median follow-up of 3.10 years by secondary analysis
in a nondiabetic Chinese cohort. The turning points were derived from a receiver operating characteristic curve. Haz-
ard ratios (HRs) were evaluated by Cox proportional hazards models.

Results: A total of 2669 cases of T2D were identified (788 women and 1881 men). The age-standardized incidence of
diabetes was 12.87 per 1000 person-years (women: 11.04; men: 14.69). A nonlinear relationship between FPG changes
and incident diabetes is shown by the fitting curves. The curves were categorized into three stages by two turning
points (-0.04 and 1.25 mmol/L) and conformed to the hook-like pattern: an initial decrease (stage-1), then a transient
sharp elevation (stage-2), followed by a slow increase (stage-3). HRs per SD of FPG changes on incident diabetes var-
ied with stage: stage-1: 0.16 (0.12, 0.23), stage-2: 0.20 (0.15, 0.28) and stage-3: 0.22 (0.16, 0.31). Compared with stage-1,
the HR in stage-3 was significantly higher at 28.05 (23.99, 32.79), while the increase in stage-2 was slight at 2.16 (1.79,
2.61),and the HR in stage-3 rose to 30.09 (25.02, 36.19).

Conclusions: FPG changes had a strong correlation with the incidence of T2D and was a steady indicator that was
used to distinguish the participants at high risk of diabetes.
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Background
In recent decades, type 2 diabetes (T2D) has become

Survey (NHIS), the prevalence of diagnosed diabe-
tes doubled from 1990 to 2016 (3.5% to 9.7%) [2, 3]. In

a large and ever-growing threat and one of the most
important public health issues in virtually every region of
the world [1]. According to the National Health Interview
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China, the prevalence of diabetes also increased rapidly
from less than 1% in 1980 to 11.2% in 2018 [4]. The threat
was consistently underestimated because a significant
proportion remained undiagnosed [5-7]. The prediction
from the International Diabetes Federation is that 600
million people worldwide will be living with diabetes in
2035 [6, 8]. A high incidence of diabetes-specific com-
plications, such as kidney failure and peripheral artery
disease, has a severe impact on quality of life in diabetic
patients [9]. Increasingly, diabetes and its complications

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-9543-4965
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12902-022-01094-4&domain=pdf

Huang et al. BMC Endocrine Disorders (2022) 22:191

also bring a heavy burden to patients and the health sys-
tem [10].

The prevention of diabetes is more important than its
treatment. Tracking the evolving epidemiology, it has
become clear that the risk factors for T2D include eth-
nicity, obesity, Western lifestyle, socioeconomic status,
prediabetes, and pregnancy [1, 6, 8, 11-13]. Therefore,
some traditional risk factors are widely used clinically
to predict the occurrence of diabetes, including fast-
ing plasma glucose (FPG), body mass index (BMI), diet,
physical activity and metabolic syndrome [14-19].
Among these factors, FPG may be the core predictor
of the onset of diabetes [20-22]. In a recent study with
10,796 individuals (aged>20 years), approximately 70%
of prediabetes patients (according to the IFG-ADA: FPG
5.6—6.9 mmol/L) developed T2D within 10 years [23].

Recently, some new metabolic markers, especially vari-
ables combined with traditional risk factors, have been
found to be closely related to the incidence of T2D.

The triglyceride (TG) to high-density lipoprotein cho-
lesterol (HDL) ratio (TG/HDL ratio) is a good marker to
identify insulin resistance in children and adults and is a
useful surrogate indicator of future incident type 2 diabe-
tes [24—26]. Another new metabolic marker, the fasting
triglyceride-glucose (TyG) index, precedes and signifi-
cantly predicts T2D [27]. During a median follow-up of
6.17 years in the Tehran Lipid and Glucose Study (TLGS)
of urban Iranians, FPG changes was an independent pre-
dictor (HR 1.57 [1.31, 1.88]) and the highest quartile of
FPG changes increased the T2D risk to 1.65 [1.20, 2.27]
compared with the lowest quartile [21]. However, there
are limited data on the association between FPG changes
and the incidence of diabetes, due to the size of the pop-
ulation and the fact that almost no literature from our
region is available on the subject. In our study, we com-
pared these metabolic markers and attempted to develop
a simple clinical approach to identify the individuals at
greatest risk of incident diabetes by secondary analysis in
a nondiabetic Chinese multicenter cohort.

Material & methods

Study design and patients

The clinical data were obtained from a public database
(https://datadryad.org) and were recorded from Janu-
ary 2010 to December 2016, which was offered by Chen
et al. [28]. According to the previous literature, a total of
211,833 subjects were contacted [28, 29]. Briefly, all par-
ticipants older than 20 years of age were candidates, with
complete or valid information, including sociodemo-
graphic variables (age and sex), clinical data (height, body
weight, body mass index, blood pressure and family his-
tory of diabetes), lifestyle data (smoking and alcohol con-
sumption) and biochemical tests (fasting plasma glucose,
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LDL, HDL, total cholesterol, and triglyceride). In this ret-
rospective cohort study, the following participants were
excluded at baseline: those with extreme body mass index
(BMI) (< 15 kg/m? or > 55 kg/m?), those with shorter visit
intervals (<2 years) and those with diabetes or hypogly-
cemia at baseline (fasting plasma glucose>7.0 mmol/L
or <2.8 mmol/L). The diagnosis of incident diabetes was
defined as fasting plasma glucose of >7.00 mmol/L and/
or self-reported diabetes during the follow-up period.
Moreover, the statistical method boxplot was used to
remove 15 outliers of FPG changes. A total of 116,816
participants (53,970 females, 62,846 males) took part in
the study. The selection process of the participants was
specifically explained previously [28, 29].

Definitions

The metabolic markers considered were FPG, triglycer-
ide, total cholesterol, and HDL cholesterol, as well as the
FPG changes, TyG index and TG/HDL ratio. In our study,
FPG changes was defined as the difference between the
baseline and final visit FPG (FPG2) (mmol/L) [30]. Par-
ticipants were excluded with extreme FPG changes
(>15 mmol/L) (N=5). The triglyceride—high-density
lipoprotein cholesterol concentration ratio (TG/HDL
ratio) was determined by the serum TG (mmol/L):
HDL concentration (mmol/L) ratio [13]. The triglycer-
ide x fasting plasma glucose (TyG) index was calculated
as the natural logarithm (Ln) of [TG (mg/dL) % glucose
(mg/dL)/2] [31].

According to the definition of by the American Dia-
betes Association (ADA) and the World Health Organ-
ization (WHO), fasting plasma glucose (FPG) was
analyzed as a categorical variable (<5.6, 5.6 —6.0 and 6.1
—6.9 mmol/L) [7, 32, 33].

Taking into account the effect of the reproductive sys-
tem on incident diabetes (especially in women), age was
analyzed as a ca impaired fasting glucose (IFG)tegorical
variable (20-45, 46-55, 56-65 and > 66 years) [34, 35].
As recommended by the Working Group on Obesity
in China, normal weight was defined as a BMI of 18.5—
23.9 kg/m?, overweight as a BMI of 24.0-27.9 kg/m2 and
obesity as a BMI of 28.0 kg/m2 or higher [36]. According
to the 2010 Chinese guidelines for the management of
hypertension, a normal level was defined as systolic blood
pressure (SBP) <120 mmHg and/or diastolic blood pres-
sure (DBP) <80 mmHg; prehypertension was defined as
SBP 120-139 mmHg and DBP 80-89 mmHg; and hyper-
tension was defined as systolic BP (SBP)>140 mmHg
and/or diastolic BP (DBP)>90 mmHg [37]. Hyperlipi-
demia was diagnosed according to the Chinese Guide-
lines for the Management of Dyslipidemia in Adults
[38]. Triglyceride (TG) was analyzed as a categori-
cal variable (<1.7, 1.7—2.2 and>2.3 mmol/L); total
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cholesterol (TC) was<5.2, 5.2 —6.1 and> 6.2 mmol/L;
LDL was<3.4, 34 —4.0 and>4.1 mmol/L; and HDL
was<1 and>1 mmol/L. According to the definition of
impaired fasting glucose (IFG) by the American Diabetes
Association (ADA) and the World Health Organization
(WHO), fasting plasma glucose (FPG) was analyzed as a
categorical variable (<5.6, 5.6 —6.0 and 6.1 —6.9 mmol/L)
[7, 32, 33].

Statistical analysis

Data analyses were performed using STATA (Version
13.1, StataCorp LP, College Station, TX, USA). The study
data were analyzed for normal distribution, and data with
normal and nonnormal distributions were expressed as
the mean 4 standard deviation (SD) and median (inter-
quartile range), respectively. Time-to-event Cox propor-
tional hazards models were used to assess the hazard
ratio (HR) with 95% confidence intervals (CIs) of incident
diabetes. The Pearson correlation coefficient is typically
used for jointly normally distributed data (data that fol-
low a bivariate normal distribution). For nonnormally
distributed continuous data, for ordinal data, or for data
with relevant outliers, a Spearman rank correlation can
be used as a measure of a monotonic association.

The metabolic markers considered were FPQG, tri-
glyceride, total cholesterol and HDL, as well as the FPG
changes, TyG index and TG/HDL ratio. Constructing
receiver operating characteristic (ROC) curves was used
to identify the clinical utility of metabolic markers in the
prediction of the onset of diabetes, which depicts the
relationship between sensitivity/specificity test results for
each metabolic marker [16]. Areas under the ROC curves
were compared using the method of Hanley and McNeil
[16]. The metabolic marker for predicting the onset of
diabetes with the statistically significantly better ROC
was selected for turning point analysis to identify specific
values by the fitting curves of diabetes probability [16].
We also divided the curves into three different stages
by two turning points, and each stage was also divided
into three tertiles. For the prospective analyses, we plot-
ted cumulative Kaplan—Meier curves for diabetes devel-
opment during follow-up. All statistical analyses were
performed with the statistical package R (http://www.R-
project.org) and EmpowerStats (www.empowerstats.
com, X&Y Solutions, Inc., Boston, MA).

Results

During a median follow-up of 3.10 years (maximum
7.56 years; minimum 2.00 years), 2669 cases of T2D were
identified (788 women and 1881 men) among a total of
116,816 participants (53,970 females, 62,846 males). The
age-standardized incidence of diabetes was 12.87 per
1000 person-years (women: 11.04; men: 14.69). Men
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had higher levels of basic clinical data (height, body
weight, body mass index, and systolic and diastolic
blood pressure), lifestyle data (smoking and alcohol con-
sumption) and biochemical tests (FPG, LDL, total cho-
lesterol and triglyceride) (Table S1). The FPG changes in
women was 0.19+0.60 mmol/L lower than that in men
(0.25+0.72 mmol/L).

Almost all the fitting curves of diabetes probabil-
ity of FPG changes were nonlinear and showed a sec-
tional activity that conformed to the hook-like pattern:
an initial decrease, then transient sharp elevation, fol-
lowed by a slow increase. Hence, FPG changes were cat-
egorized into three stages based on the curves by two
turning points (overall: -0.04 and 1.25; women: -0.05
and 1.16; men: -0.24 and 1.32, mmol/L) (Fig. 1). Impor-
tantly, the hook-like pattern was maintained, which was
reconstructed via different levels of age, sex, HDL, TG,
TC, SBP, DBP and history of diabetes (Fig. S1). Only
the curves in participants with LDL >4.1 mmol/L and/
or BMI<18.5 kg/m? had two stages (Fig. S1). We also
found differences in the baseline characteristics of the
participants (Table 1). There were similar baseline char-
acteristics in participants with stage-1 and stage-2 FPG
changes. However, participants with stage-3 had sig-
nificantly different basic clinical data (body weight, body
mass index, and systolic and diastolic blood pressure) and
biochemical tests (LDL, total cholesterol, triglyceride,
ALT and AST) in both women and men. Interestingly,
from stage-1 to stage-3, the baseline FPG concentration
continued to drop and all participants with diabetes in
stage-1 were all diagnosed by self-reported (in Table S2).
We also found participants with FPG baseline more than
5.6 mmol/L had a higher proportion of diabetics than
those with a baseline FPG of less than 5.6 mmol/L both
in women and men (in Table S2).

Importantly, the incidence of T2D varied with sex and
the stages of FPG changes (stage-1: women 1.46, men
2.09, overall, 1.86; stage-2: women 2.14, men 5.59, overall,
3.86; stage-3: women 48.20, men 92.07, overall, 72.45, per
1000 person-years). HR per SD of FPG changes on inci-
dent diabetes was also affected by sex and stages of FPG
changes. From stage-1 to stage-3, the HRs per SD of FPG
changes in women were 0.10 (0.06, 0.18), 4.28 (3.07, 5.98)
and 1.56 (1.50, 1.63), respectively; the HRs per SD in men
were 0.20 (0.13, 0.30), 8.32 (6.73, 10.29) and 1.27 (1.24,
1.30), respectively; and the overall HRs per SD were
0.16 (0.12, 0.23), 0.20 (0.15, 0.28) and 0.22 (0.16, 0.31),
respectively. Compared with stage-1, in women, the HR
in stage-3 was significantly higher [22.08 (16.47, 29.59)],
while the increase in stage-2 was not significant [1.12
(0.82, 1.51), P>0.05]; in men, the HR in stage-2 slightly
increased to 1.81 (1.54, 2.12), and that in stage-3 rose to
30.09 (25.02, 36.19).


http://www.R-project.org
http://www.R-project.org
http://www.empowerstats.com
http://www.empowerstats.com

Huang et al. BMC Endocrine Disorders (2022) 22:191

Page 4 of 9

Women

>

stage-3

AN Turning point-2: 1.16
stage-2

Log RR for incident diabetes
4

«— Turning point-1: -0.24

R
L B e |
-2 0 2 4 6 8 10
FPG changes (mmol/L)

C Men

o0 -
2]
° E stage-3
< o 4
:.a B
= J
8 J
5 <+ -
8 1
= J
S J
v O — Turning point-2: 1.32
o 4
o
|) J
= < stage-2

o ] «—— Turning point-1: -0.05

FPG Changes (mmol/L)

Overall

stage-3

«— Turning point-2: 1.25

Log RR for incident diabetes t
6
1

o J stage-2
« «— Turning point-1: -0.04
A
e
0 5 10
FPG Changes (mmol/L)

Stage-1 and stage-2 in women

™

stage-1

Log RR for incident diabetes

o - ..
Turning point-1: - 0.24 =~
—r T T 1
-2 -1 0 1
FPG changes (mmol/L)
D Stage-1 and stage-2 in men

Log RR for incident diabetes
3
1

o -
~ | Turning point-1:- 0.05 — N
M ) ) ) )
-2 -1 0 1
FPG changes (mmol/L)
F Overall stage-1 and stage-2
©

Log RR for incident diabetes

(=0
— 1 Tuming point-1: 0.04 —>
M ) ) ) )
-2 -1 0 1
FPG Changes (mmol/L)

Fig. 1 The curves of diabetes probability by FPG changes. FPG changes was defined as the difference between the baseline and final visit FPG
(FPG2) (mmol/L). FPG changes were categorized into three stages based on the curves by two turning points

Kaplan—Meier survival curves for cumulative dia-
betes-free probability based on sex and the stages of
FPG changes are presented in Fig. 2. The cumulative
diabetes-free probability was approximately 90% in
stage-1 and stage-2 and in both stages at the end of the

follow-up period. However, in stage-3, the cumulative
diabetes-free probability decreased sharply with the
increase in FPG changes, especially in the upper tertile
of stage-3, which was close to zero at the end of follow-
up (Fig. S2).
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Table 1 Baseline characteristic of participants according to sex and stages of FPG changes (mmol/L)
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Women Men

Stage-1 Stage-2 Stage-3 P-value Stage-1 Stage-2 Stage-3 P-value

<-0.24 -0.24—1.15 >1.16 <-0.05 -0.05—1.31 >1.32
N 12,076 39,132 2762 21,238 38,353 3255
Age (years) 43404+1264 4340+£1239 4896+£1426 <0001 44.10+£1325 4426+£13.06 4838+1364 <0.001
Height (cm) 160.08+564 160.11+£563 15920+£598 <0001 17161626 171.68+£621 17149+£641 0.162
Weight (kg) 5697+824  5673+809  5850+9.10 <0001 7167+1064 71.57+£1049 7441+£1154 <0.001
BMI (kg/m2) 22.24£3.08 22.13£3.02 23.10£3.51 <0001 2431£3.17 2426+£3.14 25274345 <0.001
SBP (mmHg) 1153241637 11480+1653 121.72+£2026 <0.001 123.034+1560 122701561 126.15£17.71 <0.001
DBP (mmHg) 7148+£1032 71304+1042 7490+£1162 <0001 766941061 7683+10.71 7993+£11.70 <0.001
FPG (mmol/L) 5294047 4.79£0.51 4.42+0.80 <0.001 5344050 4844057 4.62£1.00 <0.001
TC (mmol/L) 4814093 4.75+£091 4894092 <0.001 4844090 4.784+087 486+0.88 <0.001
TG (mmol/L) 1.12+£0.82 1.07£0.72 1.28£0.90 <0001 1.65+1.24 159+£1.13 1.84+1.31 <0.001
HDL-C (mmol/L) 148+0.31 147 £0.31 147+£0.31 0.011 1.29+£0.27 129+£0.28 1244027 <0.001
LDL-C (mmol/L) 2.78£0.70 2.73£0.69 2.80+£0.67 <0.001 2.83+0.69 2.77£0.66 2.80£0.65 <0.001
ALT (IU/L) 1718£1382 17174£1497 21.00+£4288 <0.001 2887£2155 292742407 33.834+3097 <0.001
AST (IU/L) 21.84+£1048 21.69+9.01 244442794 <0001 25611060 257641381 283941992 <0.001
BUN (mmol/L) 444+£1.15 437£1.12 4444118 <0.001 4.99+1.18 491£1.14 4.89+£1.16 <0.001
CCR (umol/L) 57824976  5842+1051 59.10+1166 <0001 8043+1201 80711197 79474+1199 <0.001
FPG of final visit (mmol/L) 4.76+043 510+£048 6.03£1.22 <0.001 4934048 531£0.55 6.66+1.82 <0.001
Family history of diabetes, N (%) 355 (2.94%) 1162 (297%) 92 (3.33%) 0.533 321 (1.51%) 627 (1.63%) 82 (2.52%) <0.001

Continuous variables are presented as the mean + standard deviation (normal distribution); categorical variables are presented d as number (%). FPG changes was
defined as the difference between the baseline and final visit FPG (FPG2) (mmol/L). ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass index;
BUN, blood urea nitrogen; CCR, endogenous creatinine clearance rate; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein
cholesterol; MBP, mean systolic blood pressure; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride. * N

(%) refers to the number and proportion of the identical sex group. * Diagnosis of incident diabetes was defined as fasting plasma glucose of > 7.00 mmol/L and/

or self-reported diabetes during the follow-up period. All trend for baseline characteristic of participants among age and groups, P<0.001. In women: stage-

1:<-0.24 mmol/L; stage-2: -0.24—1.15 mmol/L; stage-3: > 1.16 mmol/L. In men: stage-1:<-0.05 mmol/L; stage-2: -0.05—1.31 mmol/L; stage-3:> 1.32 mmol/L

Women Men Overall
A B, C .
- o B T o — - ~——
o ] o
2 21 2 B z E)
£ 3 z
2 2 3 gl -§ g
S 21 g 3 £ o
e o o
3 8 3
2 & &
2 2 2
E o || FPG changes g < |[FPG changes = FPG changes
iy Stage-1 3 Stage-1 A 2 Stage-1
Stage-2 = Stage-2 = Stage-2
S Stage-3 sl Stage-3 4 Stage-3
S T T T T T T < T T T T T T < T T T T T T
0 1 2 3 4 5 6 0 1 2 3 4 N 6 0 1 2 3 4 5 6
Follow-up (Years) Follow—up (Years) Follow-up (Years)
Number at risk Number at risk Number at risk
Stage-1 12076 12076 12076 4163 1432 319 1 Stage-1 21238 21238 21238 7107 2836 755 0 Stage-1 40686 40686 40686 14747 5405 1299 1
Stage-2 39132 39132 39132 19674 8926 1632 0 Stage-2 38353 38353 38353 20228 9094 1881 0 Stage-2 70002 70002 70002 36977 16842 3281 0
Stage-3 2762 2762 2762 2018 883 91 0 Stage-3 3255 3255 3255 2266 1188 205 0 Stage-3 6143 6143 6143 4342 2117 304 0
Fig. 2 The cumulative diabetes free probability by Kaplan-Meier survival curves in women (A), men (B) and overall (C). FPG changes was defined
as the difference between the baseline and final visit FPG (FPG2) (mmol/L). FPG changes was categorized into three stages based on the curves:
stage-1: women <-0.24, men <-0.05 and overall <-0.04 mmol/L; stage-2: women -0.24—1.15, men -0.05—1.31 and overall -0.04—1.24 mmol/L;
stage-3: women > 1.16, men > 1.32 and overall > 1.25 mmol/L

sex: FPG changes 0.864 [0.854, 0.873] (women 0.846;
men 0.869), TyG index 0.766 [0.757, 0.774] (women
0.800; men 0.723) and TG/HDL ratio 0.699 [0.690, 0.709]
(women 0.740; men 0.646). The predictive model based

We also compared the differences in the correlation
between FPG changes and other metabolic markers with
the incidence of diabetes by ROC curve analyses (Fig. S3).
The area under the curve (AUC) by bootstrap varied with
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on FPG changes had better sensitivity (76.83%) and spec-
ificity (84.19%) than the model based on the TG/HDL
ratio (67.78% and 62.35%, respectively) and TyG index
(77.77% and 63.10%, respectively). FPG changes had a
higher association with the onset of T2D in both men
and women.

Discussion

The utility of FPG changes in predicting incident diabe-
tes among nondiabetic participants has been reported
in a prior study [21]. However, one main finding of this
article was that the association between FPG changes
and incident diabetes was significant by the secondary
analysis in a nondiabetic Chinese multicenter cohort. The
association of FPG changes might be stronger than that
of other metabolic variables, including TG, FPG, BMI,
TG/HDL ratio and TyG index (Fig. S3). The area under
the curve (AUC) by bootstrapping for FPG change was
highest among these metabolic variables. The sensitiv-
ity and specificity of the predictive model based on FPG
changes were also higher than those of the TyG index
and TG/HDL ratio. The TyG index and TG/HDL ratio
were recently suggested as useful diagnostic markers to
predict insulin resistance and as predictors for incident
diabetes and arterial stiffness [18, 39]. The TyG index
and TG/HDL ratio are two reliable alternative markers
for insulin resistance in South American overweight and
obese children and adolescents [39]. In a 12-year longi-
tudinal study of the Korean Genome and Epidemiology
Study cohort, a higher TyG index preceded and signifi-
cantly predicted T2D among community-dwelling mid-
dle-aged and elderly lean Koreans [27]. The advantage
of FPG changes are that it might represent the differ-
ence between the final and baseline FPG concentrations,
and one of the two diagnostic criteria for diabetes in this
study is mainly based on FPG at the final visit. In addi-
tion, the association between FPG changes and incident
diabetes was sex-specific. This specificity may be derived
from the differences of the baseline characteristics of the
participants and incidence of diabetes between men and
women (Table S1 and Fig. 1).

Another glittering prize in this article was that the
association of FPG changes with incident diabetes was
nonlinear and conformed to a hook-like pattern. The
hook-like pattern was a stable stage characteristic, con-
sistent with the distribution of different levels of sev-
eral variables (including age, sex, TG, SBP, and DBP).
In our study, HRs per SD of FPG change on incident
diabetes varied according to sex and stage: stage-1:
0.10 (0.06, 0.18) in women and 0.20 (0.13, 0.30) in men;
stage-2: 4.28 (3.07, 5.98) in women and 8.32 (6.73,
10.29) in men; stage-3: 1.56 (1.50, 1.63) in women and
1.27 (1.24, 1.30) in men (Table 2). We also found that
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participants with FPG baseline more than 5.6 mmol/L
had a higher proportion of diabetics than those with a
baseline FPG of less than 5.6 mmol/L in different stages
of FPG changes and different genders (in Table S2).
These results are consistent with a large number of epi-
demiological studies confirming that baseline FPG can
be highly predictive of T2D [37, 38]. In a 12-year longi-
tudinal study (ELSA-Brasil), incident diabetes occurred
in 5.6%, 22.7% and 53.9% of individuals with FPG <5.6,
5.6-6.0 and 6.1-6.9 mmol/L, respectively [40]. In the
Rotterdam Study with a follow-up of up to 14.7 years,
the lifetime risk of progression from prediabetes to
T2D was 74.0% in individuals aged 45 years [41].

The strength of our analysis is that the
stages of FPG changes, especially stage-3 (FPG
changes>1.16 mmol/L in women and > 1.32 mmol/L
in men), could distinguish the participants at higher
risk of diabetes. Most of the baseline characteristics,
incident diabetes and the HR of FPG changes were sig-
nificantly higher in stage-3 than in stage-1 and stage-
2, while the cumulative diabetes-free probability was
markedly lower (Tables 1-2 and Fig. 2).

Our study has several limitations. Firstly, we evaluated
the diagnosis of diabetes only by fasting plasma glucose
levels in first and final visit. Neither oral glucose toler-
ance test data nor postprandial plasma glucose levels
or glycated hemoglobin measurements of the partici-
pants were available to us, which led to underestimation
of the incidence of diabetes in final visit. Secondly, the
lower the basal fasting blood glucose, the lower the FPG
change may be; hence, the prevalence of diabetes might
also be lower. Thirdly, there were many missing data on
smoking and drinking, so the impact of FPG changes
was not adjusted for smoking and drinking. In addition,
the participants with FPG changes beyond turning point
2 were very small, less than 10%, which limits the wide
application of the research results. Finally, in our study,
all participants in stage-1 and most of the participants
in stage-2 were diagnosed by self-reported (in Table
S2). The diagnosed differences in the proportion of par-
ticipants with diabetes also influenced the FPG changes.
Once diabetes occurs, measures are often taken to con-
trol glucose, which leads to a decrease in FPG in final
visit.

Conclusion

We first reported that the correlation between FPG
changes and the incidence of T2D was nonlinear by ana-
lyzing a nondiabetic Chinese cohort. FPG changes were a
steady indicator that could distinguish the participants at
higher risk of diabetes (with stage-3 FPG changes).
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