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Abstract

Objective: Our aim was to examine the incidence and risk factors of type 2 diabetes mellitus
(T2DM] among individuals with different fasting plasma glucose (FPG]) levels.

Methods: According to the first FPG value recorded between January 2006 and December
2017, individuals without T2DM (FPG <7 mmol/L) were divided into three groups:

normal fasting glucose (NFG, FPG <5.6 mmol/L), slightly impaired fasting glucose

(IFGigw, 5.6 mmol/L<FPG < 6.1mmol/L), and severely impaired fasting glucose (IFG;q,,
6.1mmol/L<FPG < 7.0 mmol/L). Physical examination results, blood biochemical indicators,
and questionnaire survey data were collected and the T2DM incidence was examined during
the follow-up period. A Cox regression model was used to analyze the T2DM risk factors in the

three groups.

Results: A total of 44,852 individuals (55.33% men) were included in our study. During the
follow-up period (mean follow-up time: 3.73 +0.01years), 2912 T2DM cases occurred. The
T2DM incidence rate of the NFG, IFG,,,, and IFGy,,, groups were 1.5%, 22.2%, and 43.8%,
respectively (p <0.05). In the NFG group, the risk factors for T2DM were older age, overweight,
obesity, hypertension, hyperuricemia, and increased estimated glomerular filtration rate
(eGFRYJ; the protective factors were female sex and high high-density lipoprotein cholesterol
(HDL-C]). In the IFG,,, group, the risk factors for T2DM were older age, overweight, obesity,
hypertension, and high total cholesterol (TC); the protective factors were increased
triglyceride, low-density lipoprotein cholesterol (LDL-C), and HDL-C. In the IFG,;,, group, the
risk factors for T2DM were older age, obesity, high eGFR, and high TC; the protective factors
were female sex, hyperuricemia, high LDL-C, and high HDL-C (all, p <0.05).

Conclusions: The increased T2DM rates were associated with increased FPG. Risk factors for

T2DM vary in the NFG, IFG,,,, and IFGy,4, groups.
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Introduction

It was estimated that there were 451 million (18—
99 years old) patients with diabetes worldwide in
2017 and that diabetes mortality among individu-
als 20-99 years old was at 5 million. Global medi-
cal expenditure for patients with diabetes is
estimated to be US$850 billion.! The prevalence
of diabetes in China is grave;? a national epide-
miologic survey in mainland China calculated it
to be approximately 12.75%.3 Impaired fasting

glucose (IFG) marks the early stage of diabetes
mellitus. In 1997, the American Diabetes
Association (ADA) defined 6.1 mmol/L < fasting
plasma glucose (FPG)<7.0mmol/L. as IFG,*
and in 2003, the lower limit was adjusted
to 5.6mmol/L.> However, the World Health
Organization (WHO) still recommends that
6.1 mmol/L<FPG <7.0mmol/LL should be the
diagnostic value for IFG.% Yip et al. conducted a
literature review based on the WHO and ADA
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diagnostic criteria, and the results showed that
the incidence of IFG for Asians was 29.2% and
48.1%, respectively.”

Previous studies have shown that older age, over-
weight, obesity, hypertension, and triglyceride
(TG) levels are significantly associated with an
increased risk of developing diabetes.® Tirosh ez
al. investigated whether a high blood glucose level
can independently predict the risk of developing
type 2 diabetes mellitus (T2DM) in young adults
with FPG <5.6mmol/L. Studies have shown
that FPG levels close to the upper normal limit
may be associated with the body mass index
(BMI), TG levels, and elevated risk of T2DM in
healthy men.®° In 2018, Bernd ez al. studied the
risk of developing T2DM in a pre-diabetic pop-
ulation. The results showed that the 10-year
incidence of diabetes was 14.4% in the popula-
tion with 5.6mol/L<FPG<6.1mmol/L. and
higher than 40% in the population with
6.1 mmol/L < FPG < 7.0 mmol/L. This indicated
that the higher the FPG level, the higher the risk
of diabetes in patients with IFG.1° However, it is
not clear whether there are differences in diabetes
risk factors among individuals with different FPG
levels, even though identifying diabetes risk fac-
tors in individuals with different FPG levels could
contribute to the accurate prevention of T2DM.

Therefore, in this study, we aimed to evaluate the
incidence and risk factors of T2DM at different
FPG levels to provide a reference for the accurate
prevention of T2DM.

Materials and methods

Study population

Individuals who were examined at the Beijing
Medical Center from January 2006 to December
2017 were screened for participation in this study.
Participants were included in the study if they
were older than 16years old and had records of at
least three physical examinations and an initial
recorded FPG level <7.0mmol/L. We excluded
individuals with (a) diabetes, cardiovascular and
cerebrovascular diseases, liver and kidney dis-
eases, and family history of diabetes or (b) missing
data on important variables such as age, sex, FPG
levels, and clinical laboratory indicators. A total of
44,852 individuals (mean age: 38.48 + 11.87 years,
mean follow up time: 3.73 £0.01years) were
enrolled in the study, including 24,717 men and

20,035 women, with a male to female ratio of
1.24:1. The initially recorded FPG levels were
taken as the baseline, and the participants were
divided into three groups accordingly, as follows:
normal fasting glucose INFG, FPG < 5.6 mmol/L),
slightly impaired fasting glucose (IFG,,,
5.6 mmol/L<FPG < 6.1 mmol/L), and severely
impaired fasting glucose (IFGyy,, 6.1 mmol/L<
FPG <7.0mmol/L). Physical examination was
performed at follow-up points (between January
2006 and December 2017); participants diag-
nosed with T2DM discontinued follow up when
they were found to have FPG levels > 7.0 mmol/L,
as per the Chinese Guidelines for the Prevention
and Treatment of T2DM (2017 edition). The last
record was used to calculate the incidence of
T2DM, and the difference between the initial
medical examination date and the last follow-up
date was used as the follow-up time. This study
was approved by the ethics committee of the
Beijing Physical Examination Center (Beijing,
China), and each participant signed informed
consent (ethics approval ID: 201802).

Data collection and measurement

Physical examination results, blood biochemical
indicators, and questionnaire survey data of indi-
viduals in the Beijing Physical Examination Center
from January 2006 to December 2017 were col-
lected. Physical examination and blood biochemi-
cal indicators test were completed by the
professional medical staff of the Beijing Physical
Examination Center and the questionnaire was
questioned by trained investigators. Physical
examination mainly included height, weight, and
blood pressure (BP). Laboratory biochemical
indicator tests consisted of FPG, TG, serum total
cholesterol (TC), uric acid (UA), creatinine
(CRE), low-density lipoprotein cholesterol (LDL-
C) and high-density lipoprotein cholesterol
(HDL-C). The questionnaire contained informa-
tion about age, sex, history of diabetes mellitus
and hypertension, and family history. Weight and
height were measured on an empty stomach. BP
was measured after participants sat more than
5 min in the morning with an empty stomach or at
least 15min if they had blood drawn before the
measurement of BP. Desktop sphygmomanome-
ter and appropriate size of the cuff were selected
to measure the right upper arm brachial artery BP
of sitting position with the arm placed flat on the
tabletop, which was equal height to the heart.
Blood samples were collected after an overnight
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fast for at least 8 h and transported to the labora-
tory by a specially assigned person for centrifuga-
tion within 2h. Beckman AU5400 automatic
biochemical analyzer was used to detect blood
biochemical indicators and unified reagents and
methods were used in all batches. The detection
indexes comprised of FPG, TG, TC, HDL-C,
LDL-C, UA, and CRE. FPG was determined by
the glucose oxidase method, TC and TG by
enzyme method, and HDL-C and LDL-C by the
direct method. UA was determined by uricase
method, and CRE by sarcosine oxidase method.
Estimated glomerular filtration rate (eGFR) was
estimated using the abbreviated Modification of
Diet in Renal Disease equation:

eGFR =175 x creatinine” """ x age ***

x1.212 (if black ) x 0.742 (if female) "

Definition of diseases

T2DM was defined as FPG = 7.0 mmol/L accord-
ing to the 1999 WHO diagnostic criteria.® Other
diseases were defined as follows: overweight
(BMI = 24 kg/m? but <28 kg/m?); obesity (BMI =
28 kg/m?2),12 hypertension [systolic blood pressure
(SBP) = 140 mmHg and/or diastolic blood pres-
sure (DBP)=90mmHg],!* dyslipidemia (TC=
6.2mmol/l. or TG=2.3mmol/lL or HDL-
C<1.0mmol/l. or LDL-C=4.1lmmol/L),*
hyperuricemia (serum uric acid, SUA =360 umol/LL
in women or SUA=420umol/LL in men under
normal purine diet).!>

Statistical methods

Data were analyzed using SPSS 24.0 software.
If the quantitative data conformed to the normal
distribution, the mean *standard deviation
description was used, otherwise, the median and
interquartile range (IQR) were used. For multi-
group comparison, if the distribution was normal
and the variance homogeneous, then variance
analysis was used. Otherwise, the nonparametric
rank sum test was used.

The absolute values and percentages were used to
describe the enumeration data, and the y2 test
was used to compare the difference between
groups. The Cox proportional hazard regression
model was used to construct a predictive model
for the incidence of T2DM in people with differ-
ent FPG levels. The trend of T2DM incidence
was tested by Linear-by-Linear Association. The
test level was set to a=0.05, and p <o was con-
sidered to be statistically significant.

Results

Baseline

According to the baseline FPG level, the partici-
pants were divided into three groups: 37,789 in the
NFG group (84.25%), 3381 in the IFG,, group
(7.54%), and 3682 in the IFGy,, group (8.21%).
Univariate analysis showed that the distribution of
sex, age, BMI, hypertension, dyslipidemia, and
hyperuricemia was significantly different among
the three groups (all, p<<0.001,Table 1).

Table 1. Baseline characteristics of the participants in different FPG level.

Variables NFG IFG,,, IFGy;gn 12 p
n (%) n (%) n (%)
Gender
Men 19,685 (52.1) 2385 (70.5) 2747 (74.6) 1030.38  <0.001
Women 18,104 (47.9) 996 (29.5) 935 (25.4)
Age (years-old)
<30 14,316 (37.9) 524 (15.5) 227 (6.2) 3824.21 <0.001
30-39 10,066 (26.6) 732 (21.7) 642 (17.4)
40-49 7538 (19.9]) 948 (28.0) 1162 (31.6)
50-59 4620  (12.2) 855 (25.3) 1156 (31.4)
=60 1249 (3.3) 322 (9.5) 495 (13.4)

[continued)
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Table 1. (continued)

Variables NFG IFG,,, IFGyign x2 p
n (%) n (%) n (%)
BMI status
Normal 21,964 (58.1) 1145 (33.9] 841 (22.8]) 2619.65  <0.001
Overweight 11,920 (31.5) 1528 (45.2) 1745 (47.4)
Obesity 3905 (10.3) 708 (20.9) 1096 (29.8)

Hypertension

No 35,700 (94.5) 2979 (88.1) 2921 (79.3) 1260.65  <0.001
Yes 2089 (5.5) 402 (11.9) 761 (20.7)

Dyslipidemia
No 29,395 (77.8) 2018 (59.7) 1942 (52.7) 1517.31  <0.001
Yes 8394 (22.2) 1363 (40.3) 1740 (47.3)

Hyperuricemia
No 33,460 (88.5) 2716 (80.3) 2819 (76.6) 565.05 <0.001
Yes 4329 (11.5) 665 (19.7) 863 (23.4)

BMI, body mass index; FPG, fasting plasma glucose; IFG,,, severely impaired fasting glucose; IFGy,, slightly impaired
fasting glucose; NFG, normal fasting glucose.

Table 2. Clinical characteristics of subjects with different FPG level at baseline.

Variables NFG IFG,,,, IFGyign H statistics p
Median  (IQR) Median  (IQR) Median  (IQR)

Height (cm) 167.0 (13.0) 170.0 (11.0] 170.0 (11.0) 177.7 <0.001
Weight (kg) 65.0 (19.0) 72.0 (17.0) 75.0 (17.0) 2214.0 <0.001
BMI (kg/m?) 23.4 (4.8) 25.3 (4.4) 26.4 (4.1) 2952.1 <0.001
SBP (mmHg) 110.0 (18.0) 120.0 (20.0) 128.0 (20.0) 2884.4 <0.001
DBP (mmHg] 76.0 (10.0) 80.0 (14.0) 80.0 (10.0] 2341.3 <0.001
TG (mmol/L) 1.0 (0.9) 1.5 (1.2) 1.7 (1.4) 2753.6 <0.001
TC (mmol/L) 4.7 (1.2) 5.1 (1.2) 5.1 (1.2) 1235.9 <0.001
UA (umol/L) 290.9 (132.2) 333.0 (129.7) 345.4 (121.7) 1399.3 <0.001
CRE (umol/L} 67.2 (21.7) 71.5 (19.1) 72.6 (19.3) 473.9 <0.001
eGFR [(mL/min/1.73m?) 102.3 (24.3) 98.3 (23.1) 95.5 (23.6) 553.63 <0.001
LDL-C (mmol/L) 2.7 (1.0) 3.1 (1.1) 3.1 (1.1) 1204.0 <0.001
HDL-C (mmol/L) 1.4 (0.4) 1.3 (0.3) 1.2 (0.4) 988.9 <0.001

BMI, body mass index; CRE, creatinine; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose;
HDL-C, high-density lipoprotein cholesterol; IFG,,, slightly impaired fasting glucose; IFGy,q;, severely impaired fasting glucose; IQR, interquartile
range; LDL-C, low-density lipoprotein cholesterol; NFG, normal fasting glucose; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride;
UA, uric acid. H statistics was calculated by Kruskal-Wallis test.
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Table 3. Incidence of T2DM in the population.
Men Women Total x2 p
population
Number of 2169 (8.7) 743 (3.7) 2912 (6.49) 4£62.264 <0.001
T2DM cases (%)
T2DM, type 2 diabetes mellitus.
Table 4. Incidence of T2DM in different age groups.
Age (years- Men Women Total population
o) NFG IFG,, IFGp;gn NFG IFG,, IFGp;gn NFG IFG,,, IFGp;gn
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
<30 80 (1.1) 47(11.1) 43 (23.2) 24.(0.4) 4(3.9) 3(7.1) 104 (0.7) 51(9.7) 46 (20.3)
30-39 94 (1.7) 98 (17.1)  210(38.9) 35(0.8) 24(15.1) 30 (29.4) 129 (1.3) 122 (16.7) 240 (37.4)
40-49 95(2.6) 186(28.6) 414 (46.1) 46(1.2) 66(22.2)  110(41.7) 141(1.9) 252 (26.6) 524 (45.1)
50-59 81(3.5) 156(29.3) 386 (48.2) 50 (2.2) 69 (21.4) 152 (42.8) 131(2.8) 225(26.3) 538 (46.5)
=60 31(4.5) 69 (33.5) 179 (55.4) 13 (2.3) 30 (25.9) 87 (50.6) 44 (3.5) 99 (30.7) 266 (53.7)
7 91.74 71.32 53.07 76.14 17.48 25.91 160.46 79.97 71.41
p for trend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Tot_e(zjl 381(1.9) 556(23.3) 1232(44.8) 168(0.9) 193(19.4) 382 (40.9) 549 (1.5) 749 (22.2) 1614 (43.8)
incidence

IFGpign, severely impaired fasting glucose; IFG,,,, slightly impaired fasting glucose; NFG, normal fasting glucose; T2DM, type 2 diabetes mellitus.

Description and analysis of clinical indicators
showed that there were significant differences in
height, weight, BMI, SBP, DBP, TG, TC, UA, CRE,
eGFR, LDL-C, and HDL-C levels among the
NFG, IFGy,, and IFGy,, groups (all, p<<0.001).
Except for HDL-C levels, the remaining indica-
tors in the IFG,,, and IFGy,,;, groups were higher
than those in the NFG group (Table 2).

Incidence of T2DM

A total of 2912 patients (6.49%) with T2DM
were identified in the overall population, 2169 of
whom were men, accounting for 74.5% of the
population. The incidence of T2DM in men
was significantly higher than that in women
(p<0.05, Table 3). The T2DM incidence in
the NFG, IFGy,,, and IFGy, groups were
1.5%, 22.2%, and 43.8%, respectively (p <0.05).
The incidence of T2DM increased with age in the
three groups (Table 4).

Risk factors associated with the onset of T2DM

A Cox regression model was used to analyze the
risk factors of T2DM in the NFG, IFG,,,, and
IFGy,y, groups, and the results showed that the
risk factors of T2DM differed among the groups.
The factors in the T2DM predictive model of
NFG group included age, gender, overweight,
obesity, hypertension, hyperuricemia, eGFR,
and HDL-C, with female sex and high HDL-C
being protective predictors. The predictors of
T2DM in the IFG,,, group were age, over-
weight, obesity, hypertension, TG, TC, HDL-
C, and LDL-C. Ofthese, increased TG, LDL-C,
and HDL-C were protective predictors. The fac-
tors in the T2DM prediction model of the
IF Gy, group were age, gender, obesity, hyper-
uricemia, eGFR, TC, HDL-C, and LDL-C, of
which female sex, hyperuricemia, high LDL-C,
and HDL-C levels were protective predictors
(Table 5).
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Table 5. Risk factors for T2DM of subjects with different FPG level.

Variables NFG IFG,,,, IFGyign
HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P
Age [years-old)
<30 Ref Ref Ref
30-39 1.41 (1.09, 1.84) 0.009 1.57 (1.13,2.19) 0.007 1.83 (1.33,2.52)  <0.001
40-49 1.87 (1.43, 2.44) <0.001 2.46 (1.81,333)  <p.001 235 (1.73,3.18)  <0.001
50-59 3.10 (2.34, 4.11) <0.001 2.46 (1.80, 3.35) <0.001 2.78 (2.05,3.78)  <0.001
=60 4.16 (2.85, 6.07) <0.001 3.30 (2.34,4.64)  <p.001 3.80 (2.76,5.22)  <0.001
Gender
Men Ref - = Ref
Women 0.75 (0.61,0.92) 0.006 0.85 (0.75, 0.96) 0.008
BMI (kg/m?)
Normal Ref Ref Ref
Overweight 1.77 (1.42,2.22) <0.001 1.49 (1.21,1.83)  <p.001 1.09 (0.95, 1.26) 0.204
Obesity 3.73 (2.91, 4.79) <0.001 2.28 (1.82,2.85)  <p.001 1.50 (1.29,1.74)  <0.001
Hypertension 1.65 (1.30,2.09)  <o0.001 1.46 (1.21,1.76)  <0.001 - -
Hyperuricemia 1.54 (1.25, 1.91) <0.001 - - 0.85 (0.75, 0.97) 0.012
eGFR (mL/ 1.01 (1.00, 1.01) <0.001 - = 1.01 (1.00,1.01)  <0.001
min/1.73 m2)
TG (mmol/L) - - 0.84 (0.78,0.90)  <0.001 - -
TC (mmol/L) = — 2.01 (1.69,2.39)  <p.001 113 (1.06,1.21)  <0.001
LDL-C (mmol/L) - - 0.44 (0.37,0.53)  <0.001 0.84 (0.77,0.91)  <0.001
HDL-C (mmol/L)  0.41 (0.29,0.58)  <p.001 0.16 (0.11,0.23)  <p.001 0.63 (0.52,0.77)  <0.001

BMI, body mass index; Cl, confidence interval; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HDL-C, high-density
lipoprotein cholesterol; HR, hazard ratio; IFGyq,, severely impaired fasting glucose; IFG,,,, slightly impaired fasting glucose; LDL-C, low-density
lipoprotein cholesterol; NFG, normal fasting glucose; T2DM, type 2 diabetes mellitus; TC, total cholesterol; TG, triglyceride.

Discussion

Our study showed that the higher the FPG level,
the greater the risk of developing T2DM; further-
more, the risk factors and risk of developing
T2DM differed among the FPG groups.

Incidence of T2DM
As shown in Table 4, 1.5%, 22.15%, and 43.8%
of the NFG, IFG,,, and IFGy,, groups,

respectively, developed diabetes. The risk of
T2DM in the IFGy,, group was significantly
higher than that in the IFG,_, group and the risk
of T2DM in the IFG,,, group was significantly
higher than that in the NFG group, suggesting
that the higher the FPG level, the higher the risk
of developing T2DM in individuals without dia-
betes. This result is consistent with that of a study
by Bernd ez al, who showed that the risk of diabe-
tes in an IFG,, population was 14.4% [95%
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confidence interval (CI): 9.7-20.5] and that it was
47.4% (95% CI: 32.8-66.2) in an IFGy,4, popula-
tion.1% Therefore, it appears that the risk of devel-
oping T2DM is increased in individuals with high
FPG levels.

Risk factors of T2DM

The incidence of T2DM is closely related to life-
style and dietary habits. Studies have shown that
individuals with IFG can delay or prevent the
occurrence of T2DM by receiving appropriate
lifestyle interventions.!%17 The Daqing study in
China found that 6years after lifestyle interven-
tion, the cumulative risk of T2DM was reduced;
the incidence of cardiovascular and cerebrovascu-
lar events and cardiovascular mortality could also
be reduced.!®!° The investigation of T2DM risk
factors among individuals with different FPG lev-
els will help them appreciate their own risk factors
and change their living and eating habits to effec-
tively reduce their risk of developing T2DM.

We found that there were differences in the risk
factors and risk of developing T2DM in individu-
als with different FPG levels. The following sec-
tions discuss these in relation to age, obesity,
blood lipid levels, and blood pressure.

Age and obesity

As shown in Table 5, age and obesity were found
to be common risk factors for the NFG, IFG,,,
and IFGy,y, groups but the risk differed among
the groups. In different age groups with the same
IFG level, the older the age, the greater the risk of
T2DM. The hazard ratio (HR) of T2DM was the
highest in the NFG group in individuals 60 years
old or older at 4.16 (95% CI: 2.85, 6.07). A pre-
vious study showed that the OR of T2DM was
4.14 (95% CI: 1.75-9.19) for individuals 65 years
old or older, which is close to our result.® The risk
of T2DM in young individuals should not be
neglected because although it is lower than that in
older individuals, some studies have shown that
the risk of all-cause death increased by 1.2-1.3
fold and that of coronary heart disease increased
by 1.6 fold when T2DM was diagnosed 10years
earlier.20 Moreover, younger patients with T2DM
were more likely to be obese than those with late-
life diabetes, showing more adverse lipid distribu-
tion, higher glycosylated hemoglobin, and faster
deterioration of blood sugar control.2! T2DM in
overweight/obese patients may be due to the

presence of islet cell antibodies?? or due to
increased intra-abdominal visceral fat, resulting
in the release of serum free fatty acids that inter-
fere with insulin metabolism.?? Some studies have
reported the relative risk value between BMI and
the onset of T2DM at 6.88;22 our study also
showed that obesity was a common risk factor in
the NFG, IFG,,, and IFGy,;y, groups, but the risk
differed among the groups. With the increase of
FPG level, the obesity HR gradually decreased.
In the NFG group, the odds ratio (OR) was the
highest at 3.73 (95% CI: 2.91-4.79). This sug-
gests that early weight control is beneficial and
valuable for preventing the onset of T2DM.

Blood pressure and blood lipids

In terms of blood pressure, the results of Emdin ez
al. showed that for every 20mmHg increase in
SBP, the risk of new-onset diabetes increased by
58%, and the strength of the association decreased
with BMI and age.2* Our results also suggested
that hypertension may increase the risk of devel-
oping T2DM, but have different effects on differ-
ent FPG levels. Hypertensive individuals in the
NFG group and IFG,, group had a 1.65-fold
and 1.46-fold greater risk for developing T2DM,
respectively.

In terms of blood lipid levels, our results showed
that HDL-C was a common protective factor for
the NFG, IFG,, and IFG,,y;, groups. LDL-C was
a protective factor for the IFG,, and IFGy,
groups. TG was a protective factor for the IFG,,
group. The relationship between blood lipid levels
and T2DM onset is still controversial. For exam-
ple, the Framingham Heart Study showed that the
prevalence of elevated TG in patients with diabe-
tes was higher than that in individuals without dia-
betes, suggesting that TG may be a risk factor for
T2DM.25> However, Yamauchi et al. contested that
hypertriglyceridemia is not an independent risk
factor for beta cell dysfunction in T2DM.?¢ In
addition, in the Caucasian population, the TG/
HDL-C ratio can be used as a marker of T2DM
insulin resistance; however, this relationship is not
the case in non-Caucasian populations. This dif-
ference may be due to different clinical character-
istics among ethnic groups.?’” Considering the
relationship between HDL-C and T2DM inci-
dence, studies have shown that the incidence of
HDL-C reduction in diabetic patients is almost
twice as high as that in individuals without diabe-
tes,?8 suggesting that reduction of the HDL-C
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level may be a risk factor for T2DM. This study
also found that HDL-C was a protective factor
against the onset of T2DM. In the relationship
between LDL-C and the onset of T2DM, Adam et
al. showed that total LDL-C may not be able to
predict diabetes because LDL-C components
seem to be converted to LDL-C granules, which
are associated with a greater risk of cardiovascular
disease.?® Other studies have shown that the prev-
alence of elevated LDL-C is not significantly dif-
ferent between patients with diabetes and
individuals without diabetes,?> but our study sug-
gests that LDL-C could be a protective factor
against the development of T2DM. Therefore, the
relationship between blood lipids and T2DM
requires further study.

The strength of this study is that individuals with-
out diabetes were divided into three groups accord-
ing to FPG levels and the incidence and risk factors
of T2DM were studied in each group to provide a
basis for accurate prevention of diabetes. The limi-
tation of this study is that there are few question-
naires, and T2DM is closely related to living and
eating habits. Therefore, more information on liv-
ing and eating habits should be included to investi-
gate the risk factors of T2DM more widely.

In conclusion, this study showed that the higher
the FPG level, the greater the risk of developing
T2DM; it also revealed that T2DM risk factors
for individuals vary with different FPG levels.
Considering that diabetes is a chronic disease that
can be controlled by the patient’s daily habits and
self-management ability, individuals with differ-
ent FPG levels should consider their own risk fac-
tors and control their body weight, blood pressure,
and lipid status to reduce the risk of developing
T2DM and improve their overall health.
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