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ABSTRACT

Introduction: Diabetes mellitus (DM) has a
serious impact on people’s lives in the world.
Interventions that affect risk factors for predia-
betes can prevent and reduce diabetes occur-
rence. Proinsulin (PI), true insulin (TI), and
proinsulin to insulin ratio (PI/TI) are risk factors
for diabetes. The roles of these indicators in
prediabetes are unclear. This study aimed to
evaluate the impact of PI, TI, PI/TI, 2-h proin-
sulin (2hPI), 2-h true insulin (2hTI), and 2hPI/
2hTI on the risk of prediabetes among the
Chinese Han population.
Methods: This cross-sectional study recruited
1688 subjects including 718 prediabetes cases
and 970 non-prediabetes controls from Hainan
Affiliated Hospital of Hainan Medical

University. The cases involved 292 men and 426
women. The controls involved 324 men and
646 women. The mean age was
53.62 ± 12.43 years in the prediabetes group
and 44.24 ± 12.87 years in the non-prediabetes
group.
Results: Our results showed that PI, TI, PI/TI,
2hPI, 2hTI, and 2hPI/2hTI were significantly
correlated with prediabetes (all p\0.05).
Logistic regression analysis revealed that PI
(OR 1.022, 95% CI 1.014–1.031, p = 0.00011),
TI (OR 1.005, 95% CI 1.003–1.007,
p = 0.00012), PI/TI (OR 1.517, 95%
CI 1.080–2.131, p = 0.016), and 2hTI (OR 1.000,
95% CI 1.000–1.001, p = 0.002) were signifi-
cantly associated with an increased risk of pre-
diabetes. Receiver operating characteristic curve
(ROC) analysis indicated that the area under the
ROC curve (AUC) of the combination (PI ?
TI ? PI/TI ? 2hPI ? 2hTI ? 2hPI/2hTI) in
diagnosing prediabetes was 0.627, which was
larger than the diagnostic value of HOMA-IR
(AUC 0.614) and HOMA-b (AUC 0.387).
Conclusions: Our study showed that PI, TI, PI/
TI, and 2hTI could significantly enhance the
risk of prediabetes in the Chinese Han popula-
tion, which suggested that PI, TI, PI/TI, and
2hTI might be available risk factors for
prediabetes.
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Key Summary Points

PI, TI, PI/TI, 2hPI, 2hTI, and 2hPI/2hTI
were significantly correlated with
prediabetes.

PI, TI, PI/TI, and 2hTI could significantly
enhance the risk of prediabetes in the
Chinese Han population.

The combination of PI, TI, PI/TI, 2hPI,
2hTI, 2hPI/2hTI might be a promising
biomarker for diagnosing prediabetes
among the Chinese Han population.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14785398

INTRODUCTION

Prediabetes, also known as impaired glucose
regulation (IGR), is the abnormal glucose
metabolism between the normal and diabetic
state, including impaired fasting glucose (IFG),
impaired glucose tolerance (IGT), or both [1].
Previous studies reported that the pathophysi-
ology of prediabetes was associated with a
decline in b cell function, decreased insulin
secretion, and increased insulin resistance [2, 3].
The prevalence of elevated blood glucose levels
among populations in both developed and
developing countries is rising rapidly, and the
number of individuals with prediabetes is
expected to increase by about one-third by the
middle of the century [4, 5]. According to epi-
demiological surveys, the prevalence of predia-
betes in the same population is often higher
than that of diabetes, and people with predia-
betes risk factors are significantly more likely to
have type 2 diabetes mellitus (T2DM) and its

associated complications (chronic kidney dis-
ease, diabetic retinopathy, cognitive dysfunc-
tion, and macrovascular disease) compared with
the ordinary population [6–9]. About 5–10% of
IGT gradually changes to T2DM every year [10].
An effective prevention strategy for prediabetes
is important to delay or even prevent the
development of overt diabetes [11, 12]. In order
to control and reduce the occurrence of dia-
betes, interventions affecting prediabetes risk
factors should be strengthened.

Human proinsulin (PI) is the precursor of
true insulin (TI) and consists of c and TI pep-
tide. PI is synthesized and secreted by pancre-
atic b cells and metabolized primarily in the
kidneys. Under physiological conditions, only a
small amount of PI is released into the blood,
whereas under pathological conditions, pan-
creatic cells can release PI leading to increasing
PI in the blood. PI, TI, and proinsulin to insulin
ratio (PI/TI) are the important markers for
impaired glucose metabolism. Pradhan’s study
indicated that PI, TI, and PI/TI were strongly
associated with the development of T2DM, and
they suggested that proinsulin levels might be a
marker for more rapid progression to T2DM
[13]. TI is synthesized in the b cells from PI, and
PI accounts for 10–20% of fasting insulin in
normoglycemia [14]. TI is the main treatment
for type 1 diabetes (T1DM), and is also central to
the management of T2DM. It is reported that
fasting PI levels are associated with insulin
resistance in T2DM, but not with T1DM
[15–17]. Besides, the PI/TI is the way to measure
impaired insulin secretory mechanism within
pancreatic b cells in clinical practice. The fasting
PI/TI ratio is regarded as a marker of acute
insulin response, and the increased PI/TI in
plasma represents a higher risk of diabetes [18].

Taken together, we suggest that investigating
the impacts of the risk factors (PI, TI, and PI/TI)
for diabetes on prediabetes risk may help to
prevent and reduce the occurrence of diabetes.
However there is not any survey focusing on the
association of these indicators with prediabetes
risk. Thus, this cross-sectional study was con-
ducted to investigate the effect of PI, TI, PI/TI,
2hPI, 2hTI, and 2hPI/2hTI on the risk of predi-
abetes in the Chinese Han population. We fur-
ther evaluated the diagnostic value of PI, TI, PI/
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TI, 2hPI, 2hTI, 2hPI/2hTI, and their combina-
tions in prediabetes diagnosis. The present
study should give some available information
for the prevention and management of diabetes
in the Chinese population or others.

METHODS

Study Population

In the present study, a total of 1688 residents
aged over 18 years old were randomly enrolled
from Hainan Affiliated Hospital of Hainan
Medical University to undergo a 75-g oral glu-
cose tolerance test (OGTT). Each participant was
informed of the purpose of sample collection
and we obtained written informed consent from
them before starting the study. For this study,
the required smallest sample size was 1670
based on the following formula: n = Z2 9 p 9 q/
e2 = 1.962 9 0.224 9 (1 - 0.224)/0.022 = 1670,
n = sample size, Z = 1.96 for confidence interval
of 95%, p = prevalence of prediabetes among
Hainan Han adults, 0.226, q = 1 - p, e = margin
of error, 2%. Prediabetes was defined as any
participant who did not have diabetes but who
had a hemoglobin A1C (HbA1c) concentration
of 5.7–6.4%, or fasting plasma glucose (FPG)
concentration of 5.6–7.0 mmol/L, or 2-h plasma
glucose (2hPG) concentration of 7.8–-
11.1 mmol/L according to the American Dia-
betes Association (ADA) 2018 guidelines [19].
Non-prediabetes was defined as the proportion
of individuals with an HbA1c concentration of
less than 5.7%, or FPG concentration of less
than 5.6 mmol/L, or 2hPG concentration of less
than 7.8 mmol/L. All subjects must meet the
following exclusion criteria: (1) HbA1c concen-
tration was 6.5% and over; (2) using oral
hypoglycemic drugs; (3) severe liver and kidney
diseases; (4) metabolic osteopathy; (5) tumors;
(6) pregnancy. Our study was approved by the
Ethics Committee of Hainan Affiliated Hospital
of Hainan Medical University (Med-Eth-Re
[2019] 18) and all experiments were carried out
in accordance with the standard protocol of
Helsinki’s Declaration of 1964, and its later
amendments.

Anthropometric Measurements

Characteristics of each participant were
obtained according to a standardized question-
naire and medical records, including age, sex,
body mass index (BMI), blood pressure, family
history of diabetes, and smoking status. The
blood pressure, height, body weight, and waist
circumference (WC) of all subjects were mea-
sured on an empty stomach in the morning.
BMI was assessed as weight (kilograms) divided
by the square of the height (meters). WC was
measured twice at 1.0 cm horizontally by
trained investigators under standardized condi-
tions. We used an automatic biochemical ana-
lyzer (Hitachi 7060, Tokyo) to analyze FPG
(Blood Sugar Content Assay Kit, Colorimetric
Method, Sangon Biotech Co., Ltd. Shanghai),
2hPG (Blood Sugar Content Assay Kit, Colori-
metric Method, Sangon Biotech Co., Ltd.
Shanghai), triglyceride (TG) (Triglyceride Con-
tent Assay Kit, Colorimetric Method, Sangon
Biotech Co., Ltd. Shanghai), total cholesterol
(TC) (Total Cholestenone Content Assay Kit,
Colorimetric method), low-density lipoprotein
cholesterol (LDL-C) (Human LDL ELISA Kit,
Sangon Biotech Co., Ltd. Shanghai), and high-
density lipoprotein cholesterol (HDL-C) (Hu-
man HDL ELISA Kit, Sangon Biotech Co., Ltd.
Shanghai), from overnight fasting blood sam-
ples. TI levels were measured by a chemilumi-
nescent enzyme immunoassay (Insulin Elecsys;
Roche Diagnostics, Alameda, CA, USA). PI was
analyzed by means of a specific ELISA method
(TecoMedical, Sissach, Switzerland). The con-
centration of 25(OH)-vitamin D3 (VD3) in the
serum was tested by using a non-radioactive
enzyme immunoassay kit (EIA kit, Immuno-
Diagnostic Systems Ltd. Boldon) with a cali-
bration range from 3 to 70 ng/mL. Whole blood
HbA1c was measured in packed red blood cell
samples by a turbidimetric immunoinhibition
method (Tina-quant; Roche Diagnostics, Indi-
anapolis, Indiana). Insulin resistance (IR) and
pancreatic b cell function were estimated by a
homeostasis model assessment, using the fol-
lowing formula [20]: HOMA-IR = (fasting insu-
lin [mIU/L]9 FPG [mmol/L])/22.5; HOMA-b:
[20 9 fasting insulin (lU/mL)]/[fasting glucose
(mmol/L) - 3.5].
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Table 1 Characteristics of prediabetes and non-prediabetes

Variants Controls (N = 970) Cases (N = 718) p

Age 44.24 ± 12.87 53.62 ± 12.43 < 0.001a

Sex 0.003b

Men 324 292

Women 646 426

BMI (kg/m2) 23.19 ± 3.42 24.53 ± 3.78 < 0.001a

WC (cm) 79.25 ± 9.77 83.94 ± 11.29 < 0.001a

FPG (mg/dL) 5.05 ± 0.55 6.14 ± 2.05 < 0.001a

2hPG (mmol/L) 6.66 ± 1.74 9.41 ± 4.33 < 0.001a

TG (mmol/L) 1.64 ± 1.18 2.3 ± 2.49 < 0.001a

TC (mmol/L) 5.25 ± 1.04 5.65 ± 1.14 < 0.001a

LDL-C (mmol/L) 2.83 ± 0.8 3.11 ± 0.86 < 0.001a

HDL-C (mmol/L) 1.54 ± 0.4 1.46 ± 0.44 < 0.001a

VD3 (ng/mL) 37.2 ± 10.93 38.31 ± 10.55 0.036a

PI (mmol/L) 12.43 ± 9.29 16.01 ± 17.07 < 0.001a

2hPI (mmol/L) 63.91 ± 53.48 59.78 ± 53.33 0.120a

TI (mmol/L) 61.81 ± 44.47 73.31 ± 57.75 < 0.001a

2hTI (mmol/L) 467.19 ± 405.92 535.68 ± 490.51 0.002a

PI/TI 0.24 ± 0.19 0.25 ± 0.29 0.227a

2hPI/2hTI 0.19 ± 0.21 0.21 ± 1.34 0.619a

HbA1c (%) 5.24 ± 0.33 6.39 ± 1.18 < 0.0001a

HOMA-IR 1.41 ± 1.23 2.03 ± 1.95 < 0.0001a

HOMA-b (%) 8.52 ± 6.02 7.04 ± 6.31 < 0.0001a

Hypertension 120 (12.4%) 179 (25.0%)

Normotension 849 (87.6%) 537 (75.0%)

Smoking status

Never 784 (81.5%) 548 (77.2%)

Sometimes 43 (4.5%) 34 (4.8%)

Often 135 (14.0%) 128 (18.0%)

Family history of diabetes

Yes 134 (13.9%) 118 (16.7%)
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Statistical Analysis

Statistical analysis was conducted using
SPSS 21.0 software (SPSS, Chicago, IL, USA).
Student’s t test was used to compare the differ-
ences in age and characteristics between the
prediabetes and non-prediabetes group. The
difference of sex between the two groups was
analyzed by the chi-square test. Spearman’s
correlation analysis was performed to evaluate
the interrelationship between different indica-
tors. The impacts of PI, TI, PI/TI, 2hPI, 2hTI, and
2hPI/2hTI on the risk of prediabetes were
assessed by logistic regression analysis. Receiver
operating characteristic curve (ROC) was carried
out to evaluate the diagnostic performance of
PI, TI, PI/TI, 2hPI, 2hTI, and 2hPI/2hTI, and the
cutoff points also were computed in diagnosing
prediabetes. The area under the ROC curve
(AUC) was compared to determine the diag-
nostic value of PI, TI, PI/TI, 2hPI, 2hTI, 2hPI/
2hTI, and their combination for prediabetes. All
tests were two-sided and p\0.05 was consid-
ered as statistically significant.

RESULTS

Characteristics of Participants

The characteristics of participants are presented
in Table 1. Our study involved 718 prediabetes
and 970 non-prediabetes cases. The mean age
was 53.62 ± 12.43 years in the prediabetes
group and 44.24 ± 12.87 years in the non-pre-
diabetes group. There were significant differ-
ences in age, sex, BMI, WC, FPG, 2hPG, TG, TC,

LDL-C, HDL-C, PI, TI, 2hTI, VD3, HbA1c,
HOMA-IR, and HOMA-b between the two
groups (all p\0.05). No significant difference
was observed in 2hPI, PI/TI, and 2hPI/2hTI
between the two groups (all p[ 0.05).

Association Analyses Among Indicators
in Prediabetes

A Spearman’s association analysis was carried
out to detect the interrelationships of PI, TI, PI/
TI, 2hPI, 2hTI, 2hPI/2hTI, HOMA-IR, and
HOMA-b with other indicators in prediabetes.
As shown in Table 2, PI was positively correlated
with FPG (r = 0.263), 2hPG (r = 0.171), HbA1c
(r = 0.090), LDL-C (r = 0.048), TG (r = 0.197),
TC (r = 0.068), BMI (r = 0.275), WC (r = 0.271),
and VD3 (r = 0.058), and negatively related to
HDL-C (r = - 0.118). TI was positively associ-
ated with FPG (r = 0.240), 2hPG (r = 0.199),
HbA1c (r = 0.108), LDL-C (r = 0.116), TG
(r = 0.235), TC (r = 0.085), BMI (r = 0.428), and
WC (r = 0.375), and negatively related to HDL-
C (r = - 0.240) and VD3 (r = - 0.108). PI/TI
was positively correlated with FPG (r = 0.064),
HDL-C (r = 0.056), and VD3 (r = 0.170), and
negatively associated with LDL-C (r = - 0.054),
and BMI (r = - 0.066). 2hPI was positively
related to FPG (r = 0.154), 2hPG (r = 0.196),
LDL-C (r = 0.060), TG (r = 0.082), TC
(r = 0.077), BMI (r = 0.189), WC (r = 0.181), and
VD3 (r = 0.082), and negatively related to
HbA1c (r = - 0.078) and HDL-C (r = - 0.070).
2hTI positively related to FPG (r = 0.120), 2hPG
(r = 0.439), LDL-C (r = 0.129), TG (r = 0.162),
TC (r = 0.078), BMI (r = 0.285), and WC

Table 1 continued

Variants Controls (N = 970) Cases (N = 718) p

No 831 (86.1%) 590 (83.3%)

Numbers in bold are statistically significant (p\ 0.05)
BMI body mass index, WC waist circumference, SP systolic pressure, DP diastolic pressure, FPG fasting plasma glucose,
HbA1c glycosylated hemoglobin, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C
low-density lipoprotein cholesterol, VD3 25(OH)-vitamin D3, PI proinsulin, TI true insulin, 2hPI 2-h proinsulin, 2hTI 2-h
true insulin, IR insulin resistance
a Calculated by Student’s t test
b Calculated by X2 test
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(r = 0.237), negatively associated with HDL-C
(r = - 0.210) and VD3 (r = - 0.061). 2hPI/
2hTI was positively related to HDL-C (r = 0.115)
and VD3 (r = 0.139), and negatively associated
with 2hPG (r = - 0.228), HbA1c (r = - 0.119),
LDL-C (r = - 0.063), TG (r = - 0.083), and
BMI (r = - 0.077). Besides, HOMA-IR was pos-
itively correlated with FPG (r = 0.451), 2hPG
(r = 0.319), HbA1c (r = 0.234), LDL-C
(r = 0.140), TG (r = 0.266), TC (r = 0.128), BMI
(r = 0.433), and WC (r = 0.393), and negatively
related to HDL-C (r = - 0.225) and VD3
(r = - 0.060). HOMA-b was positively

associated with TG (r = 0.071), BMI (r = 0.235),
and WC (r = 0.179), and negatively related to
FPG (r = - 0.392), 2hPG (r = - 0.152), HbA1c
(r = - 0.227), HDL-C (r = - 0.162), TC
(r = - 0.044), and VD3 (r = - 0.199).

Impacts of Indicators on Risk
of Prediabetes

We further detected the association of PI, TI, PI/
TI, 2hPI, 2hTI, 2hPI/2hTI, HOMA-IR, and
HOMA-b with prediabetes risk by regression
models. As shown in Table 3, we observed that

Table 2 Association analysis among indicators in prediabetes

FPG 2hPG HbA1c HDL-C LDL-C TG TC BMI WC VD3

PI (mmol/L) 0.263** 0.171** 0.090** - 0.118** 0.048* 0.197** 0.068** 0.275** 0.271** 0.058*

TI (mmol/L) 0.240** 0.199** 0.108** - 0.240** 0.116** 0.235** 0.085** 0.428** 0.375** - 0.108**

PI/TI 0.064** 0.021 - 0.007 0.056* - 0.054* 0.029 - 0.008 - 0.066** - 0.031 0.170**

2hPI (mmol/L) 0.154** 0.196** - 0.078** - 0.070** 0.060* 0.082** 0.077** 0.189** 0.181** 0.082**

2hTI (mmol/L) 0.120** 0.439** 0.021 - 0.210** 0.129** 0.162** 0.078** 0.285** 0.237** - 0.061*

2hPI/2hTI 0.033 - 0.228** - 0.119** 0.115** - 0.063* - 0.083** 0.003 - 0.077** - 0.041 0.139**

HOMA-IR 0.451** 0.319** 0.234** - 0.225** 0.140** 0.266** 0.128** 0.433** 0.393** - 0.060*

HOMA-b - 0.392** - 0.152** - 0.227** - 0.162** 0.002 0.071** - 0.044** 0.235** 0.179** - 0.199**

FPG fasting plasma glucose, 2hPG 2-h postprandial blood glucose, HbA1c glycosylated hemoglobin, HDL-C high-density lipoprotein cholesterol,
LDL-C low-density lipoprotein cholesterol, TC total cholesterol, TG triglyceride, PI proinsulin, TI true insulin
**p\ 0.01; *p\ 0.05

Table 3 Risk factors for prediabetes by binary logistic regression analysis

Variables B SE Wald p OR 95% CI

PI (mmol/L) 0.022 0.004 27.061 0.00011 1.022 1.014–1.031

TI (mmol/L) 0.005 0.001 19.301 0.00012 1.005 1.003–1.007

PI/TI 0.417 0.173 5.782 0.016 1.517 1.080–2.131

2hPI (mmol/L) - 0.001 0.001 2.414 0.120 0.999 0.997–1.000

2hTI (mmol/L) 0.0001 0.0001 9.277 0.002 1.000 1.000–1.001

2hPI/2hTI 0.060 0.075 0.633 0.426 1.061 0.917–1.229

HOMA-IR 0.323 0.045 52.312 0.0001 1.382 1.266–1.509

HOMA-b - 0.046 0.010 22.650 0.0001 0.955 0.937–0.973

p values were calculated by logistic regression analysis
Numbers in bold are statistically significant (p\ 0.05)
OR odds ratio, CI confidence interval
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PI (OR 1.022, 95% CI 1.014–1.031, p = 0.00011),
TI (OR 1.005, 95% CI 1.003–1.007,
p = 0.00012), PI/TI (OR 1.517, 95%
CI 1.080–2.131, p = 0.016), 2hTI (OR 1.000,
95% CI 1.000–1.001, p = 0.002), and HOMA-IR
(OR 1.382, 95% CI 1.266–1.509, p = 0.0001)
were significantly associated with an increased
risk of prediabetes, while HOMA-b showed a
protective role (OR 0.955, 95% CI 0.937–0.973,
p = 0.0001).

Diagnostic Value of Indicators
for Prediabetes

Then, we performed ROC curve analysis to
analyze the prognostic accuracy of the indica-
tors for diagnosing prediabetes (Figs. 1, 2, 3, 4,
5, 6, 7, 8, 9; Table 4). The results revealed that
the AUC of the combination (PI ? TI ? PI/
TI ? 2hPI ? 2hTI ? 2hPI/2hTI) in diagnosing
prediabetes was 0.627, with a specificity and
sensitivity of 55.1% and 63.4%, respectively.
The AUC of the combination was larger than
the diagnostic value of HOMA-IR (AUC 0.614)
and HOMA-b (AUC 0.387) diagnoses.

DISCUSSION

In the present study, we recruited 718 predia-
betes and 970 non-prediabetes cases to detect

Fig. 1 ROC analysis of PI for diagnosing prediabetes

Fig. 2 ROC analysis of TI for diagnosing prediabetes

Fig. 3 ROC analysis of PI/TI for diagnosing prediabetes
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the impact of PI, TI, PI/TI, 2hPI, 2hTI, and 2hPI/
2hTI on prediabetes risk. Our study showed that
PI, TI, PI/TI, 2hPI, 2hTI, and 2hPI/2hTI were
significantly correlated with prediabetes.

Moreover, PI, TI, PI/TI, and 2hTI could signifi-
cantly enhance the risk of prediabetes. Inter-
estingly, we observed that the combination of

Fig. 4 ROC analysis of 2hPI for diagnosing prediabetes

Fig. 5 ROC analysis of 2hTI for diagnosing prediabetes

Fig. 6 ROC analysis of 2hPI/2hTI for diagnosing
prediabetes

Fig. 7 ROC analysis of the combination of PI, TI, PI/TI,
2hPI, 2hTI, and 2hPI/2hTI for diagnosing prediabetes
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PI, TI, PI/TI, 2hPI, 2hTI, and 2hPI/2hTI had a
higher diagnostic value in diagnosing predia-
betes was larger than HOMA-IR- and HOMA-b-
based diagnoses. It suggested that PI, TI, PI/TI,
and 2hTI might be available risk factors for
prediabetes.

Prediabetes, typically defined as blood glu-
cose levels above normal but below diabetes
thresholds, is an impaired glucose regulation
state which is mainly caused by pancreatic b cell
dysfunction with insulin secretion and hepatic
insulin resistance-induced cell damage [21].
Prediabetes is a risk state that defines a high
chance of developing diabetes [7]. Insulin is
secreted by islet b cells as a regulator of blood
glucose, which promotes glucose uptake via
activation of a series of signaling cascades [22].
Previous research emphasized that PI, TI, and
PI/TI were significantly correlated with the risk
of diabetes [13, 23–25]. However, it was unclear
whether these indicators could influence the
risk of prediabetes. In our study, we performed
Spearman’s correlation analysis and logistic
regression analysis to evaluate the impact of PI,
TI, PI/TI, 2hPI, 2hTI, and 2hPI/2hTI on the risk
of prediabetes in the Hainan Han population.
We found that PI was positively correlated with
FPG, 2hPG, HbA1c, LDL-C, TG, TC, BMI, WC,
and VD3 and negatively related to HDL-C. TI
was positively associated with FPG, 2hPG,
HbA1c, LDL-C, TG, TC, BMI, and WC, and
negatively related to HDL-C and VD3. PI/TI
positively correlated with FPG, HDL-C, and
VD3, and negatively associated with LDL-C and
BMI. Kim’s study showed that PI was positively
correlated with 2hPG and TC, and TI was posi-
tively related to BMI in T2DM among a Korean
population, which is consistent with our find-
ings [26]. We also found that PI/TI positively
correlated with FPG, HDL-C, and VD3, and
negatively associated with LDL-C and BMI.
However, there is no significant association
between PI/TI, 2hPG, and TC compared to
Kim’s results, and these diverse results may be
due to the regional difference among them.
Besides, 2hPI was positively related to FPG,
2hPG, LDL-C, TG, TC, BMI, WC, and VD3, and
negatively related to HbA1c and HDL-C. More-
over, logistic regression analysis indicated that
PI, TI, PI/TI, and 2hTI could significantly

Fig. 8 ROC analysis of HOMA-IR for diagnosing
prediabetes

Fig. 9 ROC analysis of HOMA-b for diagnosing
prediabetes
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increase the risk of prediabetes. This finding is
consistent with that of Pradhan who reported
that PI, TI, and PI/TI are associated with an
increased risk of developing T2DM in appar-
ently healthy middle-aged women [13]. In
general, it suggest that PI, TI, and PI/TI are
candidate risk factors for prediabetes.

We finally investigated the prognostic accu-
racy of PI, TI, PI/TI, 2hPI, 2hTI, and 2hPI/2hTI
for diagnosing prediabetes. The results showed
that PI, TI, PI/TI, 2hPI, 2hTI, and 2hPI/2hTI
were separately poor at diagnosing subjects with
prediabetes; however, the combination of PI, TI,
PI/TI, 2hPI, 2hTI, and 2hPI/2hTI had a higher
AUC in diagnosing prediabetes than the diag-
nostic value of HOMA-IR and HOMA-b. It sug-
gests that the combination of these indicators
has a potential role in diagnosing prediabetes;
however, larger samples and further studies are
required to certify our results. The present study
provides the first evidence for the effects of PI,
TI, PI/TI, and 2hTI on the risk of prediabetes in
the Chinese Han population.

Our study had several limitations. First, the
present study was monocentric in design;, a
longitudinal study is required to confirm the

results. Second, other possible risk factors for
prediabetes such as frequent genitourinary
infections, rapid changes in vision, history of
steroid use, fetal macrosomia in women, obe-
sity, and sedentary lifestyle were not considered
in our study because of the very limited infor-
mation obtained from participants, and we
would consider them in future work. Despite
these shortcomings, our study gives available
evidence for the new risk factors in prediabetes.

CONCLUSION

Our study showed that PI, TI, PI/TI, and 2hTI
could significantly enhance the risk of predia-
betes in the Chinese Han population, which
gives some useful information for the preven-
tion and management of diabetes in the Chi-
nese population or others.
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Laakso M. The relation of proinsulin, insulin, and
proinsulin-to-insulin ratio to insulin sensitivity and
acute insulin response in normoglycemic subjects.
Diabetes. 1997;46(12):1990–5.

19. American Diabetes Association. Classification and
diagnosis of diabetes: standards of medical care in
diabetes—2018. Diabetes Care. 2018;41(Suppl 1):
S13–27. https://doi.org/10.2337/dc18-S002.

20. Matthews DR, Hosker JP, Rudenski AS, Naylor BA,
Treacher DF, Turner RC. Homeostasis model
assessment: insulin resistance and beta-cell func-
tion from fasting plasma glucose and insulin con-
centrations in man. Diabetologia. 1985;28(7):
412–9. https://doi.org/10.1007/bf00280883.

21. Henquin JC, Dufrane D, Gmyr V, Kerr-Conte J,
Nenquin M. Pharmacological approach to under-
standing the control of insulin secretion in human
islets. Diabetes Obes Metab. 2017;19(8):1061–70.
https://doi.org/10.1111/dom.12887.

22. Kuai M, Li Y, Sun X, et al. A novel formula Sang-
Tong-Jian improves glycometabolism and amelio-
rates insulin resistance by activating PI3K/AKT
pathway in type 2 diabetic KKAy mice. Biomed
Pharmacother. 2016;84:1585–94. https://doi.org/
10.1016/j.biopha.2016.10.101.

23. Ashley KE, Hillegass WB. Insulin-treated diabetes
mellitus: an actionable risk factor and marker after
percutaneous coronary intervention. Catheter Car-
diovasc Interv. 2020;96(2):309–10. https://doi.org/
10.1002/ccd.29170.

24. Truyen I, De Pauw P, Jørgensen PN, et al. Proinsulin
levels and the proinsulin: c-peptide ratio comple-
ment autoantibody measurement for predicting
type 1 diabetes. Diabetologia. 2005;48(11):2322–9.
https://doi.org/10.1007/s00125-005-1959-0.
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