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Objective: To explore the relationship between the level of fatty acid-binding protein 4 (FABP4) and reversion from prediabetes to
normal glucose tolerance (NGT).

Methods: A two-year retrospective cohort study was conducted on 398 participants with complete information. These 398
participants were divided into an NGT group and an abnormal glucose metabolism (AGM) group after 2 years of follow-up. The
baseline level of FABP4 was determined, and the role of FABP4 in predicting reversion from prediabetes to NGT was investigated
using an unconditional logistic regression model.

Results: Over the two-year follow-up period, 37.4% (149/398) of the participants reverted from prediabetes to NGT. The participants with
AGM had a higher baseline level of FABP4 than those with NGT. The baseline level of FABP4 was significantly negatively correlated with
reversion from prediabetes to NGT. After adjusting for age, sex, body mass index and waist-to-hip ratio, the level of fasting blood glucose
(FBG) [o0dds ratio (OR) 0.336, 95% confidence interval (CI) (0.196-0.576)], 2-h post-challenge blood glucose (2hBG) [OR 0.697, 95% CI
(0.581-0.837)], and FABP4 [OR 0.960, 95% CI (0.928-0.993)] at baseline were significant independent predictors of reversion from
prediabetes to NGT. The area under the curve (AUC) value of the receiver operating characteristic curve for FABP4 was 0.605 (95% CI:
0.546-0.665), and the AUC for FABP4 combined with FBG and 2hBG was 0.716 (95% CI: 0.663-0.769).

Conclusion: A higher baseline level of FABP4 was positively correlated with an adverse profile of diabetes risk factors and negatively
correlated with reversion from prediabetes to NGT. FABP4, FBG and 2hBG were predictors of reversion from prediabetes to NGT.
Keywords: fatty acid-binding protein 4, FABP4, prediabetes, normal glucose tolerance, abnormal glucose metabolism

Introduction

The prevalence of diabetes in China has increased rapidly over the years, causing a serious socioeconomic burden.
Research has shown that the prevalence of diabetes and prediabetes in Chinese adults over 18 years of age has reached
12.8% and 35.2%, respectively.' Prediabetes is one of the risk factors for diabetes.” Previous studies have shown that the
annual rate of progression from prediabetes to diabetes is 5%-10%, and 70% of individuals with prediabetes will
eventually develop diabetes.” > Lifestyle interventions can effectively delay progression from prediabetes to diabetes, and
individuals with prediabetes who revert to normoglycemia have a reduced risk of diabetes.” However, the pathogenesis
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of progression from prediabetes to diabetes has not been fully clarified, and therapeutic targets remain to be identified
within this mechanism.

Fatty acid-binding protein (FABP) is a member of the intracellular lipid-binding protein superfamily. FABP plays an
important role in the uptake, transport and metabolic regulation of long-chain fatty acids.® FABP4 (also known as
A-FABP or aP2) is mainly found in adipose tissue and macrophages and plays an important role in regulating metabolism
and inflammatory responses.”'® The serum level of FABP4 has been found to be a predictor of the incidence of type 2
diabetes,!' gestational diabetes mellitus,'* metabolic disorder—associated fatty liver disease (MAFLD)'* and metabolic
syndrome.'* Moreover, the level of FABP4 is associated with insulin resistance and insulin secretion.'> Whether serum
FABP4 levels are associated with reversion from prediabetes to normal glucose tolerance (NGT) is a question that
remains to be further investigated.

In this study, we explored the relationship between the baseline level of FABP4 and reversion from prediabetes to NGT
using data from a cohort of individuals with prediabetes in a community in Shanghai over a 2-year follow-up period.

Methods

Participants and Ethical Approval

This study was part of an epidemiologic study that took place in the countryside of Shanghai, China. A total of 5569
individuals over 40 years of age participated in the survey from July 2012 to March 2013 (baseline visits) and from
July 2014 to March 2015 (2-year follow-up visits). At baseline and the 2-year follow-up, all participants underwent
standardized interviews, physical examinations, and a standard 75-g oral glucose tolerance test (OGTT) or steamed bread
meal test depending on whether they had diabetes.

A total of 1213 local residents were defined as having prediabetes after undergoing a standard 75-g OGTT at baseline.
We randomly selected 404 participants for this study through random number table Ultimately, 398 participants with
complete information were enrolled. After two years of follow-up, 37.4% (149/398) of the participants reverted from
prediabetes to NGT. Additionally, 14.1% (56/398) of the participants developed diabetes, and 48.5% (193/398) of the
participants remained prediabetic. We combined participants with prediabetes and diabetes into the abnormal glucose
metabolism (AGM) group (Figure 1).

The study followed the principles in the Declaration of Helsinki. The study protocol was approved by the Committee
on Human Research at Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine. Written informed
consent was obtained from each participant.

Data Collection

Physical Examinations

Physical examinations were performed with participants in a fasted state. Blood pressure was measured thrice consecutively in
each participant after at least 15 minutes of rest in a seated position, and the average of the three measurements was recorded.
Height, weight, waist circumference (WC) and hip circumference (HC) were measured while the participants were standing.
Each participant’s body mass index (BMI) and waist-to-hip ratio (WHR) were calculated after the data were collected.

Laboratory Tests

Venous blood samples were collected from all participants in the morning after they had fasted overnight for at least 10
h. The baseline serum FABP4 level was determined using a validated enzyme-linked immunosorbent assay (ELISA) kit
(R&D Systems, Inc. Catalog Number DFBP40). Plasma glucose concentrations, total cholesterol (TC), low-density
lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol (HDL), and triglycerides (TG) were measured
enzymatically using an automatic biochemical analyzer (BECKMAN COULTER AU5800). Insulin concentrations was
detected by automatic immunoluminescence analyzer (Abbott ARCHITECT i2000SR). Glycosylated hemoglobin
(HbAlc) was detected by glycosylated hemoglobin analyzer (ARKRAY, ADAMS A1C HA-8180).
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Figure | Flow chart of study participant enroliment.
Abbreviations: OGTT, oral glucose tolerance test; NGT, normal glucose tolerance; AGM, abnormal glucose metabolism.

The homeostasis model assessment (HOMA) was used to estimate insulin resistance (HOMA-IR) and B-cell function
(HOMA-p) as follows: HOMA-IR=[fasting insulin (WU/mL)xfasting glucose (mmol/L)]/22.5 and HOMA-B=[20xfasting
insulin (WU/mL)]/[fasting glucose (mmol/L)-3.5].'¢

Diagnostic Criteria

According to the World Health Organization (WHO) criteria,'’ 1) NGT is defined as fasting blood glucose (FBG) < 6.1
mmol/L and 2-hour blood glucose after a 75-g glucose challenge (2hBG) < 7.8 mmol/L; 2) prediabetes is defined as
impaired fasting glucose (IFG) and impaired glucose tolerance (IGT), where IFG is defined as FBG 6.1-6.9 mmol/L and
2hBG<7.8 mmol/L, while IGT is defined as FBG<7.0 mmol/L and 2hBG<11.1 mmol/L; and 3) diabetes is defined as
FBG >7.0 mmol/L, 2hBG>11.1 mmol/L, or a history of diabetes.

Statistical Analysis

Analyses were performed with SPSS version 22.0 (Chicago, IL, USA). Data were tested for normality; if they did not follow
the normal distribution, they were logarithmically transformed for statistical analysis as needed. Continuous data with
a normal distribution are presented as the meantstandard deviation (SD) and were compared using independent-sample
t-tests. Nonnormally distributed continuous data are presented as the median (interquartile range, IQR). Categorical variables
were compared using the chi-square test. Correlations between FABP4 and anthropometric and biochemical variables were
analyzed by Pearson’s or Spearman correlation. An unconditional logistic regression model was used to identify baseline
variables that were independent predictors of reversion from prediabetes to NGT. The predictive ability of independent
predictors and their combinations was assessed using the area under the curve (AUC) value of the receiver operating
characteristic (ROC). All P values were 2-tailed, and a P value < 0.05 was considered statistically significant.
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Results

Comparison of Clinical Parameters Between Participants with NGT and Those with

AGM at Baseline and the 2-Year Follow-Up

As shown in Table 1, compared to participants with NGT, participants with AGM had increased WC, glycated hemoglobin
(HbAlc), FBG, 2hPG and FABP4 at baseline (all P<0.01). There were no significant differences in age, sex, systolic blood
pressure (SBP), diastolic blood pressure (DBP), BMI, WHR, HOMA-IR, HOMA-B, TC, TG, LDL, HDL, or TG/HDL
between participants with AGM and those with NGT at baseline. At the 2-year follow-up, participants with AGM had higher
BMI, WC, WHR, HbAlc, FBG, 2hBG, TG, TC and TG/HDL than participants with NGT (all P<0.01).

Table | Clinical Parameters of Participants with Normal Glucose Tolerance and Abnormal
Glucose Metabolism at Baseline and the 2-Year Follow-Up

NGT (n=149) AGM (n=249)
Baseline
Age (years) 60.97£9.11 60.57+8.34 0.656
Sex (male/female) 85/64 136/113 0.637
SBP (mmHg) 137.08+16.86 138.64+17.37 0.389
DBP (mmHg) 78.20+10.64 83.04£31.11 0.072
BMI (kg/m?) 24.59+3.47 25.25+3.12 0.054
Waist circumference (cm) 85.20%11.91 88.12+10.21 0.011
Hip circumference (cm) 94.30%12.30 96.66+10.95 0.052
Waist-to-hip ratio 0.90+0.06 0.91+0.07 0.155
HbAIc (%) 5.81+0.20 5.87+0.23 0.004
FBG (mmol/L) 5.89+0.51 6.10+£0.48 <0.001
2hPG (mmol/L) 8.17£1.55 8.65%1.45 0.002
Fasting insulin (WU/mL) 7.37 (5.72-10.04) 8.30 (6.10-11.84) 0.659
HOMA-IR 1.87 (1.45-2.68) 2.29 (1.62-3.23) 0.274
HOMA-p 66.00 (46.82-91.44) 66.32 (46.59-90.37) 0.160
TG (mmol/L) 1.51 (1.01-2.14) 1.63 (1.10-2.37) 0.160
TC (mmol/L) 5.30+0.85 5.38+0.92 0.338
LDL (mmol/L) 3.05+0.71 3.10+0.75 0.497
HDL (mmol/L) 1.53+0.34 1.50+0.38 0.495
TG/HDL 1.03 (0.61-1.59) 1.11 (0.68-1.71) 0.201
FABP4 (ng/mL) 17.86 (12.84-23.62) 20.53 (14.56-28.96) 0.001
2-year follow-up
SBP (mmHg) 132.08+19.71 135.49%15.18 0.056
DBP (mmHg) 81.35%11.20 82.50+8.85 0.265
BMI (kg/m?) 24.69+3.34 25.59+3.30 0.010
Waist circumference (cm) 83.42+7.83 86.4318.13 <0.001
Hip circumference (cm) 94.34+6.63 95.09+6.69 0.285
Waist-to-hip ratio 0.88+0.05 0.91+0.07 <0.001
HbAIc (%) 5.77£0.43 5.90+0.37 0.002
FBG (mmol/L) 5.50+0.38 6.23+0.76 <0.001
2hBG (mmol/L) 6.32%1.14 9.09+£2.33 <0.001
TG (mmol/L) 1.20 (0.88-1.76) 1.40 (1.03-2.05) 0.005
TC (mmol/L) 5.22+0.99 5.45%1.04 0.046
LDL (mmol/L) 3.18+0.82 3.31+0.87 0.186
HDL (mmol/L) 1.55+0.44 1.50+0.42 0.838
TG/HDL 0.84 (0.50-1.24) 1.04 (0.62-1.63) 0.012

Abbreviations: 2hBG, 2-h glucose load post-challenge blood glucose; AGM, abnormal glucose metabolism; BMI, body
mass index; DBP, diastolic blood pressure; FABP4, fatty acid-binding protein 4; FBG, fasting blood glucose; HbAlc,
glycosylated hemoglobin; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; NGT,
normal glucose tolerance; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.
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Correlations Between the Level of FABP4 at Baseline and the Clinical Parameters of
the Participants at the 2-Year Follow-Up

We found that the baseline level of FABP4 was significantly negatively correlated with reversion from prediabetes to NGT and
positively correlated with age, BMI, WC, HC, 2hBG, TG, TC and LDL at the 2-year follow-up (all P<0.01, Table 2).

Baseline Variables Predicting Reversion from Prediabetes to NGT

Baseline variables that were significantly different between participants with NGT and those with AGM after 2 years of
follow-up (shown in Table 1) were analyzed by logistic regression analysis to determine the predictors associated with
reversion from prediabetes to NGT. We found that the levels of FBG [odds ratio (OR) 0.322, 95% confidence interval
(CI) (0.188-0.549)], 2hBG [OR 0.699, 95% CI (0.584-0.837)] and FABP4 [OR 0.958, 95% CI (0.931-0.985)] at
baseline were significant independent predictors of reversion from prediabetes to NGT. After adjusting for age, sex,
BMI and WHR, the levels of FBG [OR 0.336, 95% CI (0.196-0.576)], 2hBG [OR 0.697, 95% CI (0.581-0.837)] and
FABP4 [OR 0.960, 95% CI (0.928-0.993)] at baseline were also significant independent predictors of reversion from
prediabetes to NGT (Table 3).

Table 2 Correlations Between FABP4 Levels and the Clinical
Parameters of Participants at the End of the Follow-Up Period

Parameters r P
Reversion from prediabetes to NGT —0.175 0.001
Age 0.210 <0.001
BMI 0.302 <0.001
Waist circumference 0.199 <0.001
Hip circumference 0.252 <0.001
Waist-to-hip ratio 0.022 0.676
HbAIlc 0.093 0.079
FBG 0.005 0.929
2hBG 0.212 <0.001
TG 0.140 0.013
TC 0.142 0.012
LDL 0.192 0.001
HDL —0.003 0.959
TG/HDL —0.022 0.698

Abbreviations: 2hBG, 2-h glucose load post-challenge blood glucose; BMI, body
mass index; FBG, fasting blood glucose; HbAlc, glycosylated hemoglobin; HDL,
high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol;
NGT, normal glucose tolerance; TC, total cholesterol; TG, triglycerides.

Table 3 The Baseline Variables That Predict Reversion from Prediabetes to Normal Glucose

Tolerance
OR (95% CI) P OR (95% CI)f pt
Waist circumference 0.983 (0.961-1.006) 0.145 0.984 (0.956—1.014) 0.296
HbAlc 0.595 (0.178-1.984) 0.398 0.633 (0.184-2.185) 0.470
FBG 0.322 (0.188-0.549) <0.001 0.336 (0.196-0.576) <0.001
2hBG 0.699 (0.584-0.837) <0.001 0.697 (0.581-0.837) <0.001
FABP4 0.958 (0.931-0.985) 0.003 0.960 (0.928-0.993) 0.018

Note: TAdjusted for age, sex, body mass index and waist-to-hip ratio.

Abbreviations: 2hBG, 2-h glucose load blood glucose; FABP4, fatty acid-binding protein 4; FBG, fasting blood glucose;
HbAlc, glycosylated hemoglobin.
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ROC Curve Analysis for the Predictors of Reversion from Prediabetes to NGT

ROC curve analysis was conducted to determine and compare the utility of FBG, 2hBG, FABP4 and their combinations
in predicting reversion from prediabetes to NGT. The ROC curve demonstrated that FBG, 2hBG and FABP4 can
differentiate between NGT and AGM at a cut-off <5.82mmol/L, <9,19mmol/L and <25.37ng/mL, respectively (Table 4).
The AUCs of FBG, 2hBG and FABP4 were 0.629 (95% CI: 0.569-0.6889), 0.601 (95% CI: 0.541-0.662), and 0.605
(95% CI: 0.546-0.665), respectively. However, combining these variables improved their predictive performance; the
combination of all three variables had the greatest AUC [0.716 (95% CI: 0.663-0.769)] (Figure 2).

Discussion

This study enrolled 398 participants with prediabetes. After 2 years of follow-up, 37.4% of the participants reverted from
prediabetes to NGT, and 14.1% of the participants developed diabetes. The annual progression rate from prediabetes to
diabetes was 7.05% in our study. Previous studies have shown that prediabetes progresses to diabetes at an annual rate of
5-10%.% Our findings were similar to those of previous studies, which suggests that the participants were representative
of the general population.

Many factors have been found to be involved in progression from prediabetes to diabetes. Obesity is a major risk
factor for chronic diseases, including type 2 diabetes mellitus (T2DM). BMI, WC and WHR are useful in assessing
obesity.'® We found a higher baseline WC in the AGM group than in the NGT group after 2 years of follow-up. In
Chinese adults, the treatment of participants with BMI>28 to maintain WC under 85 cm for men or 80 cm for women
could prevent the clustering of risk factors related to chronic diseases.'® Therefore, controlling the increase in WC in
prediabetes patients may be helpful in preventing diabetes.

Insulin resistance and B-cell dysfunction are both important in the pathogenesis of diabetes mellitus. In this study, the
baseline HOMA-IR was 2.29 (1.62-3.23) in participants with AGM and 1.87 (1.45-2.68) in participants with NGT. The
baseline HOMA-f was 66.32 (46.59-90.37) in the AGM group and 66.00 (46.82-91.44) in the NGT group. Although no
significant difference was found in HOMA-IR or HOMA- between the AGM group and the NGT group, an increasing
trend in HOMA-IR was observed in the AGM group. According to data from the China Cardiometabolic Disease and
Cancer Cohort Study Group, approximately 24.4% (95% CI, 23.6-25.2) of incident diabetes cases could be attributed to
insulin resistance, and 12.4% (95% CI, 11.2-13.7) could be attributed to B-cell dysfunction.?* Insulin resistance showed
a stronger association with incident diabetes than B-cell dysfunction showed; thus, it is important to improve insulin
resistance in order to reduce progression from prediabetes to diabetes.

FBG and 2hBG were also important risk factors for developing diabetes.”' Prediabetic participants with both IFG and
IGT were more likely to develop diabetes than those with isolated IFG or isolated IGT.** Consistent with previous
studies, the current study showed that baseline levels of FBG and 2hBG were higher in participants with AGM than in
those with NGT. The baseline levels of FBG [OR 0.336, 95% CI (0.196-0.576)] and 2hBG [OR 0.697, 95% CI (0.581-
0.837)] were significant independent predictors of reversion from prediabetes to NGT.

FABP4 plays an important role in regulating energy metabolism.” The mechanism by which this protein regulates glucose
homeostasis is not yet fully understood. The involvement of FABP4 in the pathogenesis of insulin resistance might be
mediated by the inhibition of PPARy.>> FABP4-deficient mice had better glucose tolerance and were more insulin sensitive
than wild-type mice.**** In humans, increased FABP4 levels are reportedly associated with many diseases, such as insulin

Table 4 Cut off Value of FBG, 2hBG and FABP4 in Predict
Reversion from Prediabetes to Normal Glucose Tolerance

Cut-Off | Sensitivity (%) | Specificity (%)
FBG (mmol/L) <5.82 77.1 45.6
2hBG (mmol/L) <9.19 39.0 78.9
FABP4 (ng/mL) <2537 342 822

Abbreviations: 2hBG, 2-h glucose load blood glucose; FABP4, fatty acid-binding
protein 4; FBG, fasting blood glucose.
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Figure 2 Receiver operating characteristic (ROC) curves of baseline FBG (Line 2), baseline 2hPG (Line 3), baseline FABP4 (Line 4), and a combination of the three (Line |)
for predicting reversion from prediabetes to normal glucose tolerance.

resistance, T2DM, fatty liver disease and atherosclerosis.!*'*?*28 FABP4 has also been reported to be correlated with an
adverse profile of diabetes risk factors.’ Increased serum FABP4 levels were found to be closely associated with insulin
resistance and elevated fasting and post-challenge glucagon levels in T2DM.?° In this study, we also found that the baseline
level of FABP4 was higher in participants with AGM than in those with NGT, and the baseline level of FABP4 was
positively correlated with age, BMI, WC, 2hBG, TG, TC and LDL at the 2-year follow-up. Furthermore, we found that high
baseline FABP4 [OR 0.960, 95% CI (0.928-0.993)] was not conducive to reversion from prediabetes to NGT.

ROC curve analysis was used to compare the accuracy of FABP4, FBG, 2hPG and their combinations as predictors of
reversion from prediabetes to NGT. The AUC for FABP4 was 0.605 (95% CI: 0.546—-0.665), similar to those of FBG and
2hBG. Nevertheless, the AUC was 0.716 (95% CI: 0.663-0.769) when FABP4 was combined with FBG and 2hBG. Due
to the implications of FABP4 in various diseases, FABP4 has become a promising target for the treatment of metabolic
dysfunction.>'? Our results suggested that FABP4 inhibitors, if developed in the future, might be able not only to treat
diabetes but also to prevent it.

Our study has several limitations. First, we combined participants with prediabetes and those with diabetes into the
AGM group because of the small sample size. Second, the 2-year follow-up period was not sufficiently long. Third, the
effects of lifestyle differences were not evaluated in this study.

In conclusion, our study showed a high baseline level of FABP4 in participants with AGM after 2 years of follow-up.
The high baseline level of FABP4 was positively correlated with an adverse profile of diabetes risk factors and was
negatively correlated with reversion from prediabetes to NGT. Moreover, the combination of FABP4, FBG and 2hBG
was the best predictor of reversion from prediabetes to NGT. Therefore, it may be possible to prevent diabetes by
decreasing FABP4 levels.
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