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Purpose: This study investigates the possible roles and potential prediction ability of
metabolic parameters in the early development of T2D by detecting their serum levels at
different fasting blood glucose (FBG) levels.

Methods: The subjects were included and divided into normal glucose tolerance (NGT),
prediabetes (PD), and T2Dsubgroups. Apart from detecting the levels of routine biochemical
parameters, fasting serum insulin (FINS), 25(OH)D, thioredoxin-interacting protein (TXNIP),
thioredoxin (TRX), and NOD-like receptor family, pyrin domain-containing 3 (NLRP3) were
detected. p-cell dysfunction (HOMA-B) and insulin resistance (HOMA-IR) were assessed by
homeostasis model assessment. Both univariate and multivariate logistic regression analyses
were used to estimate the risk of metabolic parameters, and their optimal cut-off values were
obtained in the receiver operating characteristic (ROC) curve analysis and the Youden index.
Results: Among the 207 subjects, aged from 20 to 60 years (44.62+12.92) contain 118
males and 89 females. There was a significantly lower trend of TRX, HOMA-f, and 25(OH)
D following the higher FBG level among these three subgroups, while a significantly higher
trend of all the other metabolic parameters. The multivariate analysis showed that subjects
with higher values of TRX, HOMA-B, and 25(OH)D had a significantly lower risk for
patients to be diagnosed as PD (aOR: 0.945, 0.961, and 0.543) and T2D (aOR: 0.912,
0.947, 0.434). Under the reliable 95% CI, TXNIP with a cut-off value of 119.27 showed
the highest AUC value, sensitivity, and specificity (AUC: 0.981, 95% CI: 0.8524-0.9839,
91.49%, and 83.33%) to diagnose PD. FINS with a cut-off value of 28.1 also showed the
highest ones (AUC=0.9872, 95% CI: 0.9753-0.9992, 100%, and 92.91%) to diagnose T2D.
Conclusion: Early prediction of T2D is vital for timely intervention. Based on the FBG
>100.8 mg/dl, the results provide evidence that 25(OH)D might be the protective factor in
the early development of T2D. Besides, TXNIP and FINS might be the predictor for PD and
T2D, respectively.

Keywords: prediabetes, PD, type 2 diabetes, T2D, 25-hydroxyvitamin D, 25(OH)D,
thioredoxin-interacting protein, TXNIP, B-cell dysfunction, insulin resistance

Introduction

Insulin resistance and impaired glucose tolerance induced by increased compensa-
tory insulin secretion represent prominent features in the early development of type
2 diabetes (T2D). Besides, islet B-cell function begins to decline as insulin resis-
tance occurs. The onset of T2D is characterized by hyperglycemia due to impaired
glucose regulation and further deterioration of B-cell dysfunction.'* As T2D
evolves through impaired fasting glucose (IFG) and impaired glucose tolerance
(IGT), the fasting and/or the 2 h postprandial plasma glucose level have been used
as clinical risk indicators for the diagnosis of prediabetes (PD).*?
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Oxidative stress and inflammation are associated with
impaired glucose regulation and insulin resistance.*”’
Under ischemic or hypoxic conditions, reactive oxygen
species (ROS) and thioredoxin-interacting protein
(TXNIP) are upregulated in islet p-cells.”® The NOD-
like receptor family and pyrin domain-containing 3
(NLRP3) inflammasome is then activated as mediated by
the ROS-TXNIP axis, and finally, B-cell apoptosis is
induced.®* During this process, three inflammatory regu-
lating proteins including in caspase-1 (CASP1), interleu-
kin (IL)-1B, and IL-18 are
extracellularly, indicating cell damage and/or apoptosis

induced and secreted

occurs.” The pancreatic B-cell is known to be lacking
sufficient antioxidant capacity; therefore, it is extremely
vulnerable to hypoxic conditions.®

Vitamin D is produced when the skin is exposed to
sunshine. The precursor, 7-dehydrocholesterol, is con-
verted to vitamin D3, also known as cholecalciferol, by
exposure to UV light in the skin. This intermediate mole-
cular is converted to 25-hydroxyvitamin D (25(OH)D),
also known as calcidiol, or 25(OH)D, and then change to
the active form of the vitamin D, 1,25-hydroxyvitamin
D [1,25(OH)2D], in the
kidney.'” On the other hand, the active form of vitamin

also known as calcitriol,

D, 1,25(0OH)2D, has been shown to possess protective
effects against oxidative stress-induced cell damage by
the ROS/TXNIP/NLRP3
pathway.'" A higher level of serum 25(OH)D appears to

mediating inflammasome
be associated with a lower risk of T2Dand could be used
as a predictor for the development of T2D.'*"® Indeed,
Omar et al'* have suggested that vitamin D and TXNIP
could be markers for various states of B-cell dysfunction.
Nevertheless, as elevated TXNIP is suggested to be harm-
ful to B-cells while it is upregulated by vitamin D, how
these molecules are associated with the pathogenesis of
T2D, and in particular in the PD states, remains elusive.
The hyperglycemia-induced inflammation and apopto-
sis of B-cell also involve activation of the transcription
factor NF-xB.'" indicated that NF-
kB-mediated apoptosis is regulated by redox reaction, of

Reports have
which the thioredoxin family is the main component.'®
The thioredoxin family, including thioredoxin (TRX) pro-
tein and selenoprotein TRX reductase (TRxR), has been
recognized as a family of antioxidant agents which parti-
cipate in reversible disulfidedithiol exchange reactions and
de-nitrosylation of cysteine (Cys) residues, thus possess
protective and anti-apoptotic functions.'®!” Mammalian
cells contain two forms of thioredoxin proteins: the

cytosolic (TRX1, TRX reductasel) and the mitochondrial
(TRX2, TRX reductase2), where the cytosolic TRX1 can
be secreted.'®'® TXNIP can inhibit the activity of reduced
TRX; TRX is also implicated in the functional regulation
of B-cells. According to Chou and Sytwu,'® TRX can
improve the grafted islet survival after pancreatic islet
transplantation in a mouse model, and therefore has the
potential to serve as a therapeutic agent to restore [-cell
function. Moreover, evidence has shown that TRX of
pancreatic B-cells can be differentially regulated in intra-
cellular and extracellular compartments under inflamma-
tory conditions or oxidative stress.'®'?

In this study, 25(0H)D, TXNIP, TRX, NLRP3,
CASP1, and fasting serum insulin (FINS)were evaluated
whether any of them could be used as potential metabolic
parameters for diagnosing PD and T2D. Homeostasis
model assessment of HOMA-IR and HOMA- were also
established for these patients to further characterize the
possible mechanisms involved in the onset of T2D.

Methods

Subjects

All the 207 subjects enrolled in this study were examined
at the Second Affiliated Hospital of Ningxia Medical
University between December 2016 and April 2017. All
patients with PD and T2D were first diagnosed in the
setting of the current study, and none of the subjects
received any medication or dietary supplement interven-
tion. Exclusion criteria were: 1) patient aged less than 20
or more than 60 years old; 2) a history of confirmed PD or
T2D; 3) the presence of kidney or liver disease or can-
cer; 4) the presence of an acute, chronic infection or
inflammatory disease; 5) a history of cardiovascular or
cerebrovascular disease; 6) thyroid dysfunction; 7) the
presence of any blood diseases; 8) alcohol, drug or tobacco
abuse; hormone replacement therapy in women.

Methods

The diagnostic criteria of PD and T2D met the 2019 stan-
dards of the American Diabetes Association (ADA) based
on FBG levels. According to the FBG level, subjects were
divided into three subgroups: the normal glucose tolerance
(NGT) subgroup with FBG <100.8 mg/dl, the PD subgroup
with 100.8 mg/dl < FBG <126 mg/dl, and the T2D subgroup
with FBG >126 mg/dl. The same questionnaire was used for
each subject, which included age, sex, family history of T2D
and complications, medical history, blood pressure, height,
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weight, waist circumference, hip circumference, body mass
index (BMI, kg/mz), and waist to hip ratio (WHR, cm/cm).

Peripheral venous blood was collected on fasting 8—12
h, and FBG, total cholesterol (TC), low-density lipoprotein
(LDL), high-density lipoprotein (HDL), triglyceride (TG),
and uric acid (UA) were measured using a Beckman
Coulter AU5821 automatic biochemical
(Beckman Coulter, Brea, CA, USA).

For each study subject, 2 mL of serum sample was stored
in a —80°C refrigerator. FINS, 25(OH)D, TXNIP, TRX, and
NLR family, pyrin domain containing 3 (NLRP3) were

analyzer

assessed by enzyme-linked immunosorbent assay (kit batch
number: 2017.03, Shanghai Baoman Biotechnology Co.,
Ltd., Shanghai, China) using a fluorescent microplate reader
(Promega-GloMax, Fitchburg, WI, USA). The insulin resis-
and B-cell
a homeostasis model. The formula for the insulin resistance
index of the homeostasis model assessment (HOMA-IR)
was FBGxFINS/22.5; that for the insulin secretion index
(HOMA-B) was 20xFINS/(FBG-3.5).2%?!

tance function were evaluated using

Statistical Analysis

Continuous data from each subgroup are presented as
mean + standard deviation, and non-normally distributed
data were presented as median (min, max). Independent
t-test and Mann—Whitney test were used for comparisons
between subgroups.

Multivariate logistic analysis was performed to esti-
mate the odds ratio (OR) and 95% confidence interval
(95% CI) of the different groups with metabolic para-
meters. The sensitivity and specificity of various factors
for diagnosing PD and T2D were analyzed using the
Receiver Operating Characteristic (ROC) curve. Two
ROC curve analyses were performed to compare the
NGT vs PD and the PD vs T2D (model 1 and model 2,
respectively). The cut-off value was determined by calcu-
lating the Youden index. A two-tailed P<0.005 indicated
statistical significance. Statistical analysis was performed
using the Statistical Product and Service Solutions (SPSS)
version 23.0 (IBM Corp., Armonk, NY, USA) software.

Ethical Consideration

The project was conducted following the Helsinki
Declaration, and the study protocol was reviewed and
approved by the Institutional Review Board of the
Second Affiliated Hospital Medical
University. Each participant signed a written informed

of Ningxia

consent to participate in the study.

Results
Baseline Characteristics and Metabolic

Parameters Between Patient Groups

The basic characteristics of all subjects in the three
subgroups are shown in Table 1. Baseline characteristics
include age, BMI, systolic blood pressure (SBP) and
diastolic blood pressure (DBP), and hematological para-
meters regarding various metabolic parameters of the
enrolled subject. Among the 207 subjects, 118 were
male and 89 were female. The ages ranged from 20 to
60 years old (44.62+12.92). The NGT, PD, and T2D
subgroup with a mean age of 45.11, 46.11, and 48.07
years, respectively. TRX, 25(OH)D levels and HOMA-f
index in PD subgroup, were significantly lower than that
in the NGT subgroup (P<0.0001). Similarly, TRX, 25
(OH)D levels and HOMA-B index in T2D subgroup,
were significantly lower than that in the PD subgroup
(P<0.0001). However, significant higher values of other
metabolic parameters were observed in T2D subgroup
among three subgroups (P<0.0001).

Evaluation of the Metabolic Parameters in
Diagnosing PD and T2D

The results of univariate analysis and multivariate analysis in
NGT vs PD and PD vs. T2D were shown in Table 2. Subjects
with higher values of TRX, HOMA-fB, and 25(OH)D had
a significantly lower risk to be diagnosed as PD, while higher
value of TXNIP, CASP1, IL-1B, NLRP3, FINS, and HOMA-
IR had a significantly higher risk in PD subgroup. After
adjusted BMI, TG:HDL, and UA, subjects with higher values
of TRX (aOR: 0.945, 95% CI: 0.926-0.966), HOMA- (aOR:
0.961, 95% CI: 0.945-0.976) and 25(OH)D (aOR: 0.543, 95%
CI: 0.430-0.685) had significantly lower risk to be diagnosed
as PD, while subjects with higher values of TXNIP (aOR:
1.123, 95% CI: 1.075-1.173), CASP1 (aOR: 1.204, 95% CI:
1.122-1.291), IL-1P (1.352, 95% CI: 1.210-1.512), NLRP3
(aOR: 1.036, 95% CI: 1.022-1.050), FINS (aOR: 1.747, 95%
CL: 1.427-2.138) and HOMA-IR (aOR: 262.330, 95% CI:
1.863-999.99) had significantly higher risk in PD subgroup.
The results of univariate analysis and multivariate ana-
lysis revealed that subjects with higher values of TRX,
HOMA-B, and 25(OH)D had a significantly lower risk
inT2D subgroup while subjects with higher values of
TXNIP, CASP1, IL-13, NLRP3, FINS, and HOMA-IR
had a significantly higher risk to be diagnosed as T2D.
After adjusted BMI, TG:HDL and UA, subjects with
higher values of TRX (aOR: 0.912, 95% CI: 0.877-0.948),
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Table | Characteristics of Three Subgroups in This Study

Term Total NGT P-value PD P-value PD T2D
NGT vs PD vs T2D

Baseline characteristics

Case 207 36 141 30

Age (years)® 46.22+6.97 45.11+6.17 0.4513 46.11£7.33 0.1736 48.07+5.95
BMI (kg/m?)* 25.06+3.48 23.43+3.08 0.0039* 25.28+3.47 0.3573 25.93+3.47
SBP (mmHg)* 127.10£17.76 124.17+14.28 0.2102 127.99+16.76 0.7406 126.40+24.97
DBP (mmHg)* 76.12+15.04 73.25+18.87 0.2745 76.48+14.87 0.5238 77.87+9.71
WHR (cm/cm)? 0.90+0.12 0.90+0.19 0.9449 0.89+0.06 0.1114 0.95+0.18

Hematology Examination

FBG (mg/dI)* 116.39+30.40 90.48+7.17 <0.0001* 111.256.21 <0.0001* 171.65+46.85
TG (mmol/L)* 2.55£2.51 1.811.12 0.0048* 2.51+1.84 0.2323 3.64+4.99
CHOL (mmol/L)* 4.90+£0.96 4.68+0.90 0.1357 4.95+0.99 0.7655 4.90+0.85
LDL (mmol/L)? 2.60+0.65 2.37+0.73 0.0276* 2.64+0.64 08111 2.67+0.53
HDL (mmol/L)? 1.41£0.45 1.73£0.53 <0.0001* 1.37+£0.42 0.1737 1.25+0.34
TG:HDL? 2.38+6.11 1.25%1.09 0.0009* 2.06+1.79 0.2759 5.20+15.44
UA (umol/L)* 324.63+89.06 287.86+73.04 0.005I* 335.75+94.08 0.2999 316.84+69.80

Metabolic parameters

TRX (pg/mL)* 237.5351.80 303.29+53.69 <0.0001* 235.65+28.50 <0.0001* 167.48+34.67
TXNIP (ng/mL) * 138.05+30.24 96.74126.12 <0.0001* 139.2315.18 <0.0001* 183.03+18.49
CASPI (pg/mlL) * 60.99+12.37 48.29%10.16 <0.0001* 59.98+7.21 <0.000 1% 80.9949.59
IL-1p (pg/mL) * 43.98410.55 31.5348.16 <0.0001* 43.7315.79 <0.000 1% 60.0629.42
NLRP3 (pg/mL) * 446.29+100.73 315.00+84.22 <0.0001* 449.60+54.6 <0.000 1% 588.30+82.48
FINS (wlU/mL) * 24.75+4.58 20.04+3.22 <0.0001* 24.30£2.62 <0.0001* 32.54£3.50
HOMA-IR® 6.61 (2.95,22.91) 437 (2.95, 5.62) <0.0001* 661 (5.01,891) <0.0001% 12.31 (9.12, 22.91)
HOMA.-p ® 181.97 (44.67, 707.95) | 251.26 (154.88, 707.95) | <0.0001* | 181.97 (117.49,251.19) | <0.0001* | 13033 (44.57, 218.78)
25(0H)D (ng/mL) * 23.93£5.15 30.36£5.2 <0.0001* 23.81£2.82 <0.0001* 16.78+3.59

Notes: *Independent t-test, "median (min, max), Mann—-Whitney test, *statistically significant values (P<0.05).

Abbreviations: BMI, body mass index; SBP and DBP, systolic and diastolic blood pressure, respectively; WHR, waist to hip ratio; FBG, fasting blood glucose; TG,
triglyceride; CHOL, total cholesterol; LDL and HDL, low-density and high-density lipoprotein, respectively; UA, uric acid; TRX, thioredoxin; TXNIP, thioredoxin-interacting
protein; CASPI, CASP; IL- 1B, interleukin-1f; NLRP3, The NOD-like receptor (NLR) family, pyrin domain-containing 3; FINS, fasting serum insulin; HOMA-IR and HOMA-,
homeostasis model assessment of insulin resistance and B-cell function, respectively; NGT, normal glucose tolerance; PD, prediabetes; T2D, type 2 diabetes.

Table 2 Univariable and Multivariate Logistic Regression in Metabolic Parameters of NGT vs PD and PD vs T2D

NGT vs PD (ref=NGT) PD vs T2D (ref=PD)

Univariate OR (95% CI) Adjusted OR (95% CI) Univariate OR (95% CI) Adjusted OR (95% CI)
TRX (pg/mL) 0.950 (0.932-0.968) 0.945 (0.926-0.966) 0.923 (0.895-0.952) 0.912 (0.877-0.948)
TXNIP (ng/mL) 1.129 (1.081-1.179) 1.123 (1.075-1.173) 1.185 (1.109-1.266) 1.208 (1.114-1.310)
CASPI (pg/mL) 1.208 (1.127-1.294) 1.204 (1.122-1.291) 1.368 (1.216—1.540) 1.407 (1.223-1.618)
IL-1B (pg/mL) 1.332 (1.206-1.471) 1.352 (1.210-1.512) 1.444 (1.256-1.661) 1.567 (1.293-1.899)
NLRP3 (pg/mL) 1.032 (1.021-1.044) 1.036 (1.022-1.050) 1.038 (1.023-1.053) 1.039 (1.023-1.055)
FINS (plU/mL) 1.763 (1.447-2.148) 1.747 (1.427-2.138) 4.183 (2.166-8.075) 5.747 (2.232-14.796)
HOMA-IR? 244.293 (18.637-999.99) 262.330 (16.863-999.99) >999.99 (0.001-999.99) >999.99 (0.023-999.99)
HOMA-B* 0.960 (0.945-0.975) 0.961 (0.945-0.976) 0.948 (0.929-0.967) 0.947 (0.927-0.967)
25(OH)D (ng/mL) 0.588 (0.486-0.712) 0.543 (0.430-0.685) 0.462 (0.344-0.619) 0.434 (0.309-0.609)

Note: *Adjusted for BMI, TG:HDL, and UA.

HOMA-B (aOR: 0.947, 95% CI: 0.927-0.967) and 25(0OH)  values of TXNIP (aOR: 1.208, 95% CI: 1.114-1.310),
D (aOR: 0.434, 95% CI: 0.309-0.609) had significantly = CASP1 (aOR: 1.407, 95% CI: 1.223-1.618), IL-1B
lower risk to be diagnosed as while subjects with higher (aOR: 1.567, 95% CI: 1.293-1.899), NLRP3 (aOR:
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1.039, 95% CI: 1.023-1.055), FINS (aOR: 5.747, 95% CI:
2.232-14.796) and HOMA-IR (aOR: >999.99, 95% CI:
0.023-999.99) has significantly higher risk in T2D sub-
group (Table 2).

The sensitivity, specificity, AUC, and cut-off values of
each biochemical parameter for distinguishing PD from
NGT subgroup or T2D from PD subgroup are shown in
Table 3. The ROC curve was calculated to obtain the
optimal cut-off values of TRX, TXNIP, CASP1, IL-1,
NLRP3, FINS, HOMA-IR, HOMA-p, and 25(OH)D. In
NGT vs PD subgroup, HOMA-IR showed a highest AUC
value, sensitivity, and specificity (AUC: 0.9864, 95% CI:
0.9742-0.9986, 90.78%, and 97.22%), and TXNIP (AUC:
0.9810, 95% CI: 0.8524-0.9839, 91.49%, 83.33%) has
a second higher AUC curve among the other parameters.
In the PD vs T2D subgroup, all the metabolic parameters
could distinguish these two subgroups. HOMA-IR
(AUC=1.000, 95% CI: 1.000-1.000, 100%, and 100%)
still showed the highest AUC value, sensitivity, and spe-
cificity, and FINS (AUC=0.9872, 95% CI: 0.9753-0.9992,
100%, 92.91%) has a second higher AUC curve rather
than the other parameters.

Discussion

This study analyzed the FBG levels in people with normal
glucose levels, PD, and T2D. The results showed
a particular trend of metabolic parameters connecting
with FBG. With the increase in FBG, TXNIP, CASPI,
IL-1B, NLRP3, FINS, and HOMA-IR increased signifi-
cantly. HOMA-IR and FINS showed a significantly higher
aOR in T2D vs PD, revealing their potential to be the risk
factors for early T2D. Chronic low-grade inflammation is
an essential factor leading to the development of T2D.”
The levels of 25(OH)D, TXNIP, and other chronic

inflammation-related factors were included in our study
to explore those factors as a potential predictor in the
early development of T2D. TRX, HOMA-f, and 25(OH)
D decreased significantly with the increase in FBG. The
lowest aOR in T2D vs PD was observed in 25(OH)D,
which might reveal its protective role for the early devel-
opment of T2D.

The models developed from anthropometric data, fast-
ing laboratory values, an oral glucose tolerance test
(OGTT), and information on co-morbidities and lifestyle
habits showed better AUC values (0.83, 0.87, and 0.9)
than the conventional predictor such as the Finnish
Diabetes Risk Score (FINDRISC)* and Framingham risk
scores® (0.8 and 0.75) for predicting the T2D.** In this
study, relatively higher AUC values of HOMA-IR
(0.9864) and TXNIP (0.9810) in the T2D vs PD and
HOMA-IR (1.0000) and FIN (0.9872) in the PD vs T2D
was observed (Table 3). However, due to the extremely
large 95% CI of aOR from HOMA-IR’s, FINS and TXNIP
could have more reliability to be diagnostic factors of
early T2D than HOMA-IR.

Vitamin D deficiency is prevalent in patients with T2D
and can stimulate insulin secretion from pancreatic -cells
by increasing receptor expression to improve pancreatic f3-
cell function in populations at a high risk of diabetes,
improving insulin resistance.'*'* Supplementation of
Vitamin D was shown in several clinical trials, increasing
serum 25(OH)D,
resistance.'’> The results of this study suggest that, in

and effectively reducing insulin
the early stage of T2D, vitamin D deficiency may occur
when the FBG level is >100.8 mg/dl. 25(OH)D deficiency
aggravates insulin resistance, induces excessive compen-
satory insulin secretion, and leads to further impairment of

islet B-cell function. Therefore, serum 25(OH)D might

Table 3 ROC Curve-Derived Values of NGT vs PD and PD vs T2D Group

NGT vs PD PD vs T2D
AUC Sensitivity/ Cut-Off * AUC Sensitivity/ Cut-Off ®
Specificity Specificity
TRX 0.8701 (0.7986-0.9416) 90.78%/69.44% 305.80 0.9387 (0.8971-0.9802) 93.33%/78.01% 157.16
TXNIP 0.9810 (0.8524-0.9839) 91.49%/83.33% 119.27 0.9710 (0.9488-0.9933) 100.00%/84.40% 155.99
CASPI 0.8176 (0.7311-0.9040) 83.69%/69.44% 52.64 0.9668 (0.9414-0.9921) 93.33%/85.82% 68.69
NLRP3 0.9034 (0.8384-0.9683) 95.04%/75.00% 37243 0.9249 (0.8750-0.9749) 73.33%/95.74% 539.58
FINS 0.8531 (0.7704-0.9358) 80.85%/77.78% 21.78 0.9872 (0.9753-0.9992) 100.00%/92.91% 28.10
HOMA-IR | 0.9864 (0.9742-0.9986) 90.78%/97.22% 5.62 1.000 (1.000-1.000) 100.00%/100.00% 9.12
HOMA-B | 0.8584 (0.7796-0.9371) 78.72%77.78% 286.45 0.8758 (0.8039-0.9476) 80.00%/78.72% 100.13
25(OH)D | 0.8688 (0.7988-0.9388) 94.33%/63.89% 30.14 0.9376 (0.8950-0.9802) 76.67%/95.04% 17.68
Note: *Calculated by Youden index (=Sensitivity + Specificity — ).
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play a vital role in early islet B-cell function damage in
T2D. Vitamin D has been reported to increase TXNIP
1,25-
dihydroxyvitamin D3 ex vivo in cells.'* In this study, PD

expression, and TXNIP expression increases
and T2D patients at initial diagnosis showed that vitamin
D was significantly reduced, while TXNIP was signifi-
cantly increased. Vitamin D was negatively correlated
with TXNIP, a result that is not following previous studies.
A previous study'® showed that, in patients with T2D,
vitamin D was reduced, and TXNIP did not differ from
those with normal blood glucose levels, and vitamin D was
positively correlated with TXNIP. This result may be
explained by the fact that, in these studies, patients with
T2D were on metformin treatment,”*>® and TXNIP may
change when blood glucose control and insulin resistance
are improved by drug treatment. Therefore, it was
hypothesized that when the FBG level is >100.8 mg/dl,
the abnormal expression of TXNIP is initiated, which
activates the TXNIP/NLRP3 chronic inflammatory path-
way and influences the cholesterol metabolism pathway
related to 25(OH)D metabolism, resulting in the abnormal
synthesis of 25(OH)D. Further study should be verified
with the mechanism of vitamin D metabolism during
abnormal glucose metabolism initiation.

TXNIP, a potential cause of B-cell dysfunction,?® is an
essential regulator of activation of NLRP3 inflammatory
bodies.>** TXNIP can mediate oxidative stress through
physiological or pathological inhibition of TRX expression
and can also directly activate the inflammatory process,
inhibit glucose uptake and participate in the development
of insulin resistance, diabetes, and other diseases.”>?7-2%3%33

Studies in isolated human islet cells have found that
TXNIP significantly upregulated gene expression under
high glucose conditions,*® while hyperglycemia can lead
to the production of reactive oxygen species (ROS).>’
ROS, in turn, triggers TXNIP, and TRX dissociation pro-
duces “free” TXNIP and activates NLRP3 inflammatory
bodies as well as a series of related inflammatory
processes,’> which accelerates B-cell damage. Insulin and
glucose have an inter modulatory effect on TXNIP, which
is not a simple glucose regulation but focuses on the

4
pI'OCGSS.3

complete  insulin  receptor  signaling
Additionally, hyperglycemia causes activation of the
TXNIP/NLRP3 pathway;*® fatty acids in the bodily tissue
can also enhance TXNIP expression.>

Although the compensatory FINS secretion increases,
abnormal insulin receptor signaling might occur as well.

Under the influence of multiple factors, blood glucose

levels deteriorate, and TXNIP might be activated.
Subsequent activation of the TXNIP/NLRP3 inflammatory
vesicle pathway and aggravation of oxidative stress might
further aggravate the insulin B-cell dysfunction. A study
has shown that increased tissue glucose concentrations can
initiate the carbohydrate-response element-binding protein
on the TXNIP gene promoter, increase TXNIP expression,
TXNIP
stimulation.”® TXNIP in patients with impaired glucose

and promote synthesis by physiological
regulation increases; high blood levels of glucose and
endoplasmic reticulum stress also contribute to TXNIP
activation, and TXNIP overexpression increases the rate
of apoptosis in pancreatic B-cells and impairs glucose
metabolism.**** Combining with the evidence of previous
studies and higher AUC value of TXNIP in the T2D vs PD
in this study, TXNIP might be an inflammatory marker of
impaired B-cell function in the early stage of T2D.

Several limitations were indicated in this study. Firstly,
the diagnostic criteria of cases were only based on FBG
levels, which might cause the misclassification of cases in
this study. Secondly, the highly unequal numbers among
these three groups and relatively smaller NGT subgroup
might cause a heteroscedastic problem during analysis.
Thirdly, the physiological effects of TXNIP are produced
intracellularly, but only the TXNIP outside the cells was
estimated in this study. Fourthly, this study reflects only
serum level changes of 25(OH)D and other metabolic
parameters and lacks other evidence. Finally, it is unclear
whether the serum TXNIP concentration is related to -
cell function in T2D. Therefore, further studies are needed
to evaluate and avoid the above limitations.

In conclusion, based on the FBG >100.8 mg/dl, the
that 25(OH)D might be
a protective factor in the early development of T2D.
TXNIP and FINS showed the highest AUC value under
reliable CI can distinguish PD and T2D patients, respec-
tively. Therefore, the combination of TXNIP and FINS
might be potentially the diagnostic indicators for the

results provide evidence

early development of PD and T2D patients.
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