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Background: The nucleobindin 2 (NUCB2) gene encodes the NUCB2 protein, which plays a critical role 
in glucose metabolism and diabetes. This study explored the correlation between NUCB2 genetic variants 
and type 2 diabetes mellitus (T2DM). The study further examined the different NUCB2 variants that confer 
risk to T2DM in Chinese Han populations.
Methods: This study evaluated the anthropometric and glycemic profiles of 578 T2DM patients and 1,609 
healthy controls. Subsequently, we genotyped five single nucleotide polymorphisms (SNPs) (rs10832756, 
rs1330, rs10766383, rs10832757, and rs11024251) in all the study participants using a Sequenom Mass 
ARRAY SNP genotyping platform. 
Results: The distribution of polymorphisms was significantly different between the T2DM patients and 
healthy controls. Our logistic regression analysis results showed that the five NUCB2 SNPs are significantly 
correlated with the risk for T2DM, especially rs11024251(P=2.97×10−6). Interestingly, analysis of male 
and female sub-populations separately showed that only two of the SNPs (rs10832757 and rs11024251) 
have significant correlation to T2DM in males [P=0.0244, odds ratio (OR) 1.28 and P=0.0062, OR 1.35, 
respectively). In females however, we identified four significant SNPs (rs1330, rs10766383, rs10832757, and 
rs11024251; P<0.05, OR 1.31–1.42). Furthermore, we found that rs1330 is associated with body mass index 
of female subpopulation only (P=0.0174, β =0.0060).
Conclusions: NUCB2 polymorphisms could have a pivotal role in the presence of T2DM. Sex-specific 
SNPs of NUCB2 could account for the differences in clinical features of T2DM between male and female 
subpopulations. Nevertheless, our results should be replicated using larger sample sizes, and experimental 
investigations are needed to elucidate the molecular mechanisms of the associations observed in this study.
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Introduction

Type 2 diabetes mellitus (T2DM) is a prevalent complex 
metabolic disorder that is triggered by the combination of 
strong genetic predisposition and environmental factors. 
Notably, numerous genetic association studies have been 
conducted, and more than 200 genetic loci for T2DM 
identified within the last decade (1). However, these studies 
have not fully explained the heritability of T2DM, and this 
subject remains to be further elucidated.

The nucleobindin 2 (NUCB2) is a polypeptide composed 
of 396 amino acid and is a precursor of nesfatin-1, nesfatin-2 
and nesfatin-3, spanning residues 1–82, 85–163 and 85–163, 
respectively (2). An initial study proposed that among the 
three peptides, only nesfatin-1 is a physiologic modulator 
of satiety. It was shown that intracerebroventricular 
injection of rats with nesfatin-1 suppresses food intake, 
whereas injection with nesfatin-1 neutralizing antibody 
significantly stimulates appetite (2). Subsequently, 
the anorexigenic effects of nesfatin-1 were confirmed 
in further studies (3-6). Nevertheless, Ravussin et al.  
revealed that loss or knockdown of NUCB2 in orexigenic 
neurons does not affect food intake or adiposity, whereas 
the loss of NUCB2 in myeloid cells mediates insulin 
resistance in response to high-fat diet (7). In addition to, the 
central nervous system (CNS), NUCB2 mRNA was detected 
in peripheral tissues, including the adipocytes, gastric 
endocrine cells, and islet cells (8,9). Notably, NUCB2 is 
selectively expressed in pancreatic islet beta cells (10,11) and 
may play a role in glucose homeostasis, as has been shown 
in in vivo and in in vitro studies. Using mouse isolated islets 
and MIN6 cells, Nakata et al. (12) showed that nesfatin-1 
significantly enhanced glucose-stimulated insulin secretion 
in vitro. The induction mechanism could be related to 
promoting Ca2+ influx through L-type Ca2+ channels 
independent of protein kinase A (PKA) and phospholipase 
A2 (PLA2) in mice islet beta cells. Moreover, intravenous 
injection with nesfatin-1 significantly reduces blood glucose 
in hyperglycemic db/db mice (13). A recent study showed 
that beta-cell-specific NUCB2 knockout mice exhibited 
late-onset elevation of casual blood glucose, elevated blood 
glucose and lowered insulin secretion in glucose tolerance 
test (14). Besides, intracellular NUCB2 mRNA levels and 
protein synthesis or release in the pancreatic beta cells 
are dynamically regulated by glucose levels. In vitro, the 
expression of human islet NUCB2 mRNA is upregulated 
under gluco-lipotoxic conditions, and is down-regulated in 
T2DM patients compared to controls (11). Similarly, mRNA 

and protein expression is significantly reduced in the islets 
of Goto-Kakizaki (GK) rats, a model of type 2 diabetes (8).  
It has also been shown that fasting plasma nesfatin-1 
levels are significantly reduced in T2DM (15-17), whereas 
plasma nesfatin-1 in type 1 diabetic patients was unchanged 
compared with healthy individuals (17). Accordingly, the 
concentrations of nesfatin-1 in the serum and milk of 
gestational diabetic lactating women is lower than that of 
control participants (18). It was shown that nesfatin-1 could 
be a potential novel biomarker for the prediction and early 
diagnosis of gestational diabetes mellitus (19). As revealed in 
the findings of a systematic review and meta-analysis, there 
is a relationship between circulating nesfatin-1 levels and 
type 2 diabetes (20). The evidence presented in this section 
suggests the possible role of nesfatin-1 in the pathogenesis 
of T2DM.

Zegers et al. (21) explored the effects of NUCB2 
polymorphisms on 1049 obese Caucasian patients and 315 
normal-weight controls. The study found an association 
between obesity and three NUCB2 single nucleotide 
polymorphisms (SNPs) (rs1330, rs214101, and rs757081), 
only when data from the male subpopulation was analyzed 
separately. A recent study demonstrated the correlation 
between the rs757081 variant of the NUCB2 gene and 
childhood adiposity in a cohort of severely obese Chinese 
children in Singapore and non-obese Chinese children 
from Da Qing, China (22). Besides, Wang et al. (23) found 
that rs757081 in NUCB2 was associated with the risk 
for developing T2DM in the Chinese Han population. 
Consequently, the present study hypothesized that NUCB2 
polymorphisms could be associated with the risk for 
T2DM. We used a cohort of 578 T2DM patients and 1,609 
healthy controls to evaluate the contribution of NUCB2 
polymorphisms to the development of T2DM. 

Methods 

Study subjects

A case-control study approach was adopted to obtain an 
in-depth understanding of the heritability of T2DM. 
Our sample population consisted of 578 T2DM patients 
and 1,609 non-diabetic healthy controls. None of the 
participants were genetically related to each other. The 
primary diagnostic criteria for patients with T2DM were 
either a fasting plasma glucose level ≥7.0 mmol/L or a 
2-h postprandial plasma glucose level ≥11.1 mmol/L. The 
study also recruited patients who had a clinical history of 
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T2DM and were on anti-diabetic treatments such as oral 
hypoglycemic treatments or parental insulin. Patients 
with type 1 diabetes mellitus were, however, excluded. 
All participants were Chinese Han population. Before 
undertaking the study, ethical approval was obtained from 
the hospital Ethics Board and written informed consent was 
obtained from each patient. A detailed description of the 
study and control population characteristics is presented in 
Table 1. 

Anthropometric and clinical measurements

Anthropometric measurements, including height and 
weight, were taken using standard procedures. The body 
mass index (BMI) was calculated using the formula: BMI 
= kg/m2, where Kg is the weight in kilograms, while m2 
is a square of the height in meters. Plasma samples were 
collected following a 12-h overnight fast, and glucose 
levels were assessed on an automatic enzymatic analyzer. 
The glycohemoglobin (HbA1c) test was done following a 
standard procedure.

SNP selection, genotyping, and quality control (QC) filters

We selected SNPs according to the following procedures. 
First, NUCB2 SNPs and genotypes were identified from 
the HapMap-HCB. Second, the linkage disequilibrium 
(LD) between SNPs was calculated using Genome 
Variation Server 138, and all of the monomorphic sites were 
filtered. A null allele frequency >5% and a standard LD 
threshold of r2 >0.80 were used to select five candidate tag 
SNPs (rs10832756, rs1330, rs10766383, rs10832757, and 
rs11024251) based on previous genetic studies (21,24).

Subsequently, the following QC filters were applied to 
eliminate low quality SNPs and samples before analysis. 
The same QC parameters were applied to both scans and 
excluded SNPs with (I) a missing call rate ≥2%; (II) >1 

discordance; (III) significant deviations from the Hardy-
Weinberg equilibrium (HWE) (P<0.001); (IV) a minor 
allele frequency <1%. All SNPs (rs10832756, rs1330, 
rs10766383, rs10832757, and rs11024251) passed the QC 
criteria and were included in the analysis.

The concentration and quality of genomic DNA 
extracted from whole blood were assessed by resolution on 
a 1.5% agarose gel. SNP genotyping was performed on the 
MassARRAY system, as described by Elis et al. (25).

Statistical analysis

Baseline clinical data are presented as mean ± standard 
deviation (SD). Non-normally distributed data were 
subjected to a log transformation before statistical testing. 
The value differences between the T2DM and control 
groups were compared using an independent samples t-test 
or chi-squared test. For each SNP, HWE was calculated in 
the control group; all SNPs were in HWE. Independent 
risk factors for developing T2DM were identified by 
logistic regression analysis. Linear regression analysis was 
used to determine whether the variants influenced BMI. 
Statistical was performed by the SPSS software version 
22.0 (IBM Corp., Armonk, NY, USA), and a P value <0.05 
was considered statistically significant. LD was assessed 
by calculating r2 using Haploview v.4.2 (Broad Institute, 
Cambridge, MA, USA). The Quanto software version 1.2.4 
was used for power calculations in genome-wide association 
studies (GWAS). Association analysis for the genotypes of 
the five identified SNPs was performed using the PLINK 
software v.1.07 (26).

Results

Baseline clinical characteristics

The anthropometric and biochemical characteristics 
of the participants are detailed in Table 1. Statistically 
significant (P<0.05) differences in the age, gender, and BMI 
of participants in the two groups were noted. Thus, all P 
values were age- or gender-adjusted before analysis.

Characteristics of the SNPs

The position, risk allele frequency (RAF), and HWE 
characteristics of the SNPs are presented in Table 2. 
Genotype distribution in both the case and control 
groups conformed to HWE. The LD patterns of the 

Table 1 Clinical characteristics of T2DM patients compared with 
control subjects

Characteristics
T2DM group  

(n=578)
Control group 

(n=1,609)

Age (year) 56.36±15.82 45.15±9.78

Gender (male/female) 361/217 398/1,211

BMI (kg/m
2
) 25.28±4.05 22.34±2.29

T2DM, type 2 diabetes mellitus; BMI, body mass index. 
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SNPs were assessed in the sample populations using 
r2 values (Figure 1). The SNP rs1330 was in weak LD 
with all the other four SNPs (rs10832756, rs10766383, 
rs10832757, and rs11024251). SNP rs1330 was in high 
linkage with rs757081(r2 >0.8), which is the only SNP 
previously reported to be linked to diabetes in Chinese Han 
populations. 

Association of 5 SNPs with T2DM

The allele frequencies of NUCB2 polymorphisms are shown 
in Table 3. Our results of Fisher’s exact test indicate that 
SNPs rs10832756 [odds ratio (OR) 1.23, 95% confidence 
interval (CI) 1.08–1.42, P=0.0029], rs1330 (OR 1.27, 95% 
CI: 1.11–1.46, P=0.0007), rs10766383 (OR 1.29, 95% CI: 
1.12–1.47, P=0.0003), rs10832757 (OR 1.31, 95% CI: 
1.15–1.50, P=0.0001), and rs11024251 (OR 1.39, 95% CI: 
1.21–1.59, P=2.97×10−6) are associated with an increased 
risk of developing T2DM (Table 3). We analyzed the 5 
SNPs via two-locus logistic regression analyses. The SNP 
rs11024251 was entered individually into the regression 
model as the best NUCB2 marker, and all other markers 
were sequentially added to assess whether a second locus 
could improve the model. Further, we tested the regression 
model as conditional on each of the five loci individually 
and added the test locus. As shown in Table 4, all the 
markers could be improved by adding SNP rs11024251. 
The genotype distributions of the five SNPs in the control 
group and T2DM patients are shown in Table 5. We found 
that the AA genotypes of rs10832756 and rs10832757, 
the CC genotype of rs1330, and the TT genotypes of 
rs10766383 and rs11024251 were associated with an 
increased risk for diabetes (P<0.05). These findings suggest 
that both allele frequencies and genotype distributions of 

NUCB2 polymorphisms are significantly different between 
the two groups.

Sex dimorphism in the associations of 5 SNPs with T2DM

Our logistic regression analysis (adjusted for age and 
gender) results showed that all the five SNPs are associated 
with T2DM (Table 6). Analysis of the data for males and 
females separately, however, showed that only two SNPs 
(rs10832757 and rs11024251) are associated with T2DM 
in the male population (361 cases vs. 398 controls) and four 
SNPs (rs1330, rs10766383, rs10832757, and rs11024251) 
are associated with T2DM in the female population (217 
cases vs. 1,211 controls; Table 6). These findings, therefore, 
suggest that the NUCB2 SNPs related to the risk for T2DM 
are different between males and females.

Linear regression analysis on BMI

This study further developed a linear regression model to 
evaluate the effect of the NUCB2 variants on T2DM-related 
parameters. Although our results showed that different 
genotypes of the five SNPs are not significantly associated 
with BMI, we found that the SNP rs1330 is significantly 
associated with BMI in female patients (Table 7).

Discussion

This case-control study of 578 T2DM patients and 1,609 
healthy controls involved five NUCB2 SNPs and identified 
an association between polymorphisms in the NUCB2 
gene and an increased risk for type 2 diabetes in Chinese 
populations. All the five SNPs were associated with an 
increased risk of developing T2DM at different statistical 

Table 2 Main characteristics of the five SNPs

SNP ID Chr. Position Alleles
RAF

HWE
Cases (n=579) Controls (n=1,609)

rs10832756 11:17314345 Intron A/T 0.42 0.37 0.39

rs1330 11:17316029 Intron C/T 0.64 0.59 0.40

rs10766383 11:17329798 Intron T/G 0.48 0.41 0.43

rs10832757 11:17336331 Intron A/G 0.51 0.44 0.46

rs11024251 11:17336411 Intron T/C 0.50 0.42 0.44

SNP, single nucleotide polymorphism; Chr., Chromosome; RAF, risk allele frequency; HWE, Hardy-Weinberg equilibrium. 
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differences. The SNP rs11024251 showed the highest 
susceptibility to T2DM since it improved models with any 
of the other SNPs and had the lowest P-value among all the 
NUCB2 SNPs. Notably, our logistic and linear regression 

analyses result for the entire population, and male and 
female subpopulations separately suggested that NUCB2 
SNPs associated with the risk for T2DM have gender 
disparity.

Table 3 Allele frequencies of NUCB2 polymorphisms

SNP ID Risk allele T2DM (%) Controls (%) P value OR (95% CI)

rs10832756 A 480 (42.3) 1,182 (37.2) 0.0029 1.23 (1.08–1.42)

rs1330 C 742 (64.5) 1,893 (58.8) 0.0007 1.27 (1.11–1.46)

rs10766383 T 550 (47.8) 1,339 (41.6) 0.0003 1.29 (1.12–1.47)

rs10832757 A 582 (50.7) 1,413 (43.9) 0.0001 1.31 (1.15–1.50)

rs11024251 T 577 (50.3) 1,287 (42.2) 2.97×10
−6

1.39 (1.21–1.59)

SNP, single nucleotide polymorphism; OR, odds ratio; 95% CI, 95% confidence interval.

Figure 1 LD structure of 5 SNPs and rs757081 in total population. The linkage disequilibrium (LD) regions of the five SNPs in NUCB2 
were analyzed with Haploview software in total populations. The numbers indicate the r2 values between the corresponding two SNPs. The 
color of each SNP block reflects its r2, ranging from black to white. SNP, single nucleotide polymorphism.
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Nesfatin-1, an 82-amino acid peptide derived from 
the post-translational processing of NUCB2, was initially 
reported by Oh-I et al. in 2006 (2). Accumulating evidence 
has revealed that NUCB2 is not only a novel satiety factor 
widely expressed in the CNS but is also expressed in 
peripheral tissues where it regulates glucose and energy 
metabolism. Recently, it has been reported that infusion 
of nesfatin-1 into the third cerebral ventricle markedly 
promotes muscle glucose uptake, inhibits hepatic glucose 
production, and inhibits hepatic phosphoenolpyruvate 
carboxykinase (PEPCK) mRNA and protein. This infusion 
also inhibits enzymatic activity of PEPCK in control and 
diet-induced obese rats (27). Another study showed that 
insulin and high glucose levels activate paraventricular 
nucleus (PVN) nesfatin-1 and proopiomelanocortin 
(POMC) neurons (28), suggesting that nesfatin-1 neurons 
cooperate with melanocortin neurons in the regulation 
of glucose metabolism. Besides the extensive distribution 
in the CNS, NUCB2 is also expressed in the periphery, 
including the stomach, pancreas, testis, and adipose tissues 

(8,9,29). Indeed, NUCB2 is colocalized almost exclusively 
with insulin in the beta-cells of pancreatic islets (8,10,11). 
A recent study showed that beta-cell-specific NUCB2 
knockout mice have elevated blood glucose levels and 
reduced insulin secretion (14). Also, diabetic GK rats have 
lower NUCB2 protein levels in pancreatic islets compared 
to non-diabetic controls (8). Besides, plasma nesfatin-1 
concentrations and islet NUCB2 mRNA are significantly 
decreased in T2DM patients compared with healthy 
controls (11,17,30). These previous findings indicate that 
NUCB2 plays a significant role in the development of 
T2DM. Similarly, our results indicated that the five tag 
SNPs of NUCB2 are associated with an increased risk for 
T2DM. Thus, dysfunction of expression, secretion, and/or 
action of NUCB2 might be involved in the development and 
progression of T2DM.

The findings of previous studies report that NUCB2 
polymorphisms are associated with obesity in adults and 
children (21,22). It has been shown that SNPs rs1330, 
rs214101, and rs757081 are associated with BMI, weight, 
and fat-free mass in Caucasian males (21). The c.1012C>G 
polymorphism of the NUCB2 gene (rs757081) is correlated 
with childhood adiposity (22). However, the correlation 
between NUCB2 polymorphisms and the pathogenesis 
of T2DM is obscure. Recently, a study indicated that the 
NUCB2 SNP rs757081 is associated with a reduced risk of 
developing T2DM in a Chinese Han population (23), which 
provides evidence of the relationship between NUCB2 
polymorphisms and T2DM.

Elucidation of the genetic pathways that influence the 
risk to T2DM could provide a better understanding of 
the pathophysiology of the disease and identify possible 
pharmacologic targets for its treatment. Thus, we explored 
the association between NUCB2 polymorphisms and the 
development of T2DM in a Chinese Han population. 
Based on reports from previous genetic studies (21,24), we 

Table 4 Two-locus logistic regression analyses of SNP rs11024251 
in total population

SNP ID P value

Conditional on rs11024251

rs10832756 0.2983

rs1330 0.5029

rs10766383 0.0251*

Conditional on another SNP

rs10832756 0.0008*

rs1330 0.0079*

rs10766383 0.0005*

*, P value of less than 0.05. SNP, single nucleotide polymorphism.

Table 5 Genotype distributions of 5 SNPs in T2DM patients and controls

SNP ID T2DM (n=578) Controls (n=1,609) P 

rs10832756 AA: 100 (17.3) AT: 280 (48.4) TT: 188 (32.5) AA: 209 (13.0) AT: 764 (47.5) TT: 615 (38.2) 0.0096

rs1330 CC: 242 (41.9) CT: 258 (44.6) TT: 75 (13.0) CC: 554 (34.4) CT: 785 (48.8) TT: 270 (16.8) 0.0029

rs10766383 TT: 135 (23.4) TG: 280 (48.4) GG: 160 (27.7) TT: 269 (16.7) TG: 801 (49.8) GG: 539 (33.5) 0.0045

rs10832757 AA: 152 (26.3) AG: 278 (48.1) GG: 144 (24.9) AA: 309 (19.2) AG: 795 (49.4) GG: 505 (31.4) 0.0012

rs11024251 TT: 147 (25.4) TC: 283 (49.0) CC: 144 (24.9) TT: 270 (16.8) TC: 747 (46.4) CC: 509 (31.6) 0.0001

Data are presented as the n (frequency). T2DM, type 2 diabetes mellitus; SNP, single nucleotide polymorphism. 



Annals of Translational Medicine, Vol 8, No 6 March 2020 Page 7 of 9

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(6):290 | http://dx.doi.org/10.21037/atm.2020.03.02

investigated five candidate tag SNPs (rs10832756, rs1330, 
rs10766383, rs10832757, and rs11024251) of NUCB2.

First, we showed that 5 SNPs had significantly different 
allele frequencies (at a P=0.05) in T2DM patients and 
healthy controls; the SNP rs11024251 showed the strongest 
association. These results led us to further test a regression 
model composed of one SNP, then added each one of the 
remaining four SNPs in turn, then adding the testing locus. 
We found that the SNP rs11024251, as the best marker 
for NUCB2, improved the other SNPs in the regression 
model. Our findings indicate that the five NUCB2 SNPs are 
associated with an increased risk for T2DM. We, however, 
did not rule out the possibility that NUCB2 variants could 
be related to diabetes through effects on BMI because the 
BMI was significantly different between the control and 
diabetic groups. 

When the data for male and female subpopulations were 
separately analyzed, we identified two loci (including the 
SNP, rs1330 and the SNP, rs10766383) whose associations 
with T2DM were only evident in the female subgroup 
but were not significant (P>0.05) in males. In addition, 

we only found significant P values for the SNP rs1330, in 
association with the BMI in females. Similarly, a study by 
Zegers et al. in 2011 (21) observed a gender disparity in the 
NUCB2 polymorphisms associated with obesity.

At present, it is not clear why we observed different 
significant SNPs between different gender subgroups or 
why we only found an association between females and 
BMI. This observation could be explained by the different 
sex hormone levels in different genders. A previous study 
revealed a sex-specific regulation of nesfatin-1 with higher 
levels in females (31). An ex vivo experiment showed that the 
expression of NUCB2 mRNA in cultured pituitary glands 
is reduced by increasing concentrations of progesterone 
in culture media, but the opposite effect occurred with 
17b-estradiol (32). The testosterone changes were also 
associated with the initiation of puberty regulated by the 
production of NUCB2/nesfatin-1 via adipose tissue and 
NUCB2 gastric output (33). Another possible explanation 
for this gender disparity could be that variations in NUCB2 
could have sex-specific phenotypic effects in T2DM, 
as illuminated in several other diseases (34,35). But the 

Table 6 Logistic regression analysis in total population, male and female sub-populations separately

SNP ID
Total (n=2,187) Males (n=759) Females (n=1,428)

P OR (95%CI) P OR (95%CI) P OR (95%CI)

rs10832756 0.0096* 1.24 (1.05–1.46) 0.1039 1.20 (0.96–1.49) 0.0746 1.26 (0.98–1.61)

rs1330 0.0029* 1.27 (1.09–1.50) 0.0728 0.82 (0.67–1.02) 0.0078* 1.42 (1.10–1.83)

rs10766383 0.0045* 1.26 (1.07–1.48) 0.0960 1.20 (0.97–1.48) 0.0270* 1.32 (1.03–1.68)

rs10832757 0.0012* 1.30 (1.11–1.52) 0.0244* 1.28 (1.03–1.58) 0.0276* 1.31 (1.03–1.66)

rs11024251 0.0001* 1.37 (1.17–1.60) 0.0062* 1.35 (1.09–1.68) 0.0100* 1.38 (1.08–1.75)

The given P value were sex-age-adjusted in the total population, and age-adjusted in female or male subgroup. *, P<0.05. SNP, single 
nucleotide polymorphism; OR, odds ratio; 95% CI, 95% confidence interval.

Table 7 Linear regression of BMI on genotype in total, male and female sub-populations separately 

SNP ID
Total (n=1,177) Males (n=410) Females (n=767)

β P β P β P

rs10832756 −0.0001 0.9651 0.0013 0.7741 −0.0021 0.4069

rs1330 0.0030 0.2023 −0.0023 0.5957 0.0060 0.0174*

rs10766383 −0.0003 0.9065 −0.0001 0.9812 −0.0022 0.3832

rs10832757 0.0006 0.8070 0.0033 0.4462 −0.0022 0.3831

rs11024251 −0.0001 0.9616 0.0026 0.5558 −0.0022 0.4026

The given P-value were sex-age-adjusted in the total population, and age-adjusted in female or male subgroup. *, P<0.05. SNP, single 
nucleotide polymorphism; BMI, body mass index.
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hypothesis should be verified via large sample size studies in 
the future. Together, these data suggest that reproductive-
endocrine regulation may contribute to sex-specific 
regulation of NUCB2. However, the specific underlying 
mechanism remains to be established.

The findings presented in this study could somewhat be 
limited by the following. First, our study was conducted in 
a Chinese Han population, and caution should be exercised 
when extrapolating the data to other communities. Second, 
our sample size was relatively small, which may mask 
significant differences. Therefore, a higher sample size 
could provide more information in future studies. Our 
study did not explore all the concerns around the current 
subject, and further research should, therefore, determine 
whether any observed differences in genetic associations are 
influenced by sex in Chinese Han populations.

Conclusions

In the current study, we investigated whether the risk of 
T2DM in the Chinese Han population is linked to the five 
SNPs of NUCB2. We found that these SNPs of NUCB2 
play a significant role in the risk for T2DM, especially the 
SNP, rs11024251. Besides, we found the associated SNPs 
were different between males and females. Moreover, further 
research should explore the pathophysiological regulation of 
NUCB2 in the presence of T2DM. Future studies also need 
to determine the sex-specific influence of NUCB2 on the risk 
for T2DM, which might contribute to precise prevention 
and individual-tailored treatment for T2DM.
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