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The  International  Diabetes  Federation’s  most
recent data indicates that the prevalence of diabetes
worldwide is projected to rise to 12.2% by 2025, with
783  million  people  affected[1].  The  prevalence  of
diabetes  in  China  has  risen  from  9.3%  in  2011  to
13.04%  in  2021[1].  A  cross-sectional  study  in  China
showed  that  the  prevalence  of  diabetes  among
Tibetans  was  6.5%  and  it  was  6.3%  among  the  Hui
people  in  2018,  while  the  incidence  of  diabetes  in
the Inner Mongolia Autonomous Region was as high
as  19.9%,  ranking  first  in  the  country[2].  The
Mongolian  population  has  a  diet  structured  around
meat  and  milk,  supplemented  by  pasta,  rice  and
vegetables, and foods such as homemade yogurt and
bacon are often consumed.  Such a  unique diet  may
have  contributed  to  a  high  incidence  of  diabetes
among the Mongolian people.

Adipocytokines  are  bioactive  substances  that
are secreted by adipose tissue and frequently play
a  role  in  disorders  associated  with  obesity.
Adiponectin,  leptin,  and  other  adipocytokines  are
significantly  altered  in  obese  type  2  diabetes
mellitus  (T2DM)  patients.  The  adiponectin  gene
(ADIPOQ),  which is  located on chromosome 3Q27,
encodes the adipocytokine adiponectin. Vaspin is a
novel  adipocytokine  associated  with  obesity,
glucose  regulation,  and  insulin  resistance.  Serum
vaspin levels were found to be elevated in patients
with T2DM compared to healthy controls[3].  Leptin
is  a  hormone  that  is  mainly  secreted  by  fat  cells
and increased leptin levels have been linked to the
development  of  T2DM  and  insulin  resistance[4].
Additionally,  high  genetic  heterogeneity  is  a
characteristic  of  T2DM[2].  Previous  research

showed  that  T2DM  in  the  Mongolian  population
was correlated with polymorphisms in the ADIPOQ
and leptin receptor (LEPR) genes. In a study of Han
Chinese  people,  it  was  found  that  the  single
nucleotide  polymorphism  (SNP)  rs2236242  in  the
vaspin  gene  (VASPIN)  is  associated  with  obesity
and  T2DM[5].  Finding  the  genetic  and
environmental  causes of  T2DM and understanding
the  possible  etiology  behind  these  causes  may
inspire  fresh  approaches  in  the  treatment  and
prevention  of  the  disease.  However,  the
associations  of  SNPs  in  ADIPOQ,  adiponectin
receptor 2 gene (ADIPOR2), LEPR, and VASPIN with
environmental  factors  in  patients  with  T2DM
remain  to  be  fully  clarified.  The  purpose  of  this
study  was  to  ascertain  whether  environmental
variables, T2DM, and ADIPOQ, ADIPOR2, LEPR, and
VASPIN  SNPs  in  Mongolians  are  related.
Additionally,  gene-gene  and  gene-environment
interactions.

The  study  population  was  chosen  from
participants  in  a  preliminary  cross-sectional  survey.
Using  multistage  whole-cluster  random sampling  by
population  proportion,  we  conducted  on-site
epidemiologic surveys on the Mongolian populations
in Tongliao, Xilingole Union, and Hohhot, in the Inner
Mongolia  Autonomous  Region,  from  2018  to  2020,
and  the  current  study  focused  on  T2DM  patients
within  the  study  population.  Using  the  method  of
frequency  matching,  healthy  people  were  selected
as  a  control  group  in  the  cross-sectional  survey
population  based  on  the  condition  of  similar  age
ratio and sex ratio to the case group. The sample size
was  calculated  by  referring  to  the  case-control
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n =
(uα/ √ pq + uβ

√
p q + p q )(p − p )sample  size  formula:  ,

where α = 0.05, β = 0.1. A query of PubMed showed
that  in  the  SNPs  selected  for  study,  the  smallest
minimal  allele  frequency  is  the  SNP  locus  rs822393
of  ADIPOQ at  0.369,  which  gives P0  =  0.369  and  an
odds ratio (OR) = 1.84, from which the sample size is
calculated[6].  The  sample  size  for  this  case-control
study  was  calculated  as  231  cases  in  the  case  and
control groups, respectively. In the final analysis, 238
patients  with  T2DM  and  238  healthy  controls  were
included, with an age range of 26–80 years (57.20 ±
10.25)  in  the  case  group  and  27–80  years  [57.00
(13.00)]  in  the  control  group  (Figure  1).  All  subjects
signed  an  informed  consent  form  prior  to
enrollment.

The  questionnaires  covered  general
demographics,  family  history,  life  behavioral
patterns and other items.  Blood samples were used
to  measure  fasting  blood  glucose,  total  cholesterol
(TC),  triglycerides  (TG),  high-density  lipoprotein
cholesterol  (HDL-C),  and  low-density  lipoprotein
cholesterol  (LDL-C).  Serum  leptin  and  adiponectin
levels  were  measured  by  enzyme-linked
immunosorbent  assays  commissioned  by  SinoBest

Bio (Shanghai, China).
Genomic  DNA  was  isolated  from  the  blood

samples  using  a  Blood  Genome  DNA  Extraction
Kit  (TIANGEN  Bio  Company,  Beijing,  China),
following  the  manufacturer’s  instructions.  To  assess
the  quality,  DNA  concentrations  and  purity
were  measured  using  ultraviolet-visible
spectrophotometry  (NanoDrop  2000c
Spectrophotometer;  Thermo  Fisher  Scientific,
Wilmington,  DE,  USA),  with ultrapure water used as
a negative control.

By  adding  2,000  bp  to  the  3'  and  5'  ends  of  the
genes,  the  data  for  the  genes  were  retrieved  using
the  public  1,000  Genomes  database.  The  gene  Tag
SNPs were obtained by Haploview software (version
4.2;  Broad  Institute  of  MIT  and  Harvard)  by  setting
the  following  selection  criteria:  minimum  allele
frequency > 0.05 and linkage disequilibrium r2 > 0.8.
The  PubMed  database  was  searched  for  studies  on
ADIPOQ,  ADIPOR2,  LEPR,  and  VASPIN  gene
polymorphisms and T2DM. Combining the results of
the literature search, eight loci were screened in this
study,  including  ADIPOQ  (rs822396,  rs822393,
rs10937273),  ADIPOR2  (rs11061971),  LEPR
(rs2211651,  rs3790433,  rs12037879),  and  VASPIN
(rs2236242).

PCR  amplification  primers  and  multiple  single-
base  extension  primers  were  designed  by  Genesky
Biotechnologies  Inc.  (Shanghai,  China)  as  shown  in
Supplementary  Table  S1  (available  in  www.
besjournal.com),  and  multiple  high-temperature
ligase  detection  reaction  technology  was  used  for
genotyping  experiments.  The  collected  original  data
were  analyzed  by  GeneMapper  4.1  software
(Applied Biosystems, Foster City, CA, USA).

For this study, we used SPSS 25.0 software (IBM,
New  York,  NY,  USA)  to  conduct  the  statistical
analyses.  Values  of  P  <  0.05  were  considered
statistically  significant.  The  associations  between
genotype  frequency  and  loci  in  the  dominant  and
stealth  models  and  T2DM  were  evaluated  by
multiple  logistic  regression  analysis.  Haploview
software  was  used  to  determine  the  Hardy-
Weinberg  equilibrium  (HWE),  linkage  disequilibrium
(LD),  and  haplotype  of  the  gene  loci.  We  screened
the  best  gene-gene  and  gene-environment
interaction  patterns  by  generalized  multifactor
dimensionality  reduction  (GMDR).  The  optimal
model  with  maximum  cross-consistency  was
selected.

The  biochemical  and  basic  demographic
characteristics  of  the  238  patients  and  238  healthy
controls  are  shown  in  Table  1.  Compared  with  the
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Figure 1. The flowchart of the study sample.
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healthy controls, the T2DM patients had higher body
mass  index  (BMI),  waist-to-hip  ratio  (WHR),  fasting
blood  glucose,  TC,  TG,  systolic  blood  pressure,  and

diastolic blood pressure, but lower HDL-C (P < 0.05).
Patients  with  a  history  of  hypertension  and
hyperlipidemia and a family history of diabetes were

 

Table 1. General characteristics of the study subjects

Parameter Case (n = 238) Control (n = 238) z (χ2) P

Gender (male%) 122 (51.26) 121 (50.84) 0.218 0.975

Age (years) 57.23 ± 10.32 57.00 (13.00) −0.573 0.567

BMI1 (kg/m2) 28.06 (5.24) 25.09 (5.47) −7.349 < 0.001*

WHR2
0.93 (0.07) 0.89 (0.08) −6.286 < 0.001*

Fasting blood glucose (mmol/L) 6.70 (3.54) 5.31 (0.79) −10.424 < 0.001*

Total cholesterol (mmol/L) 4.26 (2.23) 4.01 (2.49) −2.061 0.044*

Triglyceride (mmol/L) 3.10 (3.43) 1.99 (3.51) −4.305 < 0.001*

HDL-C3 (mmol/L) 1.35 (0.51) 1.43 (0.50) −3.870 < 0.001*

LDL-C4 (mmol/L) 2.80 (1.13) 2.76 (1.00) −1.398 0.162

Uric Acid (μmol/L) 329.9 (125.43) 318.75 (126.73) −1.024 0.306

Systolic blood pressure (mmHg) 135.00 (26.00) 128.50 (27.00) −4.079 < 0.001*

Diastolic blood pressure (mmHg) 86.00 (16.00) 84.02 ± 12.35 −2.354 0.019*

Serum adiponectin (ng/mL) 58.80 (27.34) 58.20 (24.91) −0.185 0.853

Serum leptin (ng/mL) 11.72 (3.86) 11.66 (4.28) −0.237 0.813

Employment status (%) 175 (73.53) 186 (78.15) 1.387 0.239

History of hypertension (%) 145 (60.92) 85 (35.71) 30.286 < 0.001*

History of hyperlipidemia (%) 89 (37.39) 41 (17.23) 24.382 < 0.001*

Family history of diabetes mellitus (%) 53 (22.27) 33 (13.87) 5.617 0.017*

Degree of education (%)

　≤ Junior high school 196 (82.35) 205 (86.13) 1.282 0.258

　≥ Senior high school 42 (17.65) 33 (13.87)

Marital status (%)

　Bachelordom 5 (2.10) 3 (1.26) 0.574 0.750

　Get married /shack up 207 (86.97) 207 (87.97)

　Bereft of one’s spouse/divorce 26 (10.92) 28 (11.76)

Physical activity (%)

　High 48 (20.17) 52 (21.85) 1.659 0.436

　Middle 157 (65.97) 162 (68.07)

　Low 33 (13.87) 24 (10.08)

Smoke (%)

　Yes 71 (29.83) 71 (29.83) 0.000 1.000

　No 167 (70.17) 167 (70.17)

Drink (%)

　Yes 66 (27.73) 64 (26.89) 0.042 0.837

　No 172 (72.27) 174 (73.12)

　 　 Note. 1BMI,  body  mass  index;  2WHR,  waist-to-hip  ratio;  3HDL-C,  high-density  lipoprotein  cholesterol;
4LDL-C, low-density lipoprotein cholesterol. *Statistical significance was attributed as P < 0.05.
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more  frequent  in  the  patient  group  compared  with
the healthy control group (P < 0.05).

As shown in Supplementary Table S2 (available in
www.besjournal.com),  the  eight  SNPs  in  the  two
groups  basically  met  HWE  (P  >  0.05).  As  in
Supplementary  Table  S3  (available  in  www.
besjournal.com),  allele  frequencies  at  the  gene  loci
did  not  differ  statistically  significantly  between  the
two  groups  (P  >  0.05).  The  relationship  between
T2DM  and  the  SNPs  in  ADIPOQ,  VASPIN,  LEPR,  and
ADIPOR2 was examined using dominant and invisible
models  of  the  genes.  There  were  no  significant
relationships  between  the  genetic  patterns  and
T2DM  (Supplementary  Table  S4,  available  in  www.
besjournal.com).

The LD between rs3790433 and rs12037879 and
between  rs10937273,  rs822396,  and  rs822393  was
strong  in  the  two  groups  (Supplementary  Table  S5,
available  in  www.besjournal.com).  Haplotype
analysis  showed  that  the  ADIPOQ  rs10937273G-
rs822393C-rs822396G  haplotype  showed  a
significant  difference  between  the  two  groups  (P  <
0.05).  Furthermore,  this  haplotype  was  negatively
associated  with  T2DM,  with  an  OR  of  0.621
(0.394–0.979) (Supplementary Figure S1, available in
www.besjournal.com).

Environmental risk factors associated with T2DM
were  included  in  interaction  analysis  models  in

which  eight  SNP  loci,  BMI,  history  of  hypertension,
and  WHR  yielded  several  significant  interaction
models  associated  with  T2DM  (Table  2).  Regarding
the  gene-gene  interactions,  ADIPOQ  rs822393  and
VASPIN  rs2236242  (OR  =  2.412,  95%  confidence
interval  (CI)  =  1.372,  4.239,  P =  0.011),  and  LEPR
rs3790433  and  ADIPOR2  rs11061971  (OR  =  1.442,
95% CI  =  0.834,  2.491, P  =  0.011)  were  selected  as
the  optimal  interaction  models.  Other  significant
two-locus  models  indicated  potential  SNP-
environment  interactions.  The  optimal  interaction
models were rs12037879-hypertension (OR =  2.639,
95%  CI  =  1.519,  4.584,  P  =  0.001)  and  rs822396-
hypertension (OR = 2.615, 95% CI = 1.506, 4.541, P =
0.001).  The  gene-environment  interaction  analysis
also  showed  that  the  optimal  model  was  the
rs2236242-BMI  (OR  =  3.156,  95% CI  =  1.789,  5.569,
P  =  0.011)  interaction  model.  In  addition,  in  the
interaction  with  WHR,  the  optimal  model  was
rs822396-WHR  (OR  =  2.670,  95% CI  =  1.454,  4.905,
P = 0.011).

In the development of T2DM, genetic factors and
environmental  factors  often  have  mutual  effects  on
one  another.  Although  genetic  factors  cannot
directly  lead  to  the  occurrence  of  T2DM,  they  can
indirectly  affect  environmental  factors  and  thus
affect  the  development  of  T2DM[7].  GMDR  is  a
statistical  analysis  method  to  examine  gene-gene

 

Table 2. Gene-environment interaction models

Locus no Best combination Training Bal.Acc Testing Bal.Acc Cross-validation consistency P

SNP-SNP interaction rs822393 0.603 0.599 10/10 0.011*

rs2236242

rs3790433 0.544 0.539 10/10 0.011*

rs11061971

SNP-environment interaction Gene-hypertension interaction

rs822393-hypertension 0.618 0.617 9/10 0.001*

rs822396-hypertension 0.618 0.618 10/10 0.001*

rs2211651-hypertension 0.620 0.615 8/10 0.001*

rs3790433-hypertension 0.619 0.609 7/10 0.001*

rs12037879-hypertension 0.619 0.609 10/10 0.001*

Gene-BMI interaction

rs2236242-BMI 0.636 0.602 10/10 0.011*

rs822393-BMI 0.640 0.595 7/10 0.011*

Gene-WHR interaction

rs822396-WHR 0.601 0.593 10/10 0.011*

rs2236242-WHR 0.612 0.555 8/10 0.172

　　Note. *Statistical significance was attributed as P < 0.05.
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and  gene-environment  interactions  by  modeling
disease  susceptibility  classification.  We  used  GMDR
software  to  construct  interaction  models  for  gene-
gene and gene-environment  interactions.  The gene-
gene  interaction  analysis  revealed  that  the  SNPs
rs822393  of  ADIPOQ interacted  with  the  rs2236242
of  VASPIN,  and  SNPs  rs3790433  of  LEPR  interacted
with  the  rs11061971  of  ADIPOR2.  The  gene-
environment  interaction  analysis  showed  that  the
SNPs  of  ADIPOQ  and  LEPR  had  interactions  with  a
history  of  hypertension,  while  the  SNPs  of  VASPIN
and ADIPOQ had interactions with BMI and the SNPs
of  VASPIN  and  ADIPOQ had  interactions  with  WHR.
These  interactions  were  associated  with  T2DM  in
Mongolian people.

Adiponectin,  leptin,  and  vaspin  are  all
adipocytokines associated with T2DM. A study on an
Indian  population  showed  that  the  association
between  ADIPOQ  SNP  rs822393  and  T2DM  was
mediated  by  obesity,  and  that  the  association
disappeared after adjustment for BMI[6]. In our study,
although  there  were  no  significant  differences  in
genotype frequencies for rs822393, the patient group
had significantly higher BMI and WHR compared with
the  healthy  controls.  This  result  can  also  explain  the
above point  indirectly.  In  addition,  adiponectin  has  a
variety  of  metabolic  effects,  including  inhibiting  cell
death,  anti-inflammatory  effects,  and  insulin
sensitization,  and  it  is  inversely  associated  with
obesity and insulin resistance[6]. As a newly discovered
adipocytokine,  increased  serum  vaspin  has  been
found  to  be  associated  with  changes  in  insulin
sensitivity. Adiponectin and vaspin had similar effects
on  insulin  resistance,  consistent  with  the  synergistic
effect  between  the  two genes  on  T2DM observed  in
the  gene-gene  interaction  analysis.  Adiponectin
performs  its  cellular  and  metabolic  functions  by
binding  to  two  receptor  subtypes.  Adiponectin
receptor 2 (AdipoR2) is only expressed in the liver and
mediated  sensitization  of  adiponectin  to  insulin  in
different organs[8]. Leptin effects were reported to be
associated  with  improved  hepatic  steatosis[4],  and
leptin  replacement  therapy  was  found  to  improve
insulin  resistance  by  inhibiting  liver  gluconeogenesis
and  lipolysis[4].  This  may  be  the  reason  for  the
synergistic effect of the SNPs in LEPR and ADIPOR2 on
T2DM observed in the present study.

In  the  present  study,  60.9%  of  T2DM  patients
had  hypertension,  which  was  significantly  higher
than  the  control  group.  The  interaction  analysis
results showed that the ADIPOQ and LEPR SNPs both
interacted  with  a  history  of  hypertension.  The
reasons  for  these  findings  may  be  as  follows.  First,

obesity is the main cause of cardiovascular diseases,
T2DM,  hypertension,  and  other  chronic  diseases,
and  an  imbalance  of  adipocytokines  may  mediate
the adverse effects of obesity. Adiponectin level may
affect  the  risk  of  T2DM  and  hypertension.  Second,
adiponectin  levels  are  jointly  affected  by  ADIPOQ
SNPs  and  environmental  factors,  including  lifestyle,
obesity,  hypertension,  and  the  presence  of  other
cardiovascular  diseases.  In  addition,  the  interaction
model  between  ADIPOQ and  VASPIN  SNPs  and  BMI
and  WHR  was  statistically  significant,  and  the
interaction  increased  the  risk  of  T2DM  in
Mongolians.  BMI  can indirectly  reflect  the  influence
of obesity on T2DM as being overweight or obese is
associated with an increased T2DM risk[2].  However,
the  specific  mechanism  by  which  the  gene-
environment  interaction  affects  the  disease
development  of  T2DM  in  Mongolian  people  is  not
clear and needs to be further determined by further
studies.

Multiple studies have consistently indicated that
obesity  was  closely  related  to  the  development  of
diabetes,  and  that  physical  activity,  dietary  habits,
and  cytokines  can  all  lead  to  obesity.  Lifestyle
changes,  including  reducing  fat  intake,  eating  a
healthy  diet,  and  adding  physical  activity,  are  still
among the most effective strategies for treatment of
T2DM[7].  Regarding  the  diet  structure  of  Mongolian
people,  intake  of  fat  should  be  reduced,  and
consumption of  vegetables,  fruits,  and whole  grains
should  be  increased[9,10].  To  prevent  the  onset  of
T2DM, blood glucose should be actively monitored in
hypertensive patients to achieve early detection and
treatment.

The  present  study  has  some  limitations,  and
the  design  could  be  improved.  First,  the  sample
size  was  small,  which  may  underrepresent  the
effects  of  genetic  and  environmental  factors  on
T2DM  in  the  Mongolian  population.  Second,
because  the  study  was  a  case-control  study,
selection  bias  and  survivor  bias  were  prone  to
occur  in  the  sample  selection.  Third,  the  duration
of  T2DM  in  the  patient  participants  was  unclear,
and  some  patients  had  taken  certain  control
measures  after  receiving  their  diagnosis,
conferring bias on the results of the questionnaire
survey. Finally, the mechanism for the influence of
adipocytokines  on  T2DM  remains  to  be  clarified.
We need to enlarge the sample size and conduct a
more  in-depth  study  on  the  gene-environment
interactions of adipocytokines.

In  the  present  study,  we  analyzed  the
interactions  between  ADIPOQ,  LEPR,  VASPIN,  and
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ADIPOR2  SNPs  and  environmental  factors  on  T2DM
in a Mongolian population.  The results  showed that
a  haplotype  of  ADIPOQ  (10937273G-rs822393C-
rs822396G)  had  a  protective  effect  against  T2DM.
The  gene-gene  interaction  analysis  showed  that
ADIPOQ rs822393 and VASPIN rs2236242 interacted,
as  did  LEPR  rs3790433  and  ADIPOR2  rs11061971.
The  gene-environment  interaction  analysis  showed
an  interaction  of  hypertension  with  the  ADIPOQ
rs822396  and  LEPR  rs12037879  SNPs,  and  the
interaction of BMI with VASPIN rs2236242 and WHR
with  ADIPOQ  rs822396  were  associated  with  T2DM
in Mongolian people.
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