
1 of 6Pharmacology Research & Perspectives, 2025; 13:e70090
https://doi.org/10.1002/prp2.70090

Pharmacology Research & Perspectives

ORIGINAL ARTICLE OPEN ACCESS

The Genetic Polymorphisms of rs161620 and rs2229611 in 
G6PC 3′UTR Are Associated With Metformin Efficacy in 
Chinese Type 2 Diabetes Mellitus
Cuilin Li1   |  Xiangmin Yuan1  |  Li Huang1  |  Zhuojun Bai2  |  Lian Zheng1  |  Yani Tan1  |  Xin Liu1

1Department of Pharmacy, Zhuzhou Hospital Affiliated to Xiangya School of Medicine, Central South University, Zhuzhou, China  |  2Health Management 
Center, Zhuzhou Hospital Affiliated to Xiangya School of Medicine, Central South University, Zhuzhou, China

Correspondence: Xin Liu (liuxin3426@163.com)

Received: 12 November 2024  |  Revised: 7 March 2025  |  Accepted: 30 March 2025

Funding: This study was supported by the Natural Science Foundation of Hunan Province (No. 2021JJ80090).

Keywords: G6PC | metformin | polymorphism | rs161620 | rs2229611 | type 2 diabetes mellitus

ABSTRACT
Metformin is a classical oral hypoglycemic drug, often recommended as the first-line therapy for type 2 diabetes mellitus (T2DM). 
Previous research has shown that the efficacy of metformin is associated with the genetic polymorphisms of patients. Considering 
the role of G6PC in gluconeogenesis and glycogenolysis, this study aims to investigate the association of G6PC rs161620 and 
rs2229611 with metformin efficacy in T2DM patients who take metformin only. According to the decrease of HbA1c, 116 T2DM 
patients receiving metformin monotherapy were divided into two groups: response group (the decrease of HbA1c by at least 
1.5% after 3 months) and non-response group (the decrease of HbA1c < 1.5%). SNPscan technology was used to genotype. There 
were significant differences in rs161620 and rs2229611 presented in genotype frequency (p = 0.027 both) between the response 
group and the non-response group. According to the results of logistic analysis, the genetic polymorphisms of G6PC rs161620 or 
rs2229611 could influence the hypoglycemic effect of metformin in T2DM patients. We found that the decreasing values of PBG 
and HbA1c in G6PC rs161620 (C > A) or rs2229611 (T > C) mutants were significantly more than those in wild-type individuals, 
which means the more effective genotypes of metformin are CA/AA of rs161620 and TC/CC of rs2229611. This study suggested 
that the G6PC rs161620 and rs2229611 genetic polymorphisms were significantly associated with metformin efficacy in Chinese 
T2DM patients.

1   |   Introduction

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disor-
der characterized by hyperglycemia primarily driven by insulin 
resistance and progressive β-cell dysfunction in its pathogene-
sis. The 2021 IDF Diabetes Atlas indicates that the global prev-
alence of diabetes among adults is 10%, with the total number 
of diabetes patients worldwide reaching 537 million, more than 
90% of whom have T2DM [1].

Metformin, a well-established drug for the treatment of T2DM 
for over 50 years that is recommended as the first-line therapy in 
recent international guidelines [2], may exhibit suboptimal effi-
cacy or adverse reactions in some T2DM patients [3]. Recently, 
several genetic variations associated with the efficacy of met-
formin have been identified through pharmacogenomic studies 
[4]. However, there are currently very few studies on the effects 
of genetic polymorphisms related to glucose metabolism on the 
efficacy of metformin.
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G6PC1 (Glucose-6-Phosphatase Catalytic Subunit 1), also called 
G6PC, is a protein coding gene that is predominantly expressed 
in the liver and kidney, with minimal expression in the intes-
tine and pancreas [5]. This enzyme catalyzes the conversion 
of glucose-6-phosphate (G6P) to glucose and inorganic phos-
phate, representing the final step in the catalytic pathways of 
gluconeogenesis and glycogenolysis, thereby playing a crucial 
role in maintaining fasting blood glucose levels [6]. The GSEA 
analysis has revealed that metformin significantly impacts the 
expression of G6PC and SLC2A4 [7]. It has been demonstrated 
that G6PC is among the 12 genes regulated by metformin, with 
its chronic effect on gluconeogenesis being mediated through 
inhibition of G6PC expression [8]. Several mutations in G6PC 
have been linked to glycogen storage disease type 1a (GSD-1a), 
including rs2229611 [9, 10]. However, further validation is re-
quired to determine whether genetic variations in G6PC influ-
ence the hypoglycemic effects of metformin.

This study aims to investigate the impact of G6PC genetic poly-
morphism on metformin efficacy for treating T2DM by col-
lecting DNA samples from T2DM patients who are receiving 
metformin monotherapy. It also speculates on the mechanisms 
underlying the effects of G6PC genetic polymorphisms on met-
formin efficacy, providing a scientific basis for personalized 
metformin administration.

2   |   Material and Methods

2.1   |   Subjects

This study was carried out in 450 T2DM patients (281 males and 
169 females). All subjects were recruited from Zhuzhou Central 
Hospital. The criteria for enrollment were as follows: diagnosed 
with T2DM in keeping with the ADA standard [11], with fast-
ing blood glucose (FBG) ≥ 7.0 mmol/L or 2 h plasma glucose (2 h 
PBG) during oral glucose tolerance test (OGTT) ≥ 11.1 mmol/L 
or glycosylated hemoglobin (HbA1c) ≥ 6.5%; only using met-
formin for antidiabetic drugs within the experimental period. 
Patients who were diagnosed with type1 diabetes, gestational 
diabetes, and other significant illnesses such as chronic kidney 
disease, liver disease, myocardial infarction, stroke, and preg-
nancy were excluded. This study complies with the Declaration 
of Helsinki and was approved by the Ethics Committee of the 
Affiliated Zhuzhou Hospital of Xiangya School of Medicine 
CSU (Zhuzhou, Hunan, China) (2019-05031). All the subjects 
had written informed consent before participating in the study.

A series of clinical parameters including metformin dose, 
HbA1c, FBG, PBG, and body mass index (BMI) were collected 
from each patient at the baseline and ending point. The values 
of FPG and PBG were detected by the hexokinase method, and 
the HbA1c value was detected by high-performance liquid chro-
matography (HPLC). Metformin dosages ranged from 500 to 
2000 mg per day among individuals and were adjusted accord-
ing to the changes of glucose. After 3 months of treatment with 
metformin, these T2DM patients were divided into two groups 
based on the decrease of HbA1c value; a decrease of at least 1.5% 
in HbA1c levels from baseline value was defined as the response 
group, and a decrease of less than 1.5% in HbA1c levels from 
baseline value was defined as the non-response group [12, 13].

2.2   |   DNA Isolation and Genotyping

Three milliliters of venous blood were collected from each sub-
ject using EDTA anticoagulant tubes. Genomic DNA was ex-
tracted from peripheral blood leukocytes using the SQ Blood 
DNA Kit II (Omega Bio-Tek, Guangzhou, China) according to 
the manufacturer's protocol. SNP genotyping was conducted 
by a multiple SNP genotyping kit named SNPscan (G0104K, 
Genesky Inc., Shanghai, China). This method is a patented tech-
nology that is based on multiplex fluorescent polymerase chain 
reaction (PCR) from Genesky Biotechnologies Inc.

2.3   |   Statistics

Data were analyzed by SPSS 23.0 (Chicago, Illinois, USA) and 
PLINK v1.07. The Pearson Chi-squared (χ2) test was used to 
analyze the Hardy–Weinberg Equilibrium (HWE) and allelic 
frequencies in different groups. The demographic and clinical 
characteristics that obeyed the normal distribution were com-
pared by the two-sample t test, while the skewed parameters 
were compared by the Mann–Whitney U test. Furthermore, 
the association between metformin efficacy and alleles was an-
alyzed using logistic regression by adjusting for sex, age, BMI, 
and metformin dosage. In our statistical analysis, two-tailed p 
values < 0.05 were significant.

3   |   Results

3.1   |   Clinical Characteristics of Subjects

Of the 450 T2DM patients who take metformin, 334 were treated 
with other hypoglycemic agents, such as acarbose, repaglinide, 
or insulin. In this circumstance, only 116 T2DM patients who 
were treated with metformin alone were enrolled in the final 
efficacy analysis. According to the grouping standard, there 
are 77 T2DM patients in the response group and 39 in the non-
response group. The demographic and clinical characteristics of 
these two groups were shown in Table 1. There were no signif-
icant differences in age and gender between the response and 
non-response groups. After treatment with metformin for con-
secutively 3 months, the mean changes of HbA1c value in the re-
sponse group were significantly higher than in the non-response 
group (−3.68% ± 1.61% vs. −0.64% ± 0.62%, p < 0.001). Compared 
with the non-response group, the mean changes of FBG value 
(−2.92 ± 2.55 mmol/L vs. −0.98 ± 2.01 mmol/L, p < 0.001) and 
PBG value (−5.83 ± 5.05 mmol/L vs. −2.59 ± 4.11 mmol/L, 
p = 0.001) in the response group were also significantly higher. 
However, there were no significant mean changes in BMI be-
tween these two groups.

3.2   |   Genotype and Allele Frequencies 
Distribution

The genotype and allele frequencies of G6PC rs161620 and 
rs2229611 polymorphism in the response group and non-
response group are shown in Table  2. Both groups did not 
deviate from Hardy–Weinberg equilibrium (p = 0.121 and 
p = 0.651, separately). There were significant differences in 
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rs161620 and rs2229611 presented in genotype frequency 
(p = 0.027 both) between the response group and the non-
response group, indicating that G6PC rs161620 and rs2229611 
polymorphisms were significantly related to the therapeutic 
efficacy of metformin in the Chinese T2DM patients. Using 
the SHEsis online tool (http://​analy​sis.​bio-​x.​cn/​myAna​lysis.​
php) for linkage disequilibrium (LD) analysis, we found there 
was complete LD between rs161620 and rs2229611 with r2 = 1 
and D′ = 1.

3.3   |   Analysis of the Effects of G6PC rs161620 
and rs2229611 Polymorphisms on Metformin 
Efficacy in T2DM Patients

After genotype distribution analysis, we also analyzed the 
association between G6PC rs161620 and rs2229611 polymor-
phisms on metformin efficacy, using binary logistic analysis 
adjusted for age, sex, BMI, and metformin dosage (Table  3). 
We found that the genetic polymorphisms of G6PC rs161620 
or rs2229611 could influence the hypoglycemic effect of met-
formin in T2DM patients. Compared with the wild type, the 
mutant heterozygote and mutant homozygote of rs161620 or 
rs2229611 are protective factors for T2DM patients who take 
metformin (OR = 0.309, p = 0.009 and OR = 0.296, p = 0.050, 
respectively). In the dominant model, when the G6PC rs161620 
CC genotype was made to be the reference, the CA/AA gen-
otype was linked to a significantly better therapeutic effi-
cacy of metformin (CC vs. CA/AA: adjusted OR = 0.306, 95% 
CI = 0.133–0.706, p = 0.006). However, there was no difference 
between the CA/CC genotype and AA genotype in the reces-
sive model. Because of the complete LD between rs161620 and 
rs2229611, the results of rs2229611 were fully in agreement 
with rs161620. Compared with the TT genotype of rs2229611, 
the TC/CC genotype was associated with a significantly bet-
ter therapeutic efficacy of metformin (TT vs. TC/CC: adjusted 
OR = 0.306, 95% CI = 0.133–0.706, p = 0.006).

TABLE 1    |    Comparison of clinical characteristics between the 
response group and non-response group before and after metformin 
treatment.

Parameter

Non-
responses 

(n = 39)
Responses 

(n = 77) p

Gender

Male 25 (39.1%) 39 (60.9%) 0.169a

Female 14 (26.9%) 38 (73.1%)

Age (years) 55.95 ± 14.66 55.39 ± 13.41 0.842b

BMI (kg/m2)

Baseline 24.24 ± 2.16 24.11 ± 1.49 0.718b

After 
metformin

24.07 ± 3.04 23.13 ± 2.80 0.924b

Mean 
change

−0.16 ± 3.86 0.34 ± 3.11 0.508b

HbA1c (%)

Baseline 6.49 ± 1.03 9.27 ± 2.09 0.000b

After 
metformin

5.84 ± 1.04 5.63 ± 1.25 0.335b

Mean 
change

−0.64 ± 0.62 −3.68 ± 1.61 0.000b

FBG (mmol/L)

Baseline 6.86 ± 2.11 9.55 ± 3.37 0.000b

After 
metformin

5.86 ± 1.15 5.83 ± 1.46 0.899b

Mean 
change

−0.98 ± 2.01 −2.92 ± 2.55 0.000b

PBG (mmol/L)

Baseline 11.43 ± 4.22 14.32 ± 4.65 0.001b

After 
metformin

9.05 ± 1.78 8.53 ± 1.85 0.183b

Mean 
change

−2.59 ± 4.11 −5.83 ± 5.05 0.001b

Note: The numbers in bold indicate statistically significant values.
Abbreviations: BMI, body mass index; FBG, fasting blood-glucose; HbA1c, 
glycosylated hemoglobin; PBG, postprandial blood glucose.
aData was analyzed by the Pearson Chi-squared (χ2) test.
bData was analyzed by two-sample t test or Mann–Whitney U test.

TABLE 2    |    Comparisons of allelic frequencies of G6PC rs161620 
and rs2229611 polymorphisms in the response group and non-response 
group.

Parameter

Non-
responses 

(n = 39)
Responses 

(n = 77) p

G6PC rs161620

CC 20 (42.6%) 14 (20.3%) 0.027

CA 19 (40.4%) 43 (62.3%)

AA 8 (17.0%) 12 (17.4%)

Alleles

C 59 (62.8%) 71 (51.4%) 0.088

A 35 (37.2%) 67 (48.6%)

G6PC rs2229611

TT 20 (42.6%) 14 (20.3%) 0.027

TC 19 (40.4%) 43 (62.3%)

CC 8 (17.0%) 12 (17.4%)

Alleles

T 59 (62.8%) 71 (51.4%) 0.088

C 35 (37.2%) 67 (48.6%)

HWE p 0.651 0.121

Note: Data was analyzed by chi-squared (χ2) test. The numbers in bold indicate 
statistically significant values.
Abbreviation: HWE, Hardy–Weinberg equilibrium.

http://analysis.bio-x.cn/myAnalysis.php
http://analysis.bio-x.cn/myAnalysis.php
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TABLE 3    |    Association between G6PC genetic polymorphisms and metformin efficacy in T2DM patients (adjusted for age, gender, BMI and 
metformin dosage).

Genotype Non-responses (n = 39) Responses (n = 77) OR (95% CI) p

rs161620 (C > A)

CC 18 (52.9%) 16 (47.1%) 1.0 (reference) —

CA 16 (25.8%) 46 (74.2%) 0.309 (0.128–0.747) 0.009

AA 5 (25.0%) 15 (75.0%) 0.296 (0.088–0.999) 0.050

CC vs. CA/AA (Dominant model) 0.306 (0.133–0.706) 0.006

CC/CA vs. AA (Recessive model) 0.562 (0.182–1.736) 0.317

rs2229611 (T > C)

TT 18 (52.9%) 16 (47.1%) 1.0 (reference) —

TC 16 (25.8%) 46 (74.2%) 0.309 (0.128–0.747) 0.009

CC 5 (25.0%) 15 (75.0%) 0.296 (0.088–0.999) 0.050

TT vs. TC/CC (Dominant model) 0.306 (0.133–0.706) 0.006

TT/TC vs. CC (Recessive model) 0.562 (0.182–1.736) 0.317

Note: Data was analyzed by the logistic regression by adjusting for sex, age, BMI, and metformin dosage. The numbers in bold indicate statistically significant values.
Abbreviations: CI, confidence interval; OR, odds ratio.

FIGURE 1    |    The decreases of PBG value and HbA1C value in T2DM patients after metformin treatment. (a) the decrease of PBG value in G6PC 
rs161620 (C >A ) mutants was significantly greater than that in wild-type individuals. (b) the decrease of HbA1c value in G6PC rs161620 (C > A) mu-
tants was significantly greater than that in wild-type individuals. (c) the decrease of PBG value in G6PC rs2229611 (T > C) mutants was significantly 
greater than that in wild-type individuals. (d) the decrease of HbA1c value in G6PC rs2229611 (T >C ) mutants was significantly greater than that 
in wild-type individuals. Data are shown as mean ± SD. *p < 0.05 compared with the wild type (n = 116). **p < 0.01 compared with the wild type  
(n = 116).
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By comparing the decreasing values of PBG and HbA1c before 
and after taking metformin, it was found that the decreases of 
PBG value (Figure  1a) and HbA1c value (Figure  1b) in G6PC 
rs161620 (C > A) mutants were significantly greater than those 
in wild-type individuals, and the decreases of PBG value 
(Figure  1c) and HbA1c value (Figure  1d) in G6PC rs2229611 
(T > C) mutants were also significantly higher.

4   |   Discussion

Due to its favorable safety profile and robust glucose-lowering 
effects, metformin is widely recognized as a cost-effective 
first-line therapy in comparison to other hypoglycemic agents 
[14]. Consistent with this, current national and international 
guidelines recommend metformin as the initial pharmacolog-
ical treatment for the management of hyperglycemia in indi-
viduals with T2DM [15, 16]. However, it is noteworthy that 
around one-third of patients with T2DM do not achieve opti-
mal glycemic control with metformin monotherapy [3]. In our 
study, we also found that about 66.4% of participants achieved 
acceptable glycemic control, which is in accordance with pre-
vious studies.

Several studies have explored the relationship between genetic 
polymorphisms and metformin efficacy [17, 18]. G6PC is a crit-
ical enzyme in the gluconeogenesis pathway, playing a pivotal 
role in maintaining glucose homeostasis [19]. Genetic variants 
of G6PC have been identified in GSD-Ia and hepatocellular car-
cinoma in several independent studies [20–23]. In this study, 
we investigated the effect of two G6PC variants (rs161620 and 
rs2229611) on response to metformin therapy in T2DM pa-
tients for the first time. we have observed that the genotype 
frequencies of G6PC rs161620 and rs2229611 were significantly 
different between the response group and the non-response 
group, which indicates that the genetic polymorphisms of 
rs161620 and rs2229611 are associated with metformin effi-
cacy in T2DM. Compared with the wild type, patients with the 
mutant type of rs161620 or rs229611 could achieve better ther-
apeutic effects. And there was complete LD between rs161620 
and rs2229611.

The genetic polymorphisms of the gene's 3′UTR could play 
an important role in regulating gene expression via binding 
to miRNA. It was reported that rs2229611 altered the bind-
ing of miRNAs to affect the stability and expression of G6PC, 
but the specific miRNA responsible was not verified [24]. We 
also conducted in silico analysis using an online tool named 
miRNASNP V3. We found that the variations of rs161620 
and rs2229611 could permit a gain or loss of allele-dependent 
miRNA target sequence recognition, which gives opportunity 
to miRNA for its regulation mechanisms, thus affecting pro-
tein expression; however, these results need further validation 
in vitro.

Our study has shown that patients with the CA/AA genotype of 
rs161620 exhibited a greater reduction in FBG and HbA1c lev-
els compared to wild type. The TC/CC genotype of rs2229611 
was the same. Notably, there are limited studies concerning 
rs2229611 or rs161620. We found the studies that explored the ef-
fect of rs2229611polymorphism on GSD-1a [9, 24], but no studies 

that discussed the effect of metformin efficacy. Also, there are 
no studies focused on rs161620. It is reported that metformin 
could decrease the mRNA expression of G6PC in rat hepatocytes 
[25, 26]; the chronic effect of metformin on gluconeogenesis is 
mediated by repression of the G6PC and PCK1 genes, resulting 
in lower protein levels [8]. However, no study revealed the effect 
of G6PC on metformin efficacy; this was the innovation point 
of our study. In addition, we found that G6PC rs2229611 and 
rs161620 could influence the efficacy of metformin in T2DM 
patients. Therefore, we speculate that there may be individual 
differences in the chronic effect of metformin on gluconeogen-
esis, which may be related to G6PC expression influenced by 
the polymorphisms of G6PC rs2229611 and rs161620. Of course, 
further experiments are needed to verify this speculation, which 
will be the next step of our team.

There were still some limitations in this study. The primary lim-
itation of our study was the small sample size, which restricts the 
statistical power and generalizability of our findings. A larger 
cohort is necessary to more accurately assess the potential asso-
ciation of rs161620 and rs2229611 gene polymorphisms on the 
G6PC gene and metformin efficacy. Additionally, our study did 
not monitor plasma concentrations of metformin to evaluate its 
pharmacokinetics or its correlation with gene polymorphisms. 
Therefore, further comprehensive investigations are warranted 
to elucidate the mechanism of the relationship between SNP and 
metformin efficacy.

5   |   Conclusion

In conclusion, the G6PC rs161620 and rs2229611 genetic poly-
morphisms could influence the therapeutic efficacy of met-
formin in Chinese T2DM patients. Our study suggests that the 
more effective genotypes of metformin are CA/AA of rs161620 
and TC/CC of rs2229611. Nevertheless, more investigation 
should be conducted to confirm these findings in various ethnic 
groups with larger sample sizes.
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