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How a certain gene change affects health differently for older men and women in 
Japan: a study from Bunkyo

This study looks into how a certain genetic change affects the health of older Japanese 
people, focusing on whether there are differences between men and women. It involves 
participants aged 65 to 84 from Tokyo who are not taking medication for diabetes or 
dyslipidemia. The findings indicate that this genetic variation impacts men and women 
differently. Men with a specific version of this genetic change tend to have lower body 
weight, body mass index (BMI), and less skeletal mass. They also show lower insulin 

Sex-specific impact of GCKR rs1260326 
polymorphism on metabolic traits in an 
older Japanese population: the Bunkyo 
Health Study
Shota Sakamoto, Saori Kakehi , Abulaiti Abudurezake, Hideyoshi Kaga, Yuki Someya, 
Hiroki Tabata, Yasuyo Yoshizawa, Hitoshi Naito, Tsubasa Tajima, Naoaki Ito,  
Ryuzo Kawamori, Hirotaka Watada and Yoshifumi Tamura

Abstract
Background: Metabolic syndrome involves health problems influenced by aging and genetics. 
The glucokinase regulatory protein (GCKR) rs1260326 polymorphism (Leu446) is associated 
with metabolic traits. This study explores the impact of the GCKR rs1260326 polymorphism on 
metabolic traits in older Japanese with focusing on sex-specific differences.
Methods: This cross-sectional study from the Bunkyo Health Study in Tokyo, Japan, examined 
883 participants aged 65–84 years. Participants were excluded with diabetes, or on drug 
treatment for diabetes or dyslipidemia. The GCKR P446L polymorphism was analyzed and 
compared their characteristics of physical activity, dietary intake, body composition, and 
metabolic parameters.
Results: Study participants with GCKR rs1260326 genotypes (C/C 20.7%, C/T 47.6%, T/T 
31.7%) had a median age of 72 years, and 60.4% were women. Men with the T/T genotype, as 
compared to the C/C genotype, had a lower body weight, body mass index (BMI), and skeletal 
mass index. This genotype also associated with lower fasting insulin, homeostasis model 
assessment of insulin resistance index (HOMA-IR), and higher Matsuda index, but not after 
adjustment for age, BMI, and physical activity. In contrast, women with the T/T genotype, 
compared to the C/C genotype, showed higher C-reactive protein, fibroblast growth factor 
21, and Matsuda index. They also had lower fasting insulin, insulin area under the curve, and 
HOMA-IR; with these associations being independent of age, BMI, and physical activity.
Conclusion: The GCKR rs1260326 genotype-affected metabolic traits differentially by sex 
in older Japanese. This highlights the need to consider sex differences in GCKR-related 
metabolic outcomes.
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levels and resistance, but these associations weaken when considering age, BMI, and 
physical activity. On the other hand, women with this genetic variation showed higher 
levels of markers indicating inflammation and metabolic health, alongside better insulin 
sensitivity. These relationships held even after adjusting for age, BMI, and activity levels. 
From this research, it’s clear that the effects of this genetic change on health vary 
between older Japanese men and women. This suggests the importance of considering 
gender differences when studying how genes influence our health, underlining the need 
for personalized approaches in understanding and managing health issues.
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Introduction
Metabolic syndrome is a condition characterized 
by multiple metabolic disorders, including vis-
ceral obesity, hypertension, hyperglycemia, insu-
lin resistance, and dyslipidemia.1 Aging 
significantly increases the prevalence of these 
metabolic disorders,2,3 and their presence in older 
adults is associated with cardiovascular disease,4 
cognitive decline,5 frailty,6 and higher mortality.4 
For example, the risk of high blood glucose levels 
is about 38 times higher in older adults aged 70–
75 years compared to those aged 40–45 years.2 
The characteristics of metabolic diseases are 
influenced not only by environmental factors, 
such as excessive calorie intake and sedentary life-
style, but also by interactions with genetic fac-
tors.7 Since lifestyle habits often change with 
age,8,9 the impact of genetic factors on metabolic 
diseases may differ in older adults compared with 
younger ones. However, the specific effects of 
certain genetic polymorphisms on metabolic dis-
ease remain poorly understood in older adults.

The prevalence of metabolic disease in Japan 
shows a large sex-specific difference.3 For exam-
ple, a higher prevalence of metabolic syndrome 
was observed in men compared with women 
(men 45.7%, women 15.8%).10 The prevalence 
of diabetes in Japan was also much higher in men 
(9.63%) than in women (5.33%).11 Thus, the sig-
nificant difference in the prevalence of metabolic 
disease between men and women in Japan high-
lights the importance of exploring how genetic 
factors influence these conditions in each sex.

The T allele (Leu446) of the rs1260326 polymor-
phism (T/C), a functional missense variant in the 
glucokinase regulatory protein gene (GCKR), affects 

glucose uptake and release in the liver. Studies in 
populations of European descent, including those 
without diabetes, have shown that this allele is asso-
ciated with reduced fasting glucose,12–14 fasting insu-
lin,12,14, insulin resistance,14 blood triglycerides 
(TG),15 C-reactive protein (CRP),16,17 and type 2 
diabetes.14,18 On the other hand, the metabolic 
effects of the GCKR rs1260326 polymorphism in 
the older Japanese population are still poorly under-
stood, although lower fasting glucose in older indi-
viduals has been reported in East Asians.19,20 Hence, 
it is particularly important to investigate the meta-
bolic effects of the GCKR rs1260326 polymorphism 
in the older Japanese population, including examin-
ing sex-related differences.

Against this background, our study explored how 
the T allele (Leu446) of the rs1260326 polymor-
phism in the GCKR gene affected older Japanese 
adults, considering both men and women. 
Previous studies have mainly focused on general 
populations in Europe, and this study investigated 
whether identical genetic changes also affected 
metabolism in older Japanese. It is also important 
to investigate sex differences, as the prevalence of 
metabolic diseases differs significantly between 
Japanese men and women. A better understand-
ing of these genetic influences could lead to more 
effective management and treatment of metabolic 
disease in the older Japanese population.

Research design and methods

Study design and participants
This cross-sectional study used baseline data from 
the Bunkyo Health Study.21 Briefly, in this study, 
we recruited individuals aged between 65 and 
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84 years living in Bunkyo-ku, an urban area in 
Tokyo, Japan. The Bunkyo Health Study registry 
initially enrolled 1629 individuals. To minimize the 
confounding effects of disease and medication, we 
excluded 710 participants from this cohort who 
were diagnosed with diabetes mellitus or were tak-
ing oral medication for diabetes or dyslipidemia.22 
Additionally, 20 of the remaining 919 participants 
were excluded due to the unavailability of specific 
data (body composition (n = 12), glycemic control 
indicators (n = 5), genotype (n = 3)), and a further 
16 were excluded due to outlier levels of serum 
fibroblast growth factor 21 (FGF21). These outli-
ers of FGF21 were defined as values falling outside 
the mean ± 3 standard deviations (3σ principle), 
following the approach used in previous studies,23,24 
to prevent skewing the statistical analysis. 
Consequently, the final sample for this analysis 
comprised 883 participants (350 men and 533 
women; Figure S1). All participants completed 
study examinations at the Sportology Center of 
Juntendo University from October 15, 2015 to 
October 1, 2018. The study protocol was approved 
by the ethics committee of Juntendo University in 
November 2015 (Nos. 2015078, 2016138, 
2016038, 2017121, and 2019085: Supplemental 
Appendix A). Subjects underwent measurements 
over 2 days. On the first day, physical activity and 
dietary intake were assessed by questionnaire; on 
the second day, after an overnight fast, abdominal 
fat distribution was assessed by MRI and glucose 
tolerance was evaluated using a 75-g oral glucose 
tolerance test (OGTT). This study was carried out 
in accordance with the principles outlined in the 
Declaration of Helsinki. All participants gave writ-
ten informed consent and were informed that they 
had the right to withdraw from the trial at any time.

Genotyping
Genomic DNA was isolated from whole blood using 
the standard method (RNeasy Blood and Tissue 
DNA Extraction Kit; QIAGEN, Minneapolis, MN, 
USA). All participants were genotyped for the 
GCKR P446L (rs1260326) polymorphism using the 
Infinium Asian Screening Array-24 v1.0 BeadChip 
(Illumina, San Diego, CA, USA).

Other measurements
Physical activity (PA) level was evaluated using 
the International Physical Activity Questionnaire 
(IPAQ), which assesses different types of physical 
activity, such as walking and both moderate- and 

high-intensity activities.25 The detailed IPAQ can 
be found in Supplemental Appendix B. As part of 
the survey on dietary history, participants com-
pleted the Brief Diet History Questionnaire 
(BDHQ).26,27 The IPAQ has been validated to 
assess physical activity levels in various popula-
tions, including the older people and certain 
cohorts28–30 and BDHQ has been validated to 
assess dietary intake in various populations 
including the elderly in Japanese.26,31,32 The skel-
etal muscle mass index (SMI; appendicular skel-
etal muscle mass/height2) and percent body fat 
(PBF) were evaluated by bioelectrical impedance 
analysis (InBody770, InBody Inc., Tokyo, Japan). 
Visceral fat area (VFA) and subcutaneous fat area 
(SFA) were measured with a 0.3-T MR scanner 
(AIRIS Vento; Hitachi, Tokyo, Japan). Using the 
intervertebral space between the fourth and fifth 
lumbar vertebrae (L4-L5) as the point of origin, 
transverse images of 10-mm slice thickness were 
obtained every 100 mm from head to foot, result-
ing in a total of 10 images for each subject. All 
MRI data were transferred to a computer work-
station for analysis using specialized image analy-
sis software (AZE Virtual Place; AZE, Tokyo, 
Japan) to analyze VFA and SFA. Biochemical test 
indices were tested at a contracted clinical labora-
tory (SRL Corporation, Tokyo, Japan).

Evaluation of glucose metabolism
The cut-off values for impaired fasting glucose (IFG) 
and impaired glucose tolerance (IGT) were those 
specified by the World Health Organization (WHO, 
1999) criteria33: IFG, fasting plasma glucose (FPG) 
110–126 mg/dL and 2-h postload glucose <200 mg/
dL; and IGT, FPG <126 mg/dL and 2-h postload 
glucose 140–200 mg/dL. The homeostasis model 
assessment of insulin resistance index (HOMA-IR) 
was calculated as fasting insulin (µU/mL) × fasting 
glucose (mg/dL)/405.34 The Matsuda index was cal-
culated as 10,000/square root of (fasting glucose 
(mg/dL) × fasting insulin (µU/mL)) × (mean glucose 
(mg/dL) × mean insulin during OGTT (µU/mL)).35 
The homeostasis model assessment of beta cell func-
tion (HOMA-β) was calculated as fasting insulin 
(μU/mL) × 360/(fasting glucose (mg/dL) − 63).34 
The area under the curve (AUC) of glucose and 
insulin profile during OGTT were calculated.

Statistical analysis
Statistical analysis was performed using SPSS sta-
tistical software ver. 28.0 (IBM SPSS Statistics, 
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IBM Corp., Armonk, NY, USA). Subject back-
ground data were expressed as median (interquar-
tile range (IQR)) or frequency (%), and sex 
differences were tested by the Mann–Whitney U 
test and χ2 test. All data below are presented as 
means ± SD. Analyses of associations between 
GCKR polymorphisms and clinical data stratified 
by sex were performed by one-way analysis of vari-
ance (ANOVA), and those of associations between 
GCKR polymorphisms and blood parameters were 
performed by analysis of covariance (ANCOVA). 
The Bonferroni method was used for posttests. 
Because body mass index (BMI),36 physical activ-
ity,37 and age38 have been shown to increase the 
likelihood of developing insulin resistance, covari-
ates were adjusted for these factors. All statistical 
tests were two-tailed at the 5% significance level.

Results

Participant characteristics
Tables 1 and 2 show participant characteristics. 
The overall median age of the study population 
was 72 years (IQR: 68, 76 years), and 60.4% of 
participants were women (Table 1). The overall 
genotype frequencies of the rs1260326 polymor-
phism were C/C 20.7%, C/T 47.6%, and T/T 
31.7% (Table 1). Similar to previous studies in 
East Asian populations, the present subjects dem-
onstrated higher T allele frequencies compared 
with a European population (42.4%).39 Genotype 
frequencies in this study were similar between 
men and women. Men had greater height, weight, 
BMI, SMI, VFA, energy intake, and alcohol 
intake compared with women (p < 0.05; Table 1). 
In addition, levels of TG, fasting glucose, CRP, 
and FGF21 were higher in men than in women 
(p < 0.05), whereas PBF, SFA, HOMA-β, and 
levels of adiponectin and fasting free fatty acids 
were lower in men (p < 0.05; Tables 1 and 2). No 
sex differences were found in insulin level, 
HOMA-IR, Matsuda index values, or the preva-
lence of glucose metabolism disorders (Table 2). 
Approximately 70% of both sexes exhibited nor-
mal glucose tolerance (NGT; Table 2).

Clinical characteristics of the study participants 
by GCKR genotype in men and women
Table 3 shows the clinical characteristics of par-
ticipants with each GCKR genotype after stratifi-
cation by sex. In men, the GCKR rs1260326 T/T 
genotype, compared with the C/C genotype, had 

lower body weight (62.0 ± 7.6 kg vs 66.0 ± 7.1 kg, 
respectively, p = 0.001), BMI (22.6 ± 2.2 kg/m2 vs 
23.8 ± 2.3 kg/m2, respectively, p = 0.001), and 
SMI (7.2 ± 0.6 kg/m2 vs 7.5 ± 0.6 kg/m2, respec-
tively, p = 0.013), while PBF showed significant 
differences between the GCKR rs1260326 geno-
types (p < 0.05). In women, PA showed signifi-
cant differences between the GCKR rs1260326 
genotypes (p < 0.05). There were no significant 
differences in dietary intake between the GCKR 
rs1260326 genotypes in either sex.

Associations between GCKR genotype and 
metabolic parameters in men and women
The associations between GCKR rs1260326 gen-
otype and metabolic parameters are shown in 
Tables 4 and 5. In men, the T/T GCKR rs1260326 
genotype, compared with the C/C genotype, was 
associated with lower fasting insulin (4.1 ± 0.3 μU/
mL vs 5.1 ± 0.3 μU/mL, respectively, p = 0.039) 
and HOMA-IR (1.0 ± 0.07 vs 1.3 ± 0.08, respec-
tively, p = 0.028), and higher Matsuda index 
(8.7 ± 0.4 vs 7.2 ± 0.5, respectively, p = 0.038), 
but these associations were not present in 
ANCOVA adjusted for age, BMI, and PA. In 
women, on the other hand, the T/T genotype 
compared with the C/C genotype was associated 
in ANOVA with higher levels of CRP 
(969.0 ± 137.6 mg/dL vs 457.3 ± 173.9 mg/dL, 
respectively, p < 0.001), FGF21 (285.4 ± 11.4 pg/
mL vs 240.6 ± 14.4 pg/mL, respectively, 
p = 0.033), and Matsuda index (8.8 ± 0.3 vs 
7.7 ± 0.4, respectively, p = 0.033), and lower lev-
els of fasting insulin (3.8 ± 0.2 μU/mL vs 
4.7 ± 0.3 μU/mL, respectively, p = 0.024), insulin 
AUC (4,993.3 ± 239.3 vs 5967.9 ± 302.5, respec-
tively, p = 0.015), and HOMA-IR (0.9 ± 0.05 vs 
1.1 ± 0.07, respectively, p = 0.020). These associ-
ations in women were also present in ANCOVA 
adjusted for age, BMI, and PA. There were no 
associations between GCKR rs1260326 genotype 
and the level of TG or adiponectin in either sex.

Discussion
This study aimed to determine the associations 
between the GCKR rs1260326 polymorphism 
and both metabolic-related parameters and sex 
differences in an older Japanese population. The 
GCKR rs1260326 genotype frequencies of the 
study participants (C/C 20.7%, C/T 47.6%, and 
T/T 31.7%: alternative allele frequency 55.5%) 
were similar to those previously reported in an 
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Asian population.39 Differences in traits between 
participants with different GCKR rs1260326 gen-
otypes were sex dependent, affecting body com-
position in men and PA in women. Men with the 
T/T genotype showed higher insulin sensitivity 
than those with the C/C genotype, but this differ-
ence was not significant after adjusting for con-
founding factors. In contrast, women with the 
T/T genotype had higher CRP and FGF21 levels, 
as well as greater insulin sensitivity than those with 
the C/C genotype, and these differences remained 

significant even after adjustments. In both men 
and women, neither genotype was associated with 
dietary intake or the level of TG or adiponectin.

In this study, GCKR genotype was associated 
with body composition in men and PA in women. 
An association between the GCKR rs780094 
minor allele in linkage disequilibrium with 
rs1260326 and low BMI or high PA has been 
reported.16,19,40 These studies showed no sex dif-
ferences but still support the present findings. 

Table 1. Clinical characteristics of the study participants stratified by sex.

Participant characteristics Men Women All

n, % 350 (39.6) 533 (60.4) 883

Age, years 72 (68, 77) 72 (68, 76) 72 (68, 76)

Weight, kg 63.7 (57.7, 68.9)* 49.7 (45.2, 54.5) 54.3 (48.2, 62.7)

Height, cm 166.2 (161.6, 169.7)* 152.5 (149.1, 156.1) 159.9 (151.6, 165.4)

BMI, kg/m2 22.9 (21.2, 24.8)* 21.5 (19.5, 23.4) 22.1 (20.1, 24.1)

PBF, % 23.4 (19.6, 27)* 30 (24.1, 34.1) 26.7 (21.9, 32.3)

SMI, kg/m2 7.3 (6.9, 7.8)* 5.7 (5.4, 6.1) 6.2 (5.6, 7.2)

SFA, cm3 116.5 (89.2, 148.0)* 147.8 (115.3, 197.9) 134.1 (102.9, 179.7)

VFA, cm3 77.0 (57.5, 100.3)* 56.8 (38.3, 80.2) 65.9 (43.7, 89.6)

GCKRrs1260326

 C/C, n (%) 76 (21.7) 107 (20.1) 183 (20.7)

 C/T, n (%) 165 (47.1) 255 (47.8) 420 (47.6)

 T/T, n (%) 109 (31.1) 171 (32.1) 280 (31.7)

PA, Met-hours/week 35.1 (19.9, 63.8) 29.7 (16.5, 53.2) 32.3 (17.3, 57.8)

Energy intake, kcal 2085.8 (1687.9, 2531.5)* 1776.4 (1452.3, 2158.9) 1881.9 (1535.9, 2301.1)

Protein intake (%energy), 
%

15.4 (13.5, 17.5)* 17.5 (15.4, 19.7) 16.5 (14.6, 19)

Fat intake (%energy), % 26.8 (23, 30)* 29.6 (25.3, 33.4) 28.2 (24.3, 32.2)

Carbohydrate intake 
(%energy), %

48.9 (43.3, 54.7)* 50.1 (44.8, 55.6) 49.8 (44.1, 55.2)

Alcohol intake, g/day 11.6 (0.2, 36.9)* 0.1 (0, 3.1) 0.8 (0, 15.2)

Data are expressed as median (interquartile range) for continuous variables and frequencies (percentage) for categorical 
variables.
*<0.05 versus women by Mann–Whitney U test and χ2 test.
BMI, body mass index; GCKR, glucokinase regulatory protein; PA, physical activity; PBF, percent body fat; SFA, 
subcutaneous fat area; SMI, skeletal muscle mass index; VFA, visceral fat area.

https://journals.sagepub.com/home/tae


TherapeuTic advances in 
endocrinology and Metabolism Volume 15

6 journals.sagepub.com/home/tae

Interestingly, this study identified a sex difference 
in the association between the GCKR T allele and 
metabolic parameters, which had been strongly 
suggested in prior studies.12–17 Specifically, 
although there were no significant differences in 
HOMA-β between genotypes, the GCKR 
rs1260326 T/T genotype was associated with 
lower HOMA-IR and higher Matsuda index val-
ues in either sex, the GCKR rs1260326 polymor-
phism had a limited effect on β-cell function, 
although it was highly associated with insulin sen-
sitivity. Furthermore, this study showed that in 

men there was a BMI-dependent association 
between GCKR rs1260326 genotype and meta-
bolic parameters, whereas in women, the associa-
tion was independent. These sex differences 
might be related to a discrepancy in adipose dis-
tribution, with men tending to have more visceral 
adipose tissue than women at a given BMI.41,42 
Although the exact mechanism is unclear, these 
findings highlight the influence of sex on the 
effects of the GCKR T allele and emphasize the 
importance of sex-specific considerations in 
understanding metabolic outcomes.

Table 2. Blood test data of the study participants stratified by sex.

Biochemical parameters Men Women All

TG, mg/dL 84.0 (63.0, 119.0)* 76.0 (58.0, 106.0) 79.0 (60.0, 110.0)

HsCRP, mg/dL 386.0 (200.0, 866.0)* 353.0 (178.5, 687.0) 363.0 (186.0, 738.0)

Adiponectin, μg/mL 9.3 (6.7, 12.9)* 13.7 (10.5, 19.9) 12.1 (8.5, 16.7)

FGF21, pg/mL 268.4 (175.4, 399.7)* 228.7 (161.1, 339.9) 242.2 (164.3, 356.2)

AST, U/L 22.0 (18.8, 26.0) 21.0 (19.0, 25.0) 22.0 (19.0, 25.0)

ALT, U/L 17.0 (13.0, 21.0) 15.0 (13.0, 19.0) 16.0 (13.0, 20.0)

γ-GTP, IU/L 26.0 (18.0, 38.0) 18.0 (14.0, 24.0) 20.0 (15.0, 31.0)

Fasting insulin, μU/mL 3.7 (2.6, 5.5) 3.6 (2.5, 5.1) 3.6 (2.6, 5.2)

IRI AUC 4415.1 (3162.8, 6758.4) 4697.8 (3611.6, 6386.4) 4605.9 (3456.5, 6536.1)

Fasting glucose, mg/dL 96.0 (91.0, 102.0)* 93.0 (88.0, 98.0) 94.0 (89.0, 100.0)

Glucose AUC 17557.5 (15337.5, 19740) 16537.5 (14418.8, 18930) 16995 (14756.3, 19297.5)

Fasting FFAs, μEq/L 445.0 (357.9, 576.4)* 490.3 (376.5, 631.2) 468.0 (369.0, 602.0)

HOMA-IR 0.9 (0.6, 1.4) 0.8 (0.6, 1.2) 0.9 (0.6, 1.2)

HOMA-β, % 40.7 (28.9, 57.1)* 45.0 (32.1, 59) 43.6 (30.9, 58.6)

Matsuda index 7.3 (4.8, 10.2) 7.5 (5.4, 10.2) 7.5 (5.2, 10.2)

WHO

 NGT, n (%) 238 (68.2) 365 (68.6) 603 (68.4)

 IFG, n (%) 7 (2.0) 6 (1.1) 13 (1.5)

 IGT, n (%) 104 (29.8) 161 (30.3) 265 (30.1)

Data are expressed as median (interquartile range) for continuous variables and frequencies (percentage) for categorical 
variables.
*<0.05 versus women by Mann–Whitney U test and χ2 test.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; AUC, area under the curve; FFA, free fatty acid; FGF21, 
fibroblast growth factor 21; GCKR, glucokinase regulatory protein; HOMA-IR, homeostasis model assessment of insulin 
resistance index; HOMA-β, homeostasis model assessment of beta cell function; HsCRP, high-sensitivity C-reactive 
protein; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; IRI, immunoreactive insulin; NGT, normal glucose 
tolerance; TG, triglycerides; γ-GTP, gamma glutamyl transferase.
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On the other hand, previous studies43–45 have 
shown that FGF21 influences body weight regu-
lation. While our study did not directly assess the 
mediation effect of FGF21, the observed rela-
tionships and existing knowledge suggest that 
FGF21 may mediate the effects of the GCKR 
polymorphism on body weight. Further research, 
including interventional studies, is necessary to 
confirm these findings, and this is considered an 
important area for future investigation.

Genome-wide association studies and candidate 
gene studies have identified Single Nucleotide 
Polymorphism (SNP) in GCKR that is strongly 
associated with a range of traits. In particular, 
there is very strong evidence that the T allele of 
rs1260326 is associated with increased levels of 
TG15,19 and CRP,16,17 and lower glucose lev-
els.12–14,19,20,46 Consistent with these previous 
studies, this study found that the T allele of 
rs1260326 was associated with increased insulin 
sensitivity and higher CRP levels, but not with 
TG. Previous studies have suggested a weaker 
association of the rs1260326 T allele with serum 
TG in individuals with NGT compared with those 
with type 2 diabetes.47 This might explain the lack 
of this association in our study, which predomi-
nantly included subjects with NGT. Furthermore, 
contradictory results were found in women with 
the GCKR rs1260326 T/T genotype, where ele-
vated CRP levels were observed despite high  
insulin sensitivity. Since the GCKR rs1260326 
genotype has also been identified as a causative 
gene for blood CRP levels in genome-wide asso-
ciation studies,17 the pleiotropic effects of the 
GCKR gene may affect the trait through different 
pathways. Thus, the rs1260326 T allele may affect 
glucose metabolism and inflammatory processes 
simultaneously through different mechanisms.

FGF21 improves insulin sensitivity and the metab-
olism of both glucose and lipids.48,49 This study 
showed that the GCKR rs1260326 T allele was 
associated with increased serum levels of FGF21.50 
Together these findings suggest that GCKR geno-
type might affect metabolism-related phenotypes 
through FGF21, a hypothesis that is consistent with 
our results showing an association between 
increased FGF21 levels and high insulin sensitivity 
in women who have the GCKR rs1260326 T/T 
genotype. It was also previously found that exoge-
nous FGF21 treatment decreased carbohydrate 
intake51 and increased adiponectin secretion from 
adipocytes,52 leading to improved insulin resistance; 

however, this study found no association between 
genotype and either dietary intake or adiponectin. 
Therefore, our findings suggest that the GCKR 
rs1260326 T allele may contribute to enhanced 
insulin sensitivity, potentially through a direct action 
of increased FGF21 levels, a hypothesis supported 
particularly in the context of women.

This study has several limitations. This cross-sec-
tional study in Tokyo investigated the effect of the 
GCKR rs1260326 polymorphism on metabolic 
traits in an older Japanese population. However, 
caution should be exercised when generalizing 
the findings due to the specific population and 
cross-sectional design of the study. Limited causal 
inference is acknowledged, highlighting the need 
for longitudinal studies to establish causal rela-
tionships. Another limitation of this study is the 
absence of a power analysis for sample size calcu-
lation. The sample size was determined based on 
practical considerations rather than statistical cal-
culations, which may impact the generalizability 
and robustness of our findings. Future studies 
should incorporate power analysis to ensure an 
adequately powered sample size. In addition, the 
reliance on self-reported dietary intake introduces 
potential limitations such as recall bias.

Conclusion
Our study revealed that the GCKR rs1260326 
polymorphism impacted metabolic-related param-
eters in a sex-dependent manner in an older 
Japanese population. Notably, it affected body 
composition in men and PA in women, with the T 
allele being particularly associated with improved 
insulin sensitivity markers in women. These find-
ings highlight the importance of considering sex 
differences in genetic studies on metabolic health.
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