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Abstract: Objective This study aims to investigate the association between blood glucose control level and the risk of
developing gallstone disease (GSD). Methods Longitudinal cohort data from the UK Biobank (UKB) through 2023 and cohort
data from individuals who underwent health examinations at a hospital in Kaizhou District, Chongqing, between 2013 and
2017 were used. Cox proportional hazards models were applied separately in the two cohorts to investigate the associations of
fasting blood glucose (FBG), glycosylated hemoglobin (GHb), and the hemoglobin glycation index (HGI) with the risk of

incident GSD, and the results from the two cohorts were pooled using meta—analysis. In addition, trajectory analysis was
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conducted in the Kaizhou hospital cohort to examine the associations of FBG, GHb, and HGI trajectories with the risk of
incident GSD. Results Meta—analysis integrating data from the UK Biobank and the Kaizhou cohort showed that each 1—unit
increase in FBG was associated with an HR of 1.061 (95% CI: 1.054-1.068) for GSD, and each 1-standard deviation (SD)
increase in FBG was associated with an HR of 1.076 (95% CI: 1.067-1.085). Compared to individuals with FBG <6.10 mmol/
L, those with FBG between 6.10-<7.0 mmol/L (pooled HR=1.151, 95% CI: 1.095-1.210) and those with FBG =7.0 mmol/L
(pooled HR=1.398, 95% CI: 1.336-1.463) had increased GSD risk. Similarly, compared to individuals with GHb <5.7%,
those with GHb between 5.7%—<6.5% (pooled HR=1.044, 95% CI: 1.013-1.076) and those with GHb =6.5% (pooled HR=
1.187, 95% CI: 1.123-1.255) also showed elevated GSD risk. In the low-HGI group, each 1-unit increase in HGI was
associated with an HR of 0.689 (95% CI: 0.570-0.834) for GSD, and each 1-SD increase was associated with an HR of
0.911 (95% CI: 0.868-0.955). In the medium—HGI group, the corresponding HRs were 0.737 (95% CI: 0.562-0.967) per 1—
unit increase and 0.962 (95% CI: 0.930-0.995) per 1-SD increase. In the high—HGI group, each 1—unit increase in HGI was
associated with an HR of 1.067 (95% CI: 1.006-1.131), and each 1-SD increase was associated with an HR of 1.028 (95%
CI: 1.003-1.054). Trajectory analysis revealed that compared to the high-level HGI trajectory group, the low—level HGI
trajectory group had a lower risk of GSD (HR=0.187, 95% CI: 0.047-0.743). However, the association between different
trajectory groups of FBG and GHb and the risk of GSD did not reach a significant level. Conclusion There is a correlation
between blood glucose control level and the risk of GSD. Poor blood glucose control will significantly increase the incidence

probability of GSD. In future clinical practice, emphasis should be placed on the standardized management of blood glucose.

Scientific regulation of blood glucose levels may provide an effective means of reducing the risk of incident GSD.
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Figure 1 Flowchart of study participant selection
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Table 1 Baseline characteristics of study participants [ (x 5), n(%) |

UKB TP XL B2 e
KRA RGeS gL A PH  REEINEEZ A N A A P

FIR () 56.00+8.07  60.40+7.19 -98.061 <0.001 4270+12.30 47.30+13.10  -10.858 <0.001
SN M) 150 384(46.4) 14 844(53.3)  481.623 <0.001 34430(62.1)  578(60.0) 1.832 0.176
BMI(kg/m?) 2730 £4.66  29.00%5.36 -51.488 <0.001 2380+3.05 2490+3.02  -11.351 <0.001
W 5.055 x 10° <0.001 — —

HRIJLPHR 80943(25.0) 10 191(36.6) — —

/R 46132(142) 3 848(13.8) — —
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HDL-C(mmol/L) 1.46 +0.38 1.37+0.38 37.201 <0.001 144+034  138+0.33 5.522 <0.001
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LDL-C(mmol/L) 3.57+0.86 3.44 £0.92 22.051 <0.001 2.50 £0.58 2.52 +0.60 -1.045 0.296
WBC(10%ells/L) 6.71+1.71 7.17£2.28 -33.566 <0.001 — — — —
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AR 2 (mol/L) 9.27 + 4.46 9.33+4.83 -1.898 0.058 — — — —
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ALT(U/L) — — — — 2750 £2420 3020=31.60  -2.679 0.008
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K144 36694(11.3)  1031(11.3) 5292(51.0) 107(56.0)

K2 #H 133250(41.1) 3 347(36.5) 3893(37.5) 58(30.4)
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FKT4L — — 1080(5.1) 17(7.1)
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Figure 3  Cox proportional hazards model for GSD risk in relation to glycemic control indicators

2.3 BbesdmpEded) 3 ARG ALk 2 B R R 6g 0
oM BT AR PO RAAEDT A R b,
AHIFER T meta 734177 125068 A O OB il FE AR
S RRELE A7 B ST BTSSR AT B 0T . ikl 4
Feos, LB A REW], SRS T —A 1

mmol/L BRARIINN 1 MRS, IRSELE A7 K KU 35
THE, 5<6.10 mmol/L ZHAH . ,6.10 ~ <7.0 mmol/L
ZH N =7.0 mmol/L ZH JIA L5 A7 e s WU IR T o 7
GHb T, 5<57%H,5.7% ~ <6.5%4H 1=
6.5% NAFESE 41 K99 KU Y 715 -



PRI BE2F 2026 4F55 53 4255 15 ] Modern Preventive Medicine, 2026, Vol. 53, NO. 15

+ 2695 -

16 HGI J7 i, K1 20/ HGI 4 T+ 1 A2, 8
WESEAT SR KU A 31.1%, A3 1 AMrifEs, X
B FAAG 8.9% . K2 1) HOL A EFF 1 ABRA, IRAELS
T8 WU REATR 26.3% , B3N 1 A Fn il 22, AU B f51)

WA 3.8% . TIAE K3 20, HGL 4 b Fk 1 AS8f, IHAEZ
AR IR T 6.7% , BRGI 1 SFRiE2E  KUR: L 41
T+ 2.8%.

Pl HR(95%CI)

<0.001
0.179
<0.001
<0,001
0.076
<0.001
<0.001
0.028
=0.001
=0.001
0.025
<0.001
0.004
0.553
0.005
<0.001
0.949
<0.001
<0001
0.223

e 0+¢
ola

m Y eln

-
>

£H7Y FA ] HR(95%CI) Fai: |

6.10 = <7.0 mmol/L#1 UKB 1.150(1.092 - 1.211) 5.339
6.10 - <7.0 mmol/L#H FFH X 1.166(0.932 ~ 1.458) 1.345
Combined 1.151(1.085 ~ 1.210) 5.505
27,0 mmol/L# UKB 1.402(1.338 ~ 1,469) 14,285
27,0 mmol/L#1 UELIE 1.272(0.975 ~ 1.680) 1.772
Combined 1.398(1.336 ~ 1.463) 14.377
FBG({1 mmoliL) UKB 1.061(1.054 ~ 1.068 17.590
FBG(1 mmol/L) GRLIE 1.054(1.006 ~ 1.105) 2.196
Combined 1.061(1.054 ~ 1.068) 17.725
FBG(1SD) UKB 1.076(1.067 ~ 1.085) 17.164
FBG(15D) GELIES 1.062(1.007 - 1.120) 2.236
Combined 1.076(1.067 ~ 1.085) 17.302
5.7% ~ <6.5%#i UKB 1.045(1.014 -1.077) 2.B63
5.7% ~ <6.5%1 GRLIES 0.899(0.632 ~ 1.278) -0.593
Combined 1.044(1.013 ~ 1.076) 2.802
26.5%#1 UKB 1.188(1.124 - 1.256) 6.082
26.5%41 e X 1.024(0.494 - 2.121) 0.084
Combined 1.187(1.123 ~ 1.255) 6.069
GHB(1%) UKB 1.053(1.031 - 1.075) 4.844
GHBb(1%) GRNIE 0.818(0.592 - 1.130) -1.218
Combined 0.979(0.783 ~ 1.225) -0.184
GHb{1SD) UKB 1.032(1.019 ~ 1.045) 4.901
GHb(1SD) X 0.848(0.651 ~ 1.105) -1.219
Combined 0.980(0.827 ~ 1.161) -0.234
K1 UKB 0.711(0.581 ~ 0.871) -3.297
K1 URLIES 0.552(0.320 ~ 0.952) -2.139
Combined 0.689(0.570 ~ 0.834) -3.836
K2 uKB 0.748(0.569 - 0.983) -2.082
K2 Frf X 0.286(0.032 ~ 2.549) -1.122
Combined

0.737(0.562 ~ 0.967) -2.205

K3 UKB 1.066(1.005 - 1.130) 2139
K3 HAH X 1.122(0.679 - 1.854) 0.449
Combined 1.067(1.006 - 1.131) 2177
K1/SD UKB 0.918(0.873 ~ 0,966) -3.313
K1/SD FH 1 0.849(0.731 - 0.986) -2.144
Combined 0.911(0.868 ~ 0.955) -3.826
K2/SD UKB 0.964(0.932 ~ 0,998) -2.101
K2/sD URAIES 0.861(0.663 ~ 1.118) -1.123
Combined 0.962(0.930 ~ 0.995) -2.229
K3/SD UKB 1.028(1.003 ~ 1.054) 2.180
K3/5D FFAH (% 1.067(0.803 ~ 1.418) 0.446
Combined 1.028(1.003 ~ 1.054) 2.211

<0.001

=
0.854
<0.001
0.223
0815 ;
——
—-—
—ee
_._

<0.001

0.001
0.032

0.037
0.262
0.027
0.032
0.653
0.029
0.001
0.032

0.036
0.262
0.026
0.029
0.655
0.027

4ha]

0.5

4 Cox ML XS ARRY 5 I AR IE]

Figure 4 Forest plot of combined Cox proportional hazards models
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