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Abstract: [Objective] To explore the long—term dynamic trajectories of fasting blood glucose (FBG) and insulin
resistance (IR) in patients with type 2 diabetes mellitus (T2DM) and their influencing factors. [Methods] This
retrospective cohort study included 1 896 T2DM patients registered at Tongren Hospital from May 2020 to May 2025.
Based on longitudinal follow—up data of FBG and fasting insulin, joint latent class mixed models (JLMM) were applied to
identify FBG-IR trajectories. Univariate and multinomial logistic regression was used to examine demographic
characteristics, lifestyle, and clinical determinants of trajectory type.[Results] Four distinct FBG-IR trajectories were
identified: stable FBG-IR (9.76%) , rising FBG-stable IR (5.01%) , stable FBG—elevated IR (75.90%) , and elevated
FBG-IR (9.34%). Compared with the stable FBG-IR group, age =60 years was protective against the elevated FBG—
stable IR trajectory (OR=0.55, 95%CI:0.33-0.92, P=0.023). Highereducation increased the risk of stable FBG—elevated
IR (OR=1.40, 95%CI: 1.01-1.94, P=0.046). Abnormal blood pressure was assoclated with lower risks of stable FBG—
elevated TR (OR=0.66, 95%CI: 0.48-0.92, P=0.013) and elevated FBG-IR (OR=0.48, 95%CI:0.31-0.74, P=0.001).
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Non—drinkers were less likely to belong to the stable FBG—elevated IR trajectory (OR=0.39, 95%CI: 0.16-0.95, P=
0.038). [ Conclusions] The evolution trajectory of FBG and IR in T2DM patients shows significant heterogeneity. The

majority of patients have a deterioration of IR first. Age, education level, blood pressure, and alcohol consumption are the

main influencing factors. Joint assessment of FBG and IR is helpful for early identification of high-risk individuals and

guiding individualized intervention.
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Four FBG-IR trajectories were identified: Stable FBG-IR,
showing stable glucose and insulin resistance; Rising FBG-stable IR,
with increasing glucose and stable insulin resistance; Stable FBG-
rising IR, with stable glucose but rising insulin resistance; and Rising
FBG-IR, where both glucose and insulin resistance increased together.
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Fig.1 Trajectories of fasting blood glucose—insulin

resistance in patients with type 2 diabetes mellitus
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Fig. 2 Distribution of different fasting blood

glucose—insulin resistance trajectories
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Table 1 Baseline characteristics across different fasting blood glucose—insulin resistance trajectories
Vatiables Stable FBG-IR  Rising FBG-stable ~Stable FBG-rising  Rising FBG-IR
(n=185) IR (n=95) IR (n=1439) (n=1717)
Age lyears 62 (57.0,67.0) 61 (51.0,65.5) 59 (46.0,65.0) 56 (45.0,63.0) <0.001
Sex 0.001
Female 89 (48.1) 50 (52.6) 541 (37.6) 63 (35.6)
Male 96 (51.9) 45 (47.4) 898 (62.4) 114 (64.4)
Education level 0.005
Below high school 83 (44.9) 43 (45.3) 487 (33.8) 60 (33.9)
High school or above 102 (55.1) 52 (54.7) 952 (66.2) 117 (66.1)
Occupation type 0.048
Sedentary work 66 (35.7) 28 (29.5) 598 (41.6) 65 (36.7)
Standing work 76 (41.1) 48 (50.5) 585 (40.7) 69 (39.0)
Alternating sitting and standing 43 (23.2) 19 (20.0) 256 (17.8) 43 (24.3)
Household income level 0.867
Low level 49 (26.5) 28 (29.5) 389 (27.0) 52(29.4)
High level 136 (73.5) 67 (70.5) 1050 (73.0) 125 (70.6)
Medication type 0.07
Oral hypoglycemic agents 109 (59.2) 62 (65.3) 967 (68.4) 112 (64.0)
Insulin injection 75 (40.8) 33 (34.7) 447 (31.6) 63 (36.0)
Hypertension status <0.001
No 67 (36.2) 35 (36.8) 686 (47.7) 99 (55.9)
Yes 118 (63.8) 60 (63.2) 753 (52.3) 78 (44.1)
Dyslipidemia 0.36
No 106 (57.3) 53 (55.8) 831 (57.7) 114 (64.4)
Yes 79 (42.7) 42 (44.2) 608 (42.3) 63 (35.6)
Body mass index (kg/m?®) 25.0(22.6,27.3) 255(23.4,28.1) 254 (23.1,282) 253(23.0,27.8)  0.253
BMI category 0.355
Normal weight 70 (37.8) 31 (32.6) 492 (34.2) 59 (33.3)
Overweight 81 (43.8) 40 (42.1) 565 (39.3) 76 (42.9)
Obese 34 (18.4) 24 (25.3) 382 (26.5) 42 (23.7)
Abdominal obesity 0.797
No 47 (25.4) 21 (22.1) 381 (26.5) 48 (27.1)
Yes 138 (74.6) 74 (77.9) 1058 (73.5) 129 (72.9)
Smoking status 0.026
Current smoker 41 (22.2) 17 (17.9) 416 (28.9) 46 (26.0)
Former smoker 30 (16.2) 11 (11.6) 230 (16.0) 36 (20.3)
Never smoker 114 (61.6) 67 (70.5) 793 (55.1) 95 (53.7)
Drinking status 0.003
Current drinker 7(3.8) 5(5.3) 119 (8.3) 12 (6.8)
Former drinker 45 (24.3) 12 (12.6) 403 (28.0) 51(28.8)
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Vatiables Stable FBG-IR  Rising FBG-stable ~Stable FBG-rising  Rising FBG-IR
(n=185) IR (n=95) IR (n=1439) (n=1717)
Non—drinker 133 (71.9) 78 (82.1) 917 (63.7) 114 (64.4)
Balanced diet 0.763
Unbalanced 100 (54.1) 53 (55.8) 739 (51.4) 90 (50.8)
Balanced 85 (45.9) 42 (44.2) 700 (48.6) 87 (49.2)
Fruit and vegetable intake 0.572
Insufficient 39 (21.1) 25 (26.3) 351 (24.4) 48 (27.1)
Adequate 146 (78.9) 70 (73.7) 1088 (75.6) 129 (72.9)
Milk and dairy intake 0.724
Insufficient 142 (76.8) 75 (78.9) 1136 (78.9) 134 (75.7)
Adequate 43 (23.2) 20 (21.1) 303 (21.1) 43 (24.3)
Fish intake 0.405
Insufficient 65 (35.1) 28 (29.5) 418 (29.0) 53 (29.9)
Adequate 120 (64.9) 67 (70.5) 1021 (71.0) 124 (70.1)
Salt intake 0.478
Insufficient 76 (41.1) 35 (36.8) 512 (35.6) 68 (38.4)
Adequate 109 (58.9) 60 (63.2) 927 (64.4) 109 (61.6)
Sugar—sweetened beverage intake 0.12
Insufficient 30 (16.2) 16 (16.8) 325 (22.6) 34 (19.2)
Adequate 155 (83.8) 79 (83.2) 1114 (77.4) 143 (80.8)
Physical activity 0.127
No exercise 35 (18.9) 17 (17.9) 342 (23.8) 38 (21.5)
Light exercise 141 (76.2) 76 (80.0) 1025 (71.2) 136 (76.8)
Moderate—to—vigorous exercise 9 (4.9) 72 (5.0) 3(1.7)
Sleep duration (hours) 8.0 (7.0-9.0) 8.0 (7.0-8.7) 8.0 (7.0-8.5) 8.0 (7.0-9.0) 0.014
Sleep quality 0.098
Poor 45 (24.3) 22(232) 358 (24.9) 29 (16.4)
Good 140 (75.7) 73 (76.8) 1081 (75.1) 148 (83.6)
Sedentary behavior 0.843
No 35(18.9) 19 (20.0) 301 (20.9) 33 (18.6)
Yes 150 (81.1) 76 (80.0) 1138 (79.1) 144 (81.4)

Age, BMI, and sleep time are continuous variables and are presented as median (interquartile range) ; all other variables are categorical vari-

ables and are presented as number (% ).
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Table 2 Univariate logistic regression analysis of factors influencing fasting blood glucose—insulin resistance trajectories

in patients with type 2 diabetes mellitus

Rising FBG—stable IR

Stable FBG-rising IR

Rising FBG-IR

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

Age lyears

<60 Reference = Reference = Reference =

=60 0.56(0.33-0.93) 0.024 0.91(0.67-1.25) 0.572 1.05(0.69-1.60) 0.811
Sex

Female Reference = Reference = Reference =

Male 0.83(0.51-1.37) 0.474 1.54(1.13-2.09) 0.006 1.68(1.10-2.56) 0.016
Education level

Below high school Reference = Reference = Reference =

High school or above 0.98(0.60-1.62) 0.949 1.59(1.17-2.17) 0.003 1.59(1.04-2.43) 0.033
Occupation type

Sedentary work Reference = Reference = Reference =

Standing work 1.49(0.84-2.63) 0.172 0.85(0.60-1.20) 0.360 0.92(0.57-1.48) 0.736

Alternating sitting

and standing 1.04(0.52-2.09) 0.909 0.66(0.44-0.99) 0.045 1.01(0.59-1.75) 0.956
Household income
level

Low level Reference = Reference = Reference =

High level 0.86(0.50-1.49) 0.597 0.97(0.69-1.38) 0.875 0.87(0.55-1.37) 0.540
Medication type

Oral hypoglycemic Reference = Reference = Reference =

agents

Insulin injection 0.77(0.46-1.29) 0.328 0.67(0.49-0.92) 0.013 0.82(0.53-1.25) 0.354
Hypertension status

No Reference = Reference = Reference =

Yes 0.97(0.58-1.63) 0.918 0.62(0.45-0.86) 0.003 0.45(0.29-0.68) <0.001
Dyslipidemia

No Reference = Reference = Reference =

Yes 1.06(0.65-1.75) 0.809 0.98(0.72-1.34) 0.907 0.74(0.48-1.13) 0.166
Body mass index /(kg/
) 1.03(0.97-1.09) 0.283 1.03(0.99-1.07) 0.104 1.01(0.97-1.06) 0.566
BMI category

Normal weight Reference = Reference = Reference =

Overweight 1.11(0.63-1.97) 0.707 0.99(0.70-1.40) 0.965 1.11(0.70-1.77) 0.652

Obese 1.59(0.81-3.12) 0.174 1.60(1.04-2.46) 0.033 1.46(0.83-2.59) 0.188
Abdominal obesity

No Reference = Reference = Reference =

Yes 1.20(0.67-2.15) 0.547 0.94(0.66-1.34) 0.749 0.91(0.57-1.46) 0.711

Smoking status
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Rising FBG-stable IR Stable FBG~-rising IR Rising FBG-IR
Variables

OR(95%CI) P OR(95%CI) P OR(95%CI) P
Current smoker Reference - Reference - Reference -
N 0.88(0.36-2.16) 0787  0.76(0.46-124) 0270  1.07(0.56-2.03) 0.837
[ 142(0.75-2.69) 0286 0.69(0.47-0.99)  0.049  0.74(0.45-1.23) 0.245
Drinking status
T R - Rl - R -
I 037(0.10-139)  0.141  0.53(023-120) 0126  0.66(0.24-1.82) 0.424
ekl 0.82(0.25-2.67) 0743  0.40(0.18-0.89) 0024  0.50(0.19-1.31) 0.159
ikl Ghep
Ul s - R - s -
Bl 093(0.57-153) 0782 111(0.82-1.51) 0489  1.14(0.75-1.72) 0.541
Fruit and vegetable
intake
T et R - R - R -
Adegmeie 075(0.42-1.33) 0324  083(0.57-120) 0321  0.72(0.44-1.16) 0.180
Milk and dairy intake
Tnsufficient R - effanes - RN -
Al 0.88(0.48-1.60)  0.678  088(0.61-127) 0494  1.06(0.65-1.72) 0.814
Fish intake
Insufficient e - e - R -
Adlesmes 129(0.76-221) 0342 132(0.96-1.83) 0080  1.27(0.81-1.97) 0.292
Salt intake
Insufficient R - Tt - Relframas -
Adesmens 119(0.72-1.99) 0492 126(092-1.72)  0.143  1.12(0.73-1.70) 0.605
Sugar—sweetened bev-
erage intake
o e s - R - s -
AGlsane 0.96(0.49-1.60) 0894  0.66(0.44-099) 0049  0.81(0.47-1.40) 0.457
Physical activity
N Greazts R - e - R -
L G 1.11(058-2.11) 0751  0.74(0.50-1.10) 0137  0.89(0.53-1.49) 0.653
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S
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Srecrp ety
Poor I - R - s -
Good 1.07(059-191) 0829  0.97(0.68-139) 0869  1.64(0.97-2.76) 0.063
Codlomar b
No Relranas - Tt - e -
Yes 093(0.50-1.74) 0829  088(0.61-127) 0527  1.02(0.60-1.72) 0.948
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Table 3 Multinomial logistic regression analysis of factors influencing fasting blood glucose—insulin resistance

trajectories in patients with type 2 diabetes mellitus

Dependent variable Independent variable Reference group b S, z OR(95%CI) P
Rising FBG—stable IR Age group
=60 <60 -0.60 026 -228 0.55(0.33-0.92)  0.023
Stable FBG-rising IR Education level
High school or above Below high school 034 0.17 1.99  1.40(1.01-1.94)  0.046
Hypertension status
Yes No -042 0.17 -2.48 0.66(0.48-0.92) 0.013
Drinking status
Former drinker Current drinker -0.89 045 -1.93 0.41(0.17-1.01)  0.053
Non—drinker -0.94 045 -2.07 0.39(0.16-0.95)  0.038
Rising FBG-IR Hypertension status
Yes No -0.73 022 -3.30 0.48(0.31-0.74)  0.001
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