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[ Abstract | Objective To investigate the relationship between non-alcoholic fatty liver disease (NAFLD) defined
by ZJU index and serum 25-hydroxyvitamin D levels in patients with type 2 diabetes mellitus (T2DM). Methods The
clinical data of 917 T2DM patients diagnosed in Department of Endocrinology, First Hospital of Lanzhou University from
Apr. 2016 to Oct. 2020 were collected. The patients were divided into non-NAFLD group (ZJU index<<32.0), uncertain group
(ZJU index 32.0-38.0) and NAFLD group (ZJU index>38.0), and the serum 25-hydroxyvitamin D levels of the 3 groups
were compared. The association between 25-hydroxyvitamin D levels and NAFLD defined by ZJU index was analyzed by
generalized linear model. Results There were 570 NAFLD patients (62.16%) defined by ZJU index in 917 T2DM patients.
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The ZJU index defined 336 (81.55%) patients as NAFLD in 412 T2DM patients who were diagnosed with fatty liver by
ultrasound. The prevalence rates of NAFLD in T2DM patients with hypertension, hyperlipidemia, overweight or obesity were
significantly higher than those in T2DM patients without hypertension, hyperlipidemia or with normal weight (64.92%[396/610]
vs 56.68% [174/307], 68.18% [480/704] vs 42.25%[90/213], and 76.83% [315/410] and 99.08% [108/109] vs 38.03% [143/376;
all P<<0.01). The prevalence of NAFLD in T2DM patients with poor glycemic control was significantly higher than that with
good glycemic control (69.33%[495/714 ]vs 36.95% [ 75/203 ], P<<0.001). The prevalence of NAFLD in T2DM patients with
normal 25-hydroxyvitamin D levels was significantly higher than that with 25-hydroxyvitamin D inadequacy or deficiency
(79.90%[ 163/204 ] vs 56.99% [ 367/644 ] and 57.97% [40/69 ], P<<0.001). After adjusting for confounding factors such as age,
fasting blood glucose, blood glucose 2 h after meals, glycosylated hemoglobin (HbAlc), body mass index (BMI), systolic
blood pressure, diastolic blood pressure, total cholesterol, triglyceride, high density lipoprotein-cholesterol, low density
lipoprotein-cholesterol, aspartate aminotransferase (AST) and alanine aminotransferase (ALT), analysis of covariance showed
that there were no significant differences in 25-hydroxyvitamin D levels between male and female NAFLD groups and non-
NAFLD groups in either male or female patients (P=0.065 and 0.197). The generalized linear model suggested that BMI,
blood glucose 2 h after meals, HbAlc, homeostasis model of assessment for insulin resistance index, triglyceride and ALT/
AST were the risk factors for NAFLD defined by ZJU index (OR=2.754, 1.499, 1.341, 1.067, 2.871, and 22.346). There was
no correlation between serum 25-hydroxyvitamin D level and ZJU index (P=0.802). Conclusion ZJU index has application
value in the diagnosis of NAFLD in T2DM patients. The prevalence of NAFLD defined by ZJU index is higher in T2DM
patients with poor glycemic control, hypertension, hyperlipidemia, overweight or obesity, but serum 25-hydroxyvitamin D
level is not associated with NAFLD.
[ Key words | type 2 diabetes mellitus; non-alcoholic fatty liver disease; insulin resistance; 25-hydroxyvitamin D; ZJU index
[ Acad J Naval Med Univ, 2023, 44(2): 197-204 ]
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Tab 1 Prevalence of NAFLD defined by ZJU index in T2DM patients of different subgroups

n (%)
Subgroup N Non-NAFLD Unsure NAFLD 2 value P value
Gender 15.733 <0.001
Male 582 38 (6.53) 209 (35.91)  335(57.56)
Female 335 21(6.27) 79 (23.58) 235 (70.15)
Fatty liver 127.759 <0.001
Yes 412 3(0.73) 73 (17.72) 336 (81.55)
No 505 56 (11.09) 215 (42.57) 234 (46.34)
25(0OH)D 42.597 <0.001
Inadequate (<20 ng*mL ") 644 55 (8.54) 222 (34.47) 367 (56.99)
Deficiency (>20-30 ngemL ") 69 1(1.45) 28 (40.58) 40 (57.97)
Normal (>30 ngemL ") 204 3(1.47) 38 (18.63) 163 (79.90)
Hypertension 9.635 0.008
Yes 610 30 (4.92) 184 (30.16) 396 (64.92)
No 307 29 (9.45) 104 (33.88) 174 (56.68)
Hyperlipidemia 56.192 <0.001
Yes 704 29 (4.12) 195 (27.70) 480 (68.18)
No 213 30 (14.08) 93 (43.66) 90 (42.25)
BMI 304.466 <0.001
Low (<18.5kgem °) 22 13 (59.09) 5(22.73) 4 (18.18)
Normal (18.5-23.9 kgem ?) 376 46 (12.23) 187 (49.73) 143 (38.03)
Overweight (24.0-27.9 kgem ) 410 0 95 (23.17) 315 (76.83)
Obesity (=28.0 kgem ) 109 0 1(0.92) 108 (99.08)
Simple obesity or comorbidity 4.489 0.213
Obesity 3 0 0 3 (100.00)
Obesity +hyperlipidemia 22 0 0 22 (100.00)
Obesity +hypertension 12 0 1(8.33) 11 (91.67)
Obesity +hyperlipidemia—+hypertension 72 0 0 72 (100.00)
Glycemic control 88.203 <<0.001
Good (HbA1c<7%) 203 34 (16.75) 94 (46.31) 75 (36.95)
Poor (HbA1c=7%) 714 25 (3.50) 194 (27.17) 495 (69.33)

Non-NAFLD: ZJU index<<32.0; Unsure: 32.0=<ZJU index<38.0; NAFLD: ZJU index>38.0. T2DM: Type 2 diabetes mellitus;
NAFLD: Non-alcoholic fatty liver disease; 25(OH)D: 25-hydroxyvitamin D; BMI: Body mass index; HbAlc: Glycosylated hemoglobin.
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Tab 2 Comparison of clinical indexes of male and female T2DM patients with different ZJU index levels

. Male

Variable Non-NAFLD n=38 Unsure n=209 NAFLD n=335
Agelyear, x+s 65.21£10.24 61.38+£10.24 55.71+£11.58™
FPG/(mmol*L™"), X +s 6.71+1.32 7.79+1.88 10.54%3.01""
2hPG/(mmolsL™"), X+ 14.44+4.03 15.66+4.01 18.89+4.55""
HbA1c/%, X+ 8.611+3.07 8.0441.93 9.22+1.97°
BMI/(kgem ), x=*s 19.89+1.67 23.20+1.94° 26.34+3.66™"
SBP/mmHg, X+ s 133.00220.29 138.7020.19 142.11£23.42°
DBP/mmHg, x+s 73.08+10.32 81.83+12.99° 86.64+1529™"
Total cholesterol/(mmol-L "), X+s 3.89+1.41 3.96+0.90 430+1.18"
Triglyceride/(mmol-L "), X+ 1.07+0.59 1.42+0.68" 2.64+3.00"
HDL-C/(mmol*L™"), X +s 1.09+0.35 1.00£0.21 0.95+0.25"
LDL-C/(mmol*L™"), X +s 2.52+0.86 2.71+1.43 2.84+1.73
BMDI/(gecm %), x+s 0.48+0.14 0.54+0.14 0.56+0.13"
BMD2/(gecm %), x+s 0.4240.09 0.46+0.09 0.46+0.09"
Fasting insulin/(mIU-L""), M (Q,, O.) 6.3 (3.5, 8.9) 6.5 (4.6,9.7) 8.6(6.1,11.4)""
HOMA-IR, M (Q,, Q) 1.7 (1.0, 2.6) 2.1(1.7,2.9) 3.9(3.1,53)"

AST/(U-L™"), M (Q,, Ov)
ALT/U-L "), M (Q,, Ov)

18.5 (16.0, 23.0)
16.0 (12.8, 23.3)

21.0 (18.0, 27.8)
22.0 (16.0, 30.3)

23.0 (16.8, 27.0)
25.0(20.0, 43.0)"

ALT/AST, M (Q,, Oy) 0.8 (0.7, 1.0) 1.0(0.8, 1.2) 14(1.1,1.6)"
1g(25[OH]D), x s 1.0440.06 1.1640.02 1.1840.02
Variable Female

Non-NAFLD n=21 Unsure n=79 NAFLD n=235
Age/year, X+ 63.43+8.59 64.80+9.00 61.69+10.33
FPG/(mmol-L "), x*s 6.031+1.26 777+1.87 10.424+3.12
2hPG/(mmol-L "), x+s 14.10+4.76 15.01+4.38 19.49+5.044
HbAlc/%, x+s 6.93+2.05 7.65+1.63 9.03+1.95"
BMI/(kgem ), X+ 18.51+1.94 21.904+1.93 25.16+2.97
SBP/mmHg, X+ s 131.43+16.71 141.42+18.72 145.77+22.39
DBP/mmHg, X+ 76.14+13.10 75.29+11.33 81.334+12.34"
Total cholesterol/(mmol*L™ "), X+ 4.361+1.08 445+1.77 4.65+1.17
Triglyceride/(mmol-L "), Xt 0.93+0.42 1.28+0.61 2.54+3.00"
HDL-C/(mmol*L "), X+ 1.4940.45 1.234+0.27 1.0940.28™"
LDL-C/(mmol*L™"), x+s 2.5340.84 2.66+0.88 2.91+0.83
BMDI1/(g*cm %), X+ 0.29+0.13 0.31£0.12 0.36+0.11""
BMD2/(g*cm %), X+ 0.28+0.08 0.3040.09 0.320.08™"
Fasting insulin/(mIU-L""), M (Q,, Q) 4.1 (3.2, 6.6) 6.8 (4.5,9.5) 7.5(4.9,12.4)
HOMA-IR, M (Q,, Q) 1.1(0.8,1.9) 2.1(1.3,3.0)" 3.4(25,5.1)"

AST/(U*L™"), M (Qy, Qv)
ALT/(U-L™"), M (Qy, Qv)
ALT/AST, M (0., O,)
1g(25{OH]D), X+

20.0 (16.5, 26.5)

14.0 (11.5, 16.0)
0.7 (0.6, 0.8)
1.1240.10

19.0 (16.0, 23.3)
17.0 (12.8,23.3)"
0.9 (0.7, 1.1)"
1.09£0.05

22.0(16.0, 38.3)
24.0 (16.0, 43.5)"
1.0(0.8,1.2)"
1.2040.03

Non-NAFLD: ZJU index<<32.0; Unsure: 32.0<ZJU index<:38.0; NAFLD: ZJU index>38.0. 1 mmHg=0.133 kPa. 'P<0.05
vs non-NAFLD group of same gender; £P<0.05 vs unsure group of same gender. T2DM: Type 2 diabetes mellitus; NAFLD: Non-
alcoholic fatty liver disease; FPG: Fasting blood glucose; 2hPG: Blood glucose 2 h after meals; HbAlc: Glycosylated hemoglobin;
BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HDL-C: High density lipoprotein-cholesterol;
LDL-C: Low density lipoprotein-cholesterol; BMD1: Bone mineral density in the left forearm; BMD2: Bone mineral density in the
right calcaneus; HOMA-IR: Homeostasis model of assessment for insulin resistance index; AST: Aspartate aminotransferase; ALT:

Alanine aminotransferase; 25(OH)D: 25-hydroxyvitamin D; M (Q,, O): Median (lower quartile, upper quartile).
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Tab 3 Multiple stepwise linear regression analysis of influencing factors of ZJU index in T2DM patients
. Collinearity
Variable t value P value b (95% CI) Tolerance VIF
Gender 11.725 <<0.001 1.902 (1.583, 2.220) 0.551 1.814
Age —3.946 <0.001 —0.024 (—0.035, —0.012) 0.757 1.321
BMI 56.194 <0.001 1.013 (0.978, 1.048) 0.826 1.210
2hPG 28.089 <<0.001 0.405 (0.377, 0.433) 0.682 1.467
HOMA-IR 4.633 <<0.001 0.065 (0.037, 0.093) 0.939 1.064
HbAlc 8.609 <0.001 0.294 (0.227, 0.361) 0.669 1.495
SBP 0.439 0.661 0.001 (—0.004, 0.007) 0.913 1.096
Triglyceride 43.727 <<0.001 1.055 (1.007, 1.102) 0.944 1.060
BMDI1 —0.960 0.338 —0.540 (—1.643, 0.564) 0.398 2.511
BMD2 —0.039 0.969 —0.033 (—1.712, 1.646) 0.373 2.682
25(0OH)D —0.248 0.804 —0.001 (—0.009, 0.007) 0.926 1.080
ALT/AST 42.439 <0.001 3.107 (2.963, 3.250) 0.969 1.032

T2DM: Type 2 diabetes mellitus; BMI: Body mass index; 2hPG: Blood glucose 2 h after meals; HOMA-IR: Homeostasis model
of assessment for insulin resistance index; HbAlc: Glycosylated hemoglobin; SBP: Systolic blood pressure; BMD1: Bone mineral
density in the left forearm; BMD2: Bone mineral density in the right calcaneus; 25(OH)D: 25-hydroxyvitamin D; ALT: Alanine

aminotransferase; AST: Aspartate aminotransferase; b: Regression coefficient; CI: Confidence interval; VIF: Variance inflation factor.
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0.001) , BMI, %&J5 2 hIfif# . HbAlc, HOMA-IR .
H il =R, ALT/AST J& ZJU 48 50 & X i NAFLD
HfERS N Z( OR=2.754.1.499 .1.341 . 1.067.2.871 .
22.346, P¥J<<0.001) , TilfiLy& 25 (OH) D KF-5
ZIU $8806% (P=0.802) . WL 4.

3 3% 8

NAFLD 4 5 /I 4 jtg 5 40 B 105 A2 v B 05
0 A B A A e R S O o S BT
HRTIZWr NAFLD (4 hn e, BAE R —FR A
2, ARG RO 58 b 1 4 AT PR,
I 3 1L 7 B S A 0 A NAFLD HoA — & I E .
WF5E 3 W ZIU $8400T T NAFLD f#i, — gl
A 19 804 FIHF 78 X 42 (7 324 512 i i NFALD )
w98 K W, ZIU 45 %012 Wi NAFLD ) AUC {H K
0.925 (95% C10.919~0.931) , BT HAbAR
AT L ATRETERT ST & IILLR ZIU 4550
5 NAFLD [ &k F 2 M IEASE, ZIU $5 500748
& 5 NAFLD 5 £ i KU 7 40 56 12 ZIU 45 %k

XF e CHE NAFLD (#0258 B, Bzl
AUC {E 4 0.833 (95% CI 0.809~0.858) , ZtEN
0.788 (95% CI0.758~0.818 ) , 1/ T HAt FiiAs
AU, 91 H ZIU $8 5078 5 U 535 250K F- 1) NAFLD
BF R RGBT FRE, X T
P8 ANBE, ZIU $850H00 NAFLD RUR t fl T H:
A ( AUC=0.742, 95% CI0.647~0.837) ",

R4 T2DM EBE ZJU 5 EZR X & HEERIN T

Tab 4 Generalized linear model analysis of influencing

factors of ZJU index in T2DM patients

Variable b P value OR (95% CI)
Male —1.902 <<0.001 0.149 (0.109, 0.205)
Age —0.024 <<0.001 0.977 (0.965, 0.988)
BMI 1.013  <<0.001 2.754 (2.659, 2.853)
SBP 0.001 0.658 1.001 (0.996, 1.007)
2hPG 0.405 <<0.001 1.499 (1.458, 1.542)
HbAlc 0.294 <0.001 1.341 (1.255, 1.433)
HOMA-IR 0.065 <<0.001 1.067 (1.038, 1.097)
Triglyceride 1.055 <<0.001 2.871 (2.739, 3.009)
BMDI —0.033 0.969  0.967(0.183, 5.111)
BMD2 —0.540 0.334  0.583(0.195, 1.741)
ALT/AST 3.107 <<0.001 22.346 (19.379, 25.767)
25(0OH)D —0.001 0.802  0.999 (0.991, 1.007)

T2DM: Type 2 diabetes mellitus; BMI: Body mass
index; SBP: Systolic blood pressure; 2hPG: Blood glucose
2 h after meals; HbAlc: Glycosylated hemoglobin; HOMA-IR:
Homeostasis model of assessment for insulin resistance index;
BMD1: Bone mineral density in the left forearm; BMD2:
Bone mineral density in the right calcaneus; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; 25(OH)D:
25-hydroxyvitamin D; b: Regression coefficient; OR: Odds ratio;

CI: Confidence interval.
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