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Abstract

Background: This study aimed to investigate the association of non-alcoholic fatty liver 
disease (NAFLD) and liver fibrosis with osteoporosis in postmenopausal women and men 
over 50 years of age with type 2 diabetes (T2DM).
Methods: In this study, 1243 patients with T2DM (T2DM with coexistent NAFLD, n  = 760; 
T2DM with no NAFLD, n  = 483) were analysed. Non-invasive markers, NAFLD fibrosis 
score (NFS) and fibrosis index based on four factors (FIB-4), were applied to evaluate 
NAFLD fibrosis risk.
Results: There was no significant difference in bone mineral density (BMD) between the 
NAFLD group and the non-NAFLD group or between males and females after adjusting 
for age, BMI and gender. In postmenopausal women, there was an increased risk of 
osteoporosis (odds ratio (OR): 4.41, 95% CI: 1.04–18.70, P = 0.039) in the FIB-4 high risk 
group compared to the low risk group. Similarly, in women with high risk NFS, there was 
an increased risk of osteoporosis (OR: 5.98, 95% CI: 1.40–25.60, P = 0.043) compared to 
the low risk group. Among men over 50 years old, there was no significant difference 
in bone mineral density between the NAFLD group and the non-NAFLD group and no 
significant difference between bone mineral density and incidence of osteopenia or 
osteoporosis among those with different NAFLD fibrosis risk.
Conclusion: There was a significant association of high risk for NAFLD liver fibrosis with 
osteoporosis in postmenopausal diabetic women but not men. In clinical practice, gender-
specific evaluation of osteoporosis is needed in patients with T2DM and coexistent NAFLD.

Introduction

Osteoporosis is a systemic bone disease characterized by 
decrease in bone mass and damage to the microstructure 
of bone tissue, resulting in increased bone fragility and 
susceptibility to fracture (1). Pain due to osteoporosis 
can reduce the quality of life, while spinal deformity and 
fractures can limit a patient’s level of activity and ability 

to self-care and increase the incidence of lung infection 
and bedsores. These potential sequelae place a heavy 
economic burden on families and society. Numerous risk 
factors for osteoporosis include obesity, advanced age, 
menopause, diabetes, calcium and vitamin D deficiency, 
low body weight, inappropriate secretion of parathyroid 
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hormone, hypercalciuria, low insulin-like growth factor-1 
and hypoalbuminemia.

Non-alcoholic fatty liver disease (NAFLD) affecting 
multiple extrahepatic organs is considered a multi-system 
disease (2). Recent studies have shown that NAFLD is a high 
risk factor for osteoporosis (3). Several studies have reported 
an association of NAFLD with bone mineral density (BMD). 
A lower BMD has been reported in patients with NAFLD 
compared to those without (4, 5), as well as a negative 
association of NAFLD with right-hip BMD (5). Previous 
studies have shown that NAFLD is closely associated 
with decreased BMD in adults and children (6, 7), as well 
as a history of osteoporotic fractures (8). Nonetheless, 
a meta-analysis failed to show significant differences in 
BMD measurements at the femoral or lumbar spine level 
in patients with or without NAFLD (9). It is clear that an 
association of NAFLD with osteoporosis is controversial.

Liver fibrosis is a major predictor for the development 
of future liver-related events in patients with NAFLD 
(10), and an increasing number of studies have shown 
that liver fibrosis is the main marker of poor disease 
outcome. Nonetheless between different regions and 
genders, there is no consensus on the association of 
NAFLD fibrosis with osteoporosis. Studies from Korea 
reported that hepatic fibrosis was significantly associated 
with osteoporosis in both men and women, although a 
more recent study with large sample size reported no 
association of liver steatosis or fibrosis with osteopenia 
or osteoporosis in a US population older than 50 years. 
NAFLD often coexists with T2DM that is also considered 
a risk factor for osteoporosis (11). Although small studies 

reported an association of fibrosis with postmenopausal 
state (12), no studies have examined sex-specific 
differences in the effect of NAFLD on osteopenia or 
osteoporosis in patients with T2DM.

Our study with large sample size investigated 
the association between NAFLD, hepatic fibrosis and 
osteoporosis in patients with T2DM. First, analyses were 
done according to gender and menopausal status, and 
confounder factors (BMI, age, etc.) were corrected for a 
detailed stratified assessment. Then, reliable, non-invasive 
assessment indicators for liver fibrosis (NAFLD fibrosis 
score (NFS) and fibrosis index based on 4 factors (FIB-4)) 
were applied and were also modified according to age. 
The following innovative conclusion was drawn: risk of 
osteoporosis was significantly increased in women at high 
risk of liver fibrosis compared to those at low risk but not in 
men with type 2 diabetes.

Patients and methods

Patients

In this study, we retrospectively analysed 2288 diabetic 
patients who were admitted between January 2018 and 
December 2019 to the Endocrinology Department of 
Shanghai Fifth People’s Hospital. Diabetes was confirmed 
if the patient fulfilled the 2017 ADA diagnostic criteria 
for diabetes (13). Women over 50 years of age who had 
ceased to menstruate or had undergone surgical removal 
of both ovaries in the 12 months prior to admission were 
considered to be in the menopause.

Figure 1
The flowchart of this study.
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In total, 1045 patients were excluded for the following 
reasons: premenopausal female (n  = 239); male age 
below 50 years (n  = 156); presence of viral liver disease 
or autoimmune hepatitis (n  = 171); presence of thyroid, 
parathyroid, adrenal or gonadal disorder (n  = 48); absence 
of liver ultrasound (n  = 182); absence of bone density test 
results (n  = 153); previous gastrointestinal resection (n  = 7); 
history of drug or alcohol abuse (n  = 16); previous hip 
replacement (n  = 6), malignant tumour (n  = 34) and long-
term bed rest (n  = 33).

A total of 1243 diabetic patients were studied; 483 
without fatty liver and 760 with fatty liver (Fig. 1).

Clinical and laboratory data

During the hospital admission, height (cm), weight 
(kg) and body mass index (BMI), calculated as weight  
(kg)/height2 (m2), were recorded for all patients. Blood 
pressure was recorded after the patient had rested for 
10 min, and the blood was drawn for the measurement 
of HbA1c, fasting blood glucose (FBG), fasting insulin 
(FINS), fasting C-peptide (FCP), alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), γ-glutamyl 
transpeptidase (GGT), platelet count, creatinine, albumin, 
globulin, serum calcium, PTH, P1NP, β-CTX, and OC. 
Estimated glomerular filtration rate (eGFR) was calculated 
according to the Chronic Kidney Disease Epidemiology 
Collaborative Group (CKD-epi) equation.

BMD assessment

Dual-energy X-ray absorptiometry (DXA) examination 
is considered the gold standard to assess bone mineral 
density. It is easy to use and has a fast detection speed. In 
our study, DXA examination was performed by doctors 
with radiological qualifications in the Department of 
Nuclear Medicine. Test results were based on the lower T 
score: T score >−1 was considered normal. Osteopenia was 
defined as a T score between −1.0 and −2.5 and osteoporosis 
as a T score ≤−2.5.

NAFLD diagnosis

Abdominal ultrasonography was performed, and fatty 
liver was characterized when echogenicity of the liver 
significantly increased relative to that of the kidneys. The 
ultrasound beam was attenuated with the diaphragm 
indistinct or when the echogenic walls of the portal 
veins were less visible (14). NAFLD was defined as 
ultrasonographically proven fatty changes in the absence 

of competing aetiologies of fatty liver disease, such as: 
alcoholism, viral or autoimmune chronic liver disease, 
steatogenic drug history and thyroid disorder. Alcoholism 
was defined as an intake that exceeded 210 g/week for men 
and 140 g/week for women.

FIB-4 index and NFS index

FIB-4 index = age (years) × AST (U/L) / (PLT (×109/L) × 
ALT U/L( ) ).

NFS index = −1.675 + 0.037 × age (years) + 0.094 × BMI 
(kg/m2) + 1.13 × impaired fasting glucose/diabetes (yes = 1, 
no = 0) + 0.99 × (AST/ALT) – 0.013 × PLT (×109/L) – 
0.66 × albumin (g/dL). Different thresholds were applied 
for patients aged ≥65 years in the stratification of liver 
fibrosis (15).

Statistical analysis

Data are presented as mean ± s.d. when continuous data 
distribution was normally distributed or close to normal. 
Skewed data are presented as median and quartiles. 
Frequency and percentage are used in categorical data. 
All analyses were performed using SPSS 23.0 software. 
The t test was used for normally distributed data, two 
independent sample rank sum test for skewed data, 
and chi-square test or Fisher’s exact chi-square test for 
categorical data. This was a 1:1-matched case–control 
study and age, gender and BMI match tolerances were 
0, 0, and 2 respectively. We determined the relationship 
between FIB4 and NFS and BMD by logistic regression 
analysis: first, we correlated each factor with BMD. Then, 
potential clinical confounders with P < 0.05 in univariate 
analysis and FIB4 and NFS were included in multivariate 
logistic analysis.

Results

Characteristics of subjects in the  
cross-sectional study

A total of 1243 subjects with T2DM were included in 
this study of whom 654 were male (266 non-NAFLD, 388 
NAFLD) and 589 were female (217 non-NAFLD and 372 
NAFLD). The clinical and laboratory characteristics are 
shown in Table 1. Compared with non-NAFLD patients, 
those with T2DM and NAFLD had significantly higher 
BMI, TC, TG, LDL, FINS, FBG, FCP, ALT, AST, and GGT but 
lower age and HDL (all P < 0.001). Patients with T2DM and 
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NAFLD had much higher lumbar anteroposterior T 
score (0.15 ± 1.80 vs −0.19 ± 1.93, P = 0.011), higher left 
hip anteroposterior T score (−0.72 ± 1.15 vs −1.13 ± 1.26, 
P < 0.001), lower P1NP (35.56 (26.60, 46.87) vs 40.09 (27.86, 
55.54), P = 0.016) and lower β-CTX (351.40 (226.20, 492.65) 
vs 388.55 (242.65, 588.70), P = 0.017) than those without 
NAFLD. The incidence of osteoporosis and osteopenia 
in patients with T2DM and NAFLD was significantly 
lower than in those without NAFLD (10.16% vs 18.30%), 
P < 0.001).

Further comparisons between males and females 
revealed that BMI, age, FINS, FCP, FBG, HOMA-IR, blood 
lipids, ALT, AST and eGFR showed the same uniform 
differences between T2DM patients with and without 
NAFLD to those seen in the overall patient population. 
Among female T2DM patients, those with NAFLD had 
higher lumbar anteroposterior T score, higher left hip 
anteroposterior T score, lower P1NP, low β-CTX and 
decreased osteoporosis, whereas for male T2DM patients, 
no bone metabolites showed any difference (Table 1 and 
Supplementary Table 1, see section on supplementary 
materials given at the end of this article).

Comparison of parameters between non-NAFLD 
and NAFLD patients with T2DM by matching 
confounding factors

A 1:1 case–control analysis was performed to avoid the 
potential bias of covariates that were not evenly distributed 
between non-NAFLD and NAFLD patients (Table 2 and 
Supplementary Table 2). After matching for age, gender 
and BMI, there was no significant difference in BMD 
between the NAFLD group and the non-NAFLD group in 
terms of T score or Z value and no significant difference in 
incidence of osteopenia or osteoporosis. Further gender-
specific analyses revealed no significant difference in the 
distribution of bone mineral density between non-NAFLD 
and NAFLD patients with T2DM, for males or females.

Comparison of parameters between different 
NAFLD fibrosis risk stages

We also investigated the association of NAFLD severity 
and osteoporosis in T2DM patients with co-existing 
NAFLD. When stratified according to FIB-4 (Table 3 and 
Supplementary Table 3), in all patients with intermediate 
or high risk, as well as the overall population, males and 
females had lower albumin. In the overall population, 
compared to those with low fibrosis risk, patients with 
intermediate- and high-risk FIB-4 showed much lower left 
hip T score (−0.88 ± 1.22 and −0.89 ± 1.14 vs −0.54 ± 1.11, 

P = 0.008) and much higher incidence of osteoporosis 
(13.47% and 12.35% vs 5.22%). In females, those with 
intermediate- or high-risk FIB-4 had much lower lumbar 
spine T score, left hip T score and P1NP, resulting in a much 
higher occurrence of osteoporosis (23.35% and 25.00% vs 
7.27%). In males, although 25(OH)D and serum calcium 
were lower in high fibrosis risk patients, there was no 
significant difference in BMD and incidence of osteopenia 
or osteoporosis among the three groups of FIB-4 risk: low, 
intermediate or high.

When stratified according to NFS (Table 4 and 
Supplementary Table 4), few patients were considered 
ruled-in low fibrosis risk (14.34% vs 45.39%, respectively) 
compared to FIB-4. In the total patient population, 
compared with low-risk and intermediate-risk patients, 
those with high risk had higher BMI and lower calcium, 
25(OH)D and left hip T score (−1.02 ± 1.08 vs −0.51 ± 1.12 
and −0.66 ± 1.17, P = 0.016), resulting in a much higher 
incidence of osteoporosis (16.27% vs 7.34% and 9.48%). In 
the female population, compared with low-risk patients, 
those with high risk had much higher BMI and PTH, lower 
25(OH)D, P1NP, lumber T score (−1.07 ± 1.48 vs −0.15 ± 1.20, 
P = 0.005) and left hip T score (−1.44 ± 0.92 vs −0.52 ± 0.91, 
P < 0.001) and higher incidence of osteoporosis (26.37% 
vs 6.45% and 18.26%). In the male population, compared 
with those at low risk, patients at high risk showed lower 
calcium and 25(OH)D. There was no significant difference 
in BMD or incidence of osteopenia or osteoporosis among 
the three groups of NFS: low, intermediate or high risk.

Increased NAFLD fibrosis risk was closely 
associated with BMD

Correlation analyses were performed to investigate the 
association between lumber T score, left hip T score and 
clinical parameters. In the overall and female population, 
both lumbar and left hip T score were negatively correlated 
with age, FIB4 (P < 0.001 and P = 0.025) and NFS (P = 0.027 
and P ≤ 0.001) and positively correlated with BMI. In 
addition, left hip T score was positively correlated with 
ALB and negatively correlated with PTH. In males, lumber 
T score and left hip T score were negatively correlated with 
age and positively correlated with BMI, but there was no 
significant correlation with other factors (Table 5).

Increased NAFLD fibrosis risk was an independent 
risk factor for osteoporosis in women

Logistic regression analyses were performed on NAFLD 
fibrosis risk for osteoporosis in patients with NAFLD and 

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 
International License.

https://doi.org/10.1530/EC-22-0174
https://ec.bioscientifica.com © 2022 The authors

Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-22-0174
https://ec.bioscientifica.com


Z Yu, Y Wu et al. e22017411:11

Ta
bl

e 
3 

Co
m

pa
ri

so
n 

of
 p

ar
am

et
er

s 
be

tw
ee

n 
di

ff
er

en
t N

AF
LD

 fi
br

os
is

 r
is

k 
st

ag
es

 s
tr

at
ifi

ed
 a

cc
or

di
ng

 to
 F

IB
-4

.

To
ta

l p
ar

ti
ci

pa
nt

s 
(n

  =
 7

60
)

M
en

 (n
  =

 3
88

)
W

om
en

 (n
  =

 3
72

)

FI
B4

-L
R

FI
B4

-IR
FI

B4
-H

R
P-

va
lu

e
FI

B4
-L

R
FI

B4
-IR

FI
B4

-H
R

P-
va

lu
e

FI
B4

-L
R

FI
B4

-IR
FI

B4
-H

R
P-

va
lu

e

n
34

5
33

4
81

18
0

16
7

41
16

5
16

7
40

BM
I (

kg
/m

2 )
26

.6
3 

± 
3.

46
26

.1
0 

± 
3.

52
26

.2
9 

± 
3.

46
0.

19
5

26
.8

8 
± 

3.
29

26
.4

4 
± 

3.
11

26
.0

5 
± 

2.
71

0.
30

9
26

.3
5 

± 
3.

63
25

.7
4 

± 
3.

90
26

.4
9 

± 
3.

98
0.

34
3

D
ur

at
io

n 
of

 
di

ab
et

es
 

(y
ea

r)

10
.0

0 
 

(5
.7

5,
 1

5.
00

)
10

.0
0 

 
(6

.0
0,

 2
0.

00
)

10
.0

0 
 

(7
.0

0,
 2

0.
00

)
0.

42
1

8.
50

  
(3

.2
5,

 1
2.

75
)

10
.0

0 
 

(5
.0

0,
 1

8.
50

)
17

.0
0 

 
(3

.0
0,

 2
0.

00
)

0.
39

9
10

.0
0 

 
(8

.0
0,

 1
5.

00
)

10
.0

0 
 

(6
.2

5,
 2

0.
00

)a
10

.0
0 

 
(9

.2
5,

 2
0.

00
)a

0.
89

4

AL
B 

(g
/L

)
43

.5
5 

± 
4.

79
42

.5
1 

± 
4.

49
a

40
.9

6 
± 

4.
23

a,
b

<0
.0

01
43

.5
0 

± 
4.

68
43

.0
2 

± 
4.

42
40

.2
8 

± 
4.

37
a,

b
0.

00
1

43
.6

2 
± 

4.
92

41
.9

8 
± 

4.
52

a
41

.7
3 

± 
3.

99
a

0.
00

6
γ-

 G
T 

(U
/L

)
25

.0
0 

 
(1

9.
00

, 3
6.

00
)

26
.0

0 
 

(1
9.

00
, 3

8.
00

)
29

.0
0 

 
(2

1.
00

, 5
0.

25
)

0.
22

5
26

.0
0 

 
(2

1.
00

, 4
5.

00
)

27
.5

0 
 

(2
0.

00
, 4

1.
75

)
29

.5
0 

 
(2

2.
00

, 3
9.

00
)

0.
70

2
23

.0
0 

 
(1

8.
00

, 3
4.

00
)

24
.0

0 
 

(1
9.

00
, 3

4.
75

)
29

.0
0 

 
(1

9.
50

, 5
9.

75
)

0.
20

0

Ca
 (m

m
ol

/L
)

2.
27

 ±
 0

.1
2

2.
26

 ±
 0

.1
1

2.
24

 ±
 0

.1
4

0.
06

0
2.

27
 ±

 0
.1

0
2.

25
 ±

 0
.1

0
2.

20
 ±

 0
.1

3a,
b

0.
00

2
2.

28
 ±

 0
.1

4
2.

27
 ±

 0
.1

1
2.

28
 ±

 0
.1

3
0.

82
5

25
(O

H
)D

 
(n

m
ol

/L
)

43
.7

4 
± 

16
.4

4
45

.0
9 

± 
20

.0
6

38
.3

4 
± 

15
.5

6
0.

10
4

45
.5

9 
± 

14
.0

5
43

.4
6 

± 
15

.4
8

39
.0

9 
± 

18
.4

5a,
b

0.
02

1
41

.9
2 

± 
18

.3
7

40
.0

0 
± 

18
.3

4
37

.8
6 

± 
13

.7
8

0.
52

8

PT
H

 (p
m

ol
/L

)
4.

30
  

(3
.2

0,
 5

.5
0)

4.
10

  
(3

.1
0,

 5
.4

0)
4.

10
  

(2
.9

0,
 6

.2
0)

0.
61

1
4.

30
  

(3
.2

0,
 5

.2
5)

4.
05

  
(3

.2
0,

 5
.1

0)
3.

50
  

(2
.7

0,
 6

.1
0)

0.
68

8
4.

50
  

(3
.1

0,
 5

.5
5)

4.
30

  
(2

.9
0,

 5
.8

0)
5.

65
  

(3
.4

5,
 6

.5
0)

0.
36

6

O
C 

(n
g/

m
L)

9.
95

  
(1

2.
34

, 1
6.

12
)

11
.5

9 
 

(8
.2

1,
 1

5.
50

)
10

.6
9 

 
(8

.4
5,

 1
6.

57
)

0.
21

0
10

.9
7 

 
(9

.1
6,

 1
4.

13
)

9.
15

  
(7

.9
7,

 1
2.

23
)

9.
31

  
(8

.3
0,

 1
3.

68
)

0.
12

4
14

.6
0 

 
(1

1.
00

, 1
8.

95
)

14
.7

5 
 

(1
1.

41
, 1

8.
85

)
13

.9
3 

 
(1

0.
65

, 1
6.

77
)

0.
80

7

P1
N

P 
(n

g/
m

L)
41

.0
0 

 
(3

0.
12

, 7
8.

30
)

35
.5

8 
 

(2
5.

29
, 4

7.
52

)
32

.3
8 

 
(2

5.
59

, 4
5.

32
)

0.
07

8
35

.9
7 

 
(2

6.
63

, 5
8.

51
)

31
.4

1 
 

(2
2.

36
, 4

1.
65

)
30

.2
4 

 
(2

3.
78

, 3
6.

93
)

0.
07

8
43

.2
9 

 
(3

3.
55

, 5
6.

09
)

36
.9

0 
 

(2
7.

54
, 4

2.
30

)
34

.0
0 

 
(2

6.
30

, 3
7.

14
)a

0.
04

2

β-
CT

X 
(p

g/
m

L)
37

0.
40

  
(2

40
.7

0,
 5

24
.5

5)
34

6.
90

  
(2

14
.9

5,
 4

75
.6

0)
32

9.
15

  
(2

36
.7

5,
 5

35
.3

8)
0.

51
6

32
9.

10
  

(2
26

.2
0,

 4
58

.7
0)

29
9.

95
  

(1
89

.4
5,

 4
38

.0
0)

30
2.

70
  

(2
50

.9
5,

 4
92

.0
3)

0.
22

6
37

8.
80

  
(2

71
.7

3,
 5

74
.3

5)
39

7.
85

  
(2

47
.9

5,
 5

79
.7

5)
38

8.
30

  
(1

90
.4

8,
 5

51
.7

3)
0.

85
9

Lu
m

ba
r 

BM
D

 
(T

-s
co

re
)

0.
29

 ±
 1

.6
8

0.
11

 ±
 1

.9
2

−
0.

56
 ±

 1
.5

4
0.

06
5

0.
96

 ±
 1

.5
7

1.
08

 ±
 1

.6
8

0.
78

 ±
 0

.7
6

0.
65

4
−

0.
35

 ±
 1

.5
3

−
0.

79
 ±

 1
.6

7a
−

1.
39

 ±
 1

.3
1a

0.
00

5

Lu
m

ba
r 

BM
D

 
(Z

-s
co

re
)

0.
98

 ±
 1

.4
3

1.
28

 ±
 1

.5
3

0.
94

 ±
 1

.2
8

0.
07

0
1.

30
 ±

 1
.4

9
1.

56
 ±

 1
.5

7
1.

58
 ±

 1
.1

2
0.

38
4

0.
67

 ±
 1

.3
0

1.
02

 ±
 1

.4
5

0.
54

 ±
 1

.2
4

0.
09

6

Le
ft

-h
ip

 B
M

D
 

(T
-s

co
re

)
−

0.
54

 ±
 1

.1
1

−
0.

88
 ±

 1
.2

2a
−

0.
89

 ±
 1

.1
4a

0.
00

8
−

0.
32

 ±
 1

.1
8

−
0.

37
 ±

 1
.1

5
−

0.
36

 ±
 1

.0
1

0.
93

7
−

0.
74

 ±
 1

.0
0

−
1.

36
 ±

 1
.0

8a
−

1.
22

 ±
 1

.1
2a

<0
.0

01

Le
ft

-h
ip

 B
M

D
 

(z
-s

co
re

)
0.

23
 ±

 1
.0

2
0.

36
 ±

 1
.0

5
0.

33
 ±

 1
.0

0
0.

38
0

0.
36

 ±
 1

.0
8

0.
59

 ±
 1

.1
1

0.
71

 ±
 0

.8
1

0.
24

5
0.

11
 ±

 0
.9

5
0.

15
 ±

 0
.9

5
0.

09
 ±

 1
.0

6
0.

81
8

BM
D

 
 

 
0.

00
2

 
 

 
0.

87
0

 
 

 
<0

.0
01

 
N

or
m

al
 B

M
D

20
6 

(5
9.

71
%

)
16

7 
(5

0.
00

%
)

39
 (4

8.
15

%
)

12
6 

(7
0.

00
%

)
11

4 
(6

8.
26

%
)

28
 (6

8.
29

%
)

80
 (4

8.
48

%
)

53
 (3

1.
74

%
)

11
 (2

7.
50

%
)

O
st

eo
pe

ni
a

12
1 

(3
5.

07
%

)
12

2 
(3

6.
53

%
)

32
 (3

9.
51

%
)

48
 (2

6.
67

%
)

47
 (2

8.
14

%
)

13
 (3

1.
71

%
)

73
 (4

4.
24

%
)

75
 (4

4.
91

%
)

19
 (4

7.
50

%
)

O
st

eo
po

ro
si

s
18

 (5
.2

2%
)

45
 (1

3.
47

%
)

10
 (1

2.
35

%
)

6 
(3

.3
3%

)
6 

(3
.5

9%
)

0 
(0

.0
0%

)
12

 (7
.2

7%
)

39
 (2

3.
35

%
)

10
 (2

5.
00

%
)

Th
e 

pa
ra

m
et

er
s 

ar
e 

pr
es

en
te

d 
as

 m
ea

ns
 ±

 s.
d
. o

r 
m

ed
ia

ns
 (i

nt
er

qu
ar

til
e 

ra
ng

es
). 

P 
va

lu
es

 w
er

e 
ca

lc
ul

at
ed

 fr
om

 th
re

e 
te

st
s 

fo
r 

ca
te

go
ri

ca
l v

ar
ia

bl
es

, S
tu

de
nt

’s 
t t

es
ts

 fo
r 

co
nt

in
uo

us
 v

ar
ia

bl
es

 a
nd

 
sa

m
pl

es
 n

on
-p

ar
am

et
ri

c 
te

st
.

a P
 <

 0
.0

5 
vs

 F
IB

4-
LR

; b P
 <

 0
.0

5 
vs

 F
IB

4-
IR

.
γ-

G
T,

 g
am

m
a-

gl
ut

am
yl

 tr
an

sf
er

as
e;

 A
LB

, a
lb

um
in

; A
LT

, a
la

ni
ne

 a
m

in
ot

ra
ns

fe
ra

se
; A

ST
, a

sp
ar

ta
te

 a
m

in
ot

ra
ns

fe
ra

se
; B

M
D

, b
on

e 
m

in
er

al
 d

en
si

ty
; D

BP
, d

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e;

 F
BG

, f
as

t b
lo

od
 

gl
uc

os
e;

 F
IB

4-
H

R,
 F

IB
4 

hi
gh

 r
is

k;
 F

IB
4-

IR
, F

IB
4 

in
te

rm
ed

ia
te

 r
is

k;
 F

IB
4-

LR
, F

IB
4 

lo
w

 r
is

k;
 F

in
s,

 fa
st

 in
su

lin
; G

LB
, g

lo
bu

lin
; H

D
L-

C,
 h

ig
h-

de
ns

ity
 li

po
pr

ot
ei

n 
ch

ol
es

te
ro

l; 
LD

L-
C,

 lo
w

-d
en

si
ty

 li
po

pr
ot

ei
n 

ch
ol

es
te

ro
l; 

PT
H

, p
ar

at
hy

ro
id

 h
or

m
on

e;
 S

BP
, s

ys
to

lic
 b

lo
od

 p
re

ss
ur

e;
 T

C,
 to

ta
l c

ho
le

st
er

ol
; T

G
, t

ri
gl

yc
er

id
e.

 

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 
International License.

https://doi.org/10.1530/EC-22-0174
https://ec.bioscientifica.com © 2022 The authors

Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-22-0174
https://ec.bioscientifica.com


Z Yu, Y Wu et al. e220174

PB–XX

11:11

Ta
bl

e 
4 

Co
m

pa
ri

so
n 

of
 p

ar
am

et
er

s 
be

tw
ee

n 
di

ff
er

en
t N

AF
LD

 fi
br

os
is

 r
is

k 
st

ag
es

 s
tr

at
ifi

ed
 a

cc
or

di
ng

 to
 N

FS
.

To
ta

l p
ar

ti
ci

pa
nt

s 
(n

  =
 7

60
)

M
en

 (n
  =

 3
88

)
W

om
en

 (n
  =

 3
72

)

N
FS

-L
R

N
FS

-IR
N

FS
-H

R
P-

va
lu

e
N

FS
-L

R
N

FS
-IR

N
FS

-H
R

P-
va

lu
e

N
FS

-L
R

N
FS

-IR
N

FS
-H

R
P-

va
lu

e

n
10

9
48

5
16

6
47

26
6

75
62

21
9

91
BM

I (
kg

/m
2 )

25
.4

2 
± 

3.
00

26
.3

0 
± 

3.
59

27
.0

8 
± 

3.
33

a,
b

0.
00

2
25

.8
4 

± 
2.

77
26

.5
6 

± 
3.

17
27

.3
9 

± 
3.

36
a

0.
04

8
25

.0
8 

± 
3.

16
25

.9
9 

± 
4.

03
26

.8
2 

± 
3.

31
a

0.
04

0
D

ur
at

io
n 

of
 

di
ab

et
es

 
(y

ea
r)

11
.0

0 
 

(4
.2

5,
 1

5.
00

)
10

.0
0 

 
(6

.0
0,

 1
5.

00
)

10
.0

0 
 

(5
.5

0,
 2

0.
00

)
0.

36
6

7.
50

  
(3

.5
0,

 1
5.

75
)

10
.0

0 
 

(5
.0

0,
 1

4.
00

)
10

.0
0 

 
(4

.0
0,

 2
0.

00
)

0.
77

2
11

.5
0 

 
(6

.5
0,

 1
5.

00
)

10
.0

0 
 

(7
.0

0,
 1

5.
25

)
12

.5
0 

 
(9

.5
0,

 2
0.

00
)

0.
30

8

AL
B 

(g
/L

)
45

.8
7 

± 
4.

58
43

.3
9 

± 
4.

05
a

39
.9

9 
± 

4.
21

a,
b

<0
.0

01
45

.8
4 

± 
4.

79
43

.6
4 

± 
4.

04
a

39
.5

6 
± 

4.
22

a,
b

<0
.0

01
45

.9
0 

± 
4.

45
43

.0
9 

± 
4.

06
a

40
.3

4 
± 

4.
19

a,
b

<0
.0

01
γ-

 G
T 

(U
/L

)
26

.0
0 

 
(1

8.
00

, 4
0.

00
)

26
.0

0 
 

(2
0.

00
, 4

0.
50

)
24

.0
0 

 
(1

8.
00

, 3
5.

00
)

0.
29

7
34

.0
0 

 
(2

2.
75

, 5
8.

50
)

26
.0

0 
 

(2
0.

00
, 4

2.
25

)
26

.0
0 

 
(2

1.
00

, 4
0.

00
) 

0.
18

2
21

.0
0 

 
(1

7.
00

, 3
4.

00
)

25
.0

0 
 

(1
9.

00
, 3

8.
00

)
22

.5
0 

 
(1

6.
25

, 3
2.

75
)

0.
13

8

Ca
lc

iu
m

 
(m

m
ol

/L
)

2.
29

 ±
 0

.1
4

2.
27

 ±
 0

.1
1

2.
24

 ±
 0

.1
0a,

b
0.

00
1

2.
29

 ±
 0

.1
0

2.
26

 ±
 0

.1
0

2.
21

 ±
 0

.1
0a,

b
<0

.0
01

2.
29

 ±
 0

.1
7

2.
29

 ±
 0

.1
2

2.
26

 ±
 0

.1
0

0.
16

2

25
(O

H
)D

 
(n

m
ol

/L
)

45
.3

5 
± 

21
.5

7
43

.1
4 

± 
17

.0
3

38
.8

0 
± 

17
.6

1a,
b

0.
01

2
43

.5
1 

± 
15

.2
6

42
.1

8 
± 

17
.3

4
41

.5
9 

± 
18

.6
0b

0.
02

7
46

.6
5 

± 
25

.2
1

41
.0

1 
± 

15
.7

2
36

.5
9 

± 
16

.6
4a

0.
03

1

PT
H

 (p
m

ol
/L

)
4.

20
  

(3
.1

5,
 5

.2
5)

4.
20

  
(3

.1
0,

 5
.2

5)
4.

40
  

(3
.2

0,
 6

.1
0)

0.
28

3
4.

20
  

(3
.2

5,
 5

.2
0)

4.
10

  
(3

.2
0,

 5
.1

0)
3.

85
  

(2
.7

3,
 5

.0
5)

0.
53

4
4.

20
  

(3
.1

0,
 5

.2
8)

4.
40

  
(3

.0
0,

 5
.5

0)
5.

50
  

(3
.6

0,
 7

.1
5)

 a
,b

0.
01

0

O
C 

(n
g/

m
L)

12
.2

8 
 

(9
.6

9,
 1

8.
35

)
11

.5
2 

 
(8

.7
8,

 1
5.

43
)

13
.2

5 
 

(8
.8

2,
 2

0.
18

)
0.

21
0

10
.9

8 
 

(9
.1

6,
 1

4.
13

)
10

.0
5 

 
(8

.1
2,

 1
2.

36
)

9.
53

  
(8

.0
6,

 1
7.

38
)

0.
41

5
12

.8
2 

 
(1

1.
01

, 1
9.

12
)

14
.6

0 
 

(1
0.

97
, 1

7.
75

)
15

.6
8 

 
(1

1.
52

, 2
0.

71
)

0.
63

4

P1
N

P 
(n

g/
m

L)
37

.5
9 

 
(3

0.
12

, 6
7.

27
)

35
.3

7 
 

(2
5.

74
, 4

5.
08

) 
34

.5
8 

 
(2

5.
29

, 4
7.

52
)

0.
05

6
30

.2
4 

 
(2

3.
78

, 3
6.

93
)

32
.8

8 
 

(2
3.

94
, 4

1.
13

)
33

.9
7 

 
(2

6.
63

, 6
3.

77
)

0.
10

1
43

.2
9 

 
(3

3.
55

, 6
7.

09
)

37
.9

0 
 

(2
7.

54
, 5

2.
30

)
33

.0
0 

 
(3

0.
30

, 4
7.

14
)a

0.
04

5

β-
CT

X 
(p

g/
m

L)
30

5.
40

  
(2

23
.3

5,
 4

71
.9

0)
36

6.
00

  
(2

31
.3

5,
 4

84
.2

5)
35

9.
55

  
(2

21
.6

3,
 5

30
.3

8)
0.

73
6

30
0.

10
  

(1
85

.2
0,

 4
15

.6
0)

32
7.

50
  

(2
17

.2
3,

 4
54

.8
8)

26
6.

05
  

(1
98

.4
0,

 4
75

.7
5)

0.
75

0
32

2.
65

  
(2

49
.9

3,
 6

06
.7

0)
38

8.
90

  
(2

69
.4

0,
 5

59
.9

0)
40

1.
80

  
(2

35
.6

3,
 5

46
.8

0)
0.

82
0

Lu
m

ba
r 

BM
D

 
(T

-s
co

re
)

0.
26

 ±
 1

.4
8

0.
20

 ±
 1

.8
7

−
0.

25
 ±

 1
.7

2
0.

17
7

0.
86

 ±
 1

.6
5

1.
07

 ±
 1

.6
6

0.
93

 ±
 1

.3
0

0.
85

2
−

0.
15

 ±
 1

.2
0

−
0.

66
 ±

 1
.6

5a
−

1.
07

 ±
 1

.4
8a

0.
00

5

Lu
m

ba
r 

BM
D

 
(Z

-s
co

re
)

0.
89

 ±
 1

.3
5

1.
14

 ±
 1

.5
2

1.
14

 ±
 1

.3
2

0.
38

3
1.

13
 ±

 1
.5

8
1.

49
 ±

 1
.6

1
1.

48
 ±

 1
.2

3
0.

50
3

0.
72

 ±
 1

.1
6

0.
79

 ±
 1

.3
4

0.
92

 ±
 1

.3
5

0.
61

1

Le
ft

-h
ip

 B
M

D
 

(T
-s

co
re

)
−

0.
51

 ±
 1

.1
2

−
0.

66
 ±

 1
.1

7
−

1.
02

 ±
 1

.0
8a,

b
0.

01
6

−
0.

50
 ±

 1
.3

8
−

0.
28

 ±
 1

.1
4

−
0.

42
 ±

 1
.0

1
0.

49
3

−
0.

52
 ±

 0
.9

1
−

1.
03

 ±
 1

.0
8a

−
1.

44
 ±

 0
.9

2a,
b

<0
.0

01

Le
ft

-h
ip

 B
M

D
 

(z
-s

co
re

)
0.

18
 ±

 1
.0

0
0.

33
 ±

 1
.0

8
0.

30
 ±

 0
.8

9
0.

55
7

0.
09

 ±
 1

.2
4

0.
54

 ±
 1

.1
1

0.
57

 ±
 0

.8
6

0.
11

5
0.

24
 ±

 0
.8

0
0.

12
 ±

 1
.0

1
0.

12
 ±

 0
.8

8
0.

75
9

BM
D

0.
00

2
0.

08
4

0.
00

2
N

or
m

al
 B

M
D

63
 (5

7.
80

%
)

27
5 

(5
6.

70
%

)
67

 (4
0.

36
%

)
31

 (6
5.

96
%

)
19

0 
(7

1.
43

%
)

45
 (6

0.
00

%
)

32
 (5

1.
61

%
)

85
 (3

8.
81

%
)

22
 (2

4.
18

%
)

O
st

eo
pe

ni
a

38
 (3

4.
86

%
)

16
4 

(3
3.

81
%

)
72

 (4
3.

37
%

)
12

 (2
5.

53
%

)
70

 (2
6.

32
%

)
27

 (3
6.

00
%

)
26

 (4
1.

94
%

)
94

 (4
2.

92
%

)
45

 (4
9.

45
%

)
O

st
eo

po
ro

si
s

8 
(7

.3
4%

)
46

 (9
.4

8%
)

27
 (1

6.
27

%
)

4 
(8

.5
1%

)
6 

(2
.2

6%
)

3 
(4

.0
0%

)
4 

(6
.4

5%
)

40
 (1

8.
26

%
)

24
 (2

6.
37

%
)

Th
e 

pa
ra

m
et

er
s 

ar
e 

pr
es

en
te

d 
as

 m
ea

ns
 ±

 s.
d
. o

r 
m

ed
ia

ns
 (i

nt
er

qu
ar

til
e 

ra
ng

es
). 

P 
va

lu
es

 w
er

e 
ca

lc
ul

at
ed

 fr
om

 th
re

e 
te

st
s 

fo
r 

ca
te

go
ri

ca
l v

ar
ia

bl
es

, S
tu

de
nt

’s 
t t

es
ts

 fo
r 

co
nt

in
uo

us
 v

ar
ia

bl
es

 a
nd

 
sa

m
pl

es
 n

on
-p

ar
am

et
ri

c 
te

st
.

a P
 <

 0
.0

5 
vs

 N
FS

-L
R;

 b P
 <

 0
.0

5 
vs

 N
FS

-IR
.

γ-
G

T,
 g

am
m

a-
gl

ut
am

yl
 tr

an
sf

er
as

e;
 A

LB
, a

lb
um

in
; A

LT
, a

la
ni

ne
 a

m
in

ot
ra

ns
fe

ra
se

; A
ST

, a
sp

ar
ta

te
 a

m
in

ot
ra

ns
fe

ra
se

; B
M

D
, b

on
e 

m
in

er
al

 d
en

si
ty

; D
BP

, d
ia

st
ol

ic
 b

lo
od

 p
re

ss
ur

e;
 F

BG
, f

as
t b

lo
od

 
gl

uc
os

e;
 F

in
s,

 fa
st

 in
su

lin
; G

LB
, g

lo
bu

lin
; H

D
L-

C,
 h

ig
h-

de
ns

ity
 li

po
pr

ot
ei

n 
ch

ol
es

te
ro

l; 
LD

L-
C,

 lo
w

-d
en

si
ty

 li
po

pr
ot

ei
n 

ch
ol

es
te

ro
l; 

N
FS

-H
R,

 N
FS

 h
ig

h 
ri

sk
; N

FS
-IR

, N
FS

 in
te

rm
ed

ia
te

 r
is

k;
 N

FS
-L

R,
 N

FS
 lo

w
 

ri
sk

; P
TH

, p
ar

at
hy

ro
id

 h
or

m
on

e;
 S

BP
, s

ys
to

lic
 b

lo
od

 p
re

ss
ur

e;
 T

C,
 to

ta
l c

ho
le

st
er

ol
; T

G
, t

ri
gl

yc
er

id
e.

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 
International License.

https://doi.org/10.1530/EC-22-0174
https://ec.bioscientifica.com © 2022 The authors

Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-22-0174
https://ec.bioscientifica.com


Z Yu, Y Wu et al. e22017411:11

co-existent T2DM. FIB-4 high risk was an independent risk 
factor for osteoporosis in women (OR = 4.41; 95% CI, 1.04–
18.70; in the high-risk vs the low-risk group, P = 0.039) after 
correction for duration of diabetes, PTH, 25(OH)D and BMI 
(Table 6). Similarly, NFS high risk also was an independent 
risk factor for osteoporosis in women (OR = 5.98; 95% CI, 
1.40–25.60 in the high-risk group vs the low-risk group, 
P = 0.043) after correction for duration of diabetes, PTH 
and 25(OH)D (Table 6).

Discussion

Our study is the first large study to investigate the 
association of NAFLD and hepatic fibrosis with 
osteoporosis in male and female T2DM patients. Our 
data analysis of the overall population showed that the 
prevalence of osteoporosis was significantly lower in the 
NAFLD group, and fatty liver appeared to be a protective 
factor for osteoporosis. Nonetheless, after matching 
for sex, age and BMI, there was no correlation between 
NAFLD and osteoporosis. This may be because patients 
with NAFLD had a higher BMI, and an appropriate 
increase in BMI is a protective factor for BMD (16). This 
may also explain the inconsistent results of previous 
studies.

Another important finding was that liver fibrosis, 
stratified by FIB-4 and NFS, was closely associated with 
osteoporosis in females and the overall population, but 
no correlation was evident in males. It is speculated that 
the overall population correlation may be attributable 
to women, who are at increased risk of developing 
osteoporosis due to the diminished protective effect of 
oestrogen after menopause. Nonetheless, the gender 
differences between hepatic fibrosis and osteoporosis were 
not clear. Gonadal hormones including testosterone (T), 
oestrogens (E), follicle-stimulating hormone (FSH) and 
serum sex-hormone binding globulin (SHBG) interact to 
determine bone mass accrual and BMD maintenance (17). 
During ageing, men have a greater periosteal apposition 
and similar endocortical resorption to women (18). We 
speculate that the difference in hormones contributes to 
the differences in hepatic fibrosis and osteoporosis.

At present, the link between liver fibrosis and 
osteoporosis has not been fully clarified. Previous studies 
showed that bone cortical thickness in patients with 
obvious fibrosis is significantly thinner and may be related 
to enhanced intracortical bone resorption (19). NASH can 
lead to an increase in the release of inflammatory factors 
such as interleukin-6 and tumour necrosis factor α that 
can promote a decrease in bone density. For example, Ta
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TNF-α can promote osteoblasts and their precursor cells 
and inhibit the differentiation of osteoblasts. Liver fibrosis, 
elevated blood copper ions and excessive copper can cause 
kidney damage, resulting in a large loss of bone calcium 
and development of osteoporosis (20). It has also been 
reported that copper can reduce the rate of bone turnover 
by inhibiting the function of osteoblasts and osteoclasts 
(21). Various cytokines and pathogenic mediators have 
been implicated in the pathogenesis of bone loss in chronic 
liver disease (22, 23). In addition, insulin resistance, 
hypercoagulation-hypofibrinolysis, overexpression of 
osteopontin, reduced osteoprotegerin and osteocalcin, 
decreased leptin, adiponectin and 25-hydroxyvitamin D3 
are also involved in the pathogenesis of fatty liver (7).

Accumulating evidence suggests that diabetic bone 
disease is characterized by low bone turnover and patients 
with T2DM have a higher long-term risk of fracture despite 
having similar or slightly higher BMD than age- and sex-
adjusted non-diabetic controls (24, 25). In our study, 
grouping analysis of bone metabolism markers showed 
that P1NP in the high-risk group of hepatic fibrosis female 
diabetic patients was significantly higher than that in the 
low-risk group, while there was no significant difference 
in OC or β-CTX. We speculate that liver fibrosis in diabetic 
patients may increase the risk of osteoporosis by affecting 
bone synthesis. This is slightly different from previous 
research results but may be related to the sample size and 
ethnicity of the study population (26).

This study has some limitations. First, it is a cross-
sectional study so no clear causal relationship can be 
confirmed. In addition, abdominal ultrasonography 
was performed to diagnose fatty liver. Although not the 
gold standard, an updated meta-analysis has shown that 
ultrasonography enables reliable and accurate detection 
of hepatic steatosis (27). In addition, studies have 
shown that a semi-quantitative ultrasonographic index, 
ultrasonographic fatty liver indicator (US-FLI) accurately 
identified histological severity (28) and will be applied in 
our further study to investigate the association of NAFLD 
with osteoporosis. Finally, we found that most patients were 
considered middle or high risk when stratified according 
to NFS, implying that NFS was inadequate in screening for 
liver fibrosis in T2DM patients and more accurate tests are 
needed in further study.

Conclusion

Our study shows that NAFLD liver fibrosis is significantly 
correlated with osteoporosis in Chinese postmenopausal 
women with diabetes but not males. Its pathogenic Ta

bl
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mechanism may be related to the decrease in P1NP. 
Future prospective cohort studies with rigorous control of 
confounding factors are needed to elucidate the association 
of NAFLD hepatic fibrosis with osteoporotic fracture risk.
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