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Abstract

Objective: We examined the association between nonalcoholic fatty liver disease and lumbar spine bone mineral
density in individuals with and without type 2 diabetes.

Methods: The lumbar BMD of 1088 subjects was measured using dual-energy X-ray absorptiometry (DXA). Liver
fat content was quantified via B-mode ultrasound. Multivariable linear regression was used to study the association
between NAFLD and lumbar BMD in participants with and without T2DM.

Results: The lumbar BMD in the T2DM group and the non-diabetes group was higher in the NAFLD group than in
the non-NAFLD group (P<0.001). Multivariate regression analysis in the T2DM group showed that after adjusting for
confounders, the positive association between lumbar spine BMD and NAFLD remained (P=0.027). In the non-diabe-
tes group, after adjusting for confounders, the association between NAFLD and lumbar spine BMD disappeared.

Conclusions: The relationship between nonalcoholic fatty liver disease and lumbar bone mineral density may differ
in individuals with and without diabetes. The effect of nonalcoholic fatty liver disease on bone mineral density needs

to be evaluated in different clinical contexts.

Keywords: Nonalcoholic fatty liver, Diabetes, Lumbar, Bone mineral density

Introduction

Nonalcoholic fatty liver (NAFLD) is a disease in which
excessive fat deposits in liver cells in the absence of
excessive drinking or other causes of liver damage and is
related to hepatic lipotoxicity [1]. Nonalcoholic fatty liver
disease is not only associated with liver diseases such
as nonalcoholic steatohepatitis, liver cirrhosis, and liver
cancer, but also with increased prevalence of metabolic
diseases such as hypertension, dyslipidemia, obesity, and
T2DM (type 2 diabetes) [2—4]. Insulin resistance and
obesity are the key pathogenic factors for nonalcoholic
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fatty liver disease and type 2 diabetes [5, 6]. Therefore,
these two diseases usually coexist. Studies have indi-
cated that 75% of type 2 diabetes patients have nonal-
coholic fatty liver disease [7, 8]. The liver and bones are
both active endocrine organs that have various metabolic
functions [9]. Currently, clear evidence suggests that the
bone mineral density of type 2 diabetes patients is higher
than that of non-diabetes people, especially in the spine
and hips. However, of type 2 diabetes is associated with
an increased risk of fractures [10]. Some studies have
suggested that there is a latent association between non-
alcoholic fatty liver disease and bone mineral density. In
addition to osteoporosis, which is commonly thought
of as an age-dependent disease, other latent factors are
associated with liver and bone tissue [11].

Although some previous studies have separately exam-
ined the effects of nonalcoholic fatty liver disease and
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diabetes on bone mineral density, there is little work
discussing the impact of nonalcoholic fatty liver disease
coexisting with type 2 diabetes on bone mineral density.
Moreover, most of the previous studies concentrated in
specific groups, such as postmenopausal women and
obese adolescents. Therefore, in this study, we examined
the association between bone mineral density and nonal-
coholic fatty liver disease in type 2 diabetes.

Subjects and methods

Ethics statement

The study protocol was approved by the Ethics Commit-
tee of Chengdu Second People’s Hospital (No: 2022144)
and the requirement for informed consent was waived
because of the retrospective nature of the study. All pro-
cedures performed in studies involving human partici-
pants were in accordance with the ethical standards of
the institutional research committee and with the Hel-
sinki declaration and its later amendments or comparable
ethical standards.

Subjects

This study included 1300 subjects who underwent dual-
energy X-ray absorptiometry (DXA) and abdominal
ultrasonography between 2016 and 2021. The T2DM
subjects’ group was from the endocrinology depart-
ment of our hospital, and the non-diabetes group was
from the physical examination center of our hospital,
which was matched with the age and sex of the T2DM
group. The results of the first laboratory examination on
admission in the T2DM group were selected, and the
interval between BMD and ultrasound examination did
not exceed one week. In the non-diabetes group, all the
examinations were completed on the same day.

Inclusion criteria

(1) All participants were > 18 years old; (2) nonalcoholic
fatty liver disease patients were diagnosed with an ultra-
sound examination; (3) BMD was measured by dual-
energy X-ray absorptiometry.

Exclusion criteria

(1) Autoimmune, viral or drug-induced hepatitis disease;
(2) excessive alcohol consumption (over 20 g per day);
(3) patients with diabetes other than T2DM; (4) patients
with other diseases (hyperthyroidism, hyperparathy-
roidism, malignant tumors, etc.) that may affect BMD; (5)
long-term use of drugs that affect BMD (such as gluco-
corticoids, steroids).

After excluding subjects who did not meet the criteria
or we had incomplete data, 1088 subjects were included.
The subjects were divided into the T2DM group and the
non-diabetes group. The diagnosis of T2DM was based
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on the recommendations of the current guidelines of
the American Diabetes Association [12]. The patients in
T2DM group were divided into a T2DM with NAFLD
group (181subjects) and a T2DM without NAFLD group
(353 subjects). The non-diabetes group was divided into
the NAFLD group (144 subjects) and the non-NAFLD
group (410 subjects). The subject selection and inclusion
process is shown in Fig. 1.

Dual-energy X-ray absorptiometry to measure lumbar
spine BMD

According to the World Health Organization (WHO)
diagnostic criteria, the T-score, Z-score and BMD value
at the lumbar spine (L1-L4) were measured using DXA
(GE Lunar Health Care, DPX-L, USA).

NAFLD diagnosis via abdominal ultrasound

The sonographer used a 3—5 MHz probe to examine and
evaluate the liver. The NAFLD diagnostic criteria based
on ultrasound are the presence of signs of liver steatosis,
such as bright liver echo patterns, increased echo beam
attenuation, and loss of structural details in the liver [13].

Collection of laboratory and baseline data

The basic information and laboratory examinations of the
subjects were collected through the medical record sys-
tem. Body mass index (BMI) is the weight (kg) divided by
the standing height squared (m?) [14]. Laboratory data
included total serum cholesterol (TC), TGs, high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), creatinine, uric acid (UA), alanine
transaminase (ALT), alanine aminotransferase (AST),
glycosylated hemoglobin Alc (HbAlc), calcium, and fast-
ing and postprandial blood sugar.

Statistical analysis

Statistical analyses were performed with IBM SPSS
(version 22.0, IBM SPSS Inc., Armonk, New York, US).
Continuous standard variables are expressed as the
mean +standard deviation. Categorical variables are
expressed in numbers (percentages) and were compared
using the y” test. Student’s t-test was used to evaluate the
difference in BMD between NAFLD and non-NAFLD
groups. Linear regression analysis was used to evaluate
the correlation between NAFLD and lumbar spine BMD.
The average lumbar spine BMD was used as the depend-
ent variable and selected variables based on the clinical
background were independent variables for univariate
regression analysis. The confounding factors with p<0.1
in the univariate analysis were included in the multivari-
ate analysis. To avoid multicollinearity, the variance infla-
tion factor was evaluated before adjustment.
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Results
The baseline characteristics and laboratory data of the
T2DM group and non-diabetes group are shown in
Table 1.

There was no significant difference in age, sex, T-chol,
triglyceride, LDL-C, AST, smoking or alcohol consump-
tion history between the two groups (P>0.05). The aver-
age body weight, BMI, TGs, ALT, UA, HbAlc, calcium,
BMD, T-score and Z-score in type 2 diabetic group
were higher than those in non-diabetic group (P<0.05),
the HDL-C, AST were lower than non-diabetic group
(P<0.05).

The relationships between lumbar spine BMD and
NAFLD in different groups are shown in Tables 2, 3.
Taking participants free from diabetes and NAFLD as
the reference group, and using the lumbar BMD as the
dependent variable, multivariate analysis found that
in the T2DM group, regardless of whether or not with
NAFLD, there was a difference in lumbar spine BMD
between the patients and the reference group (Table 3).

In the T2DM group, univariate analysis revealed an asso-
ciation of lumbar spine BMD with NAFLD (P<0.05).
After adjusting for confounding factors (BMI, sex,
age, TGs, HDL-C, serum calcium, UA, ALT), NAFLD
and lumbar spine BMD were still positively associated
(P<0.05). In the non-diabetes group, univariate analy-
sis revealed that lumbar spine BMD was associated with
NAFLD (P<0.05). After adjusting for confounding fac-
tors (TGs, HDL-C, sex, age, ALT, UA, calcium), there was
no correlation between lumbar spine BMD and NAFLD
(P>0.05) (Tables 2, 3).

Discussion

This study assessed the correlation between nonalcoholic
fatty liver disease and lumbar spine bone mineral den-
sity in type 2 diabetes and non-diabetes patients. It was
found that although the lumbar bone mineral density in
the type 2 diabetes group and non-type 2 diabetes group
was higher than that in the non-nonalcoholic fatty liver
group, only nonalcoholic fatty liver in the type 2 diabetes
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Table 1 General characteristics of the study population

Type 2 Non-diabetes P-value

diabetes (n=554)

(n=>534)

Demographics
Age (years) 69.5+£9.6 709498 0177
Female 315(58.9) 343(61.9) 0.629
Height (cm) 1583486 1558£9.1 0.001*
Body weight (kg) 622+104 56.7+£11.9 0.001*
BMI (kg/cm2) 248+04 234405 0.004*
Smoking history 137(25.6) 115(20.7) 0.835
Drinking history 114(21.3) 100(18.1) 0.706
Laboratory data

HbA1c (%) 86+23 56+09 0.001*
T-chol (mmol/L) 475+25 447+1.1 0.075
Triglyceride 224138 16+25 0.165
(mmol/L)
HDL-C (mmol/L) 13+03 14+£04 0.170
LDL-C (mmol/L) 26+09 25411 0326
ALT (U/1) 27+£26 23+14 0.027
AST (U/1) 25419 27+13 0.565
Creatinine (umol/L)  73+£56 64423 0.009*
Uric acid (umol/L) 292+142 3154108 0.025*
Calcium (mmol/L)  2340.1 22401 0.001*
BMD 091402 0.85+0.2 0.025*
T-Score —-11+16 —15+1.76 0.001*
Z-Score 032+13 025+14 0.003*

The values are the mean £ SD, numbers in the brackets are percentages.

n number of patients, BMI body mass index, HDL high-density lipoprotein
cholesterol, LDL low-density lipoprotein cholesterol, T-chol total cholesterol, AST
aspartate aminotransferase, ALT alanine aminotransferase, HbA1c glycosylated
hemoglobin, BMD bone mineral density; *P <0.05

group had a statistically significant effect on lumbar bone
mineral density after adjusting for confounding factors.

Previous studies have been conducted on the correla-
tion between nonalcoholic fatty liver disease and bone
mineral density, but the results are still controversial. A
retrospective study found that nonalcoholic fatty liver
disease harms male femoral neck bone mineral density,
but positively affects lumbar spine bone mineral density
in postmenopausal women [15]. Another study that used
liver biopsy as a diagnostic method for nonalcoholic fatty
liver disease found that the bone mineral density of the
lumbar spine in the nonalcoholic fatty liver disease group
was higher than that in the control group [16]. Neverthe-
less, there was no significant difference in femoral neck
BMD between the two groups. These results show that
nonalcoholic fatty liver disease does not reduce lumbar
spine bone mineral density, or that nonalcoholic fatty
liver disease increases lumbar spine bone mineral den-
sity, which is partly consistent with our findings.
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We speculate that one reason for this difference in bone
mineral density between the lumbar spine and the femo-
ral neck may be related to different body fat distributions.
Subcutaneous and visceral fat have different metabolic
characteristics. They may have different effects on bone
mineral density in different areas, and this correlation
may vary with age and sex [17, 18]. Some studies have
also observed that serum fetuin-A is elevated in nonal-
coholic fatty liver disease patients. Studies have found
that fetuin-A is elevated in bone tissue [19]. In addition
to being an important inhibitor of ectopic calcification,
fetuin-A can also affect the production of inflamma-
tory mediators and participate in the regulation of bone
metabolism [20-22], Nevertheless, research on fetuin-A
is currently limited to in vitro experiments. In addition
to metabolic factors, the effect of nonalcoholic fatty liver
disease on the increase of lumbar bone mineral density
may also be related to the structural characteristics of
lumbar vertebrae. A study by Kirchengast et al. found
that central or upper body fat distribution may influence
hip bone mineral density [23]. Upper body fat can hinder
bone loss in the spine. In addition, the lumbar spine has
more metabolically active and hormone-sensitive trabec-
ular bone than other sites [24].

Conversely, we also noticed that several cross-sectional
studies have reported that nonalcoholic fatty liver disease
is associated with a decrease in bone mineral density [25—
27]. However, the subjects in these studies were mostly
children and adolescents, and some were postmenopau-
sal women. These findings indicated that the relationship
between NAFLD and BMD is different among different
people. At present, the mechanism underlying the low
bone mineral density in adolescents and postmenopausal
women with nonalcoholic fatty liver disease is not com-
pletely clear. This difference may also be related to differ-
ences in calcium, growth hormone, and insulin growth
factors in different populations. In addition, circulating
molecules may affect bone metabolism by affecting early
childhood obesity [28].

Our study found that lumbar spine BMD increased in
patients with T2DM. Most of the current studies support
that the BMD of T2DM subjects is identical or higher
than that of people without T2DM, which may be related
to the higher obesity rate of T2DM patients. Obesity may
lead to an increase in mechanical load and strain, thus
increasing BMD [29, 30]. In addition, according to the
current study, T2DM can affect many hormones that act
on bone through endocrine pathways, thereby affecting
bone metabolism and increasing bone formation [31].

Although there have been some studies on the rela-
tionship between nonalcoholic fatty liver disease and
bone mineral density, few studies have examined the
relationship between nonalcoholic fatty liver disease and
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Table 2 Univariate regression analysis: the effect of the study variables on lumbar spine BMD

Type 2 diabetes Non-diabetes

B 95% Cl P value B 95% Cl P-value
Age (years) —0.035 —0.05 —0.02 0.001* —0.04 —0.06 —0.02 0.001*
Sex (male) 1.569 1.261 1.877 0.001* 1.553 1.153 1.954 0.001*
Height (cm) 0.081 0.059 0.103 0.001* 0.078 0.054 0.103 0.001*
Body weight (kg) 0.065 0.046 0.083 0.001* 0.081 0.063 0.098 0.001*
BMI (kg/cm?2) 0.069 0.012 0.125 0.017* 0.16 0.097 0224 0.001*
Smoking history 0.027 —0.361 0416 0.890 0.001 —0.5 0.502 0.997
Drinking history —0.026 —0.445 0.394 0.905 0.047 —0.499 0.592 0.866
HbATc (%) 0.017 —0.059 0.094 0.653 0.26 —0453 0972 0472
T-chol (mmol/L) —0.011 —046 0.124 0.872 —0.051 —0.248 0.147 0.615
Triglyceride (mmol/L) 0.26 —0.02 0.163 0.126 0.186 —0.041 0413 0.109
HDL-C (mmol/L) —0.679 -1.167 —0.19 0.007* —1.238 —1.728 —0.747 0.001*
LDL-C (mmol/L) —0.022 —0.207 0.163 0957 0.15 —0.098 0.399 0.235
ALT (U/1) —0.699 -1.078 —0.32 0.001* —1.238 —1.897 —0.578 0.001*
AST (U/1) 0.013 0.002 0.023 0.021* 0.021 0.007 0.036 0.004*
Creatinine (umol/L) 0.006 —0.005 0.016 0.305 —0.004 —0.02 0.012 0.621
Uric acid (umol/L) 0.014 0.003 0.025 0.014* 0.009 0.000 0.018 0.056
Calcium (mmol/L) 0.014 0.000 0.004 0.044* 0.005 0.002 0.007 0.001*
NAFLD 0.699 032 1.078 0.001* 0.892 0.32 146 0.001*

BMI body mass index, HDL high-density lipoprotein cholesterol, LDL low-density lipoprotein cholesterol, T-chol total cholesterol, AST aspartate aminotransferase, ALT

alanine aminotransferase, HbATc glycosylated hemoglobin; *P <0.05

Table 3 Multivariate linear analysis: the effect of the study
variables on lumbar spine BMD

B P-value 95%Cl (%) R?

All subjects

T2DM with NAFLD 0.812 <0.001 0.370-1.253 0.439

T2DM without NAFLD 0.567 0.001 0.220-0.915

Non-diabetes with 0.626 0.145 —0.217-1470

NAFLD

Age —0.024 0.001 —0.038-—0.009

Sex (male) 1574 <0.001 1.275-1.873

BMI 0948  <0.001 0.593-1.304
Subgroup

T2DM 0401

NAFLD 0488 0.027 0.010-0.883

BMI 0.085 0.004 0.04-0.155

Age —0.03 0.005 —0.047-—0.004

Sex (male) 1.366 0.001 1.038-1.956
Non-diabetes

BMI 0.107 0.031 0.040-0.238 0.498

Sex (male) 2.158 0.001 0.845-2.560

All subjects groups, BMI, sex, age, TGs, HDL-C, calcium, UA, ALT, were adjusted.
Participants free from diabetes and NAFLD as a reference group

Subgroup: T2DM group, BMI, sex, age, TGs, HDL-C, calcium, UA, ALT, were
adjusted

Non-diabetes group, TGs, HDL-C, sex, age, ALT, calcium, UA were adjusted
BMI, body mass index; NAFLD, nonalcoholic fatty liver disease

bone mineral density in patients with type 2 diabetes.
Our results showed that the presence of nonalcoholic
fatty liver disease is an independent factor affecting the
increase of bone mineral density in patients with type
2 diabetes. The pathophysiology of nonalcoholic fatty
liver disease involves intestinal-derived microbial com-
ponents, lipotoxicity and inflammation [32]. Excessive
accumulation of adipose tissue in the liver increases the
release of free fatty acids, which may be the main fac-
tor regulating insulin sensitivity [33]. Study found that
nonalcoholic fatty liver may cause changes in several
substances that affect bone mineral density, such as
overproduction of osteopontin and reduced produc-
tion of vitamin D and osteoprotegerin [34]. In addi-
tion, the use of hypoglycemic and lipid-lowering drugs
in patients with diabetes and nonalcoholic fatty liver, as
well as changes in diet, exercise and other living habits,
may affect bone mineral density [35, 36]. These may be
associated with higher lumbar bone mineral density
found in the nonalcoholic fatty liver disease population,
but the higher bone mineral density in the nonalcoholic
fatty liver disease population does not prove a low risk of
fracture in this population. At present, we have not found
that nonalcoholic fatty liver disease people have relatively
higher bone mineral density in bones other than lumbar
vertebrae, so we think that there may be a more complex
mechanism for this specific change of lumbar vertebrae.
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This study has several limitations. First, in this study,
we did not use liver biopsy to evaluate nonalcoholic fatty
liver disease. Liver biopsy is the golden diagnosing stand-
ard for nonalcoholic fatty liver disease, but it is invasive
and difficult to perform widely. Therefore, we chose
abdominal ultrasound, which has been widely used in
the clinic as a diagnostic method. Although ultrasound
cannot accurately classify fatty liver, we believe that this
method is a qualitative examination which is fully tested
and reliable. Second, although the current research took
into account many factors that are not included in previ-
ous research, it is still impossible to completely exclude
all confounding factors, such as bone turnover biomark-
ers, vitamin D, and steroids. However, we believe that
these factors would not significantly impact the results of
this study. Third, our study is just a cross-sectional study,
more prospective and mechanism-related studies are
necessary to evaluate the relationship between type 2 dia-
betes, nonalcoholic fatty liver disease and bone mineral
density.

Conclusions

This study found that the strength of the association
between nonalcoholic fatty liver disease and lumbar
spine bone mineral density differs between individu-
als with and without diabetes. The impact of nonalco-
holic fatty liver disease on bone needs to be evaluated
in different clinical backgrounds. When clinical inter-
vention is required, it is necessary to consider the dif-
ferent effects of different metabolic factors on patients.
Larger prospective studies, especially those related to
mechanisms, are needed in the future to better under-
stand the relationship between nonalcoholic fatty liver
disease, type 2 diabetes and bone mineral density and
fracture risk.

Author contributions

JD designed the study. JD analyzed the data and wrote the manuscript.

CQH participated in the study design, data analysis, editing and review of

the manuscript. XPZ supervised the overall study and contributed to study
design, editing and review of the manuscript. YM, HML were responsible for
collecting, sorting and statistical data. XPZ is the guarantor of this work and, as
such, had full access to all the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis. All authors read and
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The supporting data can be acquired via the corresponding author.

Page 6 of 7

Declarations

Ethics approval and consent to participate

The study protocol was approved by the Ethics Committee of Chengdu
Second People’s Hospital (No: 2022144) and the requirement for informed
consent was waived because of the retrospective nature of the study. All
procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional research committee
and with the Helsinki declaration and its later amendments or comparable
ethical standards.

Consent for publication
All the authors consented for publication.

Competing interests
The authors declare no competing interests.

Received: 6 May 2022 Accepted: 26 July 2022
Published online: 08 August 2022

References

1. Lonardo A, Nascimbeni F, Mantovani A, Targher G. Hypertension,
diabetes, atherosclerosis and NASH: Cause or consequence? J Hepatol.
2018;68(2):335-52.

2. Emir M, Mikhailidis Dimitri P, Christos M. Non-alcoholic fatty liver disease,
insulin resistance, metabolic syndrome and their association with vascu-
lar risk. Metabolism. 2021;119:154770.

3. Muzurovi¢ E, Peng CC, Belanger MJ, Sanoudou D, Mikhailidis DP, Mant-
zoros CS. Nonalcoholic fatty liver disease and cardiovascular disease: a
review of shared cardiometabolic risk factors. Hypertension. 2022. https://
doi.org/10.1161/HYPERTENSIONAHA.122.17982.

4. Filip R, Radzki RP, Biertko M. Novel insights into the relationship between
nonalcoholic fatty liver disease and osteoporosis. Clin Interv Aging.
2018;13:1879-91.

5. Muzica CM, Sfarti C, Trifan A, Zenovia S, Cuciureanu T, Nastasa R, et al.
Nonalcoholic fatty liver disease and type 2 diabetes mellitus: a bidirec-
tional relationship. Can J Gastroenterol Hepatol. 2020,2020:6638306.

6. Lebeaupin C, Vallée D, Hazari Y, Hetz C, Chevet E, Bailly-Maitre B. Endo-
plasmic reticulum stress signalling and the pathogenesis of non-alcoholic
fatty liver disease. J Hepatol. 2018;69(4):927-47.

7. Cusi K. Treatment of patients with type 2 diabetes and non-alcoholic fatty
liver disease: current approaches and future directions. Diabetologia.
2016;59(6):1112-20.

8. Poggiogalle E, Donini LM, Lenzi A, Chiesa C, Pacifico L. Non-alcoholic
fatty liver disease connections with fat-free tissues: A focus on bone and
skeletal muscle. World J Gastroenterol. 2017;23(10):1747-57.

9. Ghodsi M, Larijani B, Keshtkar AA, Nasli-Esfahani E, Alatab S, Mohajeri-Teh-
rani MR. Mechanisms involved in altered bone metabolism in diabetes: a
narrative review. J Diabetes Metab Disord. 2016;15:52.

10. Compston J. Type 2 diabetes mellitus and bone. J Intern Med.
2018;283(2):140-53.

11. Targher G, Lonardo A, Rossini M. Nonalcoholic fatty liver disease and
decreased bone mineral density: is there a link? J Endocrinol Invest.
2015;38(8):817-25.

12. Chamberlain JJ, Herman WH, Leal S, Rhinehart AS, Shubrook JH, Skolnik
N, et al. Pharmacologic therapy for type 2 diabetes: synopsis of the 2017
American Diabetes Association Standards of medical care in diabetes.
Ann Intern Med. 2017;166(8):572-8.

13. Joy D, Thava VR, Scott BB. Diagnosis of fatty liver disease: is biopsy neces-
sary? Eur J Gastroenterol Hepatol. 2003;15(5):539-43.

14. Appropriate body-mass index for Asian populations and its implications
for policy and intervention strategies. Lancet 2004;363(9403):157-63.

15. Lee SH, Yun JM, Kim SH, Seo YG, Min H, Chung E, et al. Association
between bone mineral density and nonalcoholic fatty liver disease in
Korean adults. J Endocrinol Invest. 2016;39(11):1329-36.

16. Kaya M, Isik D, Bestas R, Evliyaod lu O, Akpolat V, Blytkbayram H, et al.
Increased bone mineral density in patients with non-alcoholic steato-
hepatitis. World J Hepatol. 2013;5(11):627-34.


https://doi.org/10.1161/HYPERTENSIONAHA.122.17982
https://doi.org/10.1161/HYPERTENSIONAHA.122.17982

Du et al. European Journal of Medical Research

20.

21

22.

23.

24.

25.

26.

27.
28.

29.
30.

31.

32.

33

34

35.

36.

(2022) 27:143

Ma C, Tonks KT, Center JR, Samocha-Bonet D, Greenfield JR. Complex
interplay among adiposity, insulin resistance and bone health. Clinical
obesity. 2018;8(2):131-9.

Reid IR. Fat and bone. Arch Biochem Biophys. 2010;503(1):20-7.
Kirchengast S, Peterson B, Hauser G, Knogler W. Body composition
characteristics are associated with the bone density of the proximal
femur end in middle- and old-aged women and men. Maturitas.
2001;39:133-45.

Cui Z, Xuan R, Yang Y. Serum fetuin A level is associated with non-
alcoholic fatty liver disease in Chinese population. Oncotarget.
2017;8(63):107149-56.

Haukeland JW, Dahl TB, Yndestad A, Gladhaug IP, Laberg EM, Haaland T,
et al. Fetuin A in nonalcoholic fatty liver disease: in vivo and in vitro stud-
ies. Eur J Endocrinol. 2012;166(3):503-10.

Sato M, Kamada Y, Takeda Y, Kida S, Ohara Y, Fujii H, et al. Fetuin-A nega-
tively correlates with liver and vascular fibrosis in nonalcoholic fatty liver
disease subjects. Liver Int. 2015;35(3):925-35.

SunYY, Dai W, Liang Y, Yang P, Yang Q, Liang M, et al. Relationship between
nonalcoholic fatty liver disease and bone mineral density in adolescents
with obesity: a meta-analysis. DMSQO. 2019;12:199-207.

Zillikens MC, Uitterlinden AG, van Leeuwen JP, Berends AL, Henneman

P, van Dijk KW, Oostra BA, van Duijn CM, Pols HA, Rivadeneira F. The role
of body mass index, insulin, and adiponectin in the relation between fat
distribution and bone mineral density. Calcif Tissue Int. 2010,86:116-25.
Campos RM, de Piano A, da Silva PL, Carnier J, Sanches PL, Corgosinho FC,
et al. The role of pro/anti-inflammatory adipokines on bone metabo-
lism in NAFLD obese adolescents: effects of long-term interdisciplinary
therapy. Endocrine. 2012;42(1):146-56.

Moon SS, Lee YS, Kim SW. Association of nonalcoholic fatty liver

disease with low bone mass in postmenopausal women. Endocrine.
2012;42(2):423-9.

Carracher AM, Marathe PH, Close KL. International Diabetes Federation
2017. ) Diabetes. 2018;10(5):353-6.

Lee SS, Park SH. Radiologic evaluation of nonalcoholic fatty liver disease.
World J Gastroenterol. 2014;20:7392-402.

Yaturu S. Diabetes and skeletal health. J Diabetes. 2009;1(4):246-54.
Blakytny R, Spraul M, Jude EB. Review: the diabetic bone: a cellular and
molecular perspective. Int J Low Extrem Wounds. 2011;10(1):16-32.
Moyer-Mileur LJ, Slater H, Jordan KC, Murray MA. IGF-1 and IGF-binding
proteins and bone mass, geometry, and strength: relation to metabolic
control in adolescent girls with type 1 diabetes. J Bone Miner Res.
2008;23(12):1884-91.

Perseghin G, Ghosh S, Gerow K, Shulman GI. Metabolic defects in lean
nondiabetic offspring of NIDDM parents: a cross-sectional study. Diabe-
tes. 1997;46:1001-9.

Park SH, Kim BI, Yun JW, Kim JW, Park DI, Cho YK, Sung IK, Park CY, Sohn Cl,
Jeon WK, Kim H. Insulin resistance and C-reactive protein as independent
risk factors for non-alcoholic fatty liver disease in nonobese. Asian men J
Gastroenterol Hepatol. 2004;19:694-8.

Reid IR. Effects of vitamin D supplements on bone density. J Endocrinol
Invest. 2015;38:91-4.

Ran C, Hui S, Xue-Fei R, Xiao-Yun C, Chun-Jun'S, Ji-Ying W, Shen Q. Low
bone mineral density in Chinese adults with nonalcoholic Fatty liver
disease. Int J Endocrinol. 2013,;2013:396545.

Bhatt SP, Nigam P, Misra A, Guleria R, Pasha MQ. Independent associations
of low 25 hydroxy vitamin D and high parathyroid hormonal levels with
nonalcoholic fatty liver disease in Asian Indians residing in north India.
Atherosclerosis. 2013;230(1):157-63.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	The association of nonalcoholic fatty liver disease with bone mineral density in type 2 diabetes
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Subjects and methods
	Ethics statement
	Subjects
	Inclusion criteria
	Exclusion criteria

	Dual-energy X-ray absorptiometry to measure lumbar spine BMD
	NAFLD diagnosis via abdominal ultrasound
	Collection of laboratory and baseline data
	Statistical analysis

	Results
	Discussion
	Conclusions
	References




