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Abstract 

Objective As our society grows older, both bone loss and fatty liver have become important issues. However, 
the relationship between reduced bone mineral density and fatty liver remains controversial. The purpose of this 
study was to investigate the relationship between nonalcoholic fatty liver disease and less bone mineral density 
in the ankles of Chinese people over 65.

Methods The research included 716 older adults over the age of 65 who underwent a comprehensive health screen-
ing. A logistic regression model was used to investigate the relationship between nonalcoholic fatty liver disease 
(NAFLD) and ankle bone mineral density.

Results A logistic regression model was used to analyze the odds ratios of reduced bone mineral density 
between patients with fatty liver and controls. In the adjusted model, adjustments were made for age, sex, systolic 
blood pressure, diastolic blood pressure, overweight rate, history of hypertension, history of diabetes, history of smok-
ing, history of alcohol consumption, fasting glucose, hemoglobin, urea, creatinine, triglycerides, total cholesterol, 
high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, waist circumference, total protein, albumin, 
and globulin. The adjusted OR (aOR) for reduced bone mineral density was 0.66 [95% confidence interval (CI) = 0.45–
0.97, P = 0.034 < 0.05]. In subgroup analysis by age, sex, and BMI, women, age > 75 years, and BIM < 25 were statistically 
significant.

Conclusion This study suggested that NAFLD is associated with a reduced risk of reduced heel bone mass. More 
research needs to be done to back up the results of this study and look into possible problems.

Keywords Osteopenia, Nonalcoholic fatty liver disease, Bone mineral density, Aging population, Cross-sectional 
study

Introduction
Osteoporosis is a bone metabolic disease that causes 
a loss in bone density as well as an increased risk of 
fragility fractures in patients [1]. Relevant epidemio-
logical research indicates that osteoporosis is a pretty 
common condition in the world that primarily affects 
the elderly [2]. The overall prevalence of osteopo-
rosis among people over 40  years of age in China is 
19.74% and 24.62% [3]. Numerous earlier researches 
have demonstrated a connection between it and BMI, 
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smoking, drinking, diabetes, dyslipidemia, and sys-
temic chronic inflammatory disorders [4, 5].

Fatty liver is a chronic liver condition caused by an 
abnormal buildup of fat in the liver cells. It is one of 
the most frequent liver illnesses in the globe [6, 7]. The 
prevalence of NAFLD among adults globally ranges 
from 17 to 46%, with Chinese individuals having the 
highest prevalence at 29.2%. Over time, fatty liver 
disease has become more common among people in 
China. Obesity, type 2 diabetes, and hereditary factors 
all have a connection to NAFLD [8–10]. It has many 
characteristics similar to osteoporosis.

In numerous earlier investigations on fatty liver and 
osteoporosis, an increasing number of studies have 
demonstrated a correlation between the two condi-
tions [11–15]. However, the findings drawn from the 
investigation of this relationship are not identical. In 
the general US population, NAFLD and liver fibrosis 
are not associated with decreased femoral bone min-
eral density, according to Stefano Ciardullo [16], and in 
Hejun Li, it was stated that metabolic-associated fatty 
liver disease and liver stiffness were associated with 
higher femoral and lumbar spine BMD in individuals 
aged 50 and older [17]. NAFLD, however, was linked 
in a Korean study to risk variables for men’s femoral 
neck bone density and protective factors for women’s 
lumbar spine bone density [13]. Each of these studies 
mentioned above explored the relationship between 
bone mineral density and fatty liver in different parts 
of the body, such as the femur, the femoral neck, and 
the lumbar spine; however, bone mineral density varies 
throughout the body [18], and there is a paucity of the 
literature exploring the relationship between nonalco-
holic fatty liver disease and ankle bone mineral density 
in older adults.

Due to cost, safety, lack of radiation, and simplic-
ity of operation, dual X-rays were not available to the 
study’s senior participants for examination and screen-
ing in community hospitals. As mentioned in the lit-
erature of some comparative experiments [19], bone 
ultrasound has a unique advantage in the measure-
ment of bone density at specific sites such as the heel 
bone, and ultrasound has a high accuracy in the diag-
nosis of bone density [20–22], and bone ultrasound 
has been used for the determination of bone density 
of the heel bone in the research methodology of some 
literature [23, 24].

The purpose of this study was to review the results 
of a community health screening to investigate the 
association between NAFLD and participants’ ankle 
bone mineral density.

Methods
Study population
This was a cross-sectional research of 734 healthy per-
sons aged 65 and older who had standard health screen-
ing, ultrasound bone mineral density screening, and 
abdominal ultrasonography at the Yangchunhu Com-
munity Health Center in Wuhan, Hubei Province, China, 
in 2021. Our criteria for inclusion were as follows: (1) 
age 65 and higher; (2) abdomen and heel bone density 
ultrasonography with results; and (3) no missing data. 
Exclusion criteria included a history of hepatitis, anti-
osteoporosis medications, and a history of cancer. Based 
on the above criteria, 716 participants (male, n = 305 and 
female, n = 411) were eventually included in this study. 
The study was approved by the Ethics Committees at 
Liyuan Hospital, Tongji Medical College, and Huazhong 
University of Science and Technology, and all partici-
pants provided written informed permission.

Clinical and laboratory assessment
The relevant study’s data gatherers were in charge of 
getting information from the participants, such as their 
age, height, weight, and measurements of their waist 
and other body parts. Weight (kg) divided by height 
squared  (m2) is the formula used to determine the body 
mass index (BMI). BMI less than or equal to 25 was 
regarded as the normal range and higher than or equal 
to 25 as the overweight range [13]. Relevant history of 
smoking, alcohol consumption, hypertension, diabetes, 
medications, and related surgeries was asked through a 
standardized short questionnaire. By smoking history, 
participants were divided into two groups: the current 
smoking/drinking group (current or past smoking/drink-
ing) and the non-smoking/drinking group. The patient 
rested for 10 minutes before the blood pressure measure-
ment. After an overnight fast, venous blood samples were 
drawn from the elbow, and laboratory tests included fast-
ing blood sugar, hemoglobin, urea (Urea), creatinine (Cr), 
uric acid (UA), total cholesterol (TC), triglycerides (TG), 
high-density lipoprotein cholesterol (HDL-C), low-den-
sity lipoprotein cholesterol (LDL-C), alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), total 
protein (TP), albumin (Alb), globulin (GLB), and total 
bilirubin (T-Bil).

Measurement of bone density and NAFLD
OSTEOKJ3000 ultrasound heel bone densitometry, 
according to the WHO diagnostic criteria, subjects 
with a T-score of − 1.0 SD or lower (based on compari-
son with the mean osteo-sono assessment index score 
in young adults (20–44  years)) were defined as having 
reduced bone mass [25, 26]. NAFLD was diagnosed using 
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Mirror2 (Blue Rhythm) based on an abdominal ultra-
sound. The ultrasound was performed by one of the three 
liver sonographers with at least 5 years of specialized 
experience. The diagnosis of fatty liver (hepatic steatosis) 
was made by ultrasound based on the brightness of the 
liver, the contrast between the echoes of the liver and the 
kidneys, the depth of attenuation, and the vascular struc-
ture. And the diagnosis of NAFLD was made by asking 
for personal history to exclude any significant alcohol 
abuse, history of chronic toxic liver disease, etc.

Statistical analysis
Using SPSS 24.0 (IBM Corp. Released 2016. IBM SPSS 
Statistics for Windows, Version 24.0. Armonk, NY: IBM 
Corp.), all data were analyzed and categorized by fatty 
liver. In this study, categorical variables were tested using 
Chi-square tests, and continuous numerical variables 
were tested using t-tests. P values of < 0.05 were consid-
ered to indicate statistical significance.

The OR of fatty liver in bone loss was investigated using 
logic regression models. The crude and adjusted models 
[age, sex, systolic blood pressure, diastolic blood pres-
sure, overweight rate, history of hypertension, history 
of diabetes, history of smoking, history of alcohol con-
sumption, fasting glucose, hemoglobin, urea, creatinine, 
triglycerides, total cholesterol, high-density lipoprotein 
cholesterol, low-density lipoprotein cholesterol, waist 
circumference, total protein, albumin, and globulin] 
were used. Then, in subgroups according to age, sex, and 
obesity rate, the subgroups for age were 75 years as the 
cutoff.

Results
Characteristics of the participants
The general characteristics and laboratory data of the 
participants are shown (384 Non-NAFLD, 332 NAFLD) 
in Table  1. Age, fasting glucose, hemoglobin, uric acid, 
TC, TG, HDL-C, LDL-C, WC, ALT, AST, TP, Alb, GLB, 
T-Bil, obesity rate, history of hypertension, history of dia-
betes mellitus, and heel bone mineral density were sig-
nificantly different between non-fatty liver and alcoholic 
fatty liver patients. Figure  1 shows that the osteopenia 
ratio between the alcoholic fatty liver group and the non-
alcoholic fatty liver group was statistically significant.

Relationship between NAFLD and BMD
Table 2 shows the findings of a multiple logistic regres-
sion analysis. The adjusted OR for nonalcoholic fatty 
liver-induced bone loss was 0.66 (95% CI 0.45–0.97; 
P = 0.034), indicating that nonalcoholic fatty liver is a 
protective factor for decreased heel bone density. Only 
among women were the results consistent, with an 
adjusted OR of 0.52 (95% CI 0.30–0.88, P = 0.016).

Table 1 Baseline characteristics of the study participants

Data presented as mean ± standard deviation or percentage

P values according to t-test or Chi-square test

Boldface type indicates a significant p value (p < 0.05)

Non-NAFLD: normal individuals without NAFLD

NAFLD nonalcoholic fatty liver disease, BMI body mass index, WC waist 
circumference, DBP diastolic blood pressure, SBP systolic blood pressure, FPG 
fasting plasma glucose, TC total cholesterol, TG triglycerides, AST aspartate 
aminotransferase, ALT alanine aminotransferase, BMD bone mineral density, 
FBS fasting blood sugar, HDL-C high-density lipoprotein cholesterol, LDL-C low-
density lipoprotein cholesterol, Cr creatinine, UA uric acid, TP total protein, Alb 
albumin, GLB globulin, and T-Bil total bilirubin

Characteristics Non-NAFLD 
(n = 384)

NAFLD (n = 332) P value

Age 71.640 ± 6.050 70.610 ± 4.786 0.011

SBP (mmHg) 135.350 ± 16.428 136.770 ± 17.581 0.267

DBP (mmHg) 77.530 ± 9.863 78.970 ± 10.519 0.059

FBS (mmol/L) 5.672 ± 1.770 6.366 ± 2.266  < 0.001

Hemoglobin (g/L) 136.891 ± 14.331 140.377 ± 13.850 0.001

Urea (mmol/L) 5.657 ± 1.597 5.455 ± 1.568 0.089

Cr (μmol/L) 80.289 ± 41.086 76.048 ± 21.089 0.077

UA (μmol/L) 308.448 ± 95.258 342.810 ± 90.804  < 0.001

TC (mmol/L) 4.847 ± 1.035 5.023 ± 1.060 0.025

TG (mmol/L) 1.360 ± 0.814 1.961 ± 1.173  < 0.001

HDL-C (mmol/L) 1.383 ± 0.354 1.192 ± 0.261  < 0.001

LDL-C (mmol/L) 2.999 ± 0.893 3.242 ± 0.901  < 0.001

WC (cm) 83.945 ± 8.171 90.570 ± 7.939  < 0.001

ALT (U/L) 18.563 ± 8.481 24.515 ± 13.817  < 0.001

AST (U/L) 22.122 ± 6.420 23.627 ± 8.761 0.010

TP (g/L) 74.629 ± 4.285 76.033 ± 4.157  < 0.001

Alb (g/L) 44.568 ± 2.718 45.307 ± 2.262  < 0.001

GLB (g/L) 30.063 ± 3.779 31.007 ± 5.305 0.006

T-Bil (μmol/L) 14.291 ± 6.203 14.693 ± 6.007 0.038

Sex (%) 0.260

 Male 44.5 40.4

 Female 55.5 59.6

Obesity (%)  < 0.001

No (BMI < 25 kg/m2) 81.3 41.0

Yes (BMI ≥ 25 kg/m2) 18.8 59.0

Hypertension (%)  < 0.001

 Yes 45.8 59.0

 No 54.2 41.0

Diabetes (%) 0.041

 Yes 19.8 26.2

 No 80.2 73.8

Smoking status (%) 0.298

 Yes 16.7 13.9

 No 83.3 86.1

Drinking status (%) 0.373

 Yes 16.1 18.7

 No 83.9 81.3

Bone density (%) 0.001

 Normal 34.6 46.4

 Osteopenia 65.4 53.6
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Subgroup analysis
In the other two subgroup analyses, as demonstrated in 
Table 3, where the subgroup was older than or equal to 
75  years, the adjusted OR was 0.33 (95% CI 0.12–0.94, 
P = 0.039); in the non-obese group, the adjusted OR was 
0.74 (95% CI 0.34–0.93, P = 0.024).

Discussion
NAFLD was found to be an independent protective 
factor for heel bone mineral density in a study of par-
ticipants over 65  years of age. This study examined the 
relationship between NAFLD and bone mineral density 
on ultrasound. NAFLD continued to be a protective fac-
tor for decreased heel bone mineral density in the female 
subgroup, age > 75 years, and non-obese group.

In the previous studies, the relationship between 
NAFLD and BMD remains controversial; however, our 

findings indicate that the OR for bone loss in NAFLD 
was lower than in controls after controlling for other 
variables (0.66, 95% CI 0.45–0.97, P = 0.034). And this 
result had a lower OR for reduced bone mineral den-
sity in women with NAFLD than in controls (0.52; 95% 
CI 0.30–0.88; P = 0.016). The findings of this paper 
are consistent with the results of many previous stud-
ies that have used DXA to determine BMD at selected 
study sites to explore the relationship between BMD 
and NAFLD [13, 17, 27]. However, in some studies 
using the same research approach, the opposite con-
clusion was reached that there is a negative correlation 
between NAFLD and BMD [12, 28]. NAFLD was neg-
atively associated with lumbar spine BMD in a cross-
sectional study of 3739 postmenopausal women in 
Korea [29]. And in another Japanese study on NAFLD 
and BMD, it was suggested that NAFLD is a risk factor 
for BMD [11]. Several factors may have contributed to 
the differences in the results of the studies: first, differ-
ences in the locations where BMD was examined; sec-
ond, differences in the participants themselves, such 
as sex ratio, age composition, racial distribution, and 
lifestyle habits; and third, the methods used to measure 
BMD, such as the use of dual X-rays or bone ultrasound 
to detect BMD. However, the strength of this research 
is that it examines the relationship between fatty liver 

Fig. 1 NAFLD presence was the percentage of occurrence of heel 
bone loss. P values were calculated by the Chi-square test. **P < 0.01

Table 2 Relationship between NAFLD and BMD

Crude and adjusted odd ratios (95% confidence interval) of NAFLD for 
osteopenia. Logistic regression model, significance at P < 0.05. Models adjusted 
for age, sex, systolic blood pressure, diastolic blood pressure, overweight 
rate, history of hypertension, history of diabetes, history of smoking, history 
of alcohol consumption, fasting glucose, hemoglobin, urea, creatinine, 
triglycerides, total cholesterol, high-density lipoprotein cholesterol, low-density 
lipoprotein cholesterol, waist circumference, total protein, albumin, and globulin

Characteristics Crude P value Adjusted P value

Total

 Non-NAFLD 1.00 1.00

 NAFLD 0.612 (0.453–
0.828)

0.001 0.662 (0.452–
0.968)

0.034

Female

 Non-NAFLD 1.00 1.00

 NAFLD 0.540 (0.361–
0.807)

0.003 0.515 (0.301–
0.882)

0.016

Male

 Non-NAFLD 1.00 1.00

 NAFLD 0.708 (0.448–
1.120)

0.140 0.815 (0.448–
1.481)

0.501

Table 3 Relationship between NAFLD and BMD stratified by age 
and BMI

Crude and adjusted odd ratios (95% confidence interval) of NAFLD for 
osteopenia. Logistic regression model, significance at P < 0.05. Models adjusted 
for age, sex, systolic blood pressure, diastolic blood pressure, overweight 
rate, history of hypertension, history of diabetes, history of smoking, history 
of alcohol consumption, fasting glucose, hemoglobin, urea, creatinine, 
triglycerides, total cholesterol, high-density lipoprotein cholesterol, low-density 
lipoprotein cholesterol, waist circumference, total protein, albumin, and globulin

Bold values indicate p values < 0.05

Characteristics Crude P value Adjusted P value

Age < 75

 Non-NAFLD 1.00 1.00

 NAFLD 0.712 (0.508–
0.998)

0.048 0.755 (0.496–
1.150)

0.191

Age ≥ 75

 Non-NAFLD 1.00 1.00

 NAFLD 0.428 (0.210–
0.872)

0.020 0.330 (0.116–
0.944)

0.039

BMI < 25

 Non-NAFLD 1.00 1.00

 NAFLD 0.597 (0.395–
0.901)

0.014 0.559 (0.337–
0.928)

0.024

BMI ≥ 25

 Non-NAFLD 1.00 1.00

 NAFLD 0.762 (0.441–
1.319)

0.332 0.735 (0.392–
1.377)

0.336
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and lumbar spine BMD, femoral neck BMD, and meta-
carpal bone density in the majority of studies [12, 29]. 
Few studies have explored the association between heel 
bone and NAFLD; therefore, this study was designed to 
examine, at a mean age of > 65  years, the relationship 
between NAFLD and decreased right heel bone mineral 
density by evaluating the T-score of the right heel bone.

Numerous prior researches have examined the mecha-
nisms between NAFLD and BMD. However, the patho-
physiological link between the two has not been fully 
explored, and the past research indicates that the associa-
tion between the two is due to many reasons.

Insulin resistance and chronic inflammation have 
received more attention in prior research. According 
to studies on insulin resistance and NAFLD, NAFLD 
worsens the body’s insulin resistance, which, in turn, 
promotes the production of inflammatory agents, an 
aberrant bone microenvironment, and vitamin D insuf-
ficiency, all of which raise the risk of osteoporosis [30, 
31]. In addition to chronic inflammation, NAFLD also 
belongs to the category of chronic inflammation, where 
chronic inflammation of the organism causes, for exam-
ple, imbalance of transforming growth factor-beta (TGF-
β), increase in tumor necrosis factor-alpha, alteration of 
vitamin D metabolism [32, 33], and alteration of osteo-
pontin, osteoprotegerin, osteocalcin, and fetuin-A [30]. 
Different degrees of influence are exerted by the afore-
mentioned variables on bone metabolism attempts. 
Although there are many studies on the effect of NAFLD 
on BMD, there are still many unknown factors and a 
great deal of research is still required to investigate the 
mechanisms and to better understand the relationship 
between the two and apply them more precisely in clini-
cal settings. In the subgroup analysis of our study, the 
prevalence of NAFLD was 40.4% in males and 59.6% in 
women, whereas the prevalence of NAFLD was 17–46% 
in adults worldwide, since the prevalence of NAFLD is 
higher in men and postmenopausal women, as stated in 
a prior study [34, 35]. Consequently, in the discussion 
based on gender as a grouping variable, only the bone 
mineral density group of women with NAFLD had a sig-
nificantly lower OR than the control group, and in one 
study, bone mineral density decreased with age regard-
less of whether or not the participants had NAFLD [11]. 
Therefore, we classified them according to age, and our 
analysis revealed that the OR for bone loss in the NAFLD 
group was considerably lower in the 75-plus age group 
than in the control group. In our analysis, however, the 
obesity rate was much greater in the fatty liver group 
(59%) than in the control group (18.3%), and obesity is 
connected not only with cardiovascular and cerebro-
vascular illnesses but also with the onset of osteoporo-
sis [36]. In the non-obese NALFD group, the adjusted 

OR was considerably lower than in the control group. 
This evidence demonstrates that a low BMI is protective 
against osteoporosis development.

Firstly, the present experiment is a cross-sectional 
experiment, which makes it difficult to derive a causal 
relationship between NAFLD and bone loss due to the 
limitations of the experiment itself; the use of bone ultra-
sonography as a method of determining BMD in the heel 
bone may be limiting as DXA is the gold standard; how-
ever, the method is inexpensive, portable, and predictive 
of articular fracture as well as densitometric measure-
ments of the joints; all of which could potentially detract 
from the present experiment’s exploration of the relation-
ship between BMD and NAFLD. Additionally, all of the 
study subjects in China were older than 65; therefore, 
the findings may not be generalizable to people in other 
nations.

Conclusions
In conclusion, after adjusting for possible confounders, 
our findings suggested that NAFLD is associated with a 
reduced risk of bone loss. In subgroup analyses by sex, 
age, and BMI, statistical significance was observed in 
older women, in the age > 75 years group, and in the non-
obese group. Longitudinal studies are needed to further 
explore the relationship.

Author contributions
HL proposed and organized the health examination project, and GZ and YZ 
were responsible for the data collection and collation of the examination 
project. GZ analyzed and processed the relevant data after finishing the data. 
The manuscript of the article, Tables 1, 2, 3 and Fig. 1 are all made by GZ, YZ, 
SW, and QG, is responsible for format and typesetting. At last, all the authors 
reviewed the manuscript.

Funding
No financial support. (This declaration is “not applicable.”).

Availability of data and materials
The data materials in this paper are from the private data of Wuhan Yang-
chunhu Community Hospital. If the later reviewers need it, I can provide 
relevant data materials.

Declarations

Competing interests
No competing interests. (This declaration is “not applicable.”).

Received: 19 July 2023   Accepted: 7 September 2023

References
 1. Ensrud KE, Crandall CJ. Osteoporosis. Ann Intern Med. 2017;167(3):17–32. 

https:// doi. org/ 10. 7326/ AITC2 01708 010.
 2. Looker AC, Sarafrazi Isfahani N, Fan B, Shepherd JA. Trends in osteo-

porosis and low bone mass in older US adults, 2005–2006 through 

https://doi.org/10.7326/AITC201708010


Page 6 of 6Zhang et al. Journal of Orthopaedic Surgery and Research          (2023) 18:679 

2013–2014. Osteoporos Int. 2017;28(6):1979–88. https:// doi. org/ 10. 1007/ 
s00198- 017- 3996-1.

 3. Yu F, Xia W. The epidemiology of osteoporosis, associated fragility fractures, 
and management gap in China. Arch Osteoporos. 2019;14(1):32. https:// doi. 
org/ 10. 1007/ s11657- 018- 0549-y.

 4. Vujasinovic M, Nezirevic Dobrijevic L, Asplund E, Rutkowski W, Dugic A, Kahn 
M, Dahlman I, Sääf M, Hagström H, Löhr JM. Low Bone mineral density and 
risk for osteoporotic fractures in patients with chronic pancreatitis. Nutrients. 
2021;13(7):2386. https:// doi. org/ 10. 3390/ nu130 72386. PMID: 34371 899; 
PMCID: PMC83 08495.

 5. Mantovani A, Sani E, Fassio A, Colecchia A, Viapiana O, Gatti D, Idolazzi L, 
Rossini M, Salvagno G, Lippi G, Zoppini G, Byrne CD, Bonora E, Targher G. 
Association between non-alcoholic fatty liver disease and bone turnover 
biomarkers in post-menopausal women with type 2 diabetes. Diabetes 
Metab. 2019;45(4):347–55. https:// doi. org/ 10. 1016/j. diabet. 2018. 10. 001.

 6. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, Harrison SA, 
Brunt EM, Sanyal AJ. The diagnosis and management of nonalcoholic fatty 
liver disease: practice guidance from the American Association for the Study 
of Liver Diseases. Hepatology (Baltimore, MD). 2018;67(1):328–57. https:// 
doi. org/ 10. 1002/ hep. 29367.

 7. Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam M, George J, 
Bugianesi E. Global burden of NAFLD and NASH: trends, predictions, risk 
factors and prevention. Nat Rev Gastroenterol Hepatol. 2018;15(1):11–20. 
https:// doi. org/ 10. 1038/ nrgas tro. 2017. 109.

 8. Zhou J, Zhou F, Wang W, Zhang XJ, Ji YX, Zhang P, She ZG, Zhu L, Cai J, Li H. 
Epidemiological features of NAFLD from 1999 to 2018 in China. Hepatology 
(Baltimore, MD). 2020;71(5):1851–64. https:// doi. org/ 10. 1002/ hep. 31150.

 9. Zhou F, Zhou J, Wang W, Zhang XJ, Ji YX, Zhang P, She ZG, Zhu L, Cai J, Li H. 
Unexpected rapid increase in the burden of NAFLD in China from 2008 to 
2018: a systematic review and meta-analysis. Hepatology (Baltimore, MD). 
2019;70(4):1119–33. https:// doi. org/ 10. 1002/ hep. 30702.

 10. Brůha R. Non-alcoholic fatty liver disease. Nealkoholové postižení jater při 
steatóze. Vnitr Lek. 2019;65(9):571–5.

 11. Mikami K, Endo T, Sawada N, Igarashi G, Kimura M, Hasegawa T, Iino C, 
Sawada K, Nakaji S, Ishibashi Y, Matsuzaka M, Fukuda S. Association of bone 
metabolism with fatty liver disease in the elderly in Japan: a community-
based study. Intern Med (Tokyo, Japan). 2020;59(10):1247–56. https:// doi. 
org/ 10. 2169/ inter nalme dicine. 3906- 19.

 12. Lee DY, Park JK, Hur KY, Um SH. Association between nonalcoholic fatty liver 
disease and bone mineral density in postmenopausal women. Climacteric. 
2018;21(5):498–501. https:// doi. org/ 10. 1080/ 13697 137. 2018. 14813 80.

 13. Lee SH, Yun JM, Kim SH, Seo YG, Min H, Chung E, Bae YS, Ryou IS, Cho B. 
Association between bone mineral density and nonalcoholic fatty liver 
disease in Korean adults. J Endocrinol Invest. 2016;39(11):1329–36. https:// 
doi. org/ 10. 1007/ s40618- 016- 0528-3.

 14. Pan B, Cai J, Zhao P, Liu J, Fu S, Jing G, Niu Q, Li Q. Relationship between 
prevalence and risk of osteoporosis or osteoporotic fracture with non-alco-
holic fatty liver disease: a systematic review and meta-analysis. Osteoporos 
Int. 2022. https:// doi. org/ 10. 1007/ s00198- 022- 06459-y. Advan ceonl inepu 
blica tion. 10. 1007/ s00198- 022- 06459-y.

 15. Loosen SH, Roderburg C, Demir M, Qvartskhava N, Keitel V, Kostev K, Luedde 
T. Non-alcoholic fatty liver disease (NAFLD) is associated with an increased 
incidence of osteoporosis and bone fractures. Die nichtalkoholische Fet-
tlebererkrankung (NAFLD) ist mit einer erhöhten Inzidenz von Osteoporose 
und Knochenfrakturen verbunden. Z Gastroenterol. 2022;60(8):1221–7. 
https:// doi. org/ 10. 1055/a- 1482- 9236.

 16. Ciardullo S, Muraca E, Zerbini F, Manzoni G, Perseghin G. NAFLD and liver 
fibrosis are not associated with reduced femoral bone mineral density in 
the general US population. J Clin Endocrinol Metab. 2021;106(8):e2856–65. 
https:// doi. org/ 10. 1210/ clinem/ dgab2 62.

 17. Li H, Luo H, Zhang Y, Liu L, Lin R. Association of metabolic dysfunction-
associated fatty liver disease and liver stiffness with bone mineral density in 
American Adults. Front Endocrinol. 2022;13:891382. https:// doi. org/ 10. 3389/ 
fendo. 2022. 891382.

 18. Nishi K, Endo D, Hasegawa T, Moriuchi T, Ogami-Takamura K, Saiki K, Murai 
K, Higashi T, Tsurumoto T, Manabe Y, Oyamada J. Similarities and differences 
in bone mineral density between multiple sites in the same individual: an 
elderly cadaveric study. Biomed Res Int. 2022;7(2022):6094663. https:// doi. 
org/ 10. 1155/ 2022/ 60946 63. PMID: 35711 524; PMCID: PMC91 97619.

 19. Malavolta N, Mule R, Frigato M. Quantitative ultrasound assessment of bone. 
Aging Clin Exp Res. 2004;16(Suppl(3)):23–8.

 20. Yen CC, Lin WC, Wang TH, Chen GF, Chou DY, Lin DM, Lin SY, Chan MH, 
Wu JM, Tseng CD, Huang YJ, Lee TF. Pre-screening for osteoporosis with 
calcaneus quantitative ultrasound and dual-energy X-ray absorptiom-
etry bone density. Sci Rep. 2021;11(1):15709. https:// doi. org/ 10. 1038/ 
s41598- 021- 95261-7.

 21. van Casteren-Messidoro C, Huisman AM, Birnie E, van Gelder M, van de 
Geijn FE, Hamberg P. Quantitative ultrasound of the heel as triage test to 
measure bone mineral density compared with dual energy X-ray absorpti-
ometry in men with prostate cancer commencing with androgen depriva-
tion therapy. Neth J Med. 2014;72(10):528–32.

 22. Prins SH, Jørgensen HL, Jørgensen LV, Hassager C. The role of quantitative 
ultrasound in the assessment of bone: a review. Clin Physiol. 1998;18(1):3–
17. https:// doi. org/ 10. 1046/j. 1365- 2281. 1998. 00067.x.

 23. Tariq S, Baig M, Tariq S, Shahzad M. Association of serum leptin with bone 
mineral density in postmenopausal osteoporotic females. Gynecol Endo-
crinol. 2017;33(4):287–91. https:// doi. org/ 10. 1080/ 09513 590. 2016. 12611 03.

 24. Seifert CF, Wiltrout TR. Calcaneal bone mineral density in young adults pre-
scribed selective serotonin reuptake inhibitors. Clin Ther. 2013;35(9):1412–7. 
https:// doi. org/ 10. 1016/j. clint hera. 2013. 07. 423.

 25. Kanis JA. Assessment of fracture risk and its application to screening for 
postmenopausal osteoporosis: synopsis of a WHO report. WHO Study 
Group. Osteoporos Int. 1994;4(6):368–81. https:// doi. org/ 10. 1007/ BF016 
22200.

 26. Wang Q, Yu D, Wang J, Lin S. Association between vitamin D deficiency and 
fragility fractures in Chinese elderly patients: a cross-sectional study. Ann 
Palliat Med. 2020;9(4):1660–5. https:// doi. org/ 10. 21037/ apm- 19- 610.

 27. Bhatt SP, Nigam P, Misra A, Guleria R, Qadar Pasha MA. Independent associa-
tions 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. https:// doi. org/ 10. 1016/j. ather oscle 
rosis. 2013. 07. 006.

 28. Yang HJ, Shim SG, Ma BO, Kwak JY. Association of nonalcoholic fatty liver 
disease with bone mineral density and serum osteocalcin levels in Korean 
men. Eur J Gastroenterol Hepatol. 2016;28(3):338–44. https:// doi. org/ 10. 
1097/ MEG. 00000 00000 000535.

 29. Xie R, Liu M. Relationship between non-alcoholic fatty liver disease and 
degree of hepatic steatosis and bone mineral density. Front Endocrinol. 
2022;13:857110. https:// doi. org/ 10. 3389/ fendo. 2022. 857110.

 30. Yilmaz Y. Review article: non-alcoholic fatty liver disease and osteoporosis–
clinical and molecular crosstalk. Aliment Pharmacol Ther. 2012;36(4):345–52. 
https:// doi. org/ 10. 1111/j. 1365- 2036. 2012. 05196.x.

 31. 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. https:// doi. org/ 10. 1007/ s40618- 015- 0315-6.

 32. Ehnert S, Aspera-Werz RH, Ruoß M, Dooley S, Hengstler JG, Nadalin S, Relja 
B, Badke A, Nussler AK. Hepatic osteodystrophy-molecular mechanisms 
proposed to favor its development. Int J Mol Sci. 2019;20(10):2555. https:// 
doi. org/ 10. 3390/ ijms2 01025 55.

 33. Nanes MS. Tumor necrosis factor-alpha: molecular and cellular mechanisms 
in skeletal pathology. Gene. 2003;321:1–15. https:// doi. org/ 10. 1016/ s0378- 
1119(03) 00841-2.

 34. Ballestri S, Nascimbeni F, Baldelli E, Marrazzo A, Romagnoli D, Lonardo A. 
NAFLD as a sexual dimorphic disease: role of gender and reproductive sta-
tus in the development and progression of nonalcoholic fatty liver disease 
and inherent cardiovascular risk. Adv Ther. 2017;34(6):1291–326. https:// doi. 
org/ 10. 1007/ s12325- 017- 0556-1.

 35. Yang M, Liu Q, Huang T, Tan W, Qu L, Chen T, Pan H, Chen L, Liu J, Wong CW, 
Lu WW, Guan M. Dysfunction of estrogen-related receptor alpha-depend-
ent hepatic VLDL secretion contributes to sex disparity in NAFLD/NASH 
development. Theranostics. 2020;10(24):10874–91. https:// doi. org/ 10. 7150/ 
thno. 47037.

 36. Hjelle AM, Apalset EM, Gjertsen JE, Nilsen RM, Lober A, Tell GS, Mielnik PF. 
Associations of overweight, obesity and osteoporosis with ankle fractures. 
BMC Musculoskelet Disord. 2021;22(1):723. https:// doi. org/ 10. 1186/ 
s12891- 021- 04607-9.

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

https://doi.org/10.1007/s00198-017-3996-1
https://doi.org/10.1007/s00198-017-3996-1
https://doi.org/10.1007/s11657-018-0549-y
https://doi.org/10.1007/s11657-018-0549-y
https://doi.org/10.3390/nu13072386.PMID:34371899;PMCID:PMC8308495
https://doi.org/10.3390/nu13072386.PMID:34371899;PMCID:PMC8308495
https://doi.org/10.1016/j.diabet.2018.10.001
https://doi.org/10.1002/hep.29367
https://doi.org/10.1002/hep.29367
https://doi.org/10.1038/nrgastro.2017.109
https://doi.org/10.1002/hep.31150
https://doi.org/10.1002/hep.30702
https://doi.org/10.2169/internalmedicine.3906-19
https://doi.org/10.2169/internalmedicine.3906-19
https://doi.org/10.1080/13697137.2018.1481380
https://doi.org/10.1007/s40618-016-0528-3
https://doi.org/10.1007/s40618-016-0528-3
https://doi.org/10.1007/s00198-022-06459-y.Advanceonlinepublication.10.1007/s00198-022-06459-y
https://doi.org/10.1007/s00198-022-06459-y.Advanceonlinepublication.10.1007/s00198-022-06459-y
https://doi.org/10.1055/a-1482-9236
https://doi.org/10.1210/clinem/dgab262
https://doi.org/10.3389/fendo.2022.891382
https://doi.org/10.3389/fendo.2022.891382
https://doi.org/10.1155/2022/6094663.PMID:35711524;PMCID:PMC9197619
https://doi.org/10.1155/2022/6094663.PMID:35711524;PMCID:PMC9197619
https://doi.org/10.1038/s41598-021-95261-7
https://doi.org/10.1038/s41598-021-95261-7
https://doi.org/10.1046/j.1365-2281.1998.00067.x
https://doi.org/10.1080/09513590.2016.1261103
https://doi.org/10.1016/j.clinthera.2013.07.423
https://doi.org/10.1007/BF01622200
https://doi.org/10.1007/BF01622200
https://doi.org/10.21037/apm-19-610
https://doi.org/10.1016/j.atherosclerosis.2013.07.006
https://doi.org/10.1016/j.atherosclerosis.2013.07.006
https://doi.org/10.1097/MEG.0000000000000535
https://doi.org/10.1097/MEG.0000000000000535
https://doi.org/10.3389/fendo.2022.857110
https://doi.org/10.1111/j.1365-2036.2012.05196.x
https://doi.org/10.1007/s40618-015-0315-6
https://doi.org/10.3390/ijms20102555
https://doi.org/10.3390/ijms20102555
https://doi.org/10.1016/s0378-1119(03)00841-2
https://doi.org/10.1016/s0378-1119(03)00841-2
https://doi.org/10.1007/s12325-017-0556-1
https://doi.org/10.1007/s12325-017-0556-1
https://doi.org/10.7150/thno.47037
https://doi.org/10.7150/thno.47037
https://doi.org/10.1186/s12891-021-04607-9
https://doi.org/10.1186/s12891-021-04607-9

	Relationship between nonalcoholic fatty liver disease and bone mineral density in elderly Chinese
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study population
	Clinical and laboratory assessment
	Measurement of bone density and NAFLD
	Statistical analysis

	Results
	Characteristics of the participants
	Relationship between NAFLD and BMD
	Subgroup analysis

	Discussion
	Conclusions
	References


