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Original Article

Objectives: The aim of this retrospective cohort study was to investigate whether non-alcoholic fatty liver disease (NAFLD) was asso-

ciated with incident bone mineral density (BMD) decrease.

Methods: This study included 4536 subjects with normal BMD at baseline. NAFLD was defined as the presence of fatty liver on abdom-

inal ultrasonography without significant alcohol consumption or other causes. Decreased BMD was defined as a diagnosis of osteope-

nia, osteoporosis, or BMD below the expected range for the patient’s age based on dual-energy X-ray absorptiometry. Cox proportion-

al hazards models were used to estimate the hazard ratio of incident BMD decrease in subjects with or without NAFLD. Subgroup anal-

yses were conducted according to the relevant factors.

Results: Across 13 354 person-years of total follow-up, decreased BMD was observed in 606 subjects, corresponding to an incidence 

of 45.4 cases per 1000 person-years (median follow-up duration, 2.1 years). In the model adjusted for age and sex, the hazard ratio 

was 0.65 (95% confidence interval, 0.51 to 0.82), and statistical significance disappeared after adjustment for body mass index (BMI) 

and cardiometabolic factors. In the subgroup analyses, NAFLD was associated with a lower risk of incident BMD decrease in females 

even after adjustment for confounders. The direction of the effect of NAFLD on the risk of BMD decrease changed depending on BMI 

category and body fat percentage, although the impact was statistically insignificant. 

Conclusions: NAFLD had a significant protective effect on BMD in females. However, the effects may vary depending on BMI category 

or body fat percentage. 
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INTRODUCTION

Osteoporosis is a systemic skeletal disorder in which the 
bones become weak and fragile due to a decrease in bone 
mass and changes in the microstructure [1]. According to the 
2008-2011 Korean National Health and Nutrition Survey, the 
prevalence of osteoporosis in adults over 50 years old was 
22.4% (37.3% in female and 7.5% in male) [2]. In a study based 
on National Health Insurance claims data, the medical expens-
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es of osteoporosis patients increased by 9.2% annually over 
that same period and accounted for 16.7% of the national 
health expenditure [3]. In Korea, the number of osteoporosis 
patients and the burden of osteoporosis are expected to in-
crease steeply due to the rapid aging of the population [4].

Obesity is a worldwide health problem, and its prevalence is 
increasing due to decreased physical activity and excessive ca-
loric intake [5]. The prevalence of obesity in Korean adults in-
creased from 26.0% in 1998 to 31.7% in 2007 and has re-
mained at approximately 31-33% [6]. Obesity increases the 
risk of chronic diseases such as heart disease, stroke, and dia-
betes and has a health-damaging effect, but it is known to 
have a protective effect on osteoporosis [7,8]. However, recent 
studies have shown that body fat deposition can have a dele-
terious effect on bone, and visceral fat deposition is particular-
ly detrimental to bone metabolism [9-13].

Non-alcoholic fatty liver disease (NAFLD) is a metabolic liver 
disease associated with obesity. NAFLD is becoming increas-
ingly prevalent as obesity becomes more common; in Korea, 
the prevalence of NAFLD was between 16-33% in the early to 
late 2000s [14]. NAFLD is closely related to visceral fat deposi-
tion and appears to play a role in the pathogenesis of cardio-
metabolic disease through insulin resistance and chronic sys-
temic inflammation [15,16]. These mechanisms have led to 
the hypothesis that NAFLD may affect bone metabolism in a 
similar fashion to visceral fat, and several case-control studies 
have demonstrated a significant association between NAFLD 
and low bone mineral density (BMD) in children or adoles-
cents [17]. In contrast, cross-sectional studies in adults have 
shown sex-dependent results, with a consistent negative as-
sociation between NAFLD and BMD in males and an inconsis-
tent association in females [18-21]. Recently, 2 Chinese cohort 
studies reported that NAFLD was a significant risk factor for 
developing osteoporosis or decreased BMD regardless of sex 
[22,23]. Chen et al. [22] reported that the risk of developing 
osteoporosis was 1.35 times higher in the NAFLD cohort of 
that study than in the control cohort, and Shen et al. [23] re-
ported that the risk of developing low BMD was 2.24 times 
higher in the NAFLD group than in the non-NAFLD group.

Most studies conducted so far have been case-control or 
cross-sectional studies, although recent cohort studies have 
been reported. The goal of the present retrospective cohort 
study was to investigate whether NAFLD was associated with 
a higher risk of incident BMD decrease in Koreans and to iden-
tify the modifying effects of relevant factors, including sex, 

obesity, and menopausal status, using periodic health check-
up cohort data from hospitals.

METHODS

Study Subjects
This study included 8824 subjects who underwent abdomi-

nal ultrasonography and dual-energy X-ray absorptiometry 
(DXA) 2 or more times between 2002 and 2015 at Kangbuk 
Samsung Health Screening Center clinics in Seoul and Suwon. 
Among them, those who met the exclusion criteria at the first 
check-up were excluded. The exclusion criteria were as follows: 
(1) missing data for sex, height, weight, or alcohol consump-
tion (n=1352); (2) history of malignancy (n=276); (3) signifi-
cant alcohol intake (>210 g/wk for male and >140 g/wk for 
female) (n=477); (4) positive serological markers for hepatitis 
B or hepatitis C (n=272); (5) cirrhosis or chronic liver disease 
on ultrasonography (n=17); (6) diagnosis via DXA of osteopo-
rosis, osteopenia, or BMD below the expected range (n=1885); 
and (7) current use of osteoporosis medication (n=9). After 
exclusion, 4536 subjects were included in the analysis. 

Health Questionnaire
Prior to the health examination, the subjects were asked to 

complete a health questionnaire on their own. Based on the 
questionnaire, patients were categorized into 2 groups with 
regard to smoking status: (1) never or former smokers and (2) 
current smokers. Alcohol intake, in grams per week, was calcu-
lated based on the average frequency of drinking per week 
and the amount consumed per day. Based on the frequency of 
vigorous physical activity, patients were similarly categorized 
into either those who exercised 3 times a week or more or 
those who exercised fewer than 3 times a week. Via the ques-
tionnaire, we asked about the patients’ disease history, includ-
ing cancer, hypertension, diabetes, dyslipidemia, osteoporosis, 
and any current medications. Females were also asked about 
their menopausal status. If answers to menopausal items were 
missing, females under 55 years were considered premeno-
pausal and females 55 years or older were considered post-
menopausal.

Anthropometric and Biochemical Measurements
The patients’ height and body weight were measured dur-

ing the health check-up. Body mass index (BMI, kg/m2) was 
calculated by dividing the body weight (in kg) by the square 
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of the height (in m2). With regard to BMI, patients were divided 
into 5 categories according to the Asia-Pacific standard: (1) un-
derweight (BMI<18.5 kg/m2), (2) normal (18.5 kg/m2≤BMI≤
22.9 kg/m2), (3) overweight (23.0 kg/m2≤BMI≤24.9 kg/m2), 
(4) obese (25.0 kg/m2≤BMI≤29.9 kg/m2), and (5) severely 
obese (BMI ≥30.0 kg/m2) [24]. Body fat percentage was calcu-
lated by dividing body fat mass, which was measured with a 
body composition device (Inbody720; Biospace, Seoul, Korea), 
by body weight. Body fat percentage quartiles were separately 
obtained for male and female. Blood pressure (BP, mmHg) was 
measured in the upper arm by skilled nurses or assistant nurs-
es. For this measurement, after the subject had rested for more 
than 5 minutes, the BP was assessed with the subject seated 
on a chair and the arm at the level of the heart (53 000-E2; Welch 
Allyn, New York, NY, USA). 

All biochemical tests were performed after at least 8 hours 
of fasting. Serum glucose was measured using the hexokinase 
ultraviolet method. Insulin was measured via immunoassay or 
radioimmunoassay. The homeostatic model assessment for in-
sulin resistance (HOMA-IR) was calculated using the formula 
HOMA-IR= fasting insulin (μU/mL)×fasting blood glucose 
(mg/dL)/405. In this study, insulin resistance was determined 
based on a HOMA-IR cut-off value of 2.5. Serum high-sensitivi-
ty C-reactive protein (hsCRP) levels were measured via turbidi-
metric immunoassay. Patients were divided into 3 categories 
based on the median hsCRP level of 0.04 mg/dL: (1) hsCRP 
<0.04 mg/dL, (2) hsCRP ≥0.04 mg/dL, and (3) missing. 

Ultrasonography and Definition of Non-alcoholic 
Fatty Liver Disease 

Fatty liver was diagnosed using abdominal ultrasonography. 
This condition was diagnosed when the liver echogenicity was 
greater than the echogenicity of the kidney or spleen. It was 
diagnosed as mild, moderate, or severe according to the mag-
nitude of echogenicity increase and the degree of visualization 
of the diaphragm or blood vessels. The kappa statistic for eval-
uating the inter-observer agreement for the diagnosis of fatty 
liver was 0.74, which indicated intermediate to good agreement. 
The kappa statistic for evaluating the intra-observer agreement 
was 0.94, indicating excellent agreement [25]. NAFLD was di-
agnosed when evidence of hepatic steatosis was found via ei-
ther imaging or histology and no potential causes of secondary 
hepatic fat accumulation (such as significant alcohol intake, the 
use of steatogenic medications, or other liver diseases) were 
present. The definition of significant alcohol intake varies from 

study to study, with an upper limit of 10-40 g/d of pure alcohol. 
According to the guidelines published by the American Associ-
ation for the Study of Liver Diseases, the Korean Association 
for the Study of the Liver defined significant alcohol consump-
tion as more than 210 g/wk in male and more than 140 g/wk 
in female over the last 2 years. In the present study, subjects 
who had significant alcohol consumption according to the 
definition of the Korean Association for the Study of the Liver 
were excluded.

Dual-energy X-ray Absorptiometry and  
Definition of Decreased Bone Mineral Density 

BMD (g/cm2) was measured in the lumbar spine or femur 
using DXA (Prodgy, GE Healthcare, Madison, WI, USA; HOLOGIC 
QDR 4500W, Hologic Inc., Bedford, MA, USA). In postmenopaus-
al females and males aged 50 years or older, the T-score was 
used to interpret the BMD value. The T-score represents an ab-
solute risk of fracture and can be obtained by comparing the 
patient’s BMD with the BMD of the group of young adults with 
the highest BMD. According to the criteria proposed by the 
World Health Organization, the patient’s BMD was classified as 
normal when the T-score was -1.0 or higher, as osteopenia 
when it was lower than -1.0 and higher than -2.5, and as osteo-
porosis when it was lower than -2.5. In premenopausal fe-
males and males younger than 50 years old, the Z-score was 
used to interpret the BMD value. The Z-score can be obtained 
by comparing the patient’s BMD with the mean BMD of the 
same age group. Using the Z-score, the patient’s BMD was 
classified as normal if it was higher than -2.0 and as below the 
expected range for the patient’s age if it was -2.0 or lower. 

In the present study, the results of the physician’s interpreta-
tion of the patient’s BMD were used for the outcome variable. 
For the analysis, a dichotomous outcome variable, decreased 
BMD (or BMD decrease), was created, the interpretation of 
which corresponded to either (1) osteopenia, osteoporosis, or 
a BMD below the expected range for the patient’s age, or (2) 
an affirmative answer regarding whether the patient was cur-
rently taking osteoporosis medication. When a decrease in 
BMD is found at regular check-ups, it is difficult to know when 
the decrease actually occurred. Thus, in the present study, the 
time of initiation of the decrease in BMD was assumed to be 
the mid-point between the last time point when the test re-
sult was normal and the time point when the outcome of BMD 
decrease was detected. The observation period was calculated 
using the newly defined time point.
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Hypertension, Diabetes, and Dyslipidemia
The subjects were considered to have hypertension if their 

systolic BP was greater than 140 mmHg or their diastolic BP 
was greater than 90 mmHg, if they answered ‘yes’ regarding 
whether they had been diagnosed with hypertension, or if 
they answered ‘yes’ regarding whether they currently took an-
tihypertensive medication. Subjects were defined as having 
diabetes if their fasting blood glucose was above 126 mg/dL, 
if they answered ‘yes’ to the question about the diagnosis of 
diabetes, or if they answered ‘yes’ to the question about wheth-
er they currently took diabetes medication. If they answered 
‘yes’ regarding whether they had been diagnosed with dyslip-
idemia, hyperlipidemia, hypercholesterolemia, or hypertriglyc-
eridemia, they were considered to have a history of dyslipid-
emia.

Statistical Analysis
The subjects were divided by sex, and the basic characteris-

tics according to the presence of NAFLD were summarized for 
each sex and compared. Continuous data were summarized as 
mean and standard deviation when normally or near-normally 
distributed and as median and quartile when skewed. Cate-
gorical data were summarized as frequency and percentage. 
For the comparison between the groups, continuous data were 
assessed with the independent t-test, and categorical data 
were evaluated with the chi-square or Fisher exact test. 

The number of total person-years was obtained by summing 
the observation periods of the subjects. The observation period 
was defined as the interval from the time of the first DXA test 
to the end of observation, which was defined as the last test 
or the time of occurrence of BMD decrease. The incidence rate 
per 1000 person-years was calculated by dividing the number 
of persons with decreased BMD by the total number of person-
years and multiplying the resulting value by 1000. The subjects 
were divided into 2 subgroups based on a BMI of 23.0 kg/m2, 
which is the threshold for overweight, and the incidence rate 
of BMD decrease was calculated according to the presence of 
NAFLD in each subgroup. The incidence rates were also calcu-
lated for the male and female subgroups.

Kaplan-Meier survival curves were drawn to visualize the dif-
ferences in the rate of BMD decrease by the categories of inter-
est, and log-rank tests were used to confirm whether statisti-
cally significant differences in the survival curves were present. 
To use the Cox proportional hazards model, log-log survival 
plots were drawn to confirm that the proportional hazards as-

sumption was violated. Using the Cox proportional hazards 
model, hazard ratios (HRs) and 95% confidence intervals (CIs)  
for incident BMD decrease according to NAFLD status were 
obtained. All confounding factors were adjusted for as cate-
gorical variables except for age. The cut-off points were 2.5 for 
HOMA-IR; 0.04 mg/dL for hsCRP; 19.2%, 22.2%, 25.5%, and 
41.3% for male’s body fat percentage quartiles; and 25.1%, 
28.9%, 32.7%, and 50.2% for female’s body fat percentage 
quartiles. To test the modifying effects of age, sex, menopausal 
status, BMI, and body fat percentage category, subgroup anal-
yses were conducted, and the interaction term between each 
variable and the NAFLD variable was included in each model. 

All statistical analyses were conducted using R version 3.4.1 
(https://cran.r-project.org/bin/windows/base/old/3.4.1/), and 
p-values less than 0.05 were considered to indicate statistical 
significance.

Ethics Statement
This study was approved by the Institutional Review Board 

of Kangbuk Samsung Hospital (No. 2017-05-022).

RESULTS

A total of 4536 subjects were included (1006 males and 
3530 females). Of the males, 434 (43.1%) had NAFLD, while 
446 (12.6%) of the females had NAFLD. The mean age of the 
males was 49.3±9.8 years, and the mean age of the females 
was 43.3±7.8 years. In males, the mean age of the subjects 
did not differ significantly according to NAFLD status, whereas 
in females, the mean age was higher among subjects with 
NAFLD (Table 1). Most metabolic indicators showed statistical-
ly significant differences according to NAFLD status in both 
sexes. The proportion of obesity, hypertension, diabetes, and a 
history of dyslipidemia was higher in subjects with NAFLD 
than in subjects without NAFLD. In males, the proportion of 
those who engaged in vigorous physical activity more than 3 
times a week was higher in subjects without NAFLD than in 
subjects with the condition. 

Across 13 354 person-years of total follow-up, decreased BMD 
was observed in 606 subjects, corresponding to an incidence 
rate of 45.4 cases per 1000 person-years (median follow-up 
duration, 2.1 years). Table 2 shows the incidence according to 
sex, BMI, and NAFLD status. In the group with BMI greater than 
23.0 kg/m2, those with NAFLD had a lower incidence of BMD 
decrease than those without NAFLD (incidence rate ratio, 0.70; 
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95% CI, 0.53 to 0.93). Figure 1 shows the Kaplan-Meier curves 
depicting the probability of avoiding incident BMD decrease 
over time.

Table 3 shows the HRs and 95% CIs for incident BMD decrease 
according to NAFLD status. In model 1 (adjusted for age and 
sex), the HR for incident BMD decrease in subjects with NAFLD 

relative to subjects without NAFLD was 0.65 (95% CI, 0.51 to 
0.82), indicating that those with NAFLD had a 35% lower risk 
of BMD decrease. In model 2 (adjusted for age, sex, and BMI), 
the HR was 0.78 (95% CI, 0.61 to 1.01), indicating that patients 
with NAFLD had a 22% lower risk of BMD decrease, although 
this difference was not statistically significant. In model 3 (ad-

Table 1. Baseline characteristics of subjects according to sex and NAFLD status

Characteristics

Male Female

Presence of NAFLD at baseline
p-value1

Presence of NAFLD at baseline
p-value1

No (n=572) Yes (n=434) No (n=3084) Yes (n=446)

Age (y) 49.0±10.2 49.6±9.3 0.349 42.6±7.5 47.6±8.1 <0.001

BMI (kg/m2) 23.2±2.4 25.6±2.3 <0.001 21.5±2.5 25.3±3.1 <0.001

Fat percentage (%) 20.4±4.5 24.8±4.5 <0.001 28.1±5.1 34.7±4.8 <0.001

SBP (mmHg) 113.0±12.3 116.0±12.5 <0.001 105.6±13.5 113.8±15.9 <0.001

DBP (mmHg) 74.1±8.8 75.6±8.9 0.010 67.9±9.3 73.0±10.4 <0.001

Glucose (mg/dL) 95.0 [89.0, 101.0] 97.0 [91.3, 106.0] <0.001 90.0 [85.0, 95.0] 96.0 [91.0, 104.0] <0.001

HOMA-IR 1.2 [0.8, 1.8] 1.9 [1.3, 2.5] <0.001 1.4 [1.0, 1.9] 2.2 [1.6, 3.0] <0.001

hsCRP (mg/dL) 0.04 [0.02, 0.09] 0.07 [0.04, 0.13] 0.173 0.03 [0.01, 0.06] 0.08 [0.04, 0.16] <0.001

Obesity 132 (23.1) 256 (59.0) <0.001 267 (8.7) 219 (49.1) <0.001

Hypertension 121 (21.2) 134 (30.9) <0.001 226 (7.3) 93 (20.9) <0.001

Diabetes 41 (7.2) 61 (14.1) <0.001 25 (0.8) 46 (10.3) <0.001

Dyslipidemia history 98 (17.1) 104 (24.0) 0.009 138 (4.5) 58 (13.0) <0.001

Vigorous physical activity (≥3 times/ wk) 142 (24.8) 74 (17.1) 0.008 643 (20.8) 87 (19.5) 0.701

Current smoker 163 (28.5) 125 (28.8) 1.000 643 (20.8) 87 (19.5) 0.701

Alcohol consumption (≥1 unit/d) 310 (54.2) 227 (52.3) 0.595 61 (2.0) 9 (2.0) 1.000

Values are presented as mean±standard deviation or median [interquartile range], or number (%).
NALFD, non-alcoholic fatty liver disease; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HOMA-IR, homeostatic model as-
sessment for insulin resistance; hsCRP, high-sensitivity C-reactive protein.
1Continuous data were tested with independent t-test and categorical data were tested with chi-square or Fisher's exact test.

Table 2. Incidences of decreased bone mineral density according to BMI, sex, and NAFLD status

Subjects BMI (kg/m2) Presence of NAFLD 
at baseline

No. of 
subjects

Person-
years

No. of incident 
cases

Incidence rate per 
1000 person-years RR (95% CI)

Total <23.0 Yes 149 370.8  19 51.2 1.08 (0.68, 1.71)

No  2612   7720.9 367 47.5

≥23.0 Yes 731   2048.5  68 33.2 0.70 (0.53, 0.93)*

No  1044   3214.0 152 47.3

Male <23.0 Yes 47  107.5  4 37.2 1.07 (0.37, 3.14)

No  260  577.0 20 34.7

≥23.0 Yes 387  970.5 21 21.6 0.95 (0.51, 1.77)

No  312  834.7 19 22.8

Female <23.0 Yes 102   263.3  15 57.0 1.17 (0.70, 1.97) 

No  2352 7143.9 347 48.6

≥23.0 Yes 344  1078.0  47 43.6 0.78 (0.56, 1.09)

No  732  2379.3 133 55.9

BMI, body mass index; NAFLD, non-alcoholic fatty liver disease; RR, rate ratio; CI, confidence interval.
*p<0.05.
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ditionally adjusted for cardiometabolic factors), the HR was 
0.83 (95% CI, 0.64 to 1.08), meaning that the patients with 
NAFLD had a 17% lower risk of decreased BMD; again, howev-
er, this distinction was not statistically significant. Finally, in 
model 4, which was additionally adjusted for lifestyle factors 
relative to model 3, the HR was 0.79 (95% CI, 0.61 to 1.03). As 
such, NAFLD was associated with a 21% lower risk of decreased 
BMD in this model, but this finding was statistically insignifi-
cant.

Table 4 shows the results of the subgroup analyses. In the 
subjects under 50 years old, the adjusted HR for incident BMD 
decrease in subjects with NAFLD versus subjects without the 
condition was 0.81 (95% CI, 0.54 to 1.22), and in the subjects 
over age 50, the HR was 0.83 (95% CI, 0.58 to 1.18). No signifi-
cant interaction was found between NAFLD and age. For male 
subjects, the HR for incident BMD decrease in subjects with 
NAFLD relative to subjects without NAFLD was 0.93 (95% CI, 
0.52 to 1.66). For female subjects, the HR was 0.73 (95% CI, 
0.54 to 0.99), and NAFLD was associated with a significantly 
(27%) lower risk of decreased BMD. No significant interaction 
was found between NAFLD and sex. In the subgroup analysis 

according to menopausal status, the HR was 0.72 (95% CI, 0.44 
to 1.20) for premenopausal female and 0.79 (95% CI, 0.54 to 
1.15) for postmenopausal female. No significant interaction 
was found between NAFLD and menopausal status. In the 
subgroup analysis based on the cut-off of a BMI of 23.0 kg/m2, 
the HR was 1.09 (95% CI, 0.67 to 1.78) for subjects with BMI 
<23.0 kg/m2 and 0.79 (95% CI, 0.58 to 1.03) for subjects with 
BMI ≥23.0 kg/m2. The subgroup with BMI of 23.0 kg/m2 or 
greater was further divided based on a BMI threshold of 25.0 
kg/m2, and the resulting HRs were 0.69 (95% CI, 0.43 to 1.09) 
for subjects with BMI 23.0-24.9 kg/m2 and 0.98 (95% CI, 0.62 
to 1.54) for subjects with BMI 25.0 kg/m2 or greater. No signifi-
cant interaction was found between NAFLD and BMI category. 
In the analysis according to body fat percentage quartile, the 
HR was 0.42 (95% CI, 0.09 to 1.98) for subjects in the first quar-
tile, 1.28 (95% CI, 0.66 to 2.50) for subjects in the second quar-
tile, 0.65 (95% CI, 0.38 to 1.10) for subjects in the third quartile, 
and 0.83 (95% CI, 0.54 to 1.26) for subjects in the fourth quar-
tile. A significant interaction between NAFLD and body fat 
percentage quartile was found (p for interaction, 0.034). 

Figure 1. Kaplan-Meier curves for the incident bone mineral density decrease according to sex (A) and NAFLD status (B, C). BMI, 
body mass index; NAFLD, non-alcoholic fatty liver disease. 1Log-rank test.
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Table 3. Incident bone mineral density decrease according to NAFLD status1

NAFLD Model 1 Model 2 Model 3 Model 4

   No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

   Yes 0.65 (0.51, 0.82)* 0.78 (0.61, 1.01) 0.83 (0.64, 1.08) 0.84 (0.65, 1.10)

Values are presented as adjusted hazard ratio (95% confidence interval).
NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; HOMA-IR, homeostatic model assessment for insulin resistance; hsCRP, high-sensitivity C-
reactive protein.
1Model 1: adjusted for age, sex; Model 2: adjusted for age, sex, BMI; Model 3: adjusted for age, sex, BMI, hypertension, diabetes, history of dyslipidemia, 
HOMA-IR, hsCRP; Model 4: model 3 + adjusted for current smoking status, alcohol intake, vigorous physical activity.
*p<0.05.
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DISCUSSION

The authors conducted a retrospective cohort study to in-
vestigate the relationship between NAFLD and incident BMD 
decrease. NAFLD was found to have a protective effect on the 
development of decreased BMD, but the statistical significance 
disappeared after adjustment for confounding factors, includ-
ing BMI. In the subgroup analysis, in female, the protective ef-
fect of NAFLD on the development of decreased BMD remained 
after adjustment for confounding factors. 

Previous epidemiological studies in adults have consistently 
reported a link between NAFLD and low BMD in male [18,20, 
21,26]. These associations have been found to be statistically 
significant after adjustment for BMI, waist circumference, met-
abolic indices including BP, lipids, glucose, HOMA-IR, hsCRP 

levels, physical activity, smoking, and alcohol consumption. 
However, in the present study, NAFLD was not found to be as-
sociated with the development of decreased BMD in male, 
and it is necessary to consider why these differences may have 
appeared. Kim et al. [27] found that NAFLD without significant 
liver fibrosis as assessed with liver transient elastography was 
not associated with low BMD, but NAFLD with significant liver 
fibrosis was associated with low BMD. Pardee et al. [28] report-
ed that BMD was significantly lower in children with steato-
hepatitis confirmed by biopsy than in children with simple fat-
ty liver. These results suggest that progressive NAFLD is more 
closely associated with low BMD than is early NAFLD. Most of 
the subjects in the present study would have been diagnosed 
with early NAFLD at periodic health check-ups if asymptomat-
ic, and nearly 90% of the subjects had mild fatty liver (mild, 

Table 4. Incident bone mineral density decrease according to NAFLD status in several subgroups

Subgroups No. incident cases
NAFLD, aHR (95% CI)

p for interaction
No Yes

Age (y)1 0.332

   <50 (n=3376) 362 1.00 (reference) 0.81 (0.54, 1.22)

   ≥50 (n=1160) 244 1.00 (reference) 0.83 (0.58, 1.18)

Sex2 0.192

   Male (n=1006)   64 1.00 (reference) 0.93 (0.52, 1.66)

   Female (n=3530) 542 1.00 (reference) 0.73 (0.54, 0.99)*

Menopause3 0.844

   Premenopausal female (n=2795) 311 1.00 (reference) 0.72 (0.44, 1.20)

   Postmenopausal female (n=735) 231 1.00 (reference) 0.79 (0.54, 1.15)

BMI (kg/m2) subgroups I4 0.220

   <23.0 (n=2761) 386 1.00 (reference) 1.09 (0.67, 1.78)

   ≥23.0 (n=1775) 220 1.00 (reference) 0.79 (0.58, 1.03)

BMI (kg/m2) subgroups II4 0.637

   <23.0 (n=2761) 386 1.00 (reference) 1.09 (0.67, 1.78)

   23.0-24.9 (n=901) 129 1.00 (reference) 0.69 (0.43, 1.09)

   ≥25.0 (n=874)   91 1.00 (reference) 0.98 (0.62, 1.54)

Body fat percentage5 0.034

   Q1 (n=1097) 145 1.00 (reference) 0.42 (0.09, 1.98)

   Q2 (n=1094) 138 1.00 (reference) 1.28 (0.66, 2.50)

   Q3 (n=1097) 147 1.00 (reference) 0.65 (0.38, 1.10)

   Q4 (n=1097) 123 1.00 (reference) 0.83 (0.54, 1.26)

NAFLD, non-alcoholic fatty liver disease; aHR, adjusted hazard ratio; CI, confidence interval; BMI, body mass index; Q, quartile; HOMA-IR, homeostatic model 
assessment for insulin resistance; hsCRP, high-sensitivity C-reactive protein.
1Aadjusted for sex, BMI, hypertension, diabetes, history of dyslipidemia, HOMA-IR, hsCRP, current smoking status, alcohol intake, vigorous physical activity.
2Adjusted for age, BMI, hypertension, diabetes, history of dyslipidemia, HOMA-IR, hsCRP, current smoking status, alcohol intake, vigorous physical activity.
3Adjusted for age, sex, BMI, hypertension, diabetes, history of dyslipidemia, HOMA-IR, hsCRP, current smoking status, alcohol intake, vigorous physical activity.
4 Adjusted for age, sex, body fat percentage, hypertension, diabetes, history of dyslipidemia, HOMA-IR, hsCRP, current smoking status, alcohol intake, vigorous 
physical activity.

5Adjusted for age, sex, BMI, hypertension, diabetes, history of dyslipidemia, HOMA-IR, hsCRP, current smoking status, alcohol intake, vigorous physical activity.
*p<0.05.
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87.8%; moderate, 10.4%; severe, 1.8%). Therefore, their condi-
tion was less likely to be accompanied by liver fibrosis or ste-
atohepatitis, and it would have been difficult to detect the 
detrimental effect of NAFLD on BMD. In a cross-sectional anal-
ysis conducted with only the first-visit data, low BMD was not 
associated with mild NAFLD, but it was significantly associated 
with moderate NAFLD.

Unlike in male, the results of previous studies were not con-
sistent in female. Moon et al. [19] reported that NAFLD was 
significantly associated with low BMD in postmenopausal female 
after adjustment for age, BMI, alanine aminotransferase levels, 
smoking, alcohol consumption, and metabolic syndrome. Cui et 
al. [26] also reported that postmenopausal female in the NAFLD 
group of their study had lower BMD after adjustment for weight, 
BMI, waist circumference, high-density lipoprotein, and alanine 
aminotransferase levels. Xia et al. [20] studied the association 
between BMD and liver fat content as measured with an ultra-
sound-based quantitative method and found that high liver fat 
content was significantly associated with low BMD in postmeno-
pausal female after adjustment for age, body weight, smoking, 
alcohol consumption, BP, cholesterol, and uric acid levels. How-
ever, the statistical significance disappeared in a model addi-
tionally adjusted for body fat percentage and trunk-to-appen-
dicular fat ratio, as well as in a model additionally adjusted for 
vitamin D and biomarkers of bone metabolism. The statistical 
significance still remained in male in these models, a difference 
which Xia et al. [20] explained as potentially due to differences 
in the mechanisms of osteoporosis development, body fat dis-
tribution, and sex hormone levels between sexes. Lee et al. [18] 
reported a positive association between NAFLD and lumbar 
spine BMD in postmenopausal female, which contrasted with the 
results in male. Lee et al. [18] suggested that the higher upper 
body fat distribution in postmenopausal female hinders spinal 
bone loss. In the present study, NAFLD was found to have a 
protective effect on the development of decreased BMD in fe-
male, and this effect remained statistically significant after ad-
justment for various confounding factors. In the subgroup 
analysis according to menopausal status, the protective effect 
was slightly greater in premenopausal female than in post-
menopausal female, although this difference was not statisti-
cally significant. This suggested that a limit exists in explaining 
the protective effect due to differences in fat distribution in 
postmenopausal female. Comparing the studies that reported 
an association between NAFLD and low BMD in postmeno-
pausal female with the studies that did not, the participants in 

the former studies tended to have lower lumbar BMD values 
despite being younger than those in the latter studies [18-20, 
26]. This suggests that the populations of the former studies 
may have lower baseline bone mass than those of the latter. 
Therefore, it is possible that any lifestyle or clinical characteris-
tics that increase the baseline bone mass compensated for the 
detrimental effect of NAFLD on BMD or even had a positive ef-
fect. The subjects in the present study were relatively young 
and healthy, and NAFLD may have had a positive effect. Life-
style modifications made after NAFLD was diagnosed, such as 
changes in exercise or eating habits, may also have been pro-
tective against BMD decrease. 

Analyses of the subgroups based on BMI and body fat per-
centage showed intriguing results, although these results were 
not statistically significant. NAFLD was associated with an in-
creased risk of BMD decrease in the underweight and normal 
weight group (BMI <23.0 kg/m2), whereas the condition was 
associated with a decreased risk of BMD decrease in the over-
weight and obese group (BMI ≥23.0 kg/m2). Looking at the 
overweight and obese groups separately, NAFLD status corre-
sponded to a 31% lower risk of BMD decrease in the overweight 
group, but only a 2% lower risk in the obese group. Similar re-
sults were obtained in the subgroup analysis based on body 
fat percentage. In the second-quartile subjects, NAFLD increased 
the risk of BMD decrease, while in the third and fourth quartiles, 
NAFLD was associated with a decreased risk of BMD decrease. 
In the third quartile, the risk was 35% lower, but it was only 
17% lower in the fourth-quartile group. These results may in-
dicate that the effect of NAFLD on BMD depends on the de-
gree of obesity or body fat percentage. This may be due to the 
positive effects of obesity on the bone through mechanical 
loading, female hormone conversion in adipose tissue, and 
adipokines related to bone formation. These positive effects 
could offset the detrimental effects of NAFLD on the bone. 
However, as the degree of obesity intensifies, the harmful ef-
fects of obesity and NAFLD increase, and the protective effect 
of obesity becomes relatively small. 

The pathophysiology of the effect of NAFLD on BMD is not 
clear, but the key mechanisms are presumed to be insulin re-
sistance and chronic inflammation [17,29]. Insulin promotes 
the proliferation and differentiation of osteoblasts, the genera-
tion of anabolic signals, and collagen synthesis, which influ-
ence the properties of bone. In an animal experiment, bone 
was found to be a site of insulin resistance, and in rats fed a 
high-fat diet, insulin resistance was found to be associated 
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with reduced osteoblast proliferation and differentiation and 
increased osteoblast apoptosis, which resulted in decreased 
bone density of the jaw. A liver affected by NAFLD interacts 
closely with inflamed visceral fat tissue and secretes various 
proinflammatory cytokines, including interleukin-6 and tumor 
necrosis factor α. These signals lead to chronic inflammation, 
an important contributor to the pathogenesis of osteopenia 
and osteoporosis. Osteocalcin (a bone-derived hormone), os-
teopontin and osteoprotegerin (bone matrix glycoproteins), 
and leptin and adiponectin (adipocyte-derived hormones) are 
also thought to play a role in the link between NAFLD and low 
BMD. In addition, the severity of NAFLD is associated with vita-
min D deficiency, which is believed to adversely impact bone 
metabolism. Additionally, physical inactivity and sedentary 
lifestyles in patients with NAFLD may be risk factors for low 
BMD. 

This study had several limitations. First, simple fatty liver, 
steatohepatitis, and fibrosis could not be distinguished because 
the diagnosis was based on ultrasonography, and biopsy was 
not performed. Second, the subjects were relatively young and 
the median follow-up period was short, which made it difficult 
to observe the clinical outcomes of BMD decrease. Third, no 
indicators related to bone metabolism, including bone-derived 
hormones or vitamin D, were included. Finally, the exact time 
of BMD decrease was unknown, since only the extent of the 
change that had occurred within a certain interval was known. 
Such data are referred to as interval-censored data and are of-
ten observed in health examination datasets. In such cases, 
the time point of occurrence can be estimated using various 
statistical techniques or replaced with the left end, mid-point, 
or right end of the interval in what is termed the single impu-
tation method [30-32]. Although the single imputation meth-
od may be naïve and biased, it is very commonly used because 
it is simple and can take advantage of existing analytical meth-
ods for the processing of right-censored data. In this study, 
mid-point imputation, known to be the least biased of the sin-
gle imputation methods, was used.

The strength of this study was, first, that it is one of only a 
few cohort studies to evaluate the effect of NAFLD on BMD 
while taking into account the time sequence of the fatty liver 
diagnosis and time of incidence of decreased BMD. Compared 
to the previous cohort studies, our study had some strengths. 
We considered a wider variety of possible confounders, such 
as insulin resistance, than a Taiwanese cohort study that only 
considered comorbidities using National Health Insurance Re-

search Database information [22]. Additionally, while the ac-
curacy of diagnosis in health insurance data is generally low, in 
this study, fatty liver was confirmed via ultrasonography and 
normal BMD at baseline was ensured via DXA examinations. 
The number of subjects in this study was also higher than that 
of another cohort study, conducted in Zhejiang, China (4536 vs. 
1064 subjects, respectively) [23]. Second, this study included 
young sexes, which allowed us to evaluate the effects of NAFLD 
on BMD in a younger population of individuals who usually do 
not undergo BMD examination. Third, by analyzing the sub-
groups based on several relevant factors, including BMI and 
body fat percentage, we found that the effect of NAFLD on 
BMD may vary among certain subgroups. 

In conclusion, NAFLD was found to have a significant pro-
tective effect on BMD decrease only in female. However, the 
effects may vary depending on BMI category or body fat per-
centage. 
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