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Background/Aims: The prevalence of nonalcoholic fatty liver disease (NAFLD) has increased
rapidly as a consequence of more sedentary lifestyles and a Westernized diet. Fracture is a major
clinical problem in older people, but few large-scale cohort studies have evaluated the relationship between NAFLD and fracture. Therefore, we aimed to determine whether the fatty liver index
(FLI), which represents the severity of NAFLD, can predict fracture risk.
Methods: We analyzed the relationship between the FLI and incident fracture using multivariate Cox proportional hazards models and data for 180,519 individuals who underwent National
Health check-ups in the Republic of Korea between 2009 and 2014.
Results: A total of 2,720 participants (1.5%) were newly diagnosed with fracture during the study
period (median 4.6 years). The participants were grouped according to FLI quartiles (Q1, 0 to
<5.653; Q2, 5.653 to <15.245; Q3, 15.245 to <37.199; and Q4 ≥37.199). The cumulative fracture
incidence was significantly higher in the highest FLI group than in the lowest FLI group (Q4, 986
[2.2%] and Q1, 323 [0.7%]; p<0.001). The adjusted hazard ratio indicated that the highest FLI
group was independently associated with a higher incidence of fracture (hazard ratio for Q4 vs
Q1, 2.956; 95% confidence interval, 2.606 to 3.351; p<0.001). FLI was significantly associated
with a higher incidence of fracture, independent of the baseline characteristics of the participants.
Conclusions: Our data imply that the higher the FLI of a Korean patient is, the higher their risk
of osteoporotic fracture, independent of key confounding factors. (Gut Liver, Published online
July 27, 2022)
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INTRODUCTION
The prevalence of nonalcoholic fatty liver disease
(NAFLD) has been increasing alongside those of obesity
and insulin resistance, as a consequence of more sedentary
lifestyles and a Westernized diet.1,2 Positive associations
have been demonstrated between NAFLD and features of
the metabolic syndrome, including visceral adipose tissue
accumulation, dyslipidemia, insulin resistance, and high
blood pressure.3-5
Owing to the aging of the population worldwide and
changing lifestyles, the prevalence of osteoporosis has
risen significantly.6 In 2010, there were an estimated 158

million individuals at high risk of fracture, and it has been
estimated that this figure will double by 2040, because
of demographic shifts.7 Consistent with this, 22.4% and
47.9% of Korean adults aged ≥50 years have osteopenia or
osteoporosis, respectively, and the number of osteoporotic
fractures increased between 2008 and 2016, regardless of
sex.8
Although seemingly of little significance, a positive epidemiologic association between metabolic syndrome and
osteoporosis has been recently reported.9-13 Specifically, it
has been shown that the incidence of osteoporotic fracture
is higher in patients with metabolic syndrome.14-16 Moreover, it has been shown that mean lumbar bone mineral

Copyright © Gut and Liver.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

www.gutnliver.org

Gut and Liver, Published online July 27, 2022

density (BMD) is lower in postmenopausal women with
NAFLD than in those without.17-21 NAFLD is a leading
cause of chronic liver disease. Most studies of adults have
shown that the values of bone formation markers are lower
in chronic liver disease, alongside abnormal metabolic indices.21 However, despite a number of previous studies having suggested an association between NAFLD and fracture,
the relatively small sample sizes and cross-sectional nature
of these studies mean that the quality of the evidence is
relatively low.
Therefore, in the present study, we aimed to confirm an
association between NAFLD and new-onset fracture by
analyzing a large cohort comprising Korean adults without
known conventional rick factors for fracture or comorbidities.

MATERIALS AND METHODS
1. Data sources
The National Health Insurance Service-National Sample
Cohort 2.0 (NHIS-NSC 2.0) dataset was analyzed. All the
participants (n=48,222,537) in the National Health Insurance Service (NHIS), which includes >97% of the Korean
population, were classified into 2,142 classes according to
their age, sex, region, eligibility, and income level. From
2006, 2.1% of each class (total n=1,021,208) have been
randomly selected to comprise the NHIS-NSC 2.0 dataset. This also includes data collected retrospectively and
prospectively between 2002 and 2015.22 Because the NHIS
covers 97% of the Korean population, it can be assumed
that the NHIS-NSC 2.0 is representative of the Korean
population as a whole. The data collected consist of so-

ciodemographic information; clinical information, including diagnoses made on the basis of the 10th revision of the
International Classification of Disease (ICD-10) codes, and
details of the admission and treatment; National Health
Screening data; and information regarding the participating institutions. The free health check-up, which the
Korean government recommends that all Korean adults attend biennially, includes the completion of questionnaires
regarding medical history and health-related behavior,
including smoking status and alcohol consumption; chest
X-ray; physical examination; and blood tests. According to
the 2013 NHIS statistics, ~72.1% of the eligible population
underwent National Health check-ups. In addition, we collected mortality data from the Death Registration Database
of Statistics Korea, a central government statistical organization.
The NHIS-NSC 2.0 is open to any researcher if the
NHIS Review Committee approves the relevant study
protocol. The present study was approved by the Institutional Review Board of the Chungnam National University
Hospital, Daejeon, Korea (IRB number: 2019-10-053). The
Institutional Review Board waived the requirement for informed consent.
2. Study sample
We included data from individuals of ≥20 years who
had undergone at least one National Health check-up between 2009 and 2014. Data obtained during the first checkup were used as the index data, and the year in which the
index check-up data were collected was regarded as the
index year. All the participants for whom there were prespecified exclusion criteria were excluded. To objectively
evaluate the relationship between fatty liver index (FLI)

556,906 Participants who underwent the National Health checkups
from June 2009 to December 2014
376,387 Excluded:
2,607 Who were under age 20 yr
6,251 Patients with chronic kidney disease
190,883 Patients with known liver disease
36,564 Patients with thyroid disease
2,150 Patients with metabolic bone disease (osteomalacia,
Paget s disease, primary hyperparathyroidism, vitamin D
deficiency, familial hypophosphatemia, familiar
hypocalciuric hypercalcemia)
18,350 Patients with known malignant neoplasm
98,606 Patients with chronic pulmonary diseases
5,903 Patients with autoimmune diseases
10,193 Patients with lipid-lowering medications within
2 yr before the index check-up
4,880 Patients with whose data for the index check-up
were missing

180,519 Participants included in the analysis
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Fig. 1. A graphical representation of
participants' selection for the study
samples. Of 556,906 participants
who underwent National Health
checkups from June 2009 to December 2014, 180,519 were included
in the analysis after the exclusion of
376,387 individuals according to the
exclusion criteria.
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and fracture, we used the following exclusion criteria: comorbidities that could affect the risk of fracture; previously
diagnosed liver diseases that could affect FLI; chronic kidney disease; thyroid disease; rheumatoid disease; asthma or
chronic obstructive pulmonary disease; neoplastic disease
which might affect bone metabolism; primary metabolic
bone diseases, such as osteomalacia, Paget’s disease, primary hyperparathyroidism, vitamin D deficiency, familial
hypophosphatemia, and familial hypocalciuric hypercalcemia; use of prescribed medications, including lipidlowering agents, within the 2 years preceding the index
check-up; and missing data at the index check-up (Fig. 1,
Supplementary Material).
3. Definition of incident fracture
The primary outcome of the study was the incidence of
fracture, according to FLI. Incident fracture was defined
as a new fracture occurring at typical sites of osteoporotic
fracture, defined as the hip, pelvis, proximal humerus,
forearm, and vertebrae, but not the head, hands, and feet.23
Fractures were classified according to the ICD-10 disease code in the claim dataset, as previously described.24
These included hip fractures (S72.0 [fracture of the femoral neck] and S72.1 [pertrochanteric fracture]); spinal fractures (S22.0 [fracture of the thoracic spine], S22.1 [multiple
fractures of the thoracic spine], S32.0 [fracture of the lumbar spine], S32.7 [multiple fractures of the lumbar spine],
S32.8 [other fractures of the lumbar spine], M48.4 [fatigue
fracture of vertebra], and M48.5 [collapsed vertebra, not
otherwise classified]); distal radial fractures (S52.5 [fracture of the distal radius] and S52.6 [combined fracture of
the distal radius/ulna]); proximal humeral fractures (S42.2
[fracture of the proximal humerus] and S42.3 [fracture of
shaft of the humerus]); and osteoporosis with pathologic
fracture (M.80).
4. Definition and assessment of covariates
Covariates were identified on the basis of the ICD-10
disease code recorded in the claim dataset provided within
the 2 years prior to the index year or using the index (NHIS)
data. We calculated body mass index (BMI) by dividing
body mass (kg) by height (m), squared. Individuals with a
BMI of ≥25 kg/m2 were regarded as having obesity, according to the World Health Organization guideline for Asian
populations.25
Individuals were classified into three categories according to their smoking status: non-smoker, ex-smoker,
and current smoker. Alcohol consumption was assessed
using standardized a self-reported questionnaire, which
consisted of questions about the number of days per week
alcohol was consumed and the amount of alcohol con-

sumed on each day of consumption. The total amount of
alcohol consumed was calculated by multiplying these two
numbers. The questionnaire regarding physical activity
was composed of questions about the number of days per
week on which 30 minutes of light exercise, 30 minutes
of moderate exercise, and 20 minutes of vigorous exercise
were performed. Light exercise was estimated to be two
metabolic equivalent of tasks, moderate exercise to be 3
metabolic equivalent of tasks, and vigorous exercise to be 6
metabolic equivalent of tasks. These values were multiplied
by 30, 30, and 20 minutes, respectively, and the appropriate
number of days per week.
Data were censored when fracture occurred, at disqualification from the NHIS, because of death or immigration,
or at the end of the study (December 31, 2015), as previously described.26
5. Calculation of FLI
We used the well-validated index FLI to identify participants with NAFLD. FLI was calculated using the values of
four variables (triglycerides [TG], BMI, gamma-glutamyl
transferase [GGT] activity, and waist circumference [WC])
and the following equation:
FLI=(e0.953×loge[TG]+0.139×BMI+0.718×loge[GGT]+0.053×WC−15.745)/
(1+e0.953×loge[TG]+0.139×BMI+0.718×loge[GGT]+0.053×WC−15.745)×100
The study that originally used FLI defined >60 as the
cutoff value for the diagnosis of fatty liver, with a positive likelihood ratio of 4.3, in the general population.27
Although FLI is simple to calculate and represents an easy
method of screening for fatty liver disease, there is insufficient evidence regarding the use of FLI for the diagnosis of
fatty liver disease in Asian people because their BMIs and
WCs are typically lower than those of people of other ethnicities.28 Therefore, we grouped the participants according
to the quartile of FLI for the statistical analysis of the data.
6. Statistical analysis
Continuous data are reported as mean ± standard deviation and categorical data as number with percentage.
We performed statistical analyses using R software, version
3.3.3 (R Foundation for Statistical Computing, Vienna,
Austria; www.r-project.org). The chi-square test and the
one-way analysis of variance were used to compare the FLI
quartiles. Cumulative event rates for each of the FLI quartiles were compared using the Kaplan-Meier method and
the log-rank test. Adjusted hazard ratios and 95% confidence interval for the incidence of fracture were estimated
using the Cox proportional hazard regression analysis. In
the multivariate analysis, we adjusted for age and sex in
https://doi.org/10.5009/gnl210571 3
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Table 1. Baseline Characteristics and Laboratory Data of the Participants
Variable
Baseline characteristics
Age, yr
Male sex
Height, cm
Body mass, kg
Body mass index, kg/m2
Waist circumference, cm
Waist/hip ratio
SBP, mm Hg
DBP, mm Hg
Smoking status
Non-smoker
Ex-smoker
Current smoker
Alcohol consumption, g/wk
Activity, MET-min/wk
Laboratory findings
AST, IU/L
ALT, IU/L
GGT, IU/L
Hemoglobin, g/dL
Fasting glucose, mg/dL
Total cholesterol, mg/dL
Triglyceride, mg/dL
HDL-cholesterol, mg/dL
LDL-cholesterol, mg/dL
Creatinine, mg/dL
Comorbidities
Diabetes mellitus
Dyslipidemia
Hypertension
Coronary artery disease
Arrhythmia
Valvular heart disease
Peripheral arterial disease
Cardiovascular disease
Osteoporosis
Use of steroid
Use of vitamin D
Fracture
Femur
Vertebra
Distal radius
Humerus
Unknown

FLI quartile*

p-value

p for trend

44.0±12.1
38,226 (84.7)
169.0±8.3
76.6±11.2
26.8±3.1
89.0±7.0
0.5±0.1
128.2±14.6
80.5±10.2

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

21,842 (48.4)
64,540 (15.0)
16,541 (36.6)
87.1±142.0
391.7±388.8

15,023 (33.3)
8,114 (18.0)
21,993 (48.7)
139.9±189.6
377.4±377.2

<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001

21.9±11.8
18.4±11.6
20.7±11.6
13.8±1.6
92.4±16.5
187.3±36.2
92.2±37.0
58.6±20.9
114.1±153.5
1.0±1.1

24.1±16.7
23.7±20.8
31.5±23.5
14.4±1.5
96.2±21.4
196.6±38.5
128.2±58.8
54.7±26.2
120.3±126.7
1.0±1.1

30.7±37.5
37.8±48.4
69.9±75.4
15.0±1.4
102.4±28.7
208.0±40.7
210.9±144.4
51.1±28.1
119.6±92.6
1.1±1.1

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

639 (1.4)
811 (1.8)
1,272 (2.8)
358 (0.8)
273 (0.6)
30 (0.1)
1,234 (2.7)
594 (1.3)
1,101 (2.4)
16,226 (36.0)
70 (0.2)

1,335 (3.0)
1,371 (3.0)
3,233 (7.2)
644 (1.4)
396 (0.9)
46 (0.1)
1,824 (4.0)
978 (2.2)
1,768 (3.9)
14,659 (32.5)
82 (0.2)

2,122 (4.7)
1,787 (4.0)
5,407 (12.0)
929 (2.1)
416 (0.9)
58 (0.1)
2,276 (5.0)
1,215 (2.7)
1,635 (3.6)
14,187 (31.4)
71 (0.2)

2,621 (5.8)
1,910 (4.2)
6,749 (15.0)
988 (2.2)
383 (0.8)
50 (0.1)
2,056 (4.6)
1,097 (2.4)
808 (1.8)
13,363 (29.6)
29 (0.1)

<0.001
<0.001
<0.001
<0.001
<0.001
0.029
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
0.018
<0.001
<0.001
<0.001
<0.001
<0.001
0.037

17.5 (5.3)
112 (34.7)
141 (43.7)
17 (5.3)
36 (10.9)

28 (5.0)
218 (37.5)
234 (40.2)
28 (4.8)
73 (12.5)

46 (5.5)
343 (41.3)
320 (38.7)
42 (5.0)
79 (9.5)

62 (6.3)
396 (40.2)
370 (37.5)
95 (9.6)
63 (6.4)

Q1

Q2

Q3

Q4

36.5±12.1
9,732 (21.6)
162.1±7.7
53.0±6.6
20.1±1.8
68.5±5.1
0.3±0.0
112.8±12.6
70.5±8.8

42.0±13.5
22,843 (50.6)
164.6±9.3
60.6±7.8
22.3±1.9
76.1±4.9
0.4±0.0
118.9±13.5
74.1±9.3

44.5±13.4
31,463 (69.7)
166.6±9.2
67.1±8.6
24.1±2.1
81.8±5.1
0.4±0.0
123.2±14.0
76.8±9.5

36,361 (80.6)
2,361 (5.2)
6,406 (14.2)
36.7±83.9
351.1±352.4

28,327 (62.8)
4,447 (9.9)
12,354 (27.4)
60.0±112.9
385.7±386.9

19.7±8.7
14.5±10.3
14.6±6.0
13.1±1.5
88.9±12.4
176.9±33.2
64.1±23.8
63.8±19.0
106.6±216.5
0.9±0.9

Values are presented as mean±SD or number (%).
FLI, fatty liver index; SBP, systemic blood pressure; DBP, diastolic blood pressure; MET, metabolic equivalent of task; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
*The chi-square test and one-way analysis of variance were used to compare the FLI quartiles. Q1, 0 to <5.653; Q2, 5.653 to <15.245; Q3, 15.245 to
<37.199; Q4, ≥37.199
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model 1, and also for the clinical characteristics and the
log-transformed covariates associated with incident fracture that were statistically significant (p<0.001) in models 2
and 3, respectively.

RESULTS
1. Baseline characteristics of the participants
We analyzed data from 180,519 participants after the
exclusion of 376,387 individuals according to the exclusion
criteria. The numbers of individuals who fulfilled each
exclusion criterion are presented in Fig. 1. We grouped
the study participants according to quartile of FLI: first
quartile (Q1: 0 to <5.653), second quartile (Q2: 5.653 to
<15.245), third quartile (Q3: 15.245 to <37.199) and fourth
quartile (Q4: ≥37.199). Comparisons of the baseline clinical characteristics and laboratory findings among the FLI
quartiles are shown in Table 1. Participants with higher
FLIs tended to be older and male. BMI, WC, blood pressure, alcohol consumption, and the proportion of current
smokers tended to increase from Q1 to Q4. Aspartate aminotransferase, alanine aminotransferase, and GGT activities; hemoglobin; and the fasting glucose, total cholesterol,
triglyceride, low-density lipoprotein cholesterol, and creatinine concentrations increased with ascending FLI quartile. Consistent with previous reports,29,30 the prevalences
of diabetes mellitus, dyslipidemia, hypertension, and coronary artery disease were higher in the high FLI groups.
2. Relationship between FLI and the incidence of
fracture
The cohort was followed for a median 4.6 years (interquartile range, 3.2 to 6.1 years) and 2,720 participants

(1.5%) experienced a fracture during this period. The incidence of fracture was significantly higher in participants
with higher FLIs than in those with lower FLIs (Q1, 323
[0.7%]; Q2, 581 [1.3%]; Q3, 830 [1.8%]; and Q4, 986 [2.2%];
p<0.001, log-rank test). The cumulative incidences of fracture, according to FLI quartile, are presented in Fig. 2.
Table 2 shows the results of the univariate analyses
of incident fracture. Female sex, older age, higher BMI,
higher total cholesterol and TG, and lower high-density
lipoprotein cholesterol were significantly associated with
incident fracture. Furthermore, comorbid diabetes mellitus, dyslipidemia, hypertension, coronary artery disease,
arrhythmia, valvular heart disease, peripheral arterial
disease, cerebrovascular disease, osteoporosis, and use of
steroids and vitamin D supplements were associated with
incident fracture.
Next, multivariate proportional hazards analysis was
performed. In model 1, which was adjusted for age and sex;
in model 2, which was additionally adjusted for statistically
significant clinical characteristics; and in model 3, which
was additionally adjusted for log-transformed statistically
significant laboratory covariates, the association between
FLI quartile and fracture incidence remained statistically
significant (Table 3). All the variance inflation factors were
less than 10 in multicollinearity analysis (Supplementary
Table 1). We re-analyzed the data based on two different
FLI criteria, those of Bedogni et al. 27 (Europe) and those
of Yang et al. 31 (Asia). The results were consistent with our
initial results obtained using quartile-FLI (Supplementary
Tables 2 and 3).
3. Subgroup analysis
The adjusted hazard ratios for each subgroup are summarized in Fig. 3. FLI was a significant determinant of

Event-free survival

1.00

Q1

0.98

Q2
Q3
FLI quartile
1st Quartile (Q1)
2nd Quartile (Q2)
3rd Quartile (Q3)
4th Quartile (Q4)

0.96

Q4
p<0.001

0.94
0

500

1,000

1,500

2,000

2,500

Days from the index day to new incident fracture
No. at risk
1st Quartile (Q1)
2nd Quartile (Q2)
3rd Quartile (Q3)
4th Quartile (Q4)

45,128
45,128
45,133
45,130

41,983
42,476
42,526
42,230

35,117
36,559
37,058
36,364

27,208
28,774
29,486
28,554

16,276
18,035
18,719
17,726

147
300
370
318

Fig. 2. Cumulative incidence of fracture, according to quartile of fatty
liver index (FLI). Data were analyzed
using the log-rank test.
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Table 2. Univariate Analyses of the Relationships between Clinical Parameters and Fracture
Characteristics
Sex
Age
Body mass index
Smoking

Alcohol consumption
Systemic blood pressure
Diastolic blood pressure
Activity
Waist circumference
Fasting blood glucose*
Total cholesterol*
Triglyceride*
HDL-cholesterol*
LDL-cholesterol*
Aspartate aminotransferase*
Alanine aminotransferase*
Gamma-glutamyl transferase*
Diabetes mellitus
Dyslipidemia
Hypertension
Coronary artery disease
Arrhythmia
Valvular heart disease
Peripheral arterial disease
Cardiovascular disease
Osteoporosis
Use of steroid
Use of vitamin D

Value

No.

Female
Male
Continuous
Continuous
Non-smoker
Ex-smoker
Current smoker
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

78,255
102,264

1,237 (1.58)
1,483 (1.45)

101,553
21,672
57,294

1,608 (1.58)
419 (1.93)
693 (1.21)

173,802
6,717
174,640
5,879
163,858
16,661
177,600
2,919
179,051
1,468
180,335
184
173,129
7,390
176,635
3,884
1,175,207
5,312
122,084
58,435
180,267
252

Fracture (%)

2,223 (1.28)
497 (7.40)
2,444 (1.40)
276 (4.69)
1,327 (0.81)
1,393 (8.36)
2,340 (1.32)
380 (13.02)
2,55 1 (1.42)
169 (11.51)
2,646 (1.47)
74 (40.22)
2,304 (1.33)
416 (5.63)
2,401 (1.36)
319 (8.21)
2,364 (1.35)
356 (6.7)
1,790 (1.47)
930 (1.59)
2,696 (1.5)
24 (9.52)

HR (95% CI)
Reference
0.871 (0.807–0.939)
1.089 (1.086–1.091)
1.060 (1.049–1.071)
Reference
1.169 (1.050–1.302)
0.750 (0.686–0.820)
0.999 (0.999–1.000)
1.037 (1.035–1.039)
1.037 (1.034–1.040)
0.9997 (0.9996–0.9998)
1.041 (1.037–1.045)
7.320 (6.427–8.337)
2.465 (2.021–3.006)
1.604 (1.509–1.705)
0.373 (0.326–0.426)
1.386 (1.257–1.528)
2.113 (1.950–2.291)
1.273 (1.192–1.359)
1.338 (1.275–1.404)
Reference
5.511 (5.000–6.074)
Reference
3.092 (2.730–3.502)
Reference
9.935 (9.215–10.711)
Reference
9.708 (8.711–10.820)
Reference
7.825 (6.696–9.143)
Reference
33.701 (26.748–42.461)
Reference
3.870 (3.486–4.296)
Reference
5.746 (5.112–6.459)
Reference
4.451 (3.981–4.976)
Reference
1.128 (1.042–1.221)
Reference
5.437 (3.637–8.127)

p-value
<0.001
<0.001
<0.001
0.004
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.003
<0.001

HDL, high-density lipoprotein; LDL, low-density lipoprotein.
*Log-transformed data.

incident fracture, independently of sex, alcohol consumption, and physical activity, and it was more closely associated with incident fracture in younger participants (<75
years), non-smokers, individuals with high BMI (>25 kg/
m2), those with normal blood pressure, and in those with a
fasting glucose concentration <126 mg/dL (Fig. 3).

DISCUSSION
In the present study, we have shown that FLI, a surrogate marker of NAFLD, is associated with the risk of inci6 www.gutnliver.org

dent fracture in Korean adults. To the best of our knowledge, this is one of the largest studies ever to have been
conducted to characterize the relationship between FLI
and incident fracture in healthy individuals. Patients with
known metabolic bone disease and comorbid malignancies were excluded from the analyses. A positive association remained after adjustment for multiple confounding
factors, including age, daily activity, smoking, and alcohol
consumption.
A number of previous studies have shown an association between NAFLD and osteoporosis or fracture. It was
previously shown that NAFLD was negatively associated

FLI, fatty liver index; HR, hazard ratio; CI, confidence interval.
*Q1, 0 to <5.653; Q2, 5.653 to <15.245; Q3, 15.245 to <37.199; Q4, ≥37.199; †Cox proportional hazard model including age and sex as covariates; ‡Cox proportional hazard model including age, sex, smoking status, alcohol consumption, activity, systolic blood pressure, diastolic blood pressure, fasting blood glucose, total cholesterol, alanine aminotransferase activity, aspartate aminotransferase activity,
diabetes mellitus, dyslipidemia, hypertension, coronary artery disease, arrhythmia, valvular heart disease, peripheral arterial disease, cerebrovascular disease, osteoporosis, use of steroids and use of
vitamin D supplements as covariates; §Cox proportional hazard model including age, sex, smoking status, alcohol consumption, activity, systolic blood pressure, diastolic blood pressure diabetes mellitus,
dyslipidemia, hypertension, coronary artery disease, arrhythmia, valvular heart disease, peripheral arterial disease, cerebrovascular disease, osteoporosis, use of steroid, use of vitamin D supplements
as covariates, and log-transformed fasting blood glucose, total cholesterol, low-density lipoprotein cholesterol, alanine aminotransferase activity, and aspartate aminotransferase activity as covariates.

0.568
0.770
0.007
Reference
0.960 (0.835–1.104)
1.021 (0.889–1.173)
1.233 (1.060–1.433)
0.585
0.622
<0.001
Reference
0.962 (0.837–1.105)
1.035 (0.904-1.185)
1.292 (1.123–1.487)
0.399
<0.001
<0.001
Reference
1.061 (0.925–1.217)
1.319 (1.157–1.505)
1.900 (1.667–2.167)
<0.001
<0.001
<0.001
Reference
1.732 (1.512–1.985)
2.438 (2.144–2.772)
2.956 (2.606–3.351)
45,128
45,128
45,133
45,130
Q1
Q2
Q3
Q4

323 (0.7)
581 (1.3)
830 (1.8)
986 (2.2)

HR (95% CI)
HR (95% CI)
HR (95% CI)
HR (95% CI)

Univariate

Incident fracture
No. (%)
No.
FLI quartile*

Table 3. Relationship between the FLI and Incident Fracture

p-value

Model 1†

p-value

Model 2‡

p-value

Model 3§

p-value
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with right-hip BMD and serum osteocalcin concentration
in 859 Korean men.32 Similarly, in a cross-sectional cohort
study using data from the National Health and Nutrition
Examination Survey, which included 4,264 Koreans (1,908
men and 2,356 women), high FLI was significantly associated with low BMD in men, but not in women, irrespective
of the presence of insulin resistance.33 In clinical practice,
the risk of fracture does not seem to be directly related to
BMD. For example, type 2 diabetes is associated with high
BMD, but also a high fracture risk.13 Accordingly, it is important to evaluate fracture risk in the clinical setting. In
addition, it has previously been shown that osteoporosis, as
well as osteoporotic fracture, is more prevalent in individuals with metabolic syndrome. Moreover, a meta-analysis
of 12 cross-sectional and case-control studies showed that
despite no significant differences in BMD at specific skeletal sites between individuals with and without NAFLD,
the risk of osteoporotic fracture appeared to be higher in
individuals with NAFLD.34
In subgroup analysis (Fig. 3), the data did not show an
association between FLI and risk of fracture in the elderly
(≥75 years). It is likely that the number of elderly participants was relatively small and that the fracture rate due to
frailty factors other than FLI might be higher.35 Koehler
et al. 36 validated FLI in elderly people (mean age, 76.3±6.0
years),36 and they showed the validation power of FLI was
lower than that reported by Bedogni et al., 27 who first proposed FLI. The association between current smoker and
FLI was likely not significant, since smoking itself is an
overwhelming risk factor for fractures.37 Low BMI,38 high
blood pressure,39 high glucose,40 diabetes,41 and coronary
artery disease42 are also robust risk factors for fractures;
thus, their association with FLI does not appear to be significant. Because FLI includes BMI, the association of high
FLI with fracture was highly prominent in participants
with high BMI. High FLI strongly correlated with fracture
despite high physical activity. However, since this study
was a cross-sectional retrospective study, each value should
be validated in a well-designed case-control or randomized
control study.
Although the pathophysiological mechanisms of these
associations remain elusive, a number of plausible candidates have been suggested. A previous study using gene
expression profiles of osteoporotic bone tissue revealed
that TG metabolism is reduced in osteoporotic bones, and
reduced TG metabolism impairs osteoblast differentiation.43 As TG metabolism is impaired, it can be inferred
that patients with high serum TG levels are more prone to
osteoporotic bone fractures. A previous large-scale study
showed a negative association between hypertriglyceridemia and BMD.44
https://doi.org/10.5009/gnl210571 7
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Subgroup

No.

Events

HR

95% CI

p-value

177,313
3,206

2,197
523

1.26 1.19 1.33
0.97 0.88 1.08

<0.001
0.589

102,264
78,255

1,483
1,237

1.09 1.02 1.18
1.13 1.05 1.21

0.017
0.001

101,553
21,672
57,294

1,608
419
693

1.12 1.05 1.19
1.22 1.06 1.41
1.02 0.92 1.14

<0.001
0.006
0.652

80,369
60,976
39,174

1,655
565
500

1.10 1.04 1.17
1.13 1.00 1.26
1.14 0.99 1.31

0.002
0.043
0.068

128,724
38,580
13,215

2,064
454
202

1.08 1.02 1.15
1.12 0.99 1.28
1.41 1.16 1.72

0.007
0.075
0.001

9,110
78,327
40,995
52,087

111
968
642
999

81,286
82,296
16,937

Age
<75 yr
>75 yr

Sex
Male
Female

Smoking status
Non-smoker
Ex-smoker
Current smoker

Alcohol consumption (g/wk)
0
1 139
>140

Activity (met-min/wk)
<500
500 999
>1,000
2

Body mass index (kg/m )
<18.5
>18.5 to <23.0
>23.0 to <25.0
>25

0.92
1.06
1.12
1.64

1.22
1.17
1.31
1.92

0.562
0.217
0.175
<0.001

664
1,284
772

1.05 0.96 1.16
1.17 1.08 1.26
1.00 0.91 1.10

0.293
<0.001
0.964

107,081
57,327
16,111

1,168
972
580

1.09 1.01 1.17
1.15 1.05 1.25
1.02 0.91 1.15

0.026
0.002
0.671

164,168
39,477
6,874

1,510
856
354

1.09 1.03 1.17
1.14 1.04 1.26
1.05 0.90 1.22

0.006
0.005
0.541

173,802
6,717

2,223
497

1.12 1.06 1.18
1.03 0.92 1.17

<0.001
0.604

174,640
5,879

2,444
276

1.09 1.04 1.15
1.20 1.02 1.42

0.001
0.032

163,858
16,661

1,327
1,393

1.07 1.00 1.15
1.07 1.00 1.15

0.052
0.056

177,600
2,919

2,340
380

1.12 1.06 1.19
0.97 0.85 1.10

<0.001
0.615

0.69
0.96
0.95
1.41

Systolic blood pressure (mm Hg)
<120
>120 to <140
>140

Diastolic blood pressure (mm Hg)
<80
>80 to <90
>90

Blood glucose (mg/dL)
<100
>100 to <126
>126

DM
+

Lipid
+

HTN
+

CAD
+

0.5

1

2

Fig. 3. Forest plots of hazard ratios for incident fractures in participants categorized according to their clinical characteristics.
HR, hazard ratio; CI, confidence interval; DM, diabetes mellitus; HTN, hypertension; CAD, coronary artery disease.
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Furthermore, insulin resistance, in addition to truncal
obesity, is associated with lower BMD.45 Fasting glucose
concentration, BMI, and WC were higher in the high FLI
groups in the present study (Table 1), which is consistent
with these previous findings. In addition, it has been postulated that inflammation is responsible for bone loss.20 Because NAFLD also involves chronic low-grade inflammation, it is plausible that fracture would be more prevalent
in individuals with higher FLI.46,47 Furthermore, a number
of other characteristics of NAFLD, including hypercoagulability and hypofibrinolysis, high osteopontin, low osteoprotegerin, low osteocalcin, low leptin, low adiponectin,
and low 25-hydroxyvitamin D3, could be responsible for
poor bone health outcomes.48,49 Intriguingly, high baseline
serum GGT activity, which is a characteristic of NAFLD,
was shown to positively correlate with incident osteoporotic fracture in 16,036 Korean men >50 years old.24 In addition, it was shown that GGT-overexpressing mice exhibit
more bone loss, which implies that GGT might be responsible for bone loss.50 Because GGT activity is a component
of FLI, FLI is high in patients with high GGT activity, and
the GGT activity increased with ascending FLI quartile
in the present study (Table 1). Mechanistically, oxidative
stress is reported to play an important role in the pathogenesis of osteoporosis after menopause.51 Upon oxidative
stress, glutathione, an antioxidant, increases the activity of
GGT.52 Therefore, it can be predicted that serum GGT, an
indicator of oxidative stress, is related to bone density.
The main strength of the present study was that the data
were obtained from the government-initiated NHIS-NSC
2.0 cohort, meaning that they should be highly reliable
[19]. Because the Korean government randomly selected
approximately one million individuals from the NHIS, to
which >97% of Korean adults are affiliated, the data are
likely to be representative of the Korean adult population
as a whole. In addition, the large sample size is in contrast
to those of previous studies on the relationship between
NAFLD and osteoporosis or fracture. However, there were
also some limitations to the study. Firstly, none of BMD, or
serum calcium, phosphorus, or vitamin D, was evaluated
during the study. Secondly, although we recorded the ICD10 codes for fractures, there was no information regarding
whether the fractures were “osteoporotic” or “traumatic.”
Thirdly, because more than 10,000 individuals who were
using lipid-lowering agents and 190,000 who had chronic
liver disease were excluded, it is likely that relatively few
of the remaining participants would have had high FLI
scores. Finally, because the cohort exclusively comprised
Koreans, the findings cannot be generalized to other ethnicities.
In conclusion, the present findings obtained using the

NHIS-NSC 2.0 cohort clearly demonstrate that Korean
adults with high FLI are predisposed toward fractures.
FLI can be easily calculated in the clinic, and more attention should be paid to individuals with a high FLI score
with respect to the primary prevention of fracture. Further
mechanistic insights regarding the liver-bone axis will be
required in the future to explain the epidemiological observations made in the present study.
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