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Abstract. Wester A, Hagström H. Risk of frac-
tures and subsequent mortality in non-alcoholic
fatty liver disease: A nationwide population-based
cohort study. J Intern Med. 2022;292:492–500.

Background. Studies suggest an association between
osteoporosis and non-alcoholic fatty liver disease
(NAFLD), but whether patients with NAFLD are at
increased risk of fractures is unknown.

Objectives. The aim was to determine the rate and
risk of fractures and the mortality rate after frac-
ture in patients with NAFLD compared to the gen-
eral population.

Methods. This was a nationwide population-based
cohort study using data from the Swedish National
Patient Registry on 10,678 patients with NAFLD
from 1987 to 2016. Patients were matched for sex,
age, and municipality with 99,176 controls from
the Swedish Total Population Registry. Cox regres-
sion was used to estimate fracture rates. The risk of
fractures was assessed while accounting for com-
peting risks (death and liver transplantation).

Results. A total of 12,312 fractures occurred during
761,176 person-years of follow-up. Patients with

NAFLD (17.5 per 1000 person-years) had a slightly
higher fracture rate than controls (16.1 per 1000
person-years; adjusted hazard ratio 1.11, 95% con-
fidence interval [CI] 1.05–1.19), although the 5-
year risk of fractures was similar (8.0%, 95% CI
7.4–8.6 versus 7.3%, 95% CI 7.2–7.5). Addition-
ally, 1-year mortality after fracture was similar in
NAFLD and controls.

Conclusions. Patients with NAFLD have a slightly
higher rate of fractures but long-term risk of
fractures comparable to the general population.
This suggests that broad surveillance of risk fac-
tors for fractures in patients with NAFLD is not
motivated.

Keywords: epidemiology, liver disease, metabolic
dysfunction-associated fatty liver disease, non-
alcoholic steatohepatitis, osteoporosis

Abbreviations: CI, confidence interval; COPD,
chronic obstructive pulmonary disease; HR, haz-
ard ratio; ICD, International Classification of Dis-
ease; IQR, interquartile range; NPR, National
Patient Registry; PIN, personal identification num-
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is highly
prevalent and associated with increased mortality
[1, 2]. Additionally, NAFLD is associated with type 2
diabetes, insulin resistance, chronic inflammation,
low physical activity, and vitamin D deficiency,
which may result in a reduced bone mineral den-
sity [3]. Such reduction is supported by some stud-
ies [4–7], although others show conflicting results
[8–14]. However, it is currently unknown if the

suggested demineralization in NAFLD translates to
higher rates of fractures. Two cross-sectional stud-
ies from China found that NAFLD was associated
with a self-reported history of osteoporotic frac-
tures in men [15, 16], but no longitudinal stud-
ies have examined the rate of fractures in patients
with NAFLD. Moreover, the absolute risk of frac-
tures and the short-term mortality rate after frac-
ture in patients with NAFLD are both unknown.
Therefore, we aimed to determine the rate and risk
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Fig. 1 Flowchart of study inclusion.

of fractures and the mortality rate after fracture in
a national cohort of patients with NAFLD compared
to controls from the general population.

Materials and methods

Data sources

The Swedish National Patient Registry (NPR) con-
tains data on the International Classification of
Disease (ICD) codes from inpatient care since 1964
and specialty outpatient care since 2001. The posi-
tive predictive value of the NPR has been estimated
to be 85%–95% [17]. A unique personal identifi-
cation number (PIN) is given to all Swedish res-
idents. The PIN can be used to link the NPR to
other Swedish registries, such as the Total Popula-
tion Registry, which contains national data on date
of birth, death, migration, and other demographic
variables [18, 19]. Ethical approval for this study
was provided by the regional ethics committee of
Stockholm (protocol number 2017/1019-31/1).

Study population

Data were obtained from the NPR on all patients
with a diagnostic code for NAFLD between 1 Jan-
uary 1987 and 31 December 2016. NAFLD was
defined according to the 9th or 10th revision of the
ICD in agreement with a previous consensus state-
ment (Table S1) [20]. Patients with NAFLD were

matched for age, sex, and municipality with up
to 10 controls from the general population using
the Total Population Registry. The start of follow-
up was defined as the first date with a registered
diagnostic code for NAFLD in the NPR. We excluded
patients and controls meeting any of the follow-
ing criteria before baseline: liver transplantation,
a diagnostic code for any liver disease other than
NAFLD, a code related to alcohol or drug abuse, or
a re-used PIN (Table S1, Fig. 1).

Outcomes

The primary outcome was time until the first frac-
ture during the follow-up. Secondary outcomes
were time until subcategories of fractures based
on the presumed mechanism of the fracture or the
fracture site. Presumed fracture mechanisms were
osteoporotic fracture or non-osteoporotic fracture.
An osteoporotic fracture was defined as a fracture
of the vertebrae, proximal humerus, distal forearm,
pelvis, or hip, without any coding for high-energy
trauma (a fall from one level to another, or a traffic
accident involving motor vehicles). Fractures were
further classified based on their location, that
is, a fracture of the skull, vertebrae, shoulder,
humerus, proximal forearm, distal forearm, hand,
ribs or sternum, pelvis, hip, femur shaft, lower leg,
or foot. All fracture definitions according to their
respective ICD codes are specified in Table S2.
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Secondary outcomes also included time until
all-cause post-fracture mortality. This analysis
only included patients and controls with a frac-
ture during follow-up. Mortality was analysed at
1 year after any fracture, osteoporotic fracture,
and non-osteoporotic fracture.

Subgroups

The fracture rate was further analysed for sub-
groups according to sex, age (18-50, 51–65, or
>65 years), the presence of cirrhosis, diabetes, and
inclusion year (1987–1999, 2000–2009, or 2010–
2016). Moreover, the rate of fractures was anal-
ysed for the subgroup of patients and controls with
osteoporosis at baseline. Osteoporosis was defined
according to the corresponding ICD codes (Table
S3) or by an ICD code for a previous fracture of
the vertebrae, proximal humerus, distal forearm,
pelvis, or hip not related to high-energy trauma.

Sensitivity analyses

As a sensitivity analysis, osteoporotic fracture was
re-defined as a fracture of the vertebrae, proxi-
mal humerus, distal forearm, pelvis, or hip, in
mandatory combination with ICD coding for osteo-
porosis as defined in Table S3 before, at, or
within 3 months after the fracture. The time lag
of 3 months after the fracture event was chosen
because osteoporosis is often asymptomatic and
may not have been discovered until after a frac-
ture. The analysis of osteoporotic fractures was
then repeated using this stricter definition.

Statistics

The rates of fractures were analysed in Cox regres-
sion models for patients with NAFLD compared to
their matched controls to estimate hazard ratios
(HRs) and their 95% confidence intervals (CIs).
Adjustments were made in three different models.
In the first model, analyses were done within
matched patient-control strata with no further
adjustments, and in the second model, adjust-
ments weremade for covariates possibly associated
with increased rates of fractures: country of birth,
rheumatic disease, chronic obstructive pulmonary
disease (COPD), dementia, and cancer. The third
model included all covariates in the second
model in addition to variables associated with the
metabolic syndrome (chronic kidney disease, car-
diovascular disease, diabetes, and obesity). Comor-
bidities were defined by their respective ICD codes
before or at baseline (Table S3). We used different

adjustment models because of the unclarity of the
pathophysiological relationship between NAFLD
and the metabolic syndrome, that is, if NAFLD
occurs upstream or downstream of other compo-
nents in the metabolic syndrome. The cumulative
incidence of any first fracture was estimated while
accounting for the competing risks of death and
liver transplantation [21]. Study participants were
followed until the occurrence of a fracture, death,
liver transplantation, coding for another chronic
liver disease than NAFLD, coding for alcohol or
drug abuse, emigration from Sweden, or the end of
the study period (31 December 2016), whichever
occurred first. All-cause mortality after a fracture
was also analysed in three separate Cox regression
models, using the date of the first fracture as the
start of follow-up. Here, the first model included
adjustments for age, sex, municipality, and inclu-
sion year, and the second and third models were
the same as those presented above. Mortality was
presented in Kaplan–Meier failure functions. A
two-tailed p-value less than 0.05 was considered
statistically significant. All analyses were done in
Stata 17.0 (StataCorp, College Station, TX).

Results

Background characteristics

During the study period, 10,678 patients with
NAFLD and 99,176 matched controls were
included and followed for 761,176 person-years
(63,531 in patients and 697,645 in controls). For
patients and controls, 52% were male, and the
median age was 55 years (Table 1). A lower pro-
portion of patients were born in a Nordic country
(84%) than controls (88%). Patients had higher
frequencies of most comorbidities, including
cardiovascular disease and diabetes. Osteoporosis
was found equally often in patients and controls,
and the proportion of individuals with a previous
fracture of any kind was similar in both groups
(Table 1). Liver transplantation was performed in
53 (0.5%) patients with NAFLD and three (0.0%)
controls.

Fractures

A total of 12,312 first fractures occurred during
follow-up: 1113 (10.4%) in patients and 11,199
(11.3%) in controls. The presumed underlying
cause was osteoporosis in 433 (38.9%) fractures for
patients and in 4758 (42.5%) fractures for controls.
The incidence of fractures was marginally higher in
patients with NAFLD (17.5 per 1000 person-years)
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Table 1. Background characteristics of patients with non-alcoholic fatty liver disease (NAFLD) and matched controls

NAFLD Controls

Included persons, n 10,678 99,176
Follow-up (years) median (IQR) 4.1 (1.5–8.8) 5.4 (2.2–10.4)
Sex, male n (%) 5553 (52.0) 51,152 (51.6)
Age at baseline (years) median (IQR) 55 (41–65) 55 (40–65)
Period of inclusion n (%)
1987–1999 1220 (11.4) 11,724 (11.8)
2000–2009 3972 (37.2) 37,101 (37.4)
2010–2016 5486 (51.4) 50,351 (50.8)

Country of birth n (%)
Nordic 8913 (83.5) 87,574 (88.3)
Other 1765 (16.5) 11,602 (11.7)

Comorbidity at or before baseline n (%)
Cardiovascular disease 3342 (31.3) 13,036 (13.1)
Diabetes 1900 (17.8) 3647 (3.7)
Obesity 1264 (11.8) 1475 (1.5)
Cirrhosis 246 (2.3) 0 (0.0)
Dementia 39 (0.4) 432 (0.4)
Chronic obstructive pulmonary disease 310 (2.9) 971 (1.0)
Cancer
Hepatocellular carcinoma 21 (0.2) 5 (0.01)
Other cancers 886 (8.3) 6298 (6.4)

Chronic kidney disease 138 (1.3) 406 (0.4)
Rheumatic disease 274 (2.6) 1026 (1.0)
Osteoporosis 463 (4.3) 4296 (4.3)
Any previous fracture 1242 (11.6) 12,202 (12.3)

Abbreviations: IQR, interquartile range; NAFLD, non-alcoholic fatty liver disease.

compared to controls (16.1 per 1000 person-years;
unadjusted HR 1.13, 95% CI 1.06-1.21, p < 0.001)
(Table 2). We found similar results when adjust-
ing for comorbidities associated with an increased
rate of fractures (HR 1.11, 95% CI 1.05–1.19,
p = 0.001), but no difference was found between
patients and controls when further adjusting for
comorbidities associated with the metabolic syn-
drome (HR 1.05, 95% CI 0.98–1.12, p = 0.139).
The increased fracture rate was only found for non-
osteoporotic as opposed to osteoporotic fractures
(Table 2). The osteoporotic fracture rate was simi-
lar when using a stricter osteoporotic fracture def-
inition as described above. Patients with NAFLD
had an increased rate of fractures of the verte-
brae, ribs or sternum, and lower leg in all regres-
sion models compared to controls. However, the
rate of forearm fractures was lower for patients
with NAFLD than for controls (Table 2). The rate
of any fracture was similar when analyses were
stratified on sex, age groups, or inclusion year

(Table S4). The small increase in the fracture rate
for patients with NAFLD compared to controls was
more pronounced for patients with baseline cir-
rhosis or diabetes, although still small (Table S4).
For patients and controls who had osteoporosis at
baseline, there was a slightly increased rate of frac-
tures associated with NAFLD (unadjusted HR 1.25,
95% CI 1.02–1.54, p = 0.028), with similar results
after adjustments for confounders associated with
a higher fracture rate (HR 1.21, 95% CI 0.99–1.48,
p = 0.068) and confounders associated with the
metabolic syndrome (HR 1.19, 95% CI 0.97–1.47,
p = 0.100).

The absolute risk of fractures was similar for
patients with NAFLD and controls at 1 year (2.1%,
95% CI 1.9–2.4 vs. 1.8%, 95% CI 1.7–1.8) and
5 years (8.0%, 95% CI 7.4–8.6 vs. 7.3%, 95% CI
7.2–7.5) when taking competing risks into account.
Patients with NAFLD had a marginally higher risk
of fractures after 10 years of follow-up (14.8%, 95%
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CI 13.9–15.8 vs. 13.7%, 95% CI 13.4–14.0), but
after the full follow-up of 30 years, the risk was
lower for patients than for controls (30.0%, 95% CI
26.5–33.6 vs. 34.7%, 95% CI 33.5–35.9) (Fig. 2A).
Comparable observations were made when ana-
lyzing osteoporotic and non-osteoporotic fractures
separately (Fig. 2B,C).

Post-fracture mortality

The median time to death in patients with NAFLD
who died after having had a fracture during follow-
up was 2.4 years (interquartile range [IQR] 0.7–5.1)
compared to 2.7 years (IQR 0.8–5.4) in controls.
Of the 1113 patients with NAFLD who had a frac-
ture, 78 died from any cause within 1 year. The
post-fracture 1-year mortality rate was higher for
patients with NAFLD (80.4 per 1000 person-years)
than for controls (67.2 per 1000 person-years;
unadjusted HR 1.48, 95% CI 1.17–1.87, p = 0.001)
(Table S5). Similar results were noted when adjust-
ing for comorbidities associated with increased
fracture rate (HR 1.39, 95% CI 1.10–1.77, p =
0.006), but not in the fully adjusted model that
also included comorbidities associated with the
metabolic syndrome (HR 1.20, 95% CI 0.94–1.55,
p = 0.143). Comparable results were found when
looking at osteoporotic and non-osteoporotic frac-
tures separately (Table S5). As seen in Fig. 3, the
small increase in post-fracture mortality related to
NAFLD was restricted to later time points beyond
the first 3–6 months. Early after fracture, mortality
rates did not differ between patients with NAFLD
and controls (Fig. 3).

Discussion

The key findings of this nationwide population-
based cohort study of patients with NAFLD and
matched controls were as follows: (1) NAFLD was
associated with a marginally increased fracture
rate; (2) the absolute risk of fractures was com-
parable for patients with NAFLD and controls; (3)
1-year mortality after fracture was low and simi-
lar between patients and controls, especially early
after the fracture. The fracture rate remained sim-
ilar or slightly increased for patients with NAFLD
compared to controls for osteoporotic and non-
osteoporotic fractures, different fracture sites, and
throughout a range of pre-specified subgroup and
sensitivity analyses. Taken together, this suggests
that patients with NAFLD do not need specific
investigation related to fracture risk, such as mea-
surement of vitamin D levels or bone densitometry.

Fig. 2 Cumulative incidence of any first fracture (a), osteo-
porotic fracture (b), and non-osteoporotic fracture (c) in
patients with non-alcoholic fatty liver disease (NAFLD)
(n = 10,678) and controls from the general population
(n = 99,176) accounting for competing risks (death and
liver transplantation).
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Fig. 3 Kaplan–Meier failure functions for all-cause mortal-
ity after any first fracture (a), osteoporotic fracture (b), and
non-osteoporotic fracture (c) in patients with non-alcoholic
fatty liver disease (NAFLD) (n = 1113) and controls from
the general population (n = 11,199) who had a fracture
during the study period.

Fractures

Previous studies on the relationship between
NAFLD and fractures are rare. Li and colleagues
did a cross-sectional study of 7797 Chinese adults
older than 40 years, of whom 2352 patients were
considered to have NAFLD based on examination
with ultrasound [15]. They found NAFLD to be
associated with more than twofold higher odds of
previous osteoporotic fractures in men, but not
in women. A similar cross-sectional study from
China of 614 patients with NAFLD supported
these findings [16]. In contrast, the current study
found only a marginally increased fracture rate
in a cohort of more than 10,000 patients with
NAFLD compared to nearly 100,000 matched con-
trols. This increased rate was primarily driven by
non-osteoporotic fractures and varied according to
fracture site. However, our competing risk analy-
sis showed that despite this increase in fracture
rate, the absolute risk of fractures was comparable
between patients with NAFLD and controls for up
to 30 years of follow-up.

Some studies have indicated an association
between NAFLD and higher risk of osteoporosis
[4–7], while others did not support such connection
[8–14]. In our study, a diagnosis of osteoporosis
was equally frequent among patients with NAFLD
and in matched controls. Moreover, we found the
relationship between NAFLD and fracture rate to
be similar in the total cohort and in the subgroup
of patients and controls with baseline osteoporo-
sis, indicating that a potential association between
NAFLD and fractures might not be explained by
higher risk of osteoporosis.

Post-fracture death

Patients with NAFLD had a higher mortality rate
than controls the first year after fracture. However,
mortality was similar the first months, indicating
that the small difference in mortality may be due to
other factors than the fracture, for example, cancer
or cardiovascular disease [2].

Clinical implications

Chronic liver disease, especially complicated by
cirrhosis, is related to osteoporosis and frac-
ture rates higher than in the general population,
including alcohol-related liver disease and primary
biliary cholangitis [22, 23], which might motivate
preventive interventions in these populations.
However, despite previous studies implying higher
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risk of fractures in NAFLD [15, 16], our study
found this risk to be comparable to the general
population, suggesting that broad surveillance
of fracture risk factors in NAFLD might not be
indicated.

Strengths and limitations

The main strength of this study was its population-
based and cohort design, including all patients
with a formal diagnosis of NAFLD across three
decades on a national level in Sweden. The study
further benefited from the high validity of the
NPR, minimizing selection bias, and providing high
accuracy [17]. Additionally, the internal validity of
our study was strengthened by the inclusion of
matched controls and extensive data on comorbidi-
ties to allow for several subgroup analyses. More-
over, fractures likely lead to patients seeking spe-
cialty care, allowing us to presumably capture all
fracture events.

Our study also had some limitations. First, we
missed data on possible confounders, such as
body mass index, physical activity, and smoking.
This was partly accounted for by including COPD
in our adjustment model as a proxy for smoking.
Second, most patients with NAFLD are cared for in
primary care, which is not covered by the NPR. It is
therefore likely that our design predominantly cap-
tured a sicker proportion of patients with NAFLD,
who may have a higher risk of fractures and risk
of death after fracture than completely unselected
patients with NAFLD. However, inclusion of more
unselected patients would probably reduce the
already small difference in fracture risk that we
found and not change our conclusion that this
risk is comparable between patients with NAFLD
and matched controls. Third, NAFLD is believed
to be highly underdiagnosed, and it is therefore
plausible that some controls in our study also
had NAFLD, although undiagnosed, which may
have diluted the difference between patients and
controls.

Conclusion

Patients with NAFLD have a slightly higher fracture
rate but an absolute risk of fractures comparable
to the general population. Osteoporosis was not
more common in patients with NAFLD, and the
short-term mortality after fracture was equal in
NAFLD and controls. Targeted preventive inter-
ventions or general surveillance of risk factors for
fractures are not motivated in NAFLD.
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