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Background/Aims: Despite recent improvements in the quality of life of pa-
tients with systemic lupus erythematosus (SLE), osteoporosis, and osteoporotic
fractures are one of the major complications of SLE. Furthermore, limited data
are available on the incidence and predictor of osteoporotic fractures in Korean
patients with SLE. Herein, we aimed to assess the incidence and risk factors for
osteoporotic fractures in Korean SLE patients compared to those without SLE.
Methods: SLE patients aged = 40 years (n = 10,434; mean age, 51.3 + 9.1 years;
women, 89.7%) were selected from the Korean National Health Insurance Service
database, spanning a period from 2008 to 2014. Age- and sex-matched controls
(n = 52,170) were randomly sampled in a 5:1 ratio from non-SLE individuals. The
primary outcome was the first occurrence of osteoporotic fracture.

Results: The incidence of osteoporotic fractures was significantly higher in the
SLE patients (19.085 per 1,000 person-years) than in matched controls (6.530 per
1,000 person-years). According to the multivariable Cox proportional analysis,
patients with SLE exhibited a higher osteoporotic fracture rate than the control
group (hazards ratio, 2.964; 95% confidence interval, 2.754 to 3.188), even after ad-
justment for confounding variables. In the subgroup analysis, male SLE patients
or SLE patients aged 40 to 65 years were associated with a higher osteoporotic frac-
ture rate than women SLE patients or SLE patients aged = 65 years, respectively.
Conclusions: We found a 2.964-fold increased risk of osteoporotic fracture in
SLE patients compared to age- and sex-matched non-SLE controls. Male or mid-
dle-aged SLE patients had a relatively higher fracture risk among patients with
SLE.
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INTRODUCTION

The prevalence of osteoporosis and osteoporotic frac-
tures, which are common metabolic conditions associ-
ated with aging, is dramatically increasing due to rapid-
ly aging populations in most developing and developed
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countries. Since osteoporotic fractures not only reduce
quality-of-life but also increase medical and health care
expenses, this condition imposes a significant health-
care and financial burden [1,2].

Systemic lupus erythematosus (SLE) is predominant
among African Americans, Native Americans, Hispan-
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ics, and Asians, and both the prevalence and incidence
of SLE are increasing in the Korean population [3]. In
Korea, the prevalence and incidence of SLE between
2006 and 2010 was 20.6 to 26.5 (per 100,000 person) and
over 2.5 (per 100,000 person), respectively [4]. SLE is a
chronic systemic autoimmune disorder that common-
ly affects bone homeostasis, which is associated with
increased serum levels of various inflammatory cyto-
kines, premature menopause, and maintaining gluco-
corticoids therapy [5-11]. Recently, a population-based
study showed that the incidence ratios for cervical hip
fractures in SLE patients were about 3-time higher than
those in age- and sex-matched healthy subjects [§].
Moreover, the incidence of fragility fractures in SLE pa-
tients increases in younger-aged patients compared to
the general population [6,12]. However, limited data are
available on the incidence, as well as the risk factors, of
osteoporotic fractures in Korean patients with SLE.

The aim of the present study was to determine the
incidence rate (IR) of osteoporotic fractures between
SLE patients and age- and sex-matched controls, as well
as to determine the risk factors for osteoporotic frac-
tures among SLE patients, using nationwide popula-
tion-based data in Korea.

METHODS

Data source and study population
We used the national health insurance claims database
established by the National Health Insurance Service
(NHIS) of Korea [13]. This database includes all claims
data provided by the NHIS program and the Medical
Aid program. The Korean NHIS program is a com-
pulsory social insurance scheme that covers approx-
imately 97% of the Korean population; the remaining
3% are protected under the Medical Aid program [14].
Information on Medical Aid beneficiaries has been in-
tegrated into the NHIS database since 2006. Therefore,
data extracted from the NHIS database are considered
to represent the entire Korean population. The authors
obtained approval from the Institutional Review Board
of Chonnam National University Hospital, South Korea
(CNUH-EXP-2018-026). Informed consent was waived
by the Institutional Review Board.

In this study, age, sex, and diagnostic codes based on
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the International Classification of Diseases, 1oth Revi-
sion, Clinical Modification (ICD-10-CM) were retrieved.
Patients were categorized as part of the SLE group ifthey
had been treated under M32 of the ICD-10-CM code at
least five times between 2008 and 2014; this definition
was used previously [15].

Of the 49,884,461 people who underwent at least one
health examination between 2008 and 2014, those with a
history of fracture during a washout period from 2005 to
2007 to reduce confounding of previous diagnosed frac-
ture or those aged < 40 years were excluded because os-
teoporotic fracture is rare in this subpopulation. A total
of 10,434 patients with SLE was included in the present
study (Supplementary Fig. 1). The subjects comprising
the control group were randomly selected from an ini-
tial screening of all patients who had undergone an ap-
pendectomy or hemorrhoid surgery without a diagnosis
of SLE during the same period, such that there were five
age- and sex-matched controls per SLE patient.

Definition

Diabetes was identified based on diagnostic codes (E1o—
14) from the ICD-10-CM for a self-reported medical his-
tory of diabetes or a fasting serum glucose level = 126
mg/dL in the health examination database. Hyperten-
sion was defined as previous hypertension diagnosis
(Ir0-13, Ins), history of taking at least one antihyperten-
sive drug, or having a blood pressure = 140/90 mmHg
in the health examination database. Dyslipidemia was
identified by the diagnostic code E78, self-reported use
of lipid-lowering drugs, or a total cholesterol level =
240 mg/dL in the health examination database. Lower
income level was defined at the lowest 20%. Cancer in-
formation was collected according to the cancer codes
(Coo—96). Stroke and ischemic heart disease were de-
fined by the diagnostic codes 163—64, and I20-25, re-
spectively. Congestive heart failure was defined by the
diagnostic code I50, and chronic obstructive pulmonary
disease (COPD)was identified based on diagnostic codes
(J41-J44). End-stage renal disease (ESRD) was defined us-
ing the diagnostic codes N18-19 and special medical aid
codes for renal replacement therapy (Voo1, Voos, Voos).
Osteoporotic fracture was defined by diagnostic codes
M8o (osteoporosis with pathological fracture), with M81
(osteoporosis without pathological fracture) or M82 (os-
teoporosis in disease classified as others) being used for
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5 years before these other fracture codes (S22.0, S22.1,
S32.0, M48.4, M48.5, S72.0, S72.1, S42.0, S42.2, S42.3, S52.5,
S52.6, $82.3, $82.5, and S$82.6) [16].

Subgroup analysis

Subgroup analysis were performed to assess the effect
on the risk of osteoporotic fracture in SLE patients,
compared with non-SLE individuals, according to sex;
age (40 to 64 and > 65 years); degree of income; previ-
ous history of either diabetes, hypertension, or dyslip-
idemia; cancer; COPD; ischemic heart disease; stroke;
congestive heart failure, and ESRD.

Statistical analyses

Prevalence was calculated as the number of cases divid-
ed by the total population in 2014. Data were presented
as proportions for continuous or categorical variables
or mean * standard deviation. Multivariable Cox re-
gression analysis was conducted to determine hazard
ratio (HR) and the 95% confidence interval (CI) for as-
sociations between SLE and osteoporotic fracture. Cal-
culations were adjusted for age; sex; lower income; and
a previous history of either diabetes, hypertension, or
dyslipidemia. The incidence probability of osteoporotic
fracture according to the presence of SLE was calculated
using the Kaplan-Meier method, and the log-rank test
was used to analyze differences between study groups.
The associations of SLE with osteoporotic fracture were
examined in relevant subgroups of patients. Potential
interactions were formally tested by including interac-
tion terms. All statistical tests were two-tailed, and p <
0.05 was considered significant. All data analyses were
carried out using SAS software version 9.4 (SAS Institute,
Cary, NC, USA).

RESULTS

Characteristics of the study population

We identified and evaluated the records of 10,434 pa-
tients with SLE who were aged at least 40 years as well
as 52,170 age- and sex-matched control subjects with-
out SLE for the data analysis. The characteristics of the
SLE patients and the age- and sex-matched controls are
shown in Table 1. The mean age of the SLE patients and
the control group was 51.27 + 9.07 years; those aged over
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65 years and women comprised 10.2% and 89.7% of the
study cohorts, respectively. SLE patients had a signifi-
cantly higher prevalence of hypertension, diabetes, dys-
lipidemia, cancer, COPD, ESRD, ischemic heart disease,
stroke, and congestive heart failure. There was no differ-
ence in income level between both groups.

Increased osteoporotic fracture in SLE patients and
matched controls

The follow-up duration was shorter in SLE patients than
in controls (5.72 + 2.43 years vs. 5.98 + 2.30 years, p < 0.001).
During a follow-up period, osteoporotic fracture devel-
oped more frequently in 1,139 SLE patients (10.9%) than
in 2,036 matched controls (3.9%) (p < 0.001). Among the
patients with osteoporotic fractures, the frequency of os-
teoporotic fractures was higher in SLE patients than in
matched controls before menopause (Table 1). During
59,680 person-years of follow-up, the IR for osteoporotic
fracture was 19.085 cases per 1,000 person-years in SLE
patients, while IR was 6.530 cases per 1,000 person-years
in the control group. SLE patients were independently
associated with osteoporotic fracture, even after adjust-
ment for clinical variables (HR, 2.964; 95% CI, 2.754 to
3.188) (Table 2). Kaplan-Meier curves for the crude 8-year
incidence probability of osteoporotic fracture in SLE pa-
tients and the control group is shown in Fig. 1. Patients
with SLE had significantly higher osteoporotic fracture
incidence than non-SLE-matched controls, regardless
of gender.

In the subgroup analysis, the pattern of association
between SLE and IR for osteoporotic fracture was qual-
itatively similar across subgroups. Male SLE patients
had a higher osteoporotic fracture risk than female SLE
patients, even after adjustment for confounding vari-
ables ([HR, 4.706; 95% CI, 3358 to 6.582] vs. [HR, 2.899;
95% CI, 2.688 to 3.124], p for interaction = 0.004). More-
over, SLE patients aged between 4o and 65 years had a
higher relative risk of osteoporotic fracture than those
aged = 65 years ([HR, 3.383; 95% CI, 3.102 t0 3.687] vs. [HR,
2.223; 95% CI, 1.927 to 2.556], p for interaction < o.o01).
SLE patients without a history of cancer, ischemic heart
disease, or stroke also had a higher relative risk of oste-
oporotic fracture than those with a previous history of
cancer, ischemic heart disease, or stroke. However, no
significant difference was found among SLE patients
with respective to income level or a previous history of
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Table 1. Baseline characteristics of the SLE patients and the age- and sex-matched controls
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Characteristic SLE pvalue
No (n =52,170) Yes (n = 10,434)
Female sex 46,800 (89.71) 9,360 (89.71) 1.000
Age, yr 51.27 £ 9.07 51.27 £ 9.07 1.000
= 05yr 5,305 (10.17) 1,061 (10.17) 1.000
Low income 13,243 (25.38) 2,706 (25.93) 0.239
Diabetes mellitus 3,135 (6.01) 728 (6.98) 0.001
Hypertension 9,090 (17.42) 3,382 (32.41) < 0.001
Dyslipidemia 5,404 (10.36) 1,754 (16.81) <0.001
Cancer 1,493 (2.86) 443 (4.25) < 0.001
COPD 6,490 (12.44) 2,622 (25.13) < 0.001
ESRD 90 (0.17) 229 (2.19) <0.001
Ischemic heart disease 4, 087 (7.83) 2,174 (20.84) <0.001
Stroke 1,466 (2.81) 730 (7) <0.001
Congestive heart failure 734 (1.41) 510 (4.89) <0.001
Osteoporotic fracture 2,036 (3.9) 1,139 (10.92) <o0.001
Follow-up duration, yr 5.08 223 5.72 % 2.43 < 0.001
Age at osteoporotic facture occurrence, yr 63.86 +8.95 6032 +9.44 <0.001
Frequency of osteoporotic fracture by age group, yr <0.001
40-44 11(054) 37(3.25)
45-49 65(3-19) 95(834)
50-54 253 (12.43) 221(19.4)
55-59 383 (18.81) 225 (19.75)
60-64 359 (17.63) 188 (16.51)
65-69 385 (18.91) 165 (14.49)
70-74 321 (15.77) 112(9.83)
=75 259 (12.72) 96 (8.43)
Values are presented as number (%) or mean =+ SD.
SLE, systemic lupus erythematosus; COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease.
Table 2. Association between SLE and osteoporotic fracture
Follow-up
SLE Number OF duration, Model 1° Model 2¢ Model 3¢
person-yr
No 52,170 2,036 311,796.75 6.530 1 (ref) 1 (ref) 1 (ref)
Yes 10,434 1,139 59,680.29  19.085  2.927(2.722-3.146) 3.02(2.808-3.246)  2.964 (2.754—3.188)

Values are presented as hazard ratio (95% confidence interval).
SLE, systemic lupus erythematosus; OF, osteoporotic fracture; IR, incidence rate.

IR per 1,000 person-years.
PNo adjusted.
“Adjusted for age and sex.

ClAdjusted for age, sex, lower income, and previous history of diabetes, hypertension, and dyslipidemia.
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Osteoporotic fracture by SLE in female
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Figure 1. Kaplan-Meier curves for the crude cumulative 8-year osteoporotic fracture between systemic lupus erythematosus
(SLE) and non-SLE patients in (A) total, (B) male, and (C) female (p of log-rank < 0.001).

diabetes, hypertension, dyslipidemia, COPD, ESRD, or
congestive heart failure (Table 3, Fig. 2).

DISCUSSION

In this study that analyzed nationwide, population-based
data, we found that patients with SLE may have a high-
er osteoporotic fracture risk than age- and sex-matched
control cohorts. There was no significant difference in
the osteoporotic fracture risk of SLE patients, with re-
gard to either having a low income level, or a previous
history of diabetes, hypertension, dyslipidemia, COPD,
ESRD, or congestive heart failure, compared to SLE pa-
tients without such characteristics. However, male or
younger-aged SLE patients as well as those not having a
previous history of either ischemic heart disease, stroke,
or cancer showed a higher relative osteoporotic fracture
risk among SLE patients.

Although SLE patients have been shown to be at ahigh-
er risk of symptomatic vertebral fracture in several small
cross-sectional studies [17-20], the association between
osteoporotic fracture and SLE in a population-based
cohort has not been well characterized. An early retro-
spective cohort study of 702 female SLE patients found
a nearly 5-fold increase in fracture incidence compared
with the general United States female population [7].
In a recent large population-based study from Taiwan,
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there was an approximately 3.2-fold higher incidence
of cervical hip fractures in 14,544 SLE patients than in
age- and sex-matched controls, and that fracture risk
was elevated starting at a younger age than the general
population [8]. Another population-based study in the
United Kingdom analyzed a total of 4,343 SLE patients,
as well as 21,780 age- and sex-matched controls. This
study showed a 1.2-fold increase in the risk of clinical
fracture for SLE patients, when compared to controls,
using a mean follow-up period of 6.4 years [10]. In line
with previous studies, after adjustment for confound-
ing variables, our results showed that SLE patients had
a 2.96-fold increase in the risk of osteoporotic fracture,
when compared to age- and sex-matched non-SLE con-
trols, which was similar to above study from Taiwan.
The reason for the differences in relative risk of fracture
between previous population-based studies may be due
to racial disparities and disease severities between the
different study populations.

Mechanistically, SLE is a chronic inflammatory state
that contributes to bone loss by increasing osteoclast
activity, while reducing activity of osteoblasts [21]. This
appeared to be mediated by the elevated expression of
receptor activator of nuclear factor-kB ligand (RANKL),
tumor necrosis factor, and interleukin-1 and -6 [5,22].
Of note, increased oxidized low-density lipoprotein
correlated negatively with low bone-mineral density of
the lumbar spine and total hip in SLE patients, which
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No IHD o 0.007
IHD o
No stroke ] 0.043
stroke —o—i
No CHF : o 0.249
CHF i —e—i
01 2 4 6 8

Hazard ratio, 95% confidence intervals

Figure 2. Overall and subgroup analysis of association be-
tween systemic lupus erythematosus (SLE) and osteoporotic
fracture in adjusted model. Points and bars represent haz-
ard ratio estimate and 95% confidence interval, respectively.
COPD, chronic obstructive pulmonary disease; ESRD, end-
stage renal disease; IHD, ischemic heart disease; CHF, con-
gestive heart failure.

may attenuate osteoblast maturation and increase the
expression of RANKL, which may eventually induce os-
teoporosis [23]. Moreover, SLE patients may have low-
er vitamin D levels as a result of the avoidance of sun
exposure, decreased renal function, and the use of glu-
cocorticoids, anticonvulsants, hydroxychloroquine, and
calcineurin inhibitors. Low levels of vitamin D is also as-
sociated with disease severity via inappropriate immune
response and has been shown to be correlated with oste-
oporosis in SLE patients [21,24].

Notwithstanding the fact that men comprised 10% of’
the study cohort, which is similar to previous SLE co-

https://doi.org/10.3904/kjim.2018.378

KJIM™

hort studies [8,10,25), our results identified male SLE
patients have a high risk of osteoporotic fracture in the
SLE cohort according to subgroup analysis. Similar to
our findings, a study from United Kingdom showed
a higher relative risk of clinical fracture in male SLE
patients than in female SLE patients (adjusted relative
risk, 1.91 vs. 1.18), although statistical significance was
not found [10]. Furthermore, SLE patients aged 40 to 65
years were at an increased relative risk of osteoporotic
fracture when compared to SLE patients older than 65
years. This finding was consistent with a previous study
from Taiwan that found the incidence of hip fracture
was higher in SLE patients younger than 50 years than in
those aged = 50 years [8]. Although the IR of osteoporotic
fracture increases with age among the SLE cohort (aged
40 to 65 years, 7.4 cases per 1,000 person-years; aged =
65 years, 32.6 cases per 1,000 person-years), the relative
risk was higher for younger SLE patients than for older
SLE patients when compared with matched controls. In
other words, despite the incidence of osteoporotic frac-
ture is low in male and young general population, male
or younger SLE patients had a relatively higher fracture
risk than female or older SLE patients, which suggested
that SLE is associated with the risk of osteoporotic frac-
ture. One possible explanation is that SLE patients have
a higher rate of premature menopause and the use of
glucocorticoid at a younger age.

The findings of the present study provide the first
evidence of an independent association between SLE
and the risk of osteoporotic fracture using a larger, na-
tionwide population-based cohort from Korea. Conse-
quently, we believe that our findings could be used as
a fundamental data for treatment and future preven-
tion of osteoporotic fracture in Korean SLE patients by
understanding of risk factors for osteoporotic fracture.
However, there are several limitations to this study.
First, our data did not identify the use of drugs such as
glucocorticoids, anticonvulsants, hydroxychloroquine,
calcineurin inhibitors, vitamin D supplements, and bis-
phosphonates, which could affect the risk of osteoporot-
ic fracture. Second, we did not evaluate the association
of osteoporotic fracture risk with SLE patients according
to other sites, such as the vertebrae, hip, ankle, or wrist.
Future studies are required to determine the influence
of drug use and fracture site on the risk of osteoporotic
fractures.
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In this large population-based cohort study, we found
that there was an approximately 3-fold increased risk of
osteoporotic fracture in SLE patients, when compared
to age- and sex-matched non-SLE controls. Male or
middle-aged SLE patients had a relatively higher frac-
ture risk among SLE patients. Therefore, strategies to
prevent osteoporotic fracture, including the treatment
of osteoporosis in SLE patients, should be examined in
the future, especially in both male and younger patients.

KEY MESSAGE

1. We found a 2.96-fold increased risk of osteo-
porotic fracture in systemic lupus erythema-
tosus (SLE) patients compared to age- and sex-
matched non-SLE controls.

2. Male or middle-aged SLE patients had a rela-
tively higher fracture risk among patients with
SLE.
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| 49,884,461 The Korean NHIS database in 2008 |

| 23,863 Patients with SLE from 2008 to 2014 |

Patients with fracture within washout
period from 2005 to 2007

|5 | Aged <40 years

| 10,434 Patients with SLE |

| 10,434 Patients with SLE | | 52,170 5:1 Matched patients |

Supplementary Figure 1. Flow chart of the study. NHIS,
National Health Insurance Service; SLE, systemic lupus ery-
thematosus.
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