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Abstract

, Suriyaphon Khunrattanaphon?

, Tawatchai Deekajorndech’

Background: Improvement of disease recognition and management has increased the survival of children with systemic
lupus erythematosus (SLE), but has shifted the morbidity focus toward long-term complications, such as low bone
mass and osteoporosis. Studies in adults with SLE show older age, chronic inflammation, and corticosteroid therapy
are risk factors for low bone mineral density (BMD) and osteoporosis.

Objectives: To determine the prevalence of and identify risk factors associated with low BMD in Thai children with SLE.
Methods: We conducted a retrospective review of demographic data and clinical variables for a cohort of 60 Thai
children with SLE who underwent 2 dual-energy X-ray absorptiometry (DXA) at their initial examination and later
follow-up. We considered a BMD z score < —2.0 to indicate low BMD. Binary logistic regression was used to assess
risk factors potentially associated with low BMD.

Results: The prevalence of low BMD at the first visit was 40% and increased to 55% over follow-up. We found a
significantly decreased hip BMD z score (median difference —0.25, 95% confidence interval [CI] —0.40 to —0.05;
P =0.016) and lumbar BMD z score (median difference —0.49, 95% CI —0.69 to —0.28; P < 0.001) over time. The
cumulative steroid dose tended to be higher for patients with low BMD (adjusted odds ratio [OR] = 1.08, 95% CI 1.00
to 1.17; P =0.050).

Conclusion: Low BMD has a 40% prevalence in Thai children newly diagnosed with SLE and progresses significantly
over time. Higher cumulative corticosteroid dose tended to be associated with a low BMD, but we did not find a

significant risk in this small sample.
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Systemic lupus erythematosus (SLE) is a chronic inflamm-
atory autoimmune disease that primarily affects women of
reproductive age. However, around 20% of cases present
during childhood and adolescence [1, 2]. Juvenile-onset SLE
not only differs from adult-onset SLE in clinical manifesta-
tions and serological characteristics, but also tends to involve

major organs more frequently than the adult-onset disease and
include more serious clinical outcomes [2, 3]. Due to the more
aggressive clinical features of the disease in juvenile-onset
SLE, children tend to be given more intensive drug therapy
including prolonged courses of corticosteroid therapy. The
life expectancy of children with SLE has recently improved.
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However, now they face a range of comorbidities resulting
from sequelae of disease and medication side effects. Low
bone mineral density (BMD) and osteoporosis contribute to
major health problems in adults as well as in children with
SLE [4-9].

Osteoporosis is defined as “a skeletal disease characte-
rised by low bone mass and microarchitectural deterioration
with a resulting increase in bone fragility and hence suscep-
tibility to fracture” [10]. Bone mass increases throughout
childhood and adolescence and achieves a peak by the age
of 20 years [11]. Patients with juvenile-onset SLE are at risk
of low bone mass in adulthood because the development of
maximal bone mass is lower than expected during the period
of skeletal growth and without signs of catch-up of BMD
later in adulthood. A variety of potential risks for low bone
mass exist in patients with SLE. The inflammatory respon-
ses to autoimmune diseases alter bone remodeling and reduce
BMD [12]. Corticosteroids impair the microarchitecture of
bone tissue and result in a decline of bone strength [13, 14].
Corticosteroids also have an influence on sex hormone pro-
duction, decrease calcium absorption from the intestines, and
increase urinary calcium excretion, which contributes to bone
fragility. Other potential risks such as vitamin D deficiency
caused by limited sun exposure, nutritional deficiency, or
reduced physical activity may negatively affect bone health
in patients with SLE.

Dual-energy X-ray absorptiometry (DXA) is the most
widely used technique for measuring areal BMD in children and
adolescents. The lumbar spine (L1-L4) and total body, but not
including the head, are the common skeletal sites suitable for
measuring the areal BMD [15]. The BMD test results are used
to calculate a z score (an estimate of the standard deviations
(SDs) from the expected mean) based on the mean reference
values for healthy children of the same age, sex, and ancestry
[16]. The International Society of Clinical Densitometry’s
(ISCD’s) updated consensus in 2013 has defined low BMD for
the pediatric DXA report as BMD z scores < —2.0 SD [17]. Alt-
hough low BMD is a strong predictor of fracture in the elderly,
evidence for the association between low BMD and risk of
fracture in children is limited [18, 19].

DXA has an important role in monitoring bone health
in children and adolescents with SLE. There are few studies
that have evaluated bone health in children with SLE and
results have varied greatly due to the various definitions.
We conducted a retrospective review of medical records
of children with SLE who had a BMD measurement to
determine the prevalence of low BMD and investigated the
factors potentially associated with a risk of low BMD in
these patients.
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Methods

Patients

We conducted a retrospective review of medical records of
patients who had onset of SLE before the age of 18 years,
fulfilling at least 4 of the American College Rheumatology
diagnostic criteria [20]. All patients attended the Pediat-
ric Nephrology Clinic between 2010 and 2015 at the King
Chulalongkorn Memorial Hospital, a large 1435 bed general
and tertiary referral teaching hospital in Bangkok. Patients
with previously diagnosed chronic kidney disease based on
an estimated glomerular filtration rate declined to <60 mL/
min/1.73 m? for 3 months were excluded from the study.
Participants underwent DXA measurements at the hip and
lumbar spine BMD and repeated DXA during follow-up as a
part of their routine care in the clinic. Demographic and clini-
cal characteristics including sex, age, weight, height, disease
duration before DXA scan, history of fracture, and use of
medications were recorded. The SLE Disease Activity Index
(SLEDALI) score and serum level of complement component
3 (C3) were used to assess SLE disease activity. Prescribed
medications including glucocorticoid, immunosuppressants,
calcium, and vitamin D supplements were recorded. Puber-
tal status and physical activity could not be determined by
this retrospective chart review. The study was approved by
the Institutional Research Ethics Review Board, Faculty of
Medicine, Chulalongkorn University (IRB No. 149/59) and
complies with the principles outlined in the contemporary
revision of the Declaration of Helsinki 1964 (World Medical
Association) incorporating the most recent (2013) and earlier
amendments, and international guidelines for human research
protection detailed in the Belmont Report, Council for Inter-
national Organizations of Medical Services Guidelines, and
the International Conference on Harmonization in Good Cli-
nical Practice. We used the cohort guidelines in the STROBE
statement to ensure complete reporting of this observational
study [21].

BMD measurement

DXA had been performed to measure BMD of the lumbar
spine (L1-L4) and hip as recommended by the American
College of Radiology as suitable for pediatric patients [22].
BMD measurement is reported as a z score calculated based on
age and sex-matched reference values. Low BMD was defined
by a BMD z score < -2 [15-17].
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Statistical analysis

Demographic data is summarized using descriptive statistics
and expressed as mean with SD for variables with a normal
distribution, as median and interquartile ranges (IQRs) for
those without normal distribution, or as a percentage for
categorical variables. Data between groups were compared
using either an independent ¢ test, Mann—Whitney U test, or
% test, as appropriate. A Wilcoxon signed-rank test was used
to determine differences in mean values from the initial and
the follow-up DXAs. Factors associated with low BMD were
analyzed using univariate logistic regression. Multivariate
logistic regression was performed for variables with P < 0.1
from univariate analysis and are expressed as an adjusted odds
ratio (OR). These statistical analyses were performed using
IBM Statistics for Windows (version 21). Power analysis was
based on the BMD of the lumbar spine at baseline and at the
last follow-up using Stata (version 14, StataCorp). For all sta-
tistical analyses, P < 0.05 in a two-tailed test was considered
significant.

Results

Patient characteristics

We considered the demographic and clinical data from medical
records of a cohort of 60 pediatric patients with SLE in this
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retrospective observational study. The majority of the patients
(52, 87%) were girls, yielding a female-to-male ratio of 6.5:1.
The mean age of all patients at diagnosis was 11 + 2.5 years.
The disease duration from the diagnosis to the first DXA
ranged from 2 months to 58 months and to follow-up BMD
measurement ranged from 11 months to 87 months, respec-
tively. The most common renal pathology was proliferative
nephritis (52%). All patients had been receiving steroid treat-
ment at the time of the first DXA with a cumulative steroid
dose ranging from 1.9 g to 42.6 g. None of our patients had
a history of fracture. Demographic information including
disease activity, medications, and laboratory results are sum-
marized in Table 1.

BMD at the hip and lumbar spine

Of the 60 patients who had a DXA scan performed for the
first time, 24 had a BMD z score < —2, demonstrating a preva-
lence of low BMD of 40%. Only 51 patients had a follow-up
DXA scan completed. At follow-up, 28 patients had a BMD
z score < —2, which indicates an increased prevalence of low
BMD to 55%. Comparison between the first and the follow-
up DXA showed a significant decrease in both hip BMD z
score (median difference —0.25, 95% confidence interval [CI]
—0.40 to —0.05; P = 0.016) and Iumbar spine BMD z score
(median difference: —0.49, 95% CI —0.69 to —0.28; P < 0.001)
(Figure 1).

Table 1. Characteristics based on the BMD z score in pediatric patients with SLE

First DXA (n =60)

Follow-up DXA (n=51)

Characteristic BMD z score BMD z score
>-2(n=36) <-2(n=24) P >-2(n=23) <-2(n=28) P

Age at time of DXA (years), mean (SD) 11.34 (2.42) 11.32(2.72) 0.98t 10.62 (2.67) 11.38 (2.05) 0.281
Disease duration (months), median (IQR) 13.5(7-21) 17 (8.5-32.5) 0.39% 26 (22-37) 40.5(20.5-53.5)  0.31#
Weight for age z score, mean (SD) 1.05 (1.64) -0.12(1.78) 0.014t* 0.92(1.98) 0.16 (1.56) 0.15t
Height for age z score, mean (SD) -0.58 (1.46) -1.00 (1.01) 0.24% -0.58 (1.07) -0.92 (1.19) 0.321
SLEDAI score at DXA, mean (SD) 5.21(5.73) 6.29 (4.94) 0.48t 4.25 (2.90) 5.89 (4.24) 0.25%
C3 level, mean (SD) 89.31(29.30) 88.11 (36.16) 0.89t 93.40(21.10) 99.31 (28.10) 0.40t
Vitamin D level, median (IQR) 20 (8-29) 30.50 (13.5-60) 0.26% 24.5(19.6-33.1) 20.1(13.3-29.2) 0.41%
Cm“e";:'(ztg;e corticosteroid dose (g), 1170 (7.00)  17.38(13.58) 0.10t 1591 (6.19)  23.65(1462)  0.059t
Immunosuppressant, n (%) 25(69.4) 17 (70.8) 0.53§ 18 (78.3) 23 (82.1) 0.738
Vitamin D supplement, n (%) 17 (47.2) 10 (41.7) 0.53§ 13 (56.5) 20(71.4) 0.618
Calcium supplement, n (%) 19 (52.8) 7(29.2) 0.168 18(78.3) 17 (60.7) 0.648

BMD, bone mineral density; DXA, dual-energy X-ray absorptiometry; IQR, interquartile range; SD, standard deviation; SLE, systemic lupus

erythematosus; SLEDAI, SLE disease activity index.
tindependent t test; tMann-Whitney U test; §x? test; *P < 0.05.
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Factors associated with low BMD

There was no significant association between low BMD
and age at the time of BMD measurement, disease duration,
disease activity, vitamin D level, or the intake of either immu-
nosuppressant drugs or vitamin D supplements. Mean weight
for age z score in patients with low BMD was significantly
lower than in patients with a BMD z score > —2 and was signif-
icant in univariate but not in multivariate analyses. The cumu-
lative dose of steroids in patients with BMD score < —2 tended
to be higher than patients with a BMD z score > —2 (adjusted
OR =1.08,95% CI 1.0 to 1.17; P =0.050); however, this ten-
dency was not significant (Table 2).

Discussion

Children with SLE are susceptible to bone loss, osteoporo-
sis, and fragility fracture due to disease development before
reaching their peak bone mass. The high frequency of osteope-
nia in juvenile-onset SLE has been addressed in a few studies
[7-9, 23]. Bone fractures are more likely to occur in SLE pati-
ents. A high frequency of vertebral fractures of up to 23% has
been reported for patients with juvenile-onset SLE [24]. We
defined low BMD for age as az score —2 SD and found a high
prevalence of low BMD in children with SLE of 40% with
an increasing prevalence of 55% over follow-up. No patients
whose data were included in the present study had a previous
fragility fracture. The significant decrease in BMD z score at
the lumbar spine found during follow-up was consistent with
other studies, which indicated corticosteroids had an effect on
the metabolism of bone, leading to bone loss, which occurs
preferentially in trabecular bone, like lumbar vertebrae [8, 25,
26]. Some studies have found the cumulative corticosteroid
dose was significantly associated with reduced BMD [7-9],
while Castro et al. found no significant correlation [27]. The
present study suggested a tendency for the cumulative dose of
steroids to be higher in patients with low BMD; however, the
tendency was not significant.

Optimal intake of calcium and vitamin D is crucial for the
healthy mineralization of the skeleton. Vitamin D insufficiency

Table 2. Factors associated with low BMD in patients with childhood SLE
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and low levels of calcium contribute to reduced BMD and the
appearance of fractures. Several factors lead to a greater risk
of developing low levels of plasma vitamin D in patients with
SLE, including low vitamin D intake, avoidance of sunshine,
and the inflammatory process of the disease itself. However,
we did not find a significant association between low BMD
and vitamin D deficiency. There is a trend toward a lower risk
of osteoporosis and fracture in patients who were treated with
calcium and vitamin D, but the association was not signifi-
cant. Despite unproven efficacy, calcium and vitamin D sup-
plementation are recommended for all patients who undergo
long-term use of steroids. The apparent lack of a significant
association between low BMD and the following factors, such
as disease activity, disease duration, and immunosuppressive
drug use, may be attributed to the small sample size of patients
whose data was included in the present study. This limitation
corresponded to the low statistical power (calculated at 0.37)

2
**P < 0.001
*P=0.016
0
-2
-4
Hip 1 Hip 2 Spine 1 Spine 2

Figure 1. The difference in BMD z scores between the first and the
follow-up DXA of the hip and lumbar spine. Hip 1, first DXA scan of the
hip; Hip 2, follow-up DXA scan of the hip; LS 1, first DXA scan of the
lumbar spine; LS 2, follow-up DXA scan of the lumbar spine. Wilcoxon
signed-rank test; ¥P < 0.05, ***P < 0.001. BMD, bone mineral density;
DXA, dual-energy X-ray absorptiometry.

Characteristic First DXA

Follow-up DXA

Univariate analysis

Multivariate analysis

Univariate analysis Multivariate analysis

OR (95% CI) Pt  Adjusted OR(95%Cl) P1 OR (95% CI) Pt Adjusted OR(95%Cl) P1
Weight for age zscore  0.67 (0.45-0.93)  0.03 0.78(0.50-1.17) 0.25 0.87 (0.62-1.20) 0.394
Cumulative steroid 1.06 (0.99-1.13)  0.10 1.00 (1.00-1.00) 0.10 1.07 (0.99-1.16) 0.059 1.08 (1.00-1.17) 0.050

dose

Weight for age z score and cumulative steroid dose were included in the forward stepwise model of multiple logistic regression.
BMD, bone mineral density; Cl, confidence interval; DXA, dual-energy X-ray absorptiometry, OR, odds ratio; SLE, systemic lupus erythematosus.

tIindependent t test; Istepwise multiple logistic regression.
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for assessing the relationship between any individual factor
and low BMD. Furthermore, the retrospective nature of the
present study limited the data available, which was unable
to reflect all changes of risk factors over time. A longitudi-
nal study with a greater sample size should be considered
to clarify the association between potentially important risk
factors and low BMD in Thai children with SLE.

Conclusions

We found a low BMD prevalence of approximately 40% in
Thai children newly diagnosed with SLE. This prevalence
increased and significant reductions in hip and lumbar BMD
were found over time. This lower BMD may lead to a greater
risk of developing osteoporosis and fragility fractures. Pati-
ents with a higher cumulative corticosteroid dose tended to
have a low BMD, but the risk was not significant. We strongly
recommend BMD DXA for initial screening and be repeated
annually to assess the risk of osteoporosis and fragility frac-
tures, and to improve their management. A longitudinal study
with a larger sample size should be considered to clarify the
association between potential risk factors such as cumulative
corticosteroid dose, vitamin D deficiency caused by limited
sun exposure, nutritional deficiency, or reduced physical acti-
vity, and low BMD in Thai children with SLE.
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