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ABSTRACT

Objectives: Children with childhood-onset systemic lupus erythematosus (cSLE) enter
adulthood with considerable morbidity. Of the recognized morbidities, growth failure is
unique to cSLE. The aim of this study was to evaluate the growth pattern in children with
cSLE longitudinally and identify possible risk factors. Methods: Serial anthropometric
measurements of cSLE patients were obtained over two years and expressed as z-scores.
Parental heights were obtained to calculate target height. Parent-adjusted height z-score
was calculated as the difference between height z-score and target height. Growth failure
was defined as parent-adjusted height z-score < -1.50. Risk factors that might have
contributed to growth failure were evaluated including the presence of growth failure at
baseline, discase activity, disease duration, and cumulative steroid doses. Results: Twenty-
five patients were included in the study. Growth failure was observed in eight patients with
an overall incidence of 32.0% (95% confidence interval (CI): 14-50%). When comparing
the cohort with and without growth failure, the factors that determined growth failure
was the pre-existence of growth failure at the time of diagnosis (z-score < -1.95 vs. 0.35;
2 < 0.001); higher cumulative steroid dose (15.8 vs. 9.1 g; p = 0.061); and tendency for
longer disease duration (5.4 vs. 3.7 years; p = 0.240). However, the severity of disease
activity at the time of diagnosis was not a significant contributing factor (12 vs. 14;
p =0.529). Conclusions: Children with cSLE are at risk of having a negative effect on
height including patients with pre-existing growth failure, high cumulative steroid dose,
and longer disease duration. However, longitudinal prospective studies are needed to
examine damage over time to improve health-related quality of life.

ystemic lupus erythematosus (SLE) is a
chronic, multisystem autoimmune disease
with a highly variable clinical course.
Although SLE commonly occurs in
adults, 15-20% of cases are present in children.!
Despite similarities in the features of SLE across age
groups, substantial differences have been reported.
Childhood-onset SLE (cSLE) has a more severe
disease presentation, more aggressive clinical course,
and more rapid damage accrual than adult onset
disease.>™
As a result, children and adolescents with SLE
enter adult life but with considerable morbidity,
which could be attributed to long-term disease
activity, side effects of medications, and/or
other comorbid conditions. Of the recognized
morbidities, growth failure is unique to cSLE and
may affect individuals quality of life as well as impose
difficulties in physical and psychological adaptation
to a chronic illness.?

The aim of this study was to evaluate the growth
pattern in children with ¢SLE by longitudinal serial
anthropometric measurement to identify growth
failure. In addition, we sought to identify possible
factors that may affect the growth in children with
cSLE including disease activity, disease duration, and
cumulative steroid dose.

METHODS
We studied all ¢SLE patients who followed-up at
Sultan Qaboos University Hospital, one of the two
pediatric rheumatology centers in Oman, between
2007 and 2015. The study included Omani patients
who were diagnosed with SLE before 12 years of age
and were followed in our clinic regularly for at least
two years. All the patients fulfilled at least four of the
American College of Rheumatology (ACR) 1997
revised criteria.® Patients who were lost to follow-
up, transferred to adult care, or were not regularly
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followed-up at scheduled assessments were excluded
from the study. Patients in whom we were not able
to obtain measurements for both parents heights
were also excluded from the study. Ethical approval
to conduct the study was obtained from the local
ethics committee.

Serial anthropometric measurements
were recorded at every outpatient clinic visit.
Anthropometric measurements at disease onset, six
months, 12 months, and 24 months after disease
onset were obtained. Weight and standing height
were measured by a wall-mounted mechanical
medical scale with a stadiometer (Seca 769) to the
nearest 0.1 kg and 0.1 cm, respectively. Body mass
index (BMI) was calculated as weight (kg) divided
by height (m?). Height and BMI were adjusted
according to chronological age and sex and expressed
as a z-score using the World Health Organization
(WHO) growth reference 2007.

Parents’ heights were measured, with self-
reported heights accepted. Parental heights were
used to calculate the child’s target height. This was
calculated by adding 6.5 ¢m to the mean parents’
height for males and subtracting 6.5 cm for females.

Parent-adjusted height z-score was calculated
as the difference between height z-score for
chronological age and target height. Growth failure
was defined as parent-adjusted height z-score < -1.5.%
Height deflection was defined as decreased height
z-score > 0.25 per year compared to baseline (A
height z-score < -0.25/year) was also evaluated.’

Factors that might have contributed to growth
failure were evaluated. These included the presence
of growth failure at baseline, disease activity, disease
duration, and cumulative steroid doses. SLE disease
activity was measured using SLE disease activity index
(SLEDALI) score, which is a validated and reliable
measuring tool."” Disease activity categories were
defined using SLEDAI scores: no activity (SLEDAI
= 0), mild activity (SLEDAI = 1-5), moderate
activity (SLEDAI = 6-10), high activity (SLEDAI
=11-19), and very high activity (SLEDAI > 20)."

Continuous outcome variables such as BMI
z-scores and height deflections were screened for
outliers using the Box-Cox plot, while categorical
variables were screened using frequency distributions.
In addition, the impact of risk factors over time was
analyzed using the generalized estimating equations
(GEE) method using exchangeable correlation
structure. As there were many parameters, the risk

Table 1: Baseline characteristics of 25 patients with
systemic lupus erythematosus (Mean + SD).

Characterictics Mean + SD
Gender (female:male) 20:5
Age at diagnosis, years 64+3.1
Disease duration, years 42432
Discase activity 134+6.7
Height z-score -12+14
BMI z-score -09+1.8
Parent adjusted height -1.0+ 1.8
z-score

Cumulative 11.2+83

corticosteroid dose, g

Growth failure 32.0% (95% CI: 13.7-50.2%)

SD: standard deviation; BMI: body mass index, CI: fr)nﬁﬂlmc‘ﬁ interval.

variables were analyzed one variable at a time using
the GEE method. Data was analyzed using SPSS
Statistics (IBM Corp. Released 2011. IBM SPSS
Statistics for Windows, Version 20.0. Armonk, NY).

RESULTS

We evaluated a total of 61 patients (47 female, 14
males) with cSLE. Out of the initial cohort of 61
patients, we were able to complete the data collection
for 25 patients with cSLE (20 females and 5 males).
The patients that were excluded included those lost
to follow-up/transferred to adult rheumatology
service (n = 30) or had incomplete parental
height measurements (n = 6). The demographic
characteristics of our cohort of cSLE patients are
described in Table 1. The clinical manifestations
were arthritis (84.0%), lupus nephritis (40.0%),
mucocutaneous (38.0%), hemolytic anemia
(33.0%), thrombocytopenia (17.0%), pulmonary
involvement (13.0%), cardiac involvement (10.0%)
and leukopenia (10.0%). The patients were treated
with prednisolone and hydroxychloroquine (98.0%),
azathioprine (57.0%), mycophenolate mofetil
(49.0%), cyclophosphamide (38.0%) and rituximab
(10.0%).

Growth failure, defined as parent-adjusted height
z-score < -1.5, at study entry was observed in seven
patients (female: male ratio, 5:2). However, at the
end of the study period, growth failure was observed
in eight patients (female: male ratio, 7:1) with overall
incidence 32.0% (95% CI: 13.7-50.2%). The female
incidence of growth failure was 35.0% compared to
the male incidence of 20.0%. However, the difference
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Table 2: Parent adjusted and body mass index (BMI) z-scores by time of follow-up and risk factor.

Study Follow-up, months p-value
variables
Baseline 6 12 24
Mean SD n Mean SD n Mean SD n Mean SD n
Parent adjusted z-score
Overall -0.4 1.6 25 0.7 14 25 -0.8 13 25 -1.0 12 25
Gender
Male -12 1.1 5 -1.4 0.9 5 -1.3 0.9 5 -1.1 0.9 5 0.050
Female -0.3 1.8 20 -0.6 1.5 20 -0.7 14 20 -1.0 1.4 20
Agc at diagnosis, years
<5 -1.0 1.8 9 -12 15 9 -1.3 14 9 -19 0.8 9 0.350
>5 -0.1 16 16 -0.5 14 16 -0.6 13 16 -0.7 1.3 16
Duration of disease, years
<5 -0.1 1.3 15 -0.5 1.3 15 -0.6 12 15 -1.0 1.1 15 0.210
>5 -1.0 2.1 10 -12 1.7 10 -12 1.6 10 -1.1 1.6 10
SLEDAI
0-10 -0.1 1.5 9 -0.4 14 9 -0.4 13 8 -0.7 12 7 0.740
11-19 -0.6 1.8 12 -0.9 1.5 12 -1.0 1.4 12 -1.1 1.4 12
20+ -0.6 1.4 2 -1.0 12 2 -12 0.8 2 -1.6 0.5 2
BMI z-score
Overall 0.9 1.9 25 0.2 0.9 25 0.2 0.9 25 0.01 0.09 25
Gender
Male -0.8 1.9 5 0.1 0.2 5 -0.3 12 5 0.2 12 5 0.950
Female -1.0 1.9 20 0.2 1.1 20 0.4 0.9 20 0.0 0.9 20
Age at diagnosis, years
<5 0.3 0.8 9 0.6 1.1 9 0.3 1.1 9 0.1 14 9 0.030
>5 -16 2.0 16 0.0 0.9 16 0.2 0.9 16 0.0 0.8 16
Duration of disease, years
<5 -1.1 2.1 15 0.3 1.0 15 0.3 1.0 15 0.3 0.9 15 0.150
>5 -0.6 1.3 10 0.1 0.9 10 0.0 0.9 10 -0.3 1.0 10
SLEDAI
0-10 -0.8 2.3 9 0.3 1.1 9 0.1 0.7 8 -0.2 6 7 0.630
11-19 -0.9 1.4 12 0.2 0.6 12 0.2 1.1 12 0.2 1.1 12
20+ -1. 32 2 -0.6 2.4 2 0.4 0.3 2 0.5 0.2 2

SD: standard deviation; SLEDAI systemic lupus erythematosus disease activity index.

was not statistically significant (p = 0.915). All girls
with growth failure at study entry continued to have
growth failure at 24 months, while two girls with
normal growth at study onset developed growth
failure at 24 months. There was an improvement in
growth at the end of the study period in one boy.
Factors that might have contributed to growth
failure (such as previous growth failure at disease
onset, severity disease activity at the time of
diagnosis, disease duration, and cumulative steroid
dose) were compared between patients with and
without growth failure. The most significant factor
that determined future growth failure was the pre-
existence of growth failure (z-score < -1.95 vs. 0.35;

P < 0.001) at the time of diagnosis. Another
important contributing factor was the cumulative
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Figure 1: Mcan parental adjusted z-score by gender
and follow-up.
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Table 3: Height deflection by time of follow-up and study variables.

Study Follow-up, months p-value
variables
0-6 0-12 0-24
Mean SD n Mean SD n Mean SD n
Overall -0.3 0.36 23 -0.3 0.5 22 -0.4 0.6 20 0.711
Gender
Male -0.4 0.1 5 -0.1 0.4 5 0.1 0.6 5 0.001
Female -0.2 0.3 18 -0.4 0.5 17 -0.6 0.5 15
Agc at diagnosis, years
<5 -0.1 0.5 8 -0.3 5 8 -0.3 0.3 6 0.497
25 -0.3 0.2 15 -0.3 5 14 -0.4 0.7 14
Duration of disease, years
<5 -0.3 0.3 15 -0.5 14 -0.5 0.7 12 0.377
25 -0.2 0.4 8 -0.3 5 8 0.3 0.3 8
SLEDAI
0-10 -0.2 0.3 9 -0.2 0.3 8 -0.2 0.5 6 0.287
11-19 -0.3 0.3 12 -0.4 0.6 12 -0.4 0.6 12 0.216
20+ -0.3 0.1 2 -0.5 0.5 2 -0.9 0.8 2

SD: standard deviation; SLEDAL systemic lupus erythematosus disease activity index.

steroid dose with the highest dose being consumed
by the patients who had growth failure (15.8 vs. 9.1 g;
P = 0.061). On the other hand, disease duration
tended to be longer among the growth failure group
(5.4 vs. 3.7 years; p = 0.240). Differences in severity
of disease activity at the time of diagnosis measured
by SLEDIA was not found to contribute significantly
to growth failure as the SLEDAI score in the two
groups were comparable (12 vs.14; p = 0.529).

The longitudinal anthropometric characteristics
of our cohort measured by parent-adjusted height
z-score are represented in Table 2 and Figure 1. Gitls
had a significantly higher parental adjusted height
z-score compared to boys at baseline (-0.3 vs. -1.2;
2 = 0.050). Over the study period, the boys’ parent-
adjusted height z- score improved compared to the
girls. However, the girls’ parent-adjusted height

10 B—E <Syears
B—l >5years

05 !
0.0

I

S

205

=

210
-1.5
20 0 6 12 %

Follow-up, months

Figure 2: Mcan body mass index z-score by age at
diagnosis and follow-up.

z-score continued to decline throughout the study
period with an average mean decline -0.16 (95% CI:
-0.01--0.31). Other risk factors affecting parent-
adjusted height z-score such as age at diagnosis,
disease duration, and disease activity were not
statistically significant [Table 2]. There was no
significant correlation between cumulative steroid
dose and the parent-adjusted height z-score at 24
months.

The BMI z-score characteristics of our cohort of
cSLE patients is described in Table 2 and Figure 2.
Children whose age at diagnosis was < 5 years had
a higher BMI z-score compared to children whose
age at diagnosis was > 5 years (0.3 vs. -1.6, 95% CI:
0.057-0.541). There was a significant difference
between the two groups in the mean BMI score
over time (p = 0.030). However, the difference was
insignificant at 12 months follow-up; both groups
reached a similar mean BMI z-score [Figure 2 and
Table 2]. Other risk factors affecting BMI score
(gender, discase duration, and disease activity) were
not statistically significant [ Table 2]. There was no
correlation between cumulative steroid dose and
BMI z-score.

The overall incidence of height deflection was
65.2% (95% CI: 45.7-84.6). The incidence at six,
12, and 24 months was 52.0%, 65.2%, and 53.8%,
respectively. The mean height deflection z-score
at six, 12, and 24 month assessment was -0.3, -0.3,
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and -0.4, respectively [ Table 3]. Although there was
a trending decline in height deflection, there was
no statistically significant difference between the
specified time periods (p = 0.711) most likely due to
the small sample size.

On average, boys had significantly higher height
deflection (0.237, 95% CI: 0.11-0.44; p = 0.001)
compared to girls. However, after six months the
difference between the genders was stark. Boys’
height deflection z-score started increasing while
the girls” started to decline rapidly. Risk factors
such as age at diagnosis, duration of disease, and
SLEDALI score were not significantly associated
with height deflection [Table 3]. Similarly, there was
no correlation between height deflection score and
cumulative steroid dose at 24 months.

DISCUSSION

Growth failure is an important morbidity of chronic
illnesses and may have a serious psychological
impact by affecting patients’ quality of life.
z-scores and percentiles are often used to assess the
anthropometric measures to evaluate children’s
growth. Expression of growth in z-scores has several
advantages overexpression in percentiles. Firstly, they
are calculated based on the distribution reference of
the population; secondly, they are comparable across
ages, sexes, and anthropometric measures; and lastly,
it can be analyzed as a continuous variable. In our
study, we defined growth failure as parent-adjusted
height z-score < -1.5 which takes into account
parental height hence avoiding ethnic differences,
which can be encountered when using percentiles
that define growth failure as height < 2 standard
deviation below mean.!!

The Systemic Lupus International Collaboration
Clinics (SLICC)/ACR Damage Index (SDI) was
developed to measure irreversible damage in adult
SLE, and has been validated for ¢SLE.!? However,
growth failure is an important measurement of
disease damage in c¢SLE and was recently added
as a domain to pediatric SDL." In general, growth
failure is experienced in 15% of patients with ¢SLE.?
In our cohort, growth failure was identified in 32.0%
of patients, significantly higher than other studies
which could be attributed to the small sample size.
Previous studies on growth failure demonstrated the
potential for catch-up growth in children with ¢SLE
once the doses of corticosteroids were reduced and/

or the disease was better controlled.'* A longer term
study would be needed to evaluate the evidence of
catch-up growth in our cohort.

Of all the risk factors that might contribute to
growth failure, the pre-existence of growth failure at
disease onset was significant to future growth failure
in our cohort. This finding is similar to other studies
which demonstrated that once a patient has growth
failure, catch-up growth will be more difficult to
achieve.” Workup for underlying causes of growth
failure at disease onset was able to identify growth
hormone deficiency in one patient, but none of the
patients tested had evidence of hypothyroidism.
Unfortunately, we did not investigate for other
underlying causes of growth failure such as coeliac
disease, which a recognized association in 2-3% of
patients.'®

Besides growth failure at baseline, another
determinant factors of growth failure was the effect of
high cumulative doses of steroids. Glucocorticoids-
induced growth failure can be explained by its direct
effects on the growth plate, which results in reduced
proliferation of the chondrocytes and a reversible
prolonged resting period that leads to a temporary

reduction in the growth rate.'”!

Impaired growth
in children on approximately 1.5 mg/kg/day of
prednisolone was first described over 40 years ago."”
Other studies have not demonstrated such an effect
on cumulative dose of corticosteroids, although a
reduction in the growth velocity during the first year
of treatment has been described.”

In addition, patients who experienced growth
failure in our cohort had a longer disease duration
compared to patients who did not develop growth
failure (5.3 years vs. 3.7 years, respectively); however,
this was not statistically significant. The association
of growth failure with longer disease duration has
been well described in the literature, but in our study,
this association was not statistically significant due

to the small sample size.?"*

Finally, the severity
of discase activity at disease onset, measured by
SLEDALI, did not contribute to the development of
growth failure in our cohort. Perhaps measurement
of the total duration of active disease throughout the
study period was a more important determinate on
growth. Unfortunately, in our study, disease activity
was only evaluated at disease onset and we did not
evaluate the total duration of active disease.

Height deflection and parent adjusted z-score
were analyzed longitudinally over 24 months. Rygg
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etal,”” observed that females with early onset disease
had a marked reduction in height deflection most
pronounced within the first year of the disease
with little catch-up growth resulting in a higher
proportion of growth failure and height deflection in
prepubertal age females than males. This observation
was also noted in our cohort of patients. Females
had better parental height adjusted z-score at
disease onset. However, their height score declined
continuously throughout the study period with little
catch-up growth. On the other hand, males had a
lower parental adjusted height score at disease onset.
However, there was catch-up growth after six months
resulting in similar parental adjusted height z-score
at the end of the study in both genders.

Children diagnosed with ¢SLE at older than
five years, were underweight compared to children
diagnosed aged less than five years who had a normal
BMI (z-score -1.6 vs. 0.3) with no statistical gender
difference. This can be explained by the normal
physiological decline of BMI from infancy to about
5—6 years of age, which then increases linearly during
childhood and adolescence.?** During childhood,
gender differences in BMI are small; however, this
difference is well established in late adolescence.”
In our cohort, both groups had increasing BMI with
a peak at six months from disease onset, which was
also observed in other studies."> The increase in BMI
can be attributed to the high steroid dose used during
the first six months of the disease. We did not find
any correlation between BMI and disease duration,
disease activity and cumulative steroid dose, which
were described in the literature.?¢

We acknowledge the limitation of the study,
which included its retrospective nature. The small
sample size of the study might have affected the
results with underestimation of some associations.
In addition, it would have been useful to routinely
investigate all patients diagnosed with ¢SLE with
underlying growth failure at disease onset for other
comorbidities such as coeliac disease. However,
these investigations were only performed on clinical
grounds, and they were not performed routinely to
detect subclinical presentations of the disease.

CONCLUSION
The survival rates in ¢cSLE have improved greatly over
recent decades. Increased life expectancy means that
more children are growing up with greater damage

as a consequence of chronic disease and prolonged
therapy. Growth failure is an important determinant
of disease damage in ¢SLE. Patients at risk of growth
failure were those who had growth failure at the
onset of disease, a higher cumulative steroid dose,
and longer disease duration. Assessing disease and
therapy complications have become an important
outcome measure in which we can evaluate the
quality of life. Longitudinal prospective studies are
needed to examine the relative change in health
status, disease activity, and damage over time to
improve health-related quality of life in children
with cSLE.
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