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Abstract

Background: Growth impairment is the most common complication in patients with childhood-onset systemic
lupus erythematosus (cSLE). There are limited data on risk factors affecting growth development in Asian patients
with ¢SLE. This study aimed to determine the predictors of growth impairment in such patients.

Methods: All SLE patients aged < 15 years diagnosed in Ramathibodi Hospital between 2006 and 2016 were
enrolled in a retrospective cohort study. Baseline characteristics, including height, weight, clinical manifestations,
disease activity score, and medications, were reviewed from medical records from the time at diagnosis to
achievement of final adult height (FAH). Age at menarche in girls, adult voice appearance in boys, and parental
height were collected by interview. Parent-adjusted FAH (PaFAH) Z-score was calculated as the difference between
FAH Z-score for chronological age of the patients and their mid parental height-Z score. The patients were
classified into two groups: (1) normal growth (PaFAH Z-score = — 1.5, 2) growth impairment (PaFAH Z-score < — 1.5).
Descriptive statistics and logistic regression analysis were used to analyze the data.

Results: Of 106 cSLE patients, 19 (18%) were male and 87 (82%) were female. The mean age at study enrollment
was 20.6 + 3.0 years, mean age at diagnosis 12.1 + 2.3 years, and mean age at achievement of FAH 17.5 + 1.9 years.
Growth impairment was found in 23.6% of patients (52.6% in boys and 17.2% in girls). Predictors of growth
impairment were male sex, duration of disease before menarche in girls and adult voice appearance in boys, and
cumulative corticosteroid dose (prednisolone equivalent) 2230 mg/kg received before the late phase of puberty,
with odds ratios of 7.07 (95%Cl 2.11-23.74), 1.26 (95% Cl 1.02-1.56), and 6.99 (95%Cl 1.63-30.02), respectively.

Conclusions: One-fourth of cSLE patients developed growth impairment, which mostly affected male patients.
Longer duration of disease before the late phase of puberty and corticosteroid dose 2230 mg/kg received before
the late phase of puberty were factors predictive of growth impairment.
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Background

Childhood-onset systemic lupus erythematosus (cSLE) is
a common connective tissue disease involving several
organ systems and accounts for 10-20% of all cases of
systemic lupus erythematosus (SLE) [1]. More severe
than adult-onset SLE, cSLE leads to a higher mortality
rate and needs more intensive treatment. Given that the
survival rate in patients with SLE has improved signifi-
cantly during the past few decades from 42 to 72% to
95% [2], quality of life is a growing concern among the
increasing number of survivors.

One of the most common adverse outcomes of cSLE
and its treatment is growth impairment, which is poten-
tially irreversible and can affect patients’ quality of life.
Factors that contribute to growth impairment in these
patients include prolonged duration of the disease, dis-
ease severity, age at disease onset, suboptimal nutrition,
and use of medications, especially corticosteroids [3],
which constitute the mainstay of SLE therapy. The most
well-known adverse effect of corticosteroid use during
childhood is growth suppression, which is secondary to
their direct effect on the growth plate and the reduction
of chondrocyte proliferation. Additionally, corticoste-
roids may cause growth delay through modification of
gonadal function, leading to delayed puberty [4]. The
higher the dose and the longer the course of corticoster-
oid use, the more severe are the expected adverse effects.
A previous study in Caucasians with ¢SLE reported that
age at first visit of 13.4 years or younger and cumulative
corticosteroid dose of more than 426 mg/kg were risk
factors for failure to grow [3]. A Canadian study showed
that the height Z-score of patients receiving moderate-
to high-dose corticosteroids decreased and did not re-
cover within 18 months of therapy [5]. Other studies
demonstrated that female sex, age at diagnosis of 11-13
years, and having pre-existing growth failure at the time
of diagnosis were factors associated with growth failure
following treatment [6, 7]. Ethnicity was an additional
factor that influenced the achievement of final adult
height (FAH) in c¢SLE patients in a multi-ethnic study
[8]. Asian patients usually have more severe disease and
thus receive more aggressive treatment [9]. However,
data on growth trajectory in Asians during treatment
while growing to FAH and their association with the cu-
mulative dose of corticosteroids, which has been re-
ported to affect growth, remain limited. Against this
background, we performed this study to determine the
FAH outcome and the predictors that affect growth tra-
jectory and FAH in cSLE patients.

Methods

This retrospective cohort study enrolled SLE patients
who were diagnosed before the age of 15 years and were
regularly treated at the Faculty of Medicine,
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Ramathibodi Hospital between 2006 and 2016. All pa-
tients met the diagnostic criteria of SLE, according to ei-
ther the 1997 American College of Rheumatology
classifications criteria for SLE [10] or the Systemic
Lupus International Collaborating Clinics 2012 classifi-
cation criteria for SLE [11]. This study excluded patients
who had known vertebral compression fracture and pa-
tients who were lost to follow-up or transferred to other
hospitals. The study was approved by the Ethics Com-
mittee of the Faculty of Medicine, Ramathibodi Hospital,
Mahidol University, and written informed consent was
obtained from patients prior to their enrollment.

Data collection

Demographic data, including age, sex, height, weight,
body mass index (BMI), disease duration, clinical mani-
festations, medications, laboratory data including
complete blood count, urine protein-to-creatinine ratio,
erythrocyte sedimentation rate, and complement levels,
and presence of autoantibodies including anti-nuclear
antibody and anti-double-stranded DNA (anti-dsDNA),
were collected. Owing to the retrospective nature of this
study, assessment of pubertal status during the follow-
up period was lacking. Therefore, age at menarche in
girls and age at first appearance of adult voice in boys
were collected by interview and used as an indicator of
the late phase of puberty [12]. Mid-parental height
(MPH) was determined to estimate genetic height poten-
tial. The parent’s height was collected by interview or
measured in the clinic. MPH is calculated in males by
adding 6.5 cm to the mean of parental height ([mother’s
height + father’s height]/2 + 6.5cm) and in females by
subtracting 6.5cm from the mean of parental height
([mother’s height + father’s height]/2-6.5 cm).

With regard to height outcome, height, weight, and
the parameters of disease activity were collected every 6
months for the first 2 years of follow-up. Subsequently,
these data were collected annually until FAH was
achieved. FAH was defined as having either height vel-
ocity of less than 1cm per year for at least 1year or
bone age of 15years or greater in girls and 17 years or
greater in boys. Assessment of bone age was determined
by a specialist in musculoskeletal radiology using the
Greulich and Pyle method [13].

The Modified Systemic Lupus Erythematosus Disease
Activity Index 2000 (Modified SLEDAI-2K) [14] was
used for assessment of disease activity. Using the trapez-
oidal rule, cumulative Modified SLEDAI-2 K scores over
time were determined by summing the scores serially
obtained between the date at diagnosis and the date of
achieving FAH [15].

Disease duration was defined as the period from the
date at diagnosis to the date of achieving FAH. Regard-
ing treatment, data on the medications, including
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hydroxychloroquine, corticosteroids, mycophenolate
mofetil, cyclophosphamide, azathioprine, calcium car-
bonate, and vitamin D, were collected. The cumulative
doses of corticosteroids (prednisolone equivalent) and
cyclophosphamide were calculated by the sum of the
medication doses at each visit.

Anthropometric data

Height (cm) and weight (kg) were collected at each clinic
visit. Height was measured in the morning by trained
nurses using a wall-mounted stadiometer. BMI was calcu-
lated as weight (kg) divided by height (m) squared and
expressed as Z-score based on World Health Organization
growth references [16]. Standardization of height and
weight were adjusted according to chronological age
(years) and expressed as Z-scores based on the data of the
Ministry of Public Health, Thailand [17]. Parent-adjusted
FAH (PaFAH) Z-score was calculated as the difference be-
tween FAH Z-score for chronological age of the patients
and their MPH-Z score [3]. The patients were then classi-
fied into two groups: (1) normal growth group (PaFAH Z-
score of —1.5 or greater) and (2) growth impairment
group (PaFAH Z-score of less than — 1.5) [18].

Statistical analysis

Descriptive data were reported for normally distributed
variables as mean and standard deviation (SD), for non-
normally distributed variables as median and interquar-
tile range (IQR), and frequency as a percentage. Parame-
ters of cSLE between normal growth and growth
impairment groups were compared using independent-
sample t-test and Mann—Whitney U test for continuous
data, and chi-squared test and Fisher’s exact test for cat-
egorical data. The area under the receiver-operating
characteristic curve was calculated to determine the cut-
off value of cumulative doses of corticosteroids in pre-
dicting growth impairment. Logistic regression analysis
was performed to determine the predictors of growth
impairment in cSLE patients and presented as odds ratio
(OR). Significance was set at P < 0.05. Statistical analysis
was performed using SPSS statistical software version 21
(IBM, Armonk, NY, USA).

Results

Out of a total of 140 patients with ¢SLE who reached
FAH, 34 patients were excluded (1 died, 6 had vertebral
compression fractures, and 27 were transferred to other
hospitals). Therefore, 106 Thai patients with cSLE were
enrolled in this study, of whom 39 (37%) had bone age
assessment. Nineteen (18%) patients were male and 87
(82%) were female. The age (mean + SD) at study enroll-
ment was 20.6 + 3.0 years and mean age at diagnosis of
cSLE was 12.1 £ 2.3 years. The mean age at achievement
of FAH was 17.5 + 1.9 years and mean disease duration
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5.5 £ 2.7 years. Most of the cSLE patients (64.2% of the
total 106) had renal involvement (54.4%of whom had
lupus nephritis class III, IV, or V), followed by musculo-
skeletal (51.9%), hematological (44.3%), and neurological
(30.2%) involvement. All patients received corticosteroid
treatment accompanied by vitamin D and calcium carbon-
ate supplementation. Around 45% additionally received
cyclophosphamide, and 55% received azathioprine. Twenty
percent of these patients received mycophenolate mofetil
and 15% received methotrexate, while a few (4%) received
cyclosporine. Baseline disease activity was at a high level ac-
cording to the average Modified SLEDAI-2 K score.

Growth outcomes

There were 25 (23.6%) patients (10 boys and 15 girls) in
the growth impairment group. Median (IQR) FAH of all
cSLE patients was 1.6 (- 7.1, 0.9) cm lower than MPH,
with a PaFAH Z-score of - 0.3 (- 1.5, 0.2). Age (mean +
SD) at FAH attainment of patients in the growth impair-
ment group (17.7 +1.5years) and the normal growth
group (17.5+1.9years) were similar. Median (IQR)
PaFAH Z-score of patients in the growth impairment
and normal growth groups were - 2.3 (- 2.7, — 1.9) and
0.0 (- 0.5, 0.4), respectively. The baseline characteristics,
clinical manifestations at diagnosis, and medication use
between patients in both groups were not significantly
different except for a higher male/female ratio, lower
height Z-score at diagnosis, and lower weight Z-score at
achievement of FAH, in the growth impairment group
in comparison with those in the normal growth group
(Table 1). Patients in the growth impairment group ex-
perienced a longer time from onset of disease to the late
phase of puberty in comparison with the normal growth
group (median [IQR] disease duration, 2.0 [1.4, 4.0]
years vs. 1.0 [0, 3.0] years, respectively; P = 0.034).

Predictors of growth impairment

In the logistic regression analysis, the risk factors for
growth impairment were being male and having a longer
time prior to menarche (girls) and adult voice appear-
ance (boys) (Table 2). Poor height at diagnosis and high
cumulative corticosteroid doses were not significant pre-
dictors of growth impairment in the multivariate ana-
lysis. When we analyzed data from time at diagnosis to
the late phase of puberty by multivariate analysis, we
found that male sex (OR 8.87, 95% CI 2.12-37.17; P =
0.003) and cumulative dose of corticosteroids (prednisol-
one equivalent) of 230 mg/kg or greater (OR 6.99, 95%
CI 1.63-30.02; P =0.009) were predictors of growth im-
pairment (Table 2).

Sex difference
Age at diagnosis between boys (12.4 + 1.7 years) and girls
(12.0 + 2.5 years) was not significant (P = 0.477), but age
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All patients Normal growth Growth impairment P value
N =106 n =281 n=25
Patient characteristics
Male/Female, n (%) 19/87 (18/82) 9/72 (11/89) 10/15 (40/60) 0.002°
Age at diagnosis (y) 121+£23 122+24 114+£21 0.122
Age at FAH (y) 175+19 17.5+19 177%£15 0.553
Age at menarche/adult voice appearance (y) 13716 136+14 142+19 0.084
Disease duration (y) 55+27 52+27 63+25 0.063
Disease duration before menarche/adult voice appearance (y)b 1.7 (0, 3.1) 1.0 (0.0, 3.0) 20 (14, 4.0) 0.034°
Cumulative Modified SLEDAI-2 K scores® 1380 (72.0, 260.3) 168.0 (73.5, 262.5) 120.0 (69.0, 286.5) 0.766
Clinical manifestations at diagnosis
Modified SLEDAI-2 K score 160+ 106 15.5+10.7 176 £ 106 0721
Neurological, n (%) 32(302) 24 (29.6) 8 (32.0) 0.821
All renal involvement, n (%) 68 (64.2) 51 (63.0) 17 (68.0) 0.646
Lupus nephritis class Ill, IV, V, n (%) 37 (34.9) 29 (35.8) 8 (32.0) 0.727
Musculoskeletal, n (%) 55(51.9) 42 (51.9) 13 (52.0) 0.990
Hematological, n (%) 47 (44.3) 37 (45.7) 10 (40.0) 0617
Anthropometric data at diagnosis and at FAH attainment
Weight at diagnosis (Z-score)® -01(-08,10) 0.2 (-08,14) -05(-10,06) 0.125
Weight at FAH (Z-score)® 1.5 (=07, 3.0) 1.3 (=05, 3.6) -04(-14,18 0015%
Height at diagnosis (Z-score)® -03(=1.0,07) -0.1(=08,07) -06(-18,02) 0.029*
Final height (Z-score)® -0.1(=1.3,04) 0.04 (-08,0.7) —17(=27,-09) <0.001°
BMI at diagnosis, (kg/m?) (Z-score)® -04 (=13, 1.0) —-02(=13,1.0 20 (-1.3,09) 0.204
BMI at FAH (kg/m?) (Z-score)® -03 (=07, 15) 05 (08, 1.6) 0.09 (=06, 1.0) 0634
Parent adjusted FAH (Z-score)® -03(-15,02) 0.0 (=05, 04) -23(=27,-19) <0001*
Difference between FAH and MPH (cm)® -16(-7.1,09) 0.0 (=27, 2.1) —11.7 (= 13.3,-95) <0.001?
Laboratory data at diagnosis
Hematocrit (%) 300+69 297+72 308+60 0559
White blood cell count (x 10° cells/mm?)P 4.7 (33,69) 47 (33,65) 48 (34,8.1) 0.809
Absolute lymphocyte count (x 10° cells/mm?)° 14(10,22) 13(1.1,21) 16(09,2.2) 0.710
Platelet count (x10° cells/mm?)P 2150 (114.0, 297.3) 212.0 (103.8, 293.0) 241.0 (1225, 305.5) 0.554
Erythrocyte sedimentation rate (mm/h)° 56.0 (26.0, 83.3) 57.0 (25.0, 85.5) 53.0 (27.0, 79.5) 0498
Anti-dsDNA (IU/mL)b’d 2342 (974, 562.5) 2719 (1016, 577.2) 2293 (70.2, 345.9) 0510
C3 levels (09-1.8 g/L)P 06 (04, 1.0) 05 (03, 1.0) 0.8 (04, 1.0) 0291
C4 levels (0.1-04 g/L)° 0.07 (0.05, 0.2) 0.07 (0.04, 0.2) 0.12 (0.06, 0.2) 0.092
25-OH vitamin D levels (ng/mL)® 33.78+£834 3342+7.14 3493+ 1144 0441
Medications
Prednisolone, n (%) 106 (100%) 81 (100%) 25 (100%) -
Cumulative corticosteroid dose (mg/kg)f 536.3 +346.1 5418+3779 5185+2179 0.708
Cyclophosphamide, n (%) 48 (45.3) 35 (43.2) 13 (52.0) 0.440
Cumulative cyclophosphamide (x10* mg/m? 57 (4.2,76) 56 (42,76) 59(38,78) 0.721
Other medications, n (%) 68 (64.2) 51 (63.0) 17 (68.0) 0.646
—Azathioprine 59 (55.7) 46 (56.8) 17 (68.0) 0318
—Mycophenolate mofetil 22 (20.8) 19 (23.5) 3(12.0) 0217
—Cyclosporine 4 (3.8) 4 (4.9) 0(0) 0.571
—Methotrexate 16 (15.1) 9(11.1) 7 (28.0) 0.055

2p <0.05 was set as significance; PMedian (IQR); “Disease duration: the date at diagnosis to the date of achieving FAH; “Total number = 101 (77 in normal growth,
24 in growth impairment); *Total number = 100 (76 in normal growth, 24 in growth impairment); Prednisolone equivalent; FAH: final adult height; BMI: body mass
index; parent-adjusted final adult height Z-score: difference between final adult height and mid parental height Z-score; SLEDAI: Systemic Lupus Erythematosus
Disease Activity Index; 25-OH vitamin D: 25-hydroxy-vitamin D
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Table 2 Predictors of growth impairment in patients with cSLE
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Predictive factors Univariate Multivariate
OR (95% CI) P value OR (95% ClI) P value
From time at diagnosis to achieving FAH (N = 106)
Male 5.33(1.85-15.37) 0.002° 7.07 (211-23.74) 0.002°
Duration of disease prior to menarche/adult voice appearance (y) 1.27 (1.05-1.53) 0016° 1.26 (1.02-1.56) 0.033°
Cumulative dose of corticosteroids =300 mg/kgb 3.87 (1.07-14.08) 0.040° 3.91 (0.93-16.37) 0.058
Height impairment at diagnosis® 3.00 (1.04-8.59) 0.041° 3.07 (0.92-10.25) 0.068
From time at diagnosis to the late phase of puberty (N =76)
Male 5.14 (1.59-16.62) 0.006° 887 (2.12-37.17) 0.003°
Cumulative dose of corticosteroids =230 mg/kgb 4.10 (1.22-13.75) 0.022° 6.99 (1.63-30.02) 0.009%

2p <0.05 was set as significance; PPrednisolone equivalent; Height impairment: height Z-score less than —1.5; FAH: final adult height

at menarche in girls (13.6 + 1.6) and adult voice appear-
ance in boys (14.5 + 1.0) were both significantly different
(P =0.001). Approximately 52.6% of male patients had
growth impairment, compared with 17.2% of female pa-
tients (P = 0.002). Median (IQR) PaFAH Z-score was sig-
nificantly lower in male patients in comparison with
female counterparts (- 1.7 [- 2.3, —0.5] vs. -0.2 [- 1.1,
0.4]; P <0.001). Mean difference of height Z-score of
male patients declined significantly more than that of fe-
male patients, especially during the period prior to the
late phase of puberty. By contrast, the mean differences
of height Z-scores were compatible between both sexes
after the late phase of puberty (Fig. 1). This study also
demonstrated that median (IQR) PaFAH Z-score was
statistically lower in female patients who were diagnosed
when younger than 12 years (- 0.6 [- 1.8, 0.1]) compared
with counterparts diagnosed at age 12 years or older (0.1
[- 04, 0.5]) (P =0.004) (Fig. 2). There was no specific
age difference with regard to PaFAH Z-score in male pa-
tients. Clinical manifestations, disease duration, disease
activity, and use of other medications between both
sexes were not statistically different (Table 3). Predictors
of growth impairment in each sex were then analyzed
(Table 4). In male cSLE patients, receiving corticosteroid
(prednisolone equivalent) dosing of >330 mg/kg was a
predictor of growth impairment, while in female coun-
terparts height impairment at diagnosis and age less
than 12years at diagnosis were predictors of growth
impairment.

Discussion

This study focused on the growth trajectory and FAH, as
well as predictors of growth impairment, in 106 Thai
cSLE patients. The results demonstrated that approxi-
mately one-fourth of cSLE patients had growth impair-
ment. Male patients were more likely to be affected,
whereas female patients aged < 12 years and with height
impairment at diagnosis were at high risk for developing
growth impairment. The period from diagnosis to the

late phase of puberty was the essential factor that influ-
enced growth impairment. Receiving a cumulative cor-
ticosteroid dose of >230 mg/kg before the late phase of
puberty was found to be an influential factor in growth
impairment. Severity of disease, clinical manifestations,
and use of other medications did not affect FAH or
growth outcome.

The reported severity of growth impairment has dif-
fered among studies because of the varying definitions of
growth impairment, age at diagnosis, and ethnicity of
the study population [3, 6-8, 19-21]. In the longitudinal
study conducted by the Paediatric Rheumatology Inter-
national Trials Organization (PRINTO) [22] involving
331 juvenile SLE patients followed for 26 months, the
percentages of growth impairment were 24.5 and 14.7%
in boys and girls, respectively [3], lower than those
found in the present study. The reasons for different
outcomes between the PRINTO study and ours might
be related to the different ethnicity of the study popula-
tion: the PRINTO study was mostly performed in Cau-
casians, whereas our study population was Asian.
Although there is no clear evidence that ethnicity affects
growth impairment in cSLE patients, a previous multi-
ethnic group study demonstrated that Asians were more
likely to have growth impairment than other ethnic
groups [8]. Other than ethnicity, the age at diagnosis
was also an important factor. For instance, patients in a
study from Oman [7] had a younger age at diagnosis
(mean 6.4 + 3.1 years) compared with our study (12.1 +
2.3 years), resulting in a higher percentage of growth fail-
ure (32.0%) than reported herein (23.6%). Because nor-
mal children have pubertal growth spurt before
menarche if female or first adult voice appearance if
male, patients who received corticosteroids during this
particular period will theoretically develop a greater de-
gree of growth impairment than those who take cortico-
steroids after the late phase of puberty. Sontichai et al.
[8] showed that the mean FAH in ¢SLE patients diag-
nosed after menarche was greater than in counterparts
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diagnosed before menarche. Our current results also
support this finding that the median duration before me-
narche in girls and adult voice appearance in boys was
significantly longer in patients with growth impairment
than in those with normal growth, while this factor was
also a predictor of growth impairment. Although a pre-
vious study showed that percentages of patients with
growth failure increased with longer disease duration
[19], our study found that the period before the late
phase of puberty was more important than the total dis-
ease duration.

Regarding sexes, growth impairment differed between
boys and girls. This study demonstrated that the age at
diagnosis in both sexes was comparable, but the age at
menarche in girls and adult voice appearance in boys
were different because boys enter puberty around one
year later than girls [23]. Our study showed that the me-
dian disease duration before adult voice appearance in
boys was longer than the median disease duration before
menarche in girls. Prolonged duration of corticosteroid
exposure during this period might be one reason that
leads to the higher percentage of male patients with
growth impairment. Furthermore, normal boys usually
have pubertal height velocity at around age 12.5-13.5
years, 1-2 years later than girls [24, 25]. However, there
is a difference in timing of peak height velocity among
ethnic groups, and the alteration of growth pattern
might have changed over time [25, 26]. Given that
around 80% of male cSLE patients in this study were

diagnosed before or during the peak growth spurt (mean
age at diagnosis 12.4 +1.7), this can explain why male
patients were more affected than females and why male
sex was a strongly significant predictor of growth im-
pairment. In addition, it is not surprising that girls aged
<12 years carried a higher risk of height impairment in
the present study. Because their age at menarche was ap-
proximately 13.6years, pubertal growth spurt should
have been present during age 11-13 years. Our findings
regarding the difference in growth impairment between
male and female cSLE patients were in line with the
PRINTO study [3] but in contrast to that by Heshin-
Bekenstein et al. [6], which did not find a difference in
growth between sexes. This might be because the age at
diagnosis of cSLE patients in that study [6] (14.0 + 3.0
years) was older than that reported in the PRINTO
study [3] and ours; therefore, their patients might
already have reached FAH or were near FAH.

Currently there are limited data on the cumulative
dose of corticosteroids that affects growth in cSLE pa-
tients. The PRINTO study [3] reported that a cumulative
dose of 426 mg/kg of corticosteroid (prednisolone
equivalent) was a predictor of growth failure with OR
3.6. The present study showed that the cumulative dose
of corticosteroids for the entire disease course in both
normal height and height impairment groups was not
statistically different. Instead, a cumulative dose of cor-
ticosteroid of >230 mg/kg receiving before the late phase
of puberty was a predictor of growth impairment with
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Table 3 Patient characteristics in male and female SLE patients (N = 106)
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Male Female P value
n=19 n =287
Patient characteristics
Age at diagnosis (y) 124+1.7 120+25 0477
Age at FAH (y) 179417 174+19 0308
Age at menarche/adult voice appearance (y) 145+10 136+16 0.001°¢
Disease duration (y) 57+19 54+27 0.701
Disease duration before menarche/adult voice appearance (y)° 20 (1.0, 35) 14 (00, 3.1) 0314
Diagnosis before menarche, n (%) - 60 (69.0)
Diagnosis before adult voice appearance, n (%) 16 (84.2) - 0.181
Cumulative Modified SLEDAI-2 K scores® 117.0 (66.0, 177.0) 165.0 (75.0, 267.0) 0.526
Anthropometric data at diagnosis and at FAH attainment
Weight at diagnosis (Z-score)® 04 (=05, 1.6) -0.2 (=09, 1.0) 0.257
Final weight (Z-score)® 03 (-14,438) 0.7 (=0.7,3.0) 0.821
Height at the diagnosis (Z-score)® 0.0 (=09, 0.9) -03(=1.0,0.7) 0454
Final height (Z-score)® -03(=13,03) -0.02 (-1.3,04) 0.662
BMI at diagnosis (kg/m?) (Z-score)” -02 (1.2, 1.6) —04 (-1.5,1.0) 0327
Final BMI (kg/mz) (Z-score)® 0.1 (=1.1, 2.0) 04 (-06, 1.5) 0618
Parent-adjusted FAH (Z-score)® -1.7 (=23, -0.5) -02 (=1.1,04) <0.001?
Difference between FAH and MPH (cm)® -9.1 (=122, -25) -08 (5.0, 1.9) <0.001°
Clinical manifestations at diagnosis
Modified SLEDAI-2 K score 192+£102 154+10.7 0.156
Neurological, n (%) 8 (42.1) 24 (27.6) 0212
All renal involvement, n (%) 14 (73.7) 54 (62.1) 0467
Lupus nephritis class Ill, IV, V, n (%) 8 (42.1) 29 (33.3) 0277
Musculoskeletal, n (%) 8 (42.1) 47 (54) 0.346
Hematological, n (%) 10 (52.6) 37 (42.5) 0422
Vasculitis, n (%) 3(158) 15(17.2) 1.000
Serositis, n (%) 7 (36.8) 20 (23) 0.248
Laboratory data at diagnosis
Hematocrit (%) 31.3+£66 296£70 0.307
White blood cell count (x10° cells/mm?)P 60 (3.1,79) 47 (34, 6.6) 0656
Absolute lymphocyte count (x 10° cells/mm?)P 1.1 (07, 2.6) 15(1.1,2.1) 0376
Platelet count (x10 cells/mm?)° 22(13,28) 23(1.1,30) 0934
Erythrocyte sedimentation rate (mm/h)® 440 (280, 57.0) 60.0 (23.0, 89.0) 0227
Anti-dsDNA (IU/mL)>¢ 240.7 (1389, 609.5) 234.2 (906, 566.2) 0.709
C3 levels (0.9-1.8 g/L)b 04 (0.2, 1.0) 0.7 (04, 1.0) 0.036
C4 levels (0.1-04 g/L)° 0.07 (0.03, 1.27) 0.08 (0.05, 1.52) 0463
25-0OH Vitamin D levels (ng/mL)® 3506+ 1141 3352+762 0489
Medications
Prednisolone, n (%) 19 (100) 87 (100) -
Cumulative corticosteroid dose (mg/kg)f 445842193 5534 +3673 0.091
Cyclophosphamide, n (%) 9 (474) 39 (44.8) 0.873
Cumulative cyclophosphamide (x10° mg/m?° 6.3 (4.7,65) 56 (4.1,7.8) 0.735
Other medications, n (%) 14 (73.7) 54 (62.1) 0.339
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Table 3 Patient characteristics in male and female SLE patients (N = 106) (Continued)
Male Female P value
n=19 n =287
—Azathioprine 10 (52.6) 53 (60.9) 0.505
—Mycophenolate mofetil 4 (21.1) 18 (20.7) 1.000
—Cyclosporine 1(53) 3(34) 0.552
~Methotrexate 3(15.8) 13 (14.9) 1.000

2P <0.05 was set as significance; "Median (IQR); “Disease duration: the date of diagnosis to the date of achieving FAH; “Total number = 101 (18 males, 83 females);
Total number = 100 (17 males, 83 females); ‘Prednisolone equivalent; FAH: final adult height; MPH: mid parental height; parent-adjusted final adult height Z-score:
difference between final adult height and mid parental height Z-score; 25-OH vitamin D: 25-hydroxy-vitamin D

an OR of 6.99, whereas a cumulative dose of corticoste-
roids in patients diagnosed after menarche or adult voice
appearance did not have a notable impact on growth de-
velopment. Generally, the effect of corticosteroids on
growth should depend on the cumulative dose of cor-
ticosteroid. The longer the corticosteroid use and the
higher the dose, the greater the height suppression.
However, this finding demonstrated that the timing of
corticosteroid treatment initiation was another import-
ant factor for growth impairment, other than cumulative
dose of corticosteroid. Therefore, we should be aware of
cumulative corticosteroid dosing in the treatment of
cSLE patients, especially when they have received cor-
ticosteroid treatment before the late phase of puberty.
Furthermore, administering a higher corticosteroid dose
to male patients should also be concern because accord-
ing to our analysis a cumulative dose of >330 mg/kg also
constitutes a risk factor for growth impairment in males.

There are noteworthy strengths in this study. First, our
patients were longitudinally followed up from the time
of the diagnosis to achievement of FAH. Second, we
used the PaFAH Z-score, which was adjusted with MPH
Z-score, for the outcome of growth impairment. By con-
trast, most previous studies did not use FAH as an out-
come [3, 7, 19-21]. Since height in children depends on
the genetic background of their parents and FAH was a
more accurate indicator of irreversible damage than
height velocity, the use of PaFAH Z-score was a more
reliable tool for assessing growth outcome and reduced
confounding factors. Third, we collected cumulative

corticosteroid dose and assembled the sum of Modified
SLEDAI-2 K scores for the entire disease duration, which
is more reliable than one-time data collection. However,
this study also has some limitations. First, owing to its
retrospective study design, Tanner staging was not avail-
able. The period of menarche and adult voice appear-
ance were gathered from interview data, which could be
a recall bias. Second, there was no detailed nutritional
history for our patients. Nevertheless, the average BMI
between patients with and without growth impairment
was not different. Moreover, all patients routinely re-
ceived calcium and vitamin D supplements to maintain
a 25-hydroxyvitamin D level of >30 ng/mL.

Conclusions

One-fourth of cSLE patients developed growth impair-
ment whereby boys were more affected than girls. The
duration of corticosteroid exposure and the cumulative
dose of corticosteroid administration before the late
phase of puberty were important factors that affected
growth development. Although control of cSLE is essen-
tial, the complications following treatment should be of
concern to physicians. Decreasing corticosteroid use and
choosing alternative immunosuppressive medications to
control the disease may prevent further damage [27].
Given that growth is an essential indicator of children’s
well-being, early recognition and prevention of growth
impairment are crucial aspects of patient care [28], par-
ticularly in patients with chronic illnesses such as cSLE.

Table 4 Predictors of growth impairment between male and female cSLE patients

Predictive factors Univariate Multivariate
OR (95%Cl) P value OR (95%Cl) P value

Male patients (N =19)

Age < 13 years 8.17 (1.03-64.94) 0.047° 7.89 (0.62-100.89) 0.112

Cumulative dose of corticosteroids =330 mg/kg® 18.0 (1.50-216.62) 0.023° 6.99 (1.63-30.02) 0.009°
Female patients (N = 87)

Age < 12 years 4.26 (1.31-13.90) 0.016° 4.88 (1.39-17.13) 0.013°

Height impairment at the diagnosis® 413 (1.21-14.14) 0.024° 492 (1.30-18.72) 0.030°

2P <0.05 was set as significance; PPrednisolone equivalent; Height impairment at the diagnosis:

height Z-score less than —1.5
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