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ABSTRACT

Objectives: This study aims to investigate the growth parameters in Turkish children with systemic lupus erythematosus (SLE) and to compare these
growth parameters according to the presence or absence of cyclophosphamide, rituximab treatment, cumulative corticosteroid dose, proliferative
nephritis, and the last visit disease activity and damage index.
Patients and methods: Medical data, growth parameters including z-scores for weight, height, and body mass index and parent-adjusted height
z-scores of 45 juvenile SLE (jSLE) patients (5 males, 40 females; mean age 12.3±3.2 years; range 7.1 to 18 years) were retrospectively evaluated.
Growth parameters were calculated by anthropometric references in Turkish children. The disease activity was assessed by the SLE Disease Activity
Index 2000 (SLEDAI-2K). The disease outcome was measured by the Pediatric version of Systemic Lupus International Collaborating Clinics/American
College of Rheumatology Damage Index.
Results: The median diagnostic delay was two months (range, 0-36 months). The median follow-up duration was 3.21 years (range, 0.63-9.48 years).
Mean height z-score was significantly lower at last visit than at the time of diagnosis. The growth parameters did not differ according to age at disease
onset, diagnostic delay, presence of proliferative nephritis, having cyclophosphamide and rituximab treatment and the last visit (SLEDAI-2K) scores.
The median duration of corticosteroid treatment was 3.2 years (range, 0.6-9.4 years) and the median cumulative corticosteroid dosage was 13.9 g
(range, 1.9-58 g) of methylprednisolone. The mean height z-score at last visit was significantly lower in those who received at least 10 g of cumulative
dose of corticosteroid. The last visit mean parent-adjusted height z-scores did not differ significantly regarding the cumulative corticosteroid dose.
Conclusion: The last visit height and parent-adjusted height z-scores of jSLE patients were significantly lower. The patients treated with at least 10
g of cumulative dose of corticosteroids had lower mean height z-score.
Keywords: Children, corticosteroid, damage, growth, juvenile systemic lupus erythematosus.

Systemic lupus erythematosus (SLE) is an
autoimmune, inflammatory disease presented
by various clinical manifestations and has an
unpredictable course. Children represent nearly
15-20% of SLE patients.1 Disease incidence,
severity, organ involvement, mortality and
morbidity rate of juvenile SLE (jSLE) vary among
ethnic groups.2,3 The course of jSLE is more
severe than adult-onset SLE and jSLE requires

more intensive treatment to prevent higher rates of
mortality.4 However, the mortality of jSLE patients
has considerably decreased over the past decades,
presumably in response to early diagnosis and
better treatment modalities. Therefore, children
with jSLE are now living longer with this chronic
disease and enter their adult lives with several
comorbidities. As a result of increased lifespan,
children with jSLE encounter a considerable
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amount of morbidity caused by sequelae of
disease activity, side effects of medications, and
comorbid conditions.5
Growth is an important indicator of well-being
in children. Chronic inflammatory diseases such
as jSLE may cause important changes in growth
parameters and may ultimately lead to diminished
height. As a result of prescribed medications,
obesity may also occur. The Pediatric version
of Systemic Lupus International Collaborating
Clinics/American College of Rheumatology
Damage Index (pedSDI) has been developed
to analyze the disease damage. The domain of
growth failure was included to the modified SDI as
a damage measure for jSLE, in 2006.6,7
In 2007, Hiraki et al.8 suggested final height
as evaluation of damage in jSLE since children
with SLE may experience catch-up when the
disease is accordingly managed, and the dose of
corticosteroid is tailored appropriately.
Juvenile SLE patients may also experience
delayed-onset puberty, particularly in late-onset
childhood disease. Although life expectancy has
improved in jSLE patients, the frequency of
great morbidity may affect their health-span.
Growth failure and delayed puberty may have an
impact on the quality of life in jSLE patients. This
information highlights the need for measuring
organ damage of patients regularly and designing
new treatment approaches for which the clinicians
aim both managing the disease activity and
alleviating irreversible damage.

It is well-known that growth of patients with
chronic diseases such as jSLE may be affected
by both the disease itself and the prescribed
medications, particularly prolonged corticosteroid
administration.6,7 Due to the rarity SLE in
children, knowledge on growth in those patients
is limited. Therefore, in this study, we aimed to
investigate the growth parameters in Turkish
children with SLE and to compare these growth
parameters according to the presence or absence
of cyclophosphamide, rituximab treatment,
cumulative corticosteroid dose, proliferative
nephritis and the last visit disease activity and
damage index.

PATIENTS AND METHODS
This retrospective study was conducted at
Çukurova University School of Medicine between
June 2018 and December 2018. Medical files of a
total of 65 jSLE patients were evaluated. Inclusion
criteria were jSLE patients diagnosed according
to the revised 1997 classification criteria of
American College of Rheumatology9, followed-up
for at least six months between January 2005
and June 2018, and whose anthropometric
data were available at baseline and follow-up
assessments. Some patients were excluded due to
lack of clinical, laboratory, and medication data or
growth parameters of patients and parents. The
flow diagram of the study was given in Figure 1.
Forty-five jSLE patients (5 males, 40 females;

A total of 65 juvenile systemic lupus
erythematosus patients (59 F, 6M)
Missing follow-up (3 F)
Clinical data available during follow-up
(n=62; 56 F, 6M)
Missing growth data of patients (13 F, 1 M)
Missing growth data of parents (3 F)
Eligible for inclusion to the study
(n=45; 40 F, 5 M)
Figure 1. Flow diagram of juvenile systemic lupus erythematosus patients.
F: Female; M: Males; N: Number.
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mean age 12.3±3.2 years; range 7.1 to 18
years) were finally included. All patients were of
Turkish descent. Medical files were retrospectively
reviewed for data including sex, age at both disease
onset and diagnosis, clinical characteristics, and
medication data. Laboratory parameters including
C-reactive protein, erythrocyte sedimentation
rate, complement levels, and autoantibodies were
also noted. The SLE Disease Activity Index 2000
(SLEDAI-2K) was calculated to measure disease
activity at last visit.10 The disease outcome was
assessed by utilizing PedSDI at last visit.7 The
study protocol was approved by the Çukurova
University School of Medicine Ethics Committee
(approval number: 82/32). A written informed
consent was obtained from legal guardians of each
patient. The study was conducted in accordance
with the principles of the Declaration of Helsinki.
Height (cm) and weight (kg) were preferentially
measured in the morning at each visit by the
same operator with the same type of stadiometer
(Harpenden Stadiometer, Holtain Limited,
Crosswell, UK) throughout the study. Parents’
heights were also measured by the same operator
and with the same type of stadiometer. Body
mass index (BMI) was calculated as weight (kg)
divided by height (meters) squared. After the
growth parameters including weight (kg), height
(cm), and BMI were collected, z-scores were
calculated by anthropometric references in Turkish
children.11 Parent-adjusted height z-scores were
also calculated as the difference between height
z-score for chronological age and target height.
Statistical analysis
All statistical analysis was undertaken using
the IBM SPSS version 20.0 software (IBM Corp.,
Armonk, NY, USA). Continuous variables were
summarized as mean, standard deviation and as
median, minimum-maximum where appropriate
and categorical variables were given as percentages.
The normality of distribution for growth indices
was confirmed with the Kolmogorov-Smirnov
test, stem-and-leaf diagram, and the histogram.
The Student's t-test was used for comparison
of continuous variables between two groups.
Moreover, a paired sample t-test was utilized for
comparing two dependent variables in the same
study group. Height velocity standard deviation
score was also evaluated by subtracting final
height parameters from initial height parameters.

Additionally, a chi-square test was performed on
data to designate whether the corticosteroid dose
administered had any association on the last visit
BMI. The statistical level of significance for all
tests was determined to be 0.05.

RESULTS
The median diagnostic delay was two months
(range, 0-36 months). The general demographic
features and clinical manifestations of jSLE
patients were provided in Table 1. Of the 45 jSLE
patients, 23 (51.1%) had proliferative nephritis.
All patients were given methylprednisolone and
hydroxychloroquine. Moreover, 19 (42.2%) of them
had pulse methylprednisolone (30 mg/kg/day) at
the time of diagnosis. All patients were still on
corticosteroid treatment at last visit. Furthermore,
28 (62.2%) received cyclophosphamide and 17
(37.8%) received rituximab treatment. The mean
SLEDAI-2K score at diagnosis was 22.5±8.1 and
last median SLEDAI-2K score was 0 (range, 0-5).
The number of patients with damage in at
least one organ was 18 (40%) and the median
pedSDI score was 0 (range, 0-5). PedSDI scores
were analyzed individually for all patients which
revealed that growth failure was most commonly
related to the damage (n=11, 24.4%). Moreover,
cataract was detected in four patients (8.9%),
nephrotic range proteinuria in three patients
(6.67%) and one patient (2.2%) had scarring
skin lesions on the face. One patient suffered
from pericardiectomy, shrinking lung, pubertal
delay, growth failure, and end-stage renal disease
without dialysis requirement.
All patients’ weight, height, BMI z-scores, and
parent-adjusted height z-scores were analyzed at
diagnosis and at last visit (Table 2). Two patients’
(4.4%) weight and height z-scores were below -2
at diagnosis. Regarding parent-adjusted height
z-scores, there were 17 patients (37.8%) with
scores below -1.5 at last visit.
The patients were grouped according to the
age at disease onset as group 1 (≤11 years) and
group 2 (>11 years). Of the 45 patients, 27 (60%)
were diagnosed after 11 years of age. The last visit
z-scores were compared between the groups, which
showed no statistically significant differences.
The patients were further divided according
to the diagnostic delay as group 1 (>3 months)
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Table 1. Demographic features and disease characteristics of juvenile systemic lupus
erythematosus patients
n

%

40
5

88.9
11.1

Mean±SD

Median

Range

2

0-36

3.21

0.63-9.48

Demographic characteristics
Gender
Female
Male
Age at symptom onset

11.9±3.0

Age at diagnosis

12.3±3.2

Diagnostic delay
Disease duration
Mean last visit SLEDAI-2K

1.2±1.5

Clinical characteristics
Constitutional symptoms

43

95.6

Raynaud phenomenon

11

24.4

Malar rash

38

84.4

Photosensitivity

39

86.7

Oral aphthosis

24

53.3

Vasculitis on the skin

2

4.4

Musculoskeletal involvement

29

64.4

Renal involvement

35

77.8

Neuropsychiatric involvement

10

22.2

Serositis

6

13.6

Hematological involvement

32

71.1

SD: Standard deviation; SLEDAI-2K: Systemic Lupus Erythematosus Disease Activity Index 2000.

and group 2 (≤3 months). The last visit growth
parameters were compared between the groups,
which revealed no significant differences.
The last visit weight, height, BMI z-scores
and parent-adjusted height z-scores of jSLE
patients were compared according to having
proliferative nephritis. There were no statistical
differences in the parameters of the groups.
Furthermore, patients were grouped in terms of
prescribed treatments. There were no statistically

significant differences in last visit z-scores of
patients who received cyclophosphamide and
rituximab. Comparison of last visit growth
parameters according to the presence or absence
of cyclophosphamide, rituximab treatment, and
proliferative nephritis were given in Table 3.
The median duration of corticosteroid treatment
was 3.2 years (range; 0.6-9.4 years). The median
cumulative corticosteroid dose was 13.9 g (range,
1.9-58 g) of methylprednisolone. We compared

Table 2. Comparison of initial and last visit growth parameters of juvenile systemic
lupus erythematosus patients (n=45)
Initial visit

Last visit

Growth parameters

Mean±SD

Mean±SD

p

Weight z-score

-0.27±1.18

-0.28±1.32

0.98

Height z-score

0.04±1.48

-0.72±1.30

0.001

Body mass index z-score

-0.30±1.21

0.27±1.27

0.01

Parent-adjusted height z-score

-0.31±1.51

-1.03±1.32

0.001

SD: Standard deviation; Paired t-test was utilized for data comparison. Significant p values (<0.05) are presented
in bold.
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Table 3. Comparison of last visit growth parameters of juvenile systemic lupus erythematosus patients according to
presence or absence of cyclophosphamide, rituximab treatment, and proliferative nephritis
Proliferative nephritis
Absence
Growth parameters

n

%

23

51.1

Presence
Mean±SD

n

%

22

48.9

Mean±SD

p

Weight z-score

-0.5±1.4

-0.1±1.2

0.32

Height z-score

-0.7±1.5

-0.8±1.1

0.88

0.0±1.5

0.5±1.0

0.15

-1.0±1.4

-1.1±1.3

0.88

Body mass index z-score
Parent-adjusted height z-score

Cyclophosphamide
Growth parameters

17

37.8

28

62.2

Weight z-score

-0.3±1.4

-0.2±1.3

0.83

Height z-score

-0.5±1.5

-0.8±1.2

0.48

Body mass index z-score

0.0±1.6

0.4±1.0

0.34

Parent-adjusted height z-score

-0.8±1.4

-1.2±1.2

0.36

Rituximab
Growth parameters

28

62.2

17

37.8

Weight z-score

-0.3±1.2

-0.3±1.5

0.93

Height z-score

-0.6±1.3

-1.0±1.3

0.32

Body mass index z-score
Parent-adjusted height z-score

0.1±1.4

0.5±1.1

0.39

-1.0±1.3

-1.1±1.4

0.88

SD: Standard deviation; Student’s t-test was used for data comparison.

the last visit growth parameters according to
cumulative corticosteroid dose: group 1 <10 g and
group 2 ≥10 g of methylprednisolone. Although
mean weight and BMI z-scores were similar, the
last visit mean height z-score was significantly
lower in group 2 (p=0.003). However, last visit
parent-adjusted height z-score was not significantly
different between the groups. The comparison
of last visit growth parameters according to
cumulative corticosteroid dose was given in
Table 4. The mean BMI score at last visit was

21.5±4.0, while the frequency of overweight (BMI
score ≥25) patients was 6.7% (n=3).
Moreover, patients were grouped according to
the last visit SLEDAI-2K scores as group 1 (0) and
group 2 (≥1). There were no statistically significant
differences in last visit growth parameters between
the two groups.
Additionally, patients were also grouped
according to the last visit pedSDI scores as
group 1 (0, n=27) and group 2 (≥1, n=18).

Table 4. Comparison of last visit growth parameters of juvenile systemic lupus
erythematosus patients according to cumulative corticosteroid (methylprednisolone) dose
<10 gr

≥10 gr

Growth parameters

Mean±SD

Mean±SD

p

Weight z-score

0.06±1.33

-0.42±1.27

0.29
0.003

Height z-score

0.53±0.83

-1.00±1.33

Body mass index z-score

0.12±1.70

0.32±1.11

0.63

Parent-adjusted height z-score

-0.61±1.10

-1.18±1.37

0.20

SD: Standard deviation; Student’s t-test was used for data comparison. Significant p values (<0.05) are presented
in bold.
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Table 5. Comparison of last visit growth parameters of juvenile systemic lupus erythematosus patients according to
last visit disease activity and damage index
pedSDI
0
Growth parameters

n

%

27

60

≥1
Mean±SD

n

%

18

40

Mean±SD

p

Weight z-score

-0.05±1.064

-0.61±1.62

0.16

Height z-score

-0.111±0.88

-1.63±1.30

0.001

Body mass index z-score

0.12±1.26

0.49±1.30

0.34

Parent-adjusted height z-score

-0.51±1.13

-1.81±1.20

0.001

SLEDAI-2K
Growth parameters

25

55.6

20

44.4

Weight z-score

-0.11±1.30

-0.49±1.35

0.34

Height z-score

-0.52±1.39

-0.96±1.16

0.28

Body mass index z-score
Parent-adjusted height z-score

0.32±1.34
-0.85±1.50

0.21±1.21

0.76

-1.2±1.03

0.31

pedSDI: Pediatric version of Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index; SD: Standard deviation;
SLEDAI-2K: Systemic Lupus Erythematosus Disease Activity Index 2000; Student’s t-test was used for data comparison. Significant p values (<0.05) are
presented in bold.

There was no statistical significance between the
groups in terms of last visit growth parameters.
Comparison of last visit growth parameters
according to the last visit SLEDAI-2K scores and
pedSDI was given in Table 5.

DISCUSSION
In the present study, initial and last visit growth
parameters of jSLE patients were compared. Mean
height z-score and mean parent-adjusted height
z-score of jSLE patients were significantly lower
at last visit. Growth parameters of jSLE patients
were also compared according to the presence
or absence of cyclophosphamide, rituximab
treatment, an upwards of 10 g cumulative
corticosteroid dose, and proliferative nephritis.
Initial and last visit growth parameters did not
differ in terms of having proliferative nephritis
and immunosuppressive treatment, including
cyclophosphamide and rituximab. Although the
last visit mean height z-score of jSLE patients
having ≥10 g cumulative corticosteroid was
significantly lower than those having <10 g, the
difference was not significant between mean
parent-adjusted height z-scores of patients
according to the cumulative corticosteroid dose.
In this study, the presence of damage was related
to a lower last visit mean height z-score. The

patients with damage in at least one organ were
potentially shorter. However, since the growth
failure is an item of pedSDI damage index, it
is not surprising that patients with a pedSDI
score ≥1 were found to have lower mean height
z-score. Therefore, we could not conclude on
the relationship of pedSDI scores with growth
parameters.
Knowledge about growth, final height, and
pubertal development in jSLE is limited because
of the scarcity of the disease and relevant cohort
studies. To date, various studies have reported on
the clinical and laboratory manifestations of jSLE
patients worldwide. However, only a few studies
have provided the frequency of growth failure,
which was reported to be between 5.1-32%
worldwide.12-15
The first prospective report evaluating the
growth and puberty in jSLE patients was held
by the Paediatric Rheumatology International
Trials Organisation in 2011.16 They assessed
557 jSLE patients for 26 months of whom 331
(females, n=276, 83.4%) had complete height
data and 274 also had both parents’ heights
accessible. Growth failure was observed in 16.9%
of females and 22.4% of males at the beginning
of the study. During the follow-up, a statistically
significant reduction was observed in actual
and parent-adjusted height z-scores of patients.
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Female patients were grouped according to age at
disease onset. Prepubertal females with the age
onset below eight years were observed to have
significantly lower parent-adjusted height z-scores.
At the end of the study, growth failure and height
reduction were more frequently observed in
females with disease onset age below 12 years
than females aged at least 12 years. Although
the same pattern was observed in males with
onset age below 14 years, this difference was not
statistically significant. Thus, it was presumed that
age at disease onset might be an independent
risk factor for height deflection and growth
failure in females with jSLE. Ultimately, the
proportion of growth failure was reported in
14.7% of the females and 24.5% of the males.
The determinants of growth failure were found to
be growth failure at first assessment, cumulative
corticosteroid dose, and age at first visit. In the
study, median BMI z-score reached the peak
number at six months and was still significantly
above baseline after 26 months, which was
explained by higher doses of corticosteroid used
at baseline to control the disease activity.16 Besides
growth parameters, the pubertal development of
jSLE patients was also assessed in the study.
While delayed pubertal onset was observed in
15.3% of the females and 24% of the males,
some degree of delayed pubertal development
was observed in 36.1% of the females and 44%
of the males. It was concluded that prepubertal
and peripubertal children treated with at least
400 mg/kg cumulative dose of corticosteroid
are those at risk of having a negative effect on
height and pubertal development.16 Similar to
the previous study, in the present study, mean
height z-score and parent-adjusted height z-score
were significantly lower at last visit. However,
the difference in growth parameters between
sexes was not investigated due to the small
number of male patients in the present study.
Moreover, jSLE patients were not evaluated
for the pubertal characteristics; therefore, the
pubertal maturation of the patients in the present
study is unknown. As physicians, while we focus
on treating such difficult diseases, we may forget
about patients’ psychological and developmental
status. However, these are the cornerstones of
well-being, particularly in adolescent children.

observed growth failure in eight (32%) patients.
The factors that related to the growth failure in
that study were having growth failure at the time
of diagnosis and a higher cumulative corticosteroid
dose. Although disease duration tended to be
longer among the growth failure group, the
difference was not statistically significant. They
have not found any significant difference between
the disease severity at the time of diagnosis
and growth failure. However, they have not
given any information about the pedSDI scores
of patients. In the present study, the growth
parameters of patients who received corticosteroid
(methylprednisolone) dose of at least 10 g had
lower mean height z-score, though parent-adjusted
height z-score did not significantly differ regarding
commenced cumulative corticosteroid dose.

Furthermore, Abdalla et al.15 have reported a
study which included 25 jSLE patients and have

Moreover, in the present study, while 24.4%
of the patients had short stature according to the

In addition, Heshin-Bekenstein et al.17 have
recently revealed the final heights of 72 jSLE
patients who entered into adulthood. In that
study, patients’ heights were 2.4 cm shorter than
their target heights. Besides, female patients, who
were diagnosed between 11-13 years, had the
highest risk for diminished final height. They have
also concluded that utilizing cyclophosphamide
may be a significant risk factor for diminished
final height. In contrast to these findings, in the
present study, no impact has been detected of
cyclophosphamide usage and the age at disease
onset on growth parameters.
In 2013, Manaboriboon et al.18 investigated
the weight change over time in jSLE patients
and the relationships with corticosteroid. In
the study, at the beginning of corticosteroid
treatment, 90% of jSLE patients had normal BMI.
However, at the end of the therapy, nearly 20%
of the patients had BMI ≥25, of which 10% were
obese. In that study, the highest risk factors for
developing obesity were high BMI at diagnosis
and cumulative corticosteroid dose. However,
they did not find any effect of the duration of
corticosteroid therapy on obesity. Consequently,
they have proposed that physicians should be
focused on obesity-preventive strategies besides
dietary advice, particularly for those with high
BMI at the initiation of treatment. In the present
study, the frequency of overweight patients was
lower than in the previous study.
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reference anthropometric values, calculation of
parent-adjusted height z-scores identified short
stature in 37.8% of the patients. This difference
has led us to think that in clinical practice,
adjusting height with the heights of the parents
would prevent the underestimation of short stature
in children with chronic diseases. However, while
mean height z-score was significantly lower in
patients treated with a cumulative corticosteroid
dose of at least 10 g before the parental
adjustment, final parent-adjusted height z-scores
did not differ between patients regarding the
cumulative corticosteroid dose.
Despite the limitations of this study including
the small sample size and the retrospective
design, findings of the present study may be
considered valuable due to the rarity of SLE
among children and the limited data reported
on growth parameters of jSLE patients in the
literature. Moreover, calculation of the parentaladjusted height z-scores has also made this
study stronger. Nevertheless, further studies
evaluating sexual maturation and socioeconomic
status of jSLE patients in addition to growth
parameters would add more valuable data to the
literature.
In conclusion, in the present study, mean
height z-score and parent-adjusted height z-score
of jSLE patients were significantly lower at last
visit. At least 10 g of cumulative corticosteroid
dose was significantly related to the lower last
visit mean height z-score. Age at disease onset,
diagnostic delay, cyclophosphamide and rituximab
treatment, and disease activity did not affect the
last visit growth parameters. Because of the
small number of jSLE patients included in this
study, there is still an unmet need for multicenter
and long-term prospective studies evaluating the
growth parameters of children with SLE.
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