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Growth retardation, probably of multifactorial origin, is
frequently seen in children with juvenile chronic arthritis
(JCA), especially in patients with systemic disease or
polyarticular disease activity. Both chronic inflammation
and antiinflammatory treatment with glucocorticosteroids
may reduce linear growth1. Decreased appetite and limited
physical activity may also contribute to the growth failure2.
A few studies have reported possible beneficial effects of
human growth hormone (GH) treatment counteracting the
adverse effects of glucocorticosteroids on growth in chil-
dren with JCA3-7. When comparing low and high doses of
GH therapy better growth was associated with the higher
dose during one year of treatment3, and supraphysiological

doses of GH were considered beneficial when treating chil-
dren receiving glucocorticosteroids for JCA7. 

Normal spontaneous GH secretion and normal stimulated
GH response have been reported in children with severe
growth retardation with JCA receiving glucocorticosteroid
treatment8,9. GH insensitivity, indicated by low levels of
insulin growth factor (IGF)-1 and IGF binding proteins
(BP)-3, has been considered one of the possible underlying
mechanisms responsible for poor spontaneous growth in
children with chronic arthritis and glucocorticosteroid treat-
ment7-9. Arthritis activity has been reported to adversely
interfere with the possible growth promoting effects of GH
treatment10. In a recent controlled study of GH treatment in
children with JCA, increased growth velocity was seen not
only in the treatment group but also in the control group7,
underlining the importance of having a control group in
such studies. We evaluated the effect of GH treatment in a
placebo-controlled cross-over study of children with JCA
and severe growth retardation. 

MATERIALS AND METHODS
Patients. We included 25 prepubertal patients, 7 boys and 18 girls, with
JCA. The mean age of the children was 9.0 years (range 5.5-13.9 yrs). The
diagnosis was polyarthritis in 12 patients, (seropositive in 10), oligoarthritis
in 10, and Still’s disease in 3 patients. Chronic iridocyclitis was diagnosed
in 13 patients. Continuous oral prednisolone treatment was used by 14
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ABSTRACT. Objective. To assess the efficacy of growth hormone (GH) treatment in severe growth retardation in
prepubertal children with juvenile chronic arthritis (JCA).
Methods. In a randomized, double-blind placebo-controlled study, we treated 25 prepubertal chil-
dren (7 boys, 18 girls, mean age 9.0 yrs) with severe growth retardation due to JCA with human
recombinant GH (6 months) and placebo (6 months). 
Results. A significant response to GH treatment, compared with placebo, was seen in most children.
The median height velocity standard deviation score was +2.09 (range –7.18 to +9.49) during the 6
month period of GH therapy and –1.11 (range –10.00 to +1.11) during placebo treatment (p =
0.0002). The median height standard deviation score increased from –2.08 to –1.79 during GH treat-
ment and from –2.18 to –2.02 during placebo (p = 0.0268). All children except one completed the
study, showing high compliance. The treatment was well tolerated, and no significant alterations in
the disease activity were recorded during the study.
Conclusion. We conclude that human recombinant GH may be of benefit in the treatment of severe
growth retardation in children with JCA. The response was seen after only 6 months and was inde-
pendent of initial growth hormone status of the child. (J Rheumatol 2004;31:1413–7)
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(56%) patients. Multi-drug therapy with 4 or more antirheumatics was
given to 15 (60%) patients. Anti-tumor necrosis factor (TNF)-α agents
were not administered to any of the patients in this study because at the
time of patient enrolment these drugs were only in research use in Finland. 

All children were treated and followed at the Rheumatism Foundation
Hospital, Heinola, Finland. This is a special referral center, serving all of
Finland, for patients with the most severe arthritis.

The following inclusion criteria were used: (1) active JCA according to
EULAR criteria11, requiring treatment in Rheumatism Foundation
Hospital; (2) written informed consent from the guardian(s) and when
appropriate, from the patient; (3) age > 3 years without signs of puberty
(Tanner stage M1, G1, P1) at the time of enrolment; (4) well-documented
growth data over the foregoing year (at least 3 measurements 3 months
apart during the preceding year); (5) height less than the mean height for
age according to Finnish references12; and (6) slow growth, growth velocity
< –1.5 SD for age according to British references13 for girls older than 10
years of age and in boys older than 12 years of age, growth < 4.0 cm/yr
during the preceding year. 

Diabetes, clinically significant pulmonary, cardiac, hepatic, renal, or
neuromuscular disease as well as malignancies were defined as exclusion
criteria. Patients with very labile arthritis requiring glucocorticosteroid
treatment several times daily during the preceding 6 months, or those
presenting symptoms of recent activation of arthritis and therefore likely to
require treatment during the study were also excluded. Additionally,
previous use of GH within 2 years and the use of any investigational drugs
within the last month preceding the study led to exclusion of the patient.

Study protocol. The study was performed as a double-blind placebo-
controlled in a crossover setting. At enrolment, eligible patients were
blindly randomized to receive human GH (Humatrope®, Lilly) or placebo
for the first 6 months and vice versa for the next 6 months. The dose was
0.1 IU/kg per day rounded to nearest 0.5 IU and adjusted at each visit. Thus
every patient served as his or her own control, and similar daily injections
were administered during both study periods. The control visits were
scheduled for every month. 

When starting the study, all children stayed 4-5 days at the hospital. An
overnight profile of spontaneous GH secretion (measurements in 30 min
intervals after onset of sleep for at least 2 hours) and L-Dopa stimulation
tests were performed. At enrolment visit and at 6 and 12 month visits IGF-
1 and IGFBP-3 were measured. Other laboratory samples consisted of the
blood cell count, erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP), albumin, electrolytes, liver enzymes, creatinine, cholesterol, free
serum thyroxine, thyroid stimulating hormone (TSH), fasting serum
insulin, hemoglobin (Hb) A1c (colorimetric and immunoturbidimetric
method, whole blood application, Cobas Integra, F. Hoffman-La Roche,
Switzerland), and oral glucose tolerance test. At enrolment and at 6 and 12
month visits, plain radiographs of the wrist were taken for the determina-
tion of bone age. 

Arthritis (form and activity) was assessed by a rheumatologist (JH or
SH) and all medication was recorded. At each control visit the number of
joints with active arthritis and the number of joints with limited range of
motion were recorded. Participation in this study in no way affected
therapy decisions. The global assessment of overall wellbeing was asked
from the guardian(s) and, when appropriate, from the patient at each control
visit. 

Auxological measurements were performed at inclusion and at each
control visit by the same endocrinologist (MTS) using a stadiometer.
Height and height velocity standard deviation scores (HSDS and HVSDS,
respectively) were calculated as follows: 

HSDS = X′–X/sd 
where X′ is the patient´s measured height and X and sd are age-matched
Finnish population mean height and standard deviation12. The height
velocity was calculated for each treatment period as cm per year, and
HVSDS was calculated similarly to HSDS, but using height velocity
instead of height, and British references13 for height velocity since Finnish
references are not available.

Compliance was assessed by asking the patient and parents how many
injections had been missed since last control visit. Cartridges were returned
at each control visit and the amount of medication used was measured by
the study nurse. The results of the measurements were compared to the
prescribed dose. 

The study was approved by the ethics committee of Tampere University
Hospital.

Statistical analysis. SPSS for Windows version 10 (Chicago, IL, USA) was
used for statistical data analysis of this 2-period crossover design with
active and placebo treatments. Analysis of variance (ANOVA) with 2-
dimensional repeated measures was used to test the differences in the
outcome measures during active and placebo treatment periods. In case of
skewed distributions, Friedman’s nonparametric ANOVA was used. All p
values given are 2-sided and the limit of statistical significance was set at p
< 0.05. 

RESULTS
Of the 25 patients enrolled in the study, one girl was with-
drawn during the first 3-month treatment period because of
eczema. All other patients completed the study with high
compliance. 

The majority of children grew faster during GH treat-
ment compared with placebo. In 18 patients (75%) the
growth velocity was ≥ 50% more during GH than during
placebo treatment and in 19 patients (79%) the growth
velocity increased  ≥ 2 cm/yr during GH treatment. From
these 19 patients, 9 were initially under –2 SD and 10 over
–2 SD in height (Finnish references). Poor response for GH
treatment (< 2 cm/yr increase in growth velocity) was
recorded in 5 children, who were all under –2 SD in height
initially. 

The HVSDS during GH and placebo treatment are shown
in Figure 1. The median HVSDS was +2.09 (range –7.18 to
+9.49) during GH treatment and –1.11 (range –10.00 to
+1.11) during placebo treatment, respectively. The height
velocity was significantly faster (p = 0.0002, Friedman’s
test) during GH treatment compared with placebo. The
HSDS at the beginning of the study and after 3 and 6 months
of treatment with GH and placebo are shown in Figure 2.
During GH treatment the median HSDS increased from
–2.08 (range –3.53 to –0.61) to –1.79 (range –3.29 to –0.02).
During placebo treatment the median HSDS increased from
–2.18 (range –3.36 to –0.02) to –2.02 (range –3.32 to –0.68).
The difference of changes during active and placebo treat-
ment periods is statistically significant (p = 0.0268, ANOVA
with repeated measures). 

In laboratory tests for spontaneous and stimulated GH
secretion subnormal results (maximum measured GH < 10.0
µg/l in both the overnight profile and in L-Dopa stimulation
test) were seen in 12 (50%) patients. A response to GH treat-
ment greater than 2 cm/yr increase in growth velocity was
seen in 9 children with initially insufficient GH secretion
and in 10 children with normal results in both GH tests. Poor
response to GH treatment (< 2 cm/yr increase in growth
velocity) was recorded in 3 children with insufficient and in
2 children with normal GH secretion. 

The Journal of Rheumatology 2004; 31:71414
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Figure 1. The height velocity standard deviation scores (HVSDS) of children with JCA
during treatment with growth hormone and placebo.

Figure 2. The height standard deviation scores (HSDS) of children with JCA during treatment with
growth hormone and placebo.
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The median IGF-1 was 28.7 nmol/l (range 14.4-54.7) at
the beginning, and 32.7 nmol/l (range 19.4-65.9) at the end
of GH treatment. During the placebo period the respective
values were 33.5 nmol/l (range 14.8-41.0) and 40.5 nmol/l
(range 20.8-82.8). The median IGFBP-3 changed from 4.3
mg/l (range 2.5-5.8) to 4.6 mg/l (range 3.0-6.5) during GH
and from 4.3 mg/l (range 2.5-6.3) to 4.7 mg/l (range 3.1-7.6)
during placebo treatment. These differences were not statis-
tically significant. 

No significant changes in weight were seen during the
study. The bone age determinations showed no unexpected
acceleration in bone maturation during GH treatment
compared with placebo. According to a questionnaire
addressed to both the parents and the doctors, no differences
were found in the overall well being of the children during
either treatment period. Correspondingly, the inflammatory
activity of arthritis, as judged by the number of joints with
pain and/or limited range of motion, was not influenced by
treatment with either GH or placebo. 

No significant side effects were reported during the
study. Mild respiratory infections were diagnosed in 16 chil-
dren (8 during placebo and 8 during GH treatment). At
enrolment, impaired glucose tolerance was diagnosed in 3
patients. No signs of diabetes were seen during the study
and oral glucose tolerance test was repeated in these 3
patients after the study showing normal results.

DISCUSSION
Active JCA per se is frequently complicated by growth
retardation and short stature, especially in children with
systemic or polyarticular disease. Glucocorticosteroid treat-
ment may further aggravate the growth retardation induced
by chronic inflammation1. Both normal and impaired spon-
taneous GH secretion have been reported in children
receiving glucocorticosteroid treatment for JCA8,9,14. In this
study, serologically confirmed GH deficiency was seen in
about half of the patients. This is considerably more than the
20% reported in a recent study by Bechtold, et al7. The
difference may be explained by the fact that we used L-
Dopa which is a milder GH stimulator than insulin-induced
hypoglycemia. 

In our placebo-controlled crossover study, the growth
velocity increased markedly during GH treatment and the
difference was significant when compared with placebo
treatment. This result is in accordance with some earlier
reports of open uncontrolled studies10,14,15. In a recent study
including 2 treatment groups with different doses of GH and
an additional control group without treatment7, increased
growth velocity was seen in all groups. This may indicate
the possibility of a positive response in growth to purely
attending a study, which naturally means increased attention
given to the patient. To our knowledge, our study is the first
reported double blind placebo-controlled trial of GH treat-
ment in children with JCA. Our results showed better

growth during GH period compared to placebo, although the
followup was only 6 months per treatment period. However,
the favorable response was not seen in all patients, similar to
uncontrolled studies3,7,14,15. In addition, the response of
growth velocity was not dependent on the initial status of
spontaneous or stimulated GH secretion. Thus, according to
our results, GH treatment could be considered without
preliminary stimulation tests when severe growth retarda-
tion is documented in any child with JCA. The possible
favorable response may be expected during the first 6
months of treatment provided the compliance for daily
injections is sufficient, as in our study. Since the changes in
IGF-1 and IGFBP-3 we observed were only marginal using
standard doses of GH, we feel that no conclusions
concerning the possibility of GH insensitivity in our patients
can be drawn although this might offer an explanation for
the poor response in some patients. 

In accord with earlier reports7,14, we found no changes in
disease activity during the treatment with GH. Most parents
spontaneously reported increased liveliness in their children
during the study. Similar results have been reported on the
effects of GH treatment in children with Prader-Willi
syndrome16 and also in children with chronic arthritis7.
These spontaneous reports from our patients were similar
during both GH and placebo treatment periods and in the
statistical analysis of the questionnaires, no differences
between the treatments were seen. This may, again, reflect
the positive effects of increased attention and it definitely
confirms the need for a control group in growth studies.
Increased liveliness and height gain are probably mostly
expected by the parents of children treated with GH. Based
on height measurements and height velocity calculations, a
predicted response to the treatment, set before starting, helps
when it is time to decide whether to continue this expensive
therapy. 

A limitation of our study is the relatively short duration
of the treatment. However, the favorable response to GH
therapy was seen within 6 months in those who were
responsive to treatment. On the other hand, we feel it uneth-
ical to continue daily placebo injections for more than 6
months in children with chronic illness. Another limitation
of our study is the heterogeneity of the patients.
Nevertheless, the comparison between treatment periods
with GH and placebo becomes more reliable when, in a
crossover setting, each child served as his or her own
control. If we had included a larger number of patients in the
study, separate analyses of growth in children receiving first
GH and then placebo or vice versa might have shown differ-
ences. We did not focus on the influence of the order of each
treatment. If that had been our intention, a washout period
between the 2 treatments would have been necessary.

We conclude that severe growth retardation in many chil-
dren with chronic arthritis can be effectively influenced with
GH treatment. The response to the treatment was seen

The Journal of Rheumatology 2004; 31:71416
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within 6 months and was independent of the initial GH
secretion status of the child. Therefore, a 6-month treatment
period with growth hormone may be considered when
severe growth retardation is documented in a child with
JCA. 
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