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Children and adolescents treated for chronic diseases have
nonspecific metabolic abnormalities that lead to decreased
growth velocity and abnormal body composition, including
severe osteoporosis. Glucocorticoid therapy plays a major
role in the complex pathogenesis of these metabolic abnor-
malities. We recently found that 40% of patients with a
history of systemic juvenile idiopathic arthritis (JIA) treated
with glucocorticoids for at least 2 years during childhood
had a final height standard deviation score (HSDS) under –2

standard deviations (SD) and more than 80% had a final
height below their target height1. Other abnormalities in
children with JIA included decreased bone mineral density
(BMD)2, decreased lean mass, and increased fat mass3.

Recombinant human growth hormone (GH) therapy was
introduced a few years ago to reduce the severe disease- and
glucocorticoid-related metabolic consequences of JIA4-6,
other chronic diseases7, and renal transplantation8. Short
term GH treatment has consistently proved effective in
overcoming glucocorticoid-induced growth suppression. In
a study of growth-retarded children with JIA requiring
glucocorticoid therapy3, one year of high-dose GH treatment
increased growth velocity without inducing catch-up growth
and modified body composition without improving BMD2.

We investigated the effects of 3-year GH therapy.

MATERIALS AND METHODS
Study design and patients. In a previous study3, 14 patients with systemic
or polyarticular JIA received GH (Genotonorm, Pharmacia, Paris, France)
for 1 year in a mean dosage of 0.46 mg/kg/week as a daily subcutaneous
injection. Then GH treatment was stopped and these patients were moni-
tored for an additional year, no longer taking GH treatment.

Our present study was conducted prospectively over the next 3 years in
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assessed by dual-energy x-ray absorptiometry and glucose tolerance by annual oral glucose tolerance
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Results. Median growth velocity increased from 2.1 to 6.0 cm/year (p = 0.002) in the first year and
remained higher than baseline in the second year of treatment. Height SDS did not change signifi-
cantly (–4.6 SDS at baseline vs –4.3 SDS at study completion), but the growth response varied
markedly across patients. Compared with baseline, lean mass increased by 33%, fat mass remained
stable, and lumbar bone mineral density increased by 36.6%. Transient glucose intolerance devel-
oped in 6 patients, but glycosylated hemoglobin concentrations did not change significantly and
diabetes mellitus did not occur.
Conclusion. Treatment with GH restored linear growth without inducing catch-up growth, signifi-
cantly improved body composition, and prevented further bone loss. Prolonged followup is needed
to assess the benefits of GH and longterm consequences of hyperinsulinism. (J Rheumatol
2003;30:2492–9)
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13 (9 boys, 4 girls) of the 14 previously enrolled patients starting at a
median age of 12.5 years (8.5–16.3). Proteinuria and hypertension devel-
oped in the remaining patient, who was removed from the study.
Recombinant GH was given at the same dosage of 0.46 mg/kg/week
throughout the 3-year study period.

Median glucocorticoid therapy duration at baseline was 8.2 years
(4.5–15.6) and median prednisone dosage was 0.39 mg/kg/day (0.08–0.91),
with daily dosing in 12 patients and alternate-day dosing in one (Patient
11). Other drugs given during the study: nonsteroidal antiinflammatory
agents (n = 13), cyclosporine (n = 4), methotrexate (n = 2). Median erythro-
cyte sedimentation rate (ESR) was 52 (10–112).

Study variables. A single investigator evaluated each patient at baseline and
at 6-month intervals thereafter. At each visit, standing height was deter-
mined as the mean of 3 measurements made using a Harpenden
stadiometer. Height, body weight (W), and growth velocity were compared
with reference values for the French population9. Weight-for-height was
assessed as the body mass index [BMI, W (kg)/height2 (m)]. Puberty was
graded according to Tanner. Bone age was assessed yearly on radiographs
of the left hand according to Greulich and Pyle10.

The standard deviation score (SDS) is a technique that allows more
precise quantification of any normally distributed variable for which stan-
dards exist. It allows comparison of variables for children of different age
and sex. SDS scores are calculated as follows: SDS: (x – X )/SD, where x
is the measured value, X is the mean, and SD the standard deviation, for a
given population of that age and sex. In a normally distributed population,
the SDS of –2 to +2 includes 95.4% of the population. Height (H) and BMI
were expressed as SDS for chronological age (HSDS/CA, BMISDS/CA)9,11

and growth velocity as the SDS for chronological age (GVSDS/CA) and
the SDS for bone age (GVSDS/BA).

Insulin-like growth factor I (IGF-I) and glycosylated hemoglobin
(HbA1c) were assayed at baseline and yearly thereafter. At the same time
points, oral glucose tolerance tests were done, and body composition was
measured using dual-energy x-ray absorptiometry (DEXA).

Assessment methods. Serum IGF-I concentrations were measured by
radioimmunoassay (RIA, Cis Bio kit). Oral glucose tolerance tests,
after an overnight fast, involved a glucose load of 2 g/kg with plasma
glucose and serum insulin assays at 0, 30, 60, and 120 min. Insulin
levels were measured by radioimmunoassay (Bi-Insulin IRMA,
BioRad, Pasteur). High-performance liquid chromatography was used to
assay HbA1c.

Body composition was determined by DEXA (Hologic QDR
1000W/892 mef 1990, Hologic, Waltham, MA, USA). Lean mass, fat mass,
and total bone mineral content were evaluated. Lean mass and fat mass
were expressed as kg and as a percentage of body weight (%W). Bone
mineral content was expressed as grams. Reference values for same-age
individuals were obtained12 but, given the severe growth retardation in our
patients, weight was selected as the reference variable. We used simple
linear correlations established using the same DEXA method in a control
population13 and linking lean mass, fat mass, bone mineral content, and
weight to gender-dependent constants. These correlations, as well as those
used to calculate the corresponding SD, are reported below. For each
patient, predicted values for lean mass, fat mass, and bone mineral content
were calculated based on gender and expected weight-for-height. Because
the patients had severe growth retardation, the predicted values for lean
mass, fat mass, and bone mineral content (BMCt) were calculated based on
expected weight-for-height. SDS were calculated as follows: SDS for lean
mass (LM) = (measured LM – predicted LM)/SDLM (W); SDS for FM =
(measured FM – predicted FM)/SDFM (W), and SD for BMCt = (measured
BMCt – predicted BMCt)/SDBMCt (W).

FM, LM, and BMCt were calculated from the following linear model:
For females

FM = 248.34 × W – 1301.35 (r = 0.96)
LM = 706.28 × W + 1714.00 (r = 0.99)
BMCt = 45.37 × W – 412.4 (r = 0.98)

For males
FM = 77.72 × W + 2063 (r = 0.92)
LM = 834.64 × W – 707 (r = 0.99)
BMCt = 43.87 × W – 384 (r = 0.99)
where FM, LM, BMCt are expressed as grams and W as kilograms.

SD values for LM, FM, and BMCt were calculated from the following
linear model:
For females 

SD LM (W): 83.7 × W + 307
SD FM (W): 37.9 × W – 131
SD BMCt (W): 5.3 × W – 6

For males
SD LM (W) = 119.6 × W + 162
SD FM (W) = 10.6 × W + 153
SD BMCt (W) = 6 × W – 16

BMD was measured in the supine position at the lumbar spine and
expressed as g/cm2 and as SDS for bone age (SDS/BA), as these patients
had delays in puberty and bone maturation. Reference values were obtained
by analyzing the results for 151 children aged 7 to 15.3 years14.
Ethics committee approval. The Paris-St Louis Ethics Committee approved
the study. Informed consent was obtained in writing from the patients and
parents.

Statistical analysis. All statistical analyses included the entire group. Data
are reported as median values. Differences across median values at various
times during followup were tested using the nonparametric Wilcoxon
signed-rank test and correlations using the nonparametric Spearman test.
We considered p values < 0.05 statistically significant. 

RESULTS
Patient characteristics at baseline. As shown in Table 1, 9
patients were prepubertal and 4 (2 boys and 2 girls) had
started puberty (Tanner stage II or III). All patients had very
short stature with slow linear growth, and most were over-
weight for their height. Median bone age was 10.5 years
(6.8–13.0), indicating markedly delayed bone maturation.

Individual data for lean mass, fat mass, and bone mineral
content expressed as SDS for weight (SDS/W) are reported
in Figure 1. Median fat mass was markedly increased.
Median lean mass (%W) was decreased, but median lean
mass SDS/W was normal (Table 2). Fat mass and lean mass
as %W were not correlated with corticosteroid therapy dura-
tion at baseline.

At baseline, lumbar BMD (g/cm2 and SDS/BA) was
noticeably decreased (Table 3), and median lumbar BMD
(g/cm2) was not correlated with corticosteroid therapy dura-
tion.

Effects of GH treatment. The disease remained active
throughout the study. In the first, second, and third years,
median ESR was 32 (7–126), 25 (5–120), and 32 (4–119),
respectively; and median prednisone dosage was 0.33
(0.04–0.93), 0.28 (0.03–0.64), and 0.20 (0.03–0.68)
mg/kg/day.

Five patients experienced puberty onset during the study,
so that 9 patients were pubertal at study completion. Median
chronological age at puberty onset was 12.8 years
(9.6–15.4) in females and 15.5 years (12.5–16.3) in males,
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and median bone age at puberty onset was 9 years (7–10) in
females and 11.5 years (10.5–12.5) in males.

Changes in growth velocity, height, and bone maturation
are reported in Table 4. Median growth velocity (cm/yr)
increased significantly during the first year of GH treatment
and remained higher than the median baseline growth
velocity during the second year. In these first 2 years,
median growth velocity was negatively correlated to median
prednisone dosage during the same period (r = –0.67, p =
0.01, and r = –0.72, p = 0.005). We found no correlation
between median growth velocity and median ESR values
during the study. Median GVSDS/CA and GVSDS/BA
increased significantly in the first year of GH treatment and
remained significantly higher than baseline in the 2 subse-
quent years. 

Median plasma IGF-1 concentrations increased signifi-
cantly, from 178 ng/ml (27–360) at baseline to 655 ng/ml
(64–926) in the first year of GH treatment (p = 0.001), and
remained significantly above baseline throughout the 3
years [584 ng/ml (53–1050), p = 0.001, and 621 ng/ml
(96–980), p = 0.0005, in the second and third year, respec-
tively]. 

Median height SDS did not change significantly during
GH treatment. However, the growth response to GH varied
widely across patients (Figure 2). Seven patients experi-
enced catch-up growth, with an HSDS gain of +0.6 to +3.1,
2 patients had small HSDS gains (+0.3 and +0.4), and 4
patients continued to lose height (–0.4 to –1.1).

Median bone age gain (bone age increase/CA increase)
was 0.5 in the first year and 1 in the second and third years

The Journal of Rheumatology 2003; 30:112494

Figure 1. Individual values of lean mass, bone mineral content, and fat mass, expressed as the standard deviation
score for weight (SDS/W) in 13 pediatric patients with JIA given growth hormone therapy for 3 years. The hori-
zontal lines in the bars represent the median value of each variable.

Table 1. Individual data at baseline in the 13 patients with JIA.

Patient Sex Age at Pubertal Stage Bone Age Height Weight for BMI, kg/m2 GV cm/yr GV, SDS/CA GV, SDS/BA
Inclusion, yrs (BA), yrs SDS/CA Height, % (SDS/CA)

1 F 13.4 I 6.8 –9.1 127 19.5 (0.5) 2.2 –1.9 –4.3
2 F 8.5 I 6.8 –4.6 96 14.7 (–0.6) 0.4 –6.5 –6.4
3 M 8.5 I 7 –4.6 88.8 13.8 (–1.6) 2.9 –3.8 –3.8
4 M 10.2 I 9.5 –4.4 143.3 22.0 (3.4) 1.4 –6.1 –6.3
5 M 12.5 I 10 –3.4 132.2 21.0 (1.8) 0.0 –3.5 –8.5
6 M 14.8 I 10.5 –5.0 172 27.1 (3.3) 0.3 –2.9 –7.8
7 M 15 I 11 –4.2 126 20.8 (0.5) 1.8 –2.3 –4.1
8 M 10.3 I 11 –3.5 130.4 20.1 (2.2) 2.5 –4.3 –3.1
9 M 15 I 11.5 –4.0 156 25.8 (2.7) 2.0 –2.2 –3.1
10 F 10.2 II 10 –4.7 137.3 20.7 (2.3) 0.0 –4.6 NA
11 M 12.5 II 10.5 –5.0 138.6 21.3 (1.9) 8.4 1.2 5.7
12 M 16.3 III 12.5 –3.5 127 22.5 (1.0) 2.7 –0.4 –2.0
13 F 14.3 III 13 –5.2 89 14.2 (–2.0) 3.4 –0.4 –2.0
Median 12.5 10.5 –4.6 130.4 20.8 (1.8) 2.0 –2.3 –3.9

BA: bone age; SDS: standard deviation score; CA: chronological age; BMI: body mass index; GV: growth velocity.
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of GH treatment. The rate of bone maturation increased in 4
males at Tanner stages II to IV and in one female at Tanner
stage II.  Changes in body composition during GH treatment
are reported in Table 2. Median weight (W, kg) increased
significantly during the 3-year GH treatment, but BMI
(SDS/CA) tended to decrease (no statistical test was done
for this variable). During the first year, median fat mass (fat
mass, kg and SDS/W) decreased significantly (p = 0.02 and
p = 0.01). Median fat mass in kg fell by 14.3% during the
first year of GH treatment and subsequently returned to
pretreatment values, whereas fat mass as a percentage of
weight decreased steadily. Median lean mass (kg) increased

significantly during each year of GH treatment and
increased by 33% over the 3 years. Because lean mass
increased and fat mass remained stable, fat mass (%W) fell
during the first year (29% to 23%, p = 0.01); it remained
significantly below baseline values during the next 2 years
(p = 0.02 and p = 0.04).

During the first year of GH treatment, changes in fat
mass and lean mass expressed as percentage of baseline
values were, respectively, positively (r = 0.57, p = 0.03 for
fat mass) and negatively (r = –0.75, p = 0.03 for lean mass)
correlated to median prednisone dosage. Changes in lean
mass expressed as percentage of baseline values were nega-

Table 2. Effects of 3 year GH treatment on body composition in 13 patients receiving glucocorticoid therapy for
JIA. Values are expressed as medians (range).

Baseline Year 1 Year 2 Year 3

Body weight, kg 28.0 31.4* 33.5† 36.8†

Body mass index, SDS/CA 1.8 (–2.0, 3.4) 0.61 (–1.9, 5.5) 0.78 (–2.5, 3.8) 0.17 (–2.7, 4.6)
Fat mass, kg 7.5 (1.9, 17) 6.8* (1.8, 12.6) 8.0 (2.8, 15) 7.8 (2.7, 13.2)
Fat mass, % W 29 (12, 39) 23* (11, 33) 24* (10, 29) 19* (9, 34)
Fat mass, SDS/W 8.7 (–2.4, 30.5) 4.2* (–2.8, 21) 4.3 (–2.2, 15) 2.8 (–3.1, 23.6)
Lean mass, kg, % W 19.8 (69) 21.1* (73*) 23.7*† (73*) 26*† (75)

(11.6, 35) (13, 44.3) (12.8, 49.8) (13.2, 52.6)
Lean mass, SDS/W 0.45 (–1.4, 1.6) 0.38 (–1, 2) 0.56 (–1.4, 2.1) 0.65 (–1.4, 2.3)

* p < 0.05 vs baseline values; † p < 0.05 vs values in the previous year (nonparametric Wilcoxon signed-rank
test). SDS/W: standard deviation score for weight. SDS/CA: SDS for chronological age. %W: percentage of
weight. SDS/W: SDS for weight.

Table 3. Effect of 3 year GH treatment on bone density in 13 patients receiving glucocorticoid therapy for JIA. Values are expressed as medians (range).

Baseline Year 1 Year 2 Year 3

BMD, g/cm2 0.437 (0.245, 0.712) 0.488* (0.304, 0.734) 0.525* (0.334, 0.725) 0.592*† (0.366, 0.832)
BMD, SDS/BA –3.4 (–6.6, –0.2) –2.5† (–6, –0.2) –2.5 (–5.3, –0.1) –2.3† (–4.8, 0.6)
BMCt, g 599 (197, 1377) 631 (220, 1463) 746*† (208, 1680) 821*† (214, 1766)
BMCt, SDS/W 0.03 (–3.2, 2.4) –1.17* (–2.8, 1.6) –1.25 (–3.6, 1.9) –1.34 (–3.9, 2.8)

* p < 0.05 vs baseline values, † p < 0.05 vs values in the previous year (nonparametric Wilcoxon signed-rank test). BMD: bone mineral density. BMCt: total
bone mineral content. SDS/BA: standard deviation score for bone age. SDS/W: standard deviation score for weight.

Table 4. Effects of 3 years of GH treatment on growth velocity, height, and bone maturation in 13 patients receiving glucocorticoid therapy for JIA. Values
are expressed as medians (range).

Baseline Year 1 Year 2 Year 3

Growth velocity, cm/yr 2.1 (0.0, 8.4) 6.0* (0.6, 14.7) 5.0* (1.6, 12.1) 4.1 (0.0, 9.4)
Growth velocity, SDS/CA –2.3 (–6.5, 1.2) 1.2* (–4.9, 5.4) 0.6* (–3.2, 9.2) 1.7* (–2.4, 20.8)
Growth velocity, SDS/BA –3.9 (–8.3, 5.7) 0.0* (–7.5, 3.2) –0.3* (–3.6, 2.1) –0.4* (–6.4, 1.0)
Height, SDS/CA –4.6 (–9.1, –3.4) –4.5 (–9.0, –2.0) –4.3 (–9.0, –0.9) –4.3 (–8.7, –0.4)
Bone age, yrs

All 10.5 (6.8, 13.0) 11.5 (6.8, 13.5) 12.5 (7.0, 14.5) 12.5 (8.8, 16.0)
Prepubertal, n = 4† 8.2 (6, 11) 9 (6.8, 12) 10.5 (7.8, 12.5) 10.5 (8.8, 12.5)
Pubertal, n = 9 10.5 (6.8, 13) 12 (7, 13.5) 14 (7, 14.5) 14.7 (8.8, 16)

† These patients showed no signs of puberty during the study. * p < 0.05 vs baseline values (nonparametric Wilcoxon signed-rank test). SDS/CA: standard
deviation score for chronological age. SDS/BA: standard deviation score for bone age.
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tively correlated (r = –0.61, p = 0.03) to the median ESR
values during the same period. Height gain (cm) was
strongly correlated with changes in fat mass (r = –0.84, p =
0.0003) and lean mass (r = 0.78, p = 0.001) expressed as
percentage of baseline values, over the 3 years.

Changes in bone mineral density (BMD) at the lumbar
spine and bone mineral content are reported in Table 3.
Median BMD (g/cm2) increased significantly in the first
(p = 0.0002) and third (p = 0.001) years, yielding a gain of
36.6% from baseline during the 3-year period. Median bone
mineral content (g) increased significantly in the second (p
= 0.002) and third (p = 0.001) years. BMC SDS/W was
normal at baseline, decreased significantly in the first year
of GH treatment (p = 0.01), and remained unchanged there-
after. Changes in bone mineral content expressed as g/year
were negatively correlated to the median ESR values during
the first (r = –0.76, p = 0.004) and the second year (r =
–0.56, p = 0.04) of GH treatment. Height gain (cm) was not
correlated with 3-year changes in bone mineral content (g)
expressed as percent baseline, but showed a positive corre-

lation (r = 0.71, p = 0.005) with BMD (g/cm2) changes (%
baseline) during the 3 years.

As shown in Table 5, at baseline, all patients had normal
plasma glucose and elevated serum insulin levels when
fasting. Both variables remained unchanged during the 3-
year treatment period, whereas serum insulin during the oral
glucose tolerance test showed a nonsignificant increase.
Plasma glucose 2 h after the oral glucose load was signifi-
cantly increased at the end of the second year and remained
unchanged in the third year. Oral glucose tolerance test
results indicated glucose intolerance in 2 patients in the first
year, 6 patients in the second year, and 2 patients in the third
year. Glucose intolerance occurred only in pubertal patients.
Median HbA1c concentrations did not change significantly
during the study; diabetes mellitus did not develop.

DISCUSSION
We describe the severe alterations in growth variables
(growth velocity, height standard deviation score, and bone
maturation), body composition (lean mass, fat mass), and
bone mineralization in 13 patients with JIA and severe
growth retardation despite one previous year of GH therapy.
We also report the effects of 3 additional years of GH treat-
ment. Growth velocity (cm/year) increased dramatically
during the first year and IGF-I concentrations increased
significantly. This growth velocity increase was sustained in
the 2 following years. However, growth velocity values
(cm/year) varied widely during the 3 years as a result of
marked interindividual variability in the growth response to
GH treatment and of the onset of puberty in 9 patients. The
number of patients was too small to allow separate analyses
of prepubertal and pubertal patients.

Growth velocity evaluation presented methodological
problems. Because most patients had delayed puberty for
chronological age, expressing growth velocity as SDS for
CA overestimated the change in pubertal patients.
Expressing growth velocity changes as SDS for bone age
was more accurate, although some of these pubertal patients
had delayed bone maturation for pubertal stage. Moreover,
bone age was difficult to evaluate because of the bone defor-
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Figure 2. Individual changes in height standard deviation score in 13 pedi-
atric patients with JIA given growth hormone therapy for 3 years.

Table 5. Effects of GH treatment on glucose and insulin plasma levels in 13 patients receiving glucocorticoid therapy for JIA, assessed by oral glucose toler-
ance test (OGTT). Values are expressed as medians (range).

OGTT Baseline Year 1 Year 2 Year 3

Serum glucose, mmol/l
Time 0 3.9 (3.1, 4.9) 4.1 (3.4, 5.1) 4.6 (3.6, 5.5) 4.4 (3.2, 5.2)
Time 60 days 6.8 (4.8, 12.3) 7.7 (5.0, 12.6) 8.2 (5.1, 16.4) 9.0 (5.7, 11.1)
Time 120 days 5.8 (4.8, 6.7) 6.8 (3.7, 9.2) 7.1*† (4.5, 9.9) 7.0* (4.9, 8.8)

Plasma insulin, mU/I
Time 0 10 (3, 29) 14 (3, 37) 10.6 (3, 180) 11.1 (4, 29)
Time 60 days 85 (16, 201) 71 (15, 589) 95.6 (34, 365) 105 (17, 214)
Time 120 days 55 (15, 157) 107 (4, 721) 112 (13, 442) 91 (9, 322)

HbA1c, % 5.5 (5, 6.6) 5.8 (5.3, 6.0) 5.6 (4.9, 6.1) 5.8 (4.7, 6.4)

* p < 0.05 vs baseline values; † p < 0.05 vs values in the previous year (nonparametric Wilcoxon signed-rank test). HbA1c: glycosylated hemoglobin.
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mities and destructions related to the JIA. However, growth
velocity evaluated as SDS/CA or SDS/BA returned to normal
by the middle of the GH treatment period, despite persistent
disease activity and ongoing corticosteroid therapy.

The growth response to GH varied widely: 9 patients
experienced a gain in height and 4 continued to lose height.
Earlier studies found a weaker growth response to short
term GH therapy in patients with severe disease (high ESR
or C-reactive protein) or high-dose glucocorticoid
therapy3–7. The 4 patients in our study who continued to lose
height had either high ESR values or high glucocorticoid
doses. The negative correlation between growth velocity
and glucocorticoid dose during the first 2 years of GH treat-
ment is evidence that glucocorticoid therapy limits the
growth response to GH. Growth velocity was not correlated
with the glucocorticoid dose during the third year, perhaps
because glucocorticoid doses were lower and because of the
well known waning of the growth response to GH over time.

We previously reported that short term GH treatment
prevented further height loss in patients with JIA3. In the
present study, the beneficial effects of GH treatment were
sustained during the 3-year period. In contrast, we showed
recently that without GH therapy patients with JIA experi-
enced a height loss that was greater than 2 SDS during the
active phase of the disease and was positively correlated
with duration of prednisone therapy1. Moreover, final height
in these patients was correlated with height at the end of
glucocorticoid therapy.

There are no published data on pubertal growth in JIA
patients. In the above-mentioned JIA cohort not treated with
GH1, 30% of patients experienced persistent loss of height
during puberty, despite prednisone discontinuation. Several
factors may explain this finding. As reported in other
chronic diseases15, the duration and amplitude of the
pubertal growth spurt may be reduced in JIA patients.
Moreover, persistent disease activity after prednisone
discontinuation and/or bone lesions related to previous
longterm prednisone therapy may have resulted in further
loss of height after prednisone discontinuation. This
suggests that continuing GH therapy until the end of growth
may increase final height in patients with JIA. We will eval-
uate this in our patients, who are scheduled to receive GH
therapy until they achieve their final height.

Severe alterations in body composition have been
reported in adults with rheumatoid arthritis16. Decreased
lean mass is a hallmark of chronic illness, and increased fat
mass may predict cardiovascular disease, which is a cause of
morbidity in adults with rheumatoid arthritis. In our earlier
study3, one year of GH therapy was associated with a
marked reduction in fat mass and an increase in lean mass.
A rebound in fat mass occurred at GH discontinuation. In
the present study, lean mass increased steadily during the 3-
year treatment period. Surprisingly, baseline SDS values for
lean body mass were normal and remained unchanged

during the study. Conversely, the marked fat mass reduction
observed in the first year of GH treatment was not sustained
in the following years. A similar decline in the lipolytic
effect of GH over time has been reported in kidney trans-
plant recipients17, children with Prader-Willi syndrome18,
and children with intrauterine growth retardation19.
Nevertheless, prolonged GH treatment led to fat mass stabi-
lization despite glucocorticoid therapy and limited physical
activity in our patients with JIA. Whether these changes in
body composition are associated with an improvement in
physical fitness remains to be determined.

Lumbar spine bone mineral content and BMD were low
in cross-sectional studies of JIA patients20,21. In most of
these studies, the degree of bone loss was related to disease
severity. In vitro, cytokines [interleukin 6 (IL-6), IL-1, and
tumor necrosis factor-α] enhance osteoclastic activity22,
suggesting that bone loss in JIA may be caused by cytokine
release. Moreover, glucocorticoids diminish bone forma-
tion23. The bone loss associated with JIA may increase the
risk of osteoporosis and fractures in early adulthood24,25.
Studies in glucocorticoid-treated rats26 and children
receiving longterm glucocorticoid therapy27,28 suggest that
GH may have a role in the treatment of glucocorticoid-
induced bone loss.

The BMD and bone mineral content increases in our
patients during GH treatment are encouraging. At baseline,
BMD SDS/BA was low, whereas BMCt SDS/W was
normal. Significant increases in BMD SDS/BA and BMD
(g/cm2) were seen during the first and third year of GH treat-
ment, whereas bone mineral content SDS/W remained
normal. In contrast, short term longitudinal studies in chil-
dren and adults with active JIA showed accelerated bone
loss, with a 2% to 10% decrease in lumbar spine BMD each
year29,30. Our data indicate that GH treatment may be effec-
tive in restoring normal peak bone mass during puberty.
Nevertheless, the negative correlation between changes in
bone mineral content and median ESR during the 2 first
years of GH treatment indicates that chronic inflammation
limits the effects of GH on bone mineralization. Morever,
BMD changes are difficult to interpret in growing children.
Because changes in BMD measured in g/cm2 result from
both skeletal growth and vertebral geometry changes, the
BMD (g/cm2) increase in our patients may have been related
to growth rather than to an increase in the amount of bone
per unit volume. The correlation between height (cm) gain
and BMD (g/cm2) changes over the 3 years of GH treatment
and the absence of significant changes in bone mineral
content SDS/W support this possibility. Moreover, because
we had no control group, we cannot rule out that the BMD
and bone mineral content increases reflected the sponta-
neous increase in peak bone mass seen during puberty31.
Further evaluations in the same patients after final height is
achieved and GH therapy discontinued will be conducted to
evaluate the effect of GH therapy on bone mass.
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The high fasting serum insulin concentrations in our
patients at baseline indicated insulin resistance. Factors that
contribute to insulin resistance in these patients include
chronic inflammation, increased BMI and fat mass, and
glucocorticoid therapy. GH itself32 can induce insulin resis-
tance. Thus, we expected a major increase in insulin resis-
tance with a high rate of glucose intolerance during the
3-year period in our patients. To our surprise, glucose intol-
erance was mild and transient. It occurred only in pubertal
patients, suggesting a role for puberty in the development of
glucose intolerance. The decreases in fat mass and body
mass index SDS and the increase in lean mass seen with GH
therapy are factors that increase insulin sensitivity. Studies
in high-risk patients such as girls with Turner syndrome33 or
children with intrauterine growth retardation34 treated with
high-dose GH showed resolution of insulin resistance after
GH discontinuation33. Again, longterm followup in the same
patients after GH discontinuation is needed to evaluate the
effects of GH therapy on glucose tolerance.

Our data confirm that GH treatment can restore linear
growth, improve body composition, and prevent bone loss
in children receiving longterm corticosteroid therapy.
Prolonged followup until achievement of final height is
needed to better evaluate the beneficial effects of GH treat-
ment and the longterm consequences of hyperinsulinism.
Moreover, GH treatment did not normalize height, body
composition, or bone mineralization in our patients. Studies
of earlier initiation of GH are in progress.

ACKNOWLEDGMENT
We are indebted to Pharmacia SAS for sponsoring this study, to Drs.
Gilbert Bellachen and Bernadette Darné for conducting the statistical tests,
and to Dr. Pierre Braillon for helping to analyze the DEXA data.

REFERENCES
1. Simon D, Fernando C, Czernichow P, Prieur AM. Linear growth

and final height in patients with systemic juvenile chronic arthritis
treated with long-term glucocorticoids. J Rheumatol 
2002;29:1296-300.

2. Touati G, Ruiz JC, Porquet D, Kindermans C, Prieur AM,
Czernichow P. Effects on bone metabolism of one year recombinant
human growth hormone administration to children with juvenile
chronic arthritis undergoing chronic steroid therapy. J Rheumatol
2000;27:1287-93.

3. Touati G, Prieur AM, Ruiz JC, Noel M, Czernichow P. Beneficial
effects of one-year growth hormone administration to children with
juvenile chronic arthritis on chronic steroid therapy. I. Effects on
growth velocity and body composition. J Clin Endocrinol Metab
1998;83:403-9.

4. Svantesson H. Treatment of growth failure with human growth
hormone in patients with juvenile chronic arthritis: A pilot study.
Clin Exp Rheumatol 1991;9 Suppl 6:47-50.

5. Davies UM, Rooney M, Preece MA, Ansell BM, Woo P. Treatment
of growth retardation in juvenile chronic arthritis with recombinant
human growth hormone. J Rheumatol 1994;21:153-8. 

6. Butenandt O. Rheumatoid arthritis and growth retardation in 
children: treatment with human growth hormone. Eur J Pediatr
1979;130:15-28.

7. Allen DB, Julius JR, Breen TJ, Attie KM. Treatment of 
glucocorticoid-induced growth suppression with growth hormone. 
J Clin Endocrinol Metab 1998;83:2824-9.

8. Tonshoff B, Haffner D, Mehls O, et al. Efficacy and safety of
growth hormone treatment in short children with renal allografts:
three year experience. Kidney Int 1993;44:199-207.

9. Sempe M, Pédron G, Pernot MP. Auxologie: Méthodes et
séquences. Paris: Théraplix; 1979.

10. Greulich WW, Pyle SI, editors. Radiographic atlas of skeletal 
development of the hand and wrist. 2nd ed. Stanford: Stanford
University Press; 1959.

11. Rolland-Cachera MF, Cole TJ, Sempé M, Tichet J, Rossignol C,
Charraud A. Body mass index variations: centiles from birth to 87
years. Eur J Clin Nutr 1991;45:13-21.

12. Braillon P, Cochat P. Analysis of dual energy x ray absorptiometry
whole body results in children, adolescents and young adults. Appl
Radiat Isot 1998;49:623-4.

13. Braillon PM, Bérard J, Chatelain P, Pracros JP. Dual energy x-ray
absorptiometry assessment of the bone mineral content and body
composition during growth [French]. J Radiol 2002;83:627-33.

14. Ruiz JC, Mandel C, Garabedian M. Influence of spontaneous
calcium intake and physical exercise on the vertebral and femoral
bone mineral density of children and adolescents. J Bone Miner
Res 1995;10:675-82.

15. Schaefer F, Seidel C, Binding A, et al. Pubertal growth in chronic
renal failure. J Pediatr 1991;119:568-77.

16. Westhovens R, Nijs J, Taelman V, Dequeker J. Body composition in
rheumatoid arthritis. Br J Rheumatol 1997;36:444-8.

17. Feber J, Cochat P, Lebl J, et al. Body composition in children
receiving recombinant human growth hormone after renal 
transplantation. Kidney Int 1998;54:951-5.

18. Myers SE, Carrel AL, Whitman BY, Allen DB. Sustained benefit
after 2 years of growth hormone on body composition, fat 
utilization, physical strength and agility, and growth in Prader-Willi
syndrome. J Pediatr 2000;137:42-9.

19. Leger J, Garel C, Fjellestad-Paulsen A, Hassan M, Czernichow P.
Human growth hormone treatment of short stature children born
small for gestational age: effect on muscle and adipose tissue mass
during a 3-year treatment period and after 1 year’s withdrawal. 
J Clin Endocrinol Metab 1998;83:3512-6.

20. Pepmueller PH, Cassidy JT, Allen SH, Hillman LS. Bone 
mineralization and bone mineral metabolism in children with 
juvenile chronic arthritis. Arthritis Rheum 1996;39:746-57.

21. Pereira RMR, Corrente JE, Chahade WH, Yoshinari NH. Evaluation
by dual X-ray–absorptiometry (DXA) of bone mineral density in
children with juvenile chronic arthritis. Clin Exp Rheumatol
1998;16:495-501.

22. Stavros C, Manologas MD, Jilka RL. Bone marrow, cytokines, and
bone remodeling. Emerging insights into the pathophysiology of
osteoporosis. New Engl J Med 1995;332:303-10.

23. Canalis E. Mechanisms of glucocorticoid action in bone: 
implications to glucocorticoid-induced osteoporosis. J Clin
Endocrinol Metab 1996;81:3441-7.

24. Zak M, Hassager C, Lovell DJ, Nielsen S, Henderson CJ, Pedersen
FK. Assessment of bone mineral density in adults with a history of
juvenile chronic arthritis. Arthritis Rheum 1999;42:790-8.

25. Haugen M, Lien G, Flato B, et al. Young adults with juvenile
arthritis in remission attain normal peak bone mass at the lumbar
spine and forearm. Arthritis Rheum 2000;43:1504-10.

26. Ortoft G, Andreassen T, Oxlund H. Growth hormone increases
cortical and cancellous bone mass in young growing rats with
glucocorticoid-induced osteopenia. J Bone Miner Res 
1999;14:710-21.

27. Sanchez CP, Goodman WG, Brandli D, et al. Skeletal response to
recombinant human growth hormone in children treated with 

The Journal of Rheumatology 2003; 30:112498

Personal, non-commercial use only.  The Journal of Rheumatology  Copyright © 2003. All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


long-term corticosteroids. J Bone Miner Res 1995;10:2-6.
28. Bechtold S, Ripperger P, Mühlbayer D, et al. GH therapy in 

juvenile chronic arthritis: results of a two-year controlled study on
growth and bone. J Clin Endocrinol Metab 2001;86:5737-44.

29. Bardare M, Bianchi ML, Gandolini GG, Cohen E, Montesano A.
Bone mineral metabolism in juvenile chronic arthritis: the influence
of steroids. Clin Exp Rheumatol 1991;9 Suppl 6:29-31.

30. Gough AKS, Lilley J, Eyre S, Holder RL, Emery P. Generalised
bone loss in patients with early rheumatoid arthritis. Lancet
1994;344:23-7.

31. Bonjour JP, Theintz G, Buchs B, Slosman D, Rizzoli R. Critical
years and stages of puberty for spinal and femoral bone mass 
accumulation during adolescence. J Clin Endocrinol Metab
1991;73:555-63.

32. Davidson MB. Effects of growth hormone on carbohydrate and
lipid metabolism. J Clin Endocrinol Metab 1987;8:115-27.

33. Sas T, de Muinck Keizer-Schrama S, Stijnen T, Aanstoot HJ, Drop
S. Carbohydrate metabolism during long-term growth hormone
treatment and after discontinuation of GH treatment in girls with
Turner syndrome participating in a randomized dose-response
study. J Clin Endocrinol Metab 2000;85:769-75.

34. Sas T, Mulder P, Aanstoot HJ, Drop SLS and the Dutch Advisory
Group on Growth Hormone. Carbohydrate metabolism during 
long-term growth hormone treatment in children with short stature
born small for gestational age. Clin Endocrinol 2001;54:243-51.

Simon, et al: Growth hormone in JIA 2499

Personal, non-commercial use only.  The Journal of Rheumatology  Copyright © 2003. All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/

