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Insulin-like growth factor and growth hormone
secretion in juvenile chronic arthritis

Roger C Allen, Mark Jimenez, Christopher T Cowell

Abstract
Insulin-like growth factor (IGF-1) concen-
trations were determined in a series of 23
children with juvenile chronic arthritis in
conjunction with anthropometric assessment.
When standardised z scores were used signifi-
cant decreases in height and weight were
shown in comparison with the normal age/sex
matched means. Severe growth disturbance
was seen, particularly in those with prolonged
disease duration, which was independent of
corticosteroid treatment, indicating disease
activity itself is a major factor in the growth
retardation. Eight children had low IGF-1 z
scores-that is, less than -2-00 from age/sex
matched mean. Low IGF-1 z scores were
associated with low weight z scores but not
with low height z scores. Overight growth
hormone secretory profiles were determined
in 10 patients, including seven with low IGF-
1, and showed generaly normal secretion in
all but one patient, who subsequently attained
normal concentrations coincident with catch
up growth. Increased pulse frequency of
overnight secretion was commonly seen. Low
IGF-l concentrations probably result from
varying factors, particularly nutritional, but
do not reflect marked endocrinological abnor-
malities in most patients.
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Poor somatic growth is a feature of juvenile
chronic arthritis, particularly in the systemic
and polyarticular onset forms of the disease. In
Still's description ''arrest in development' was

specifically noted, preceding by many years
various therapeutic interventions, particularly
use of corticosteroids, which have been impli-
cated in contributing to the abnormal growth in
juvenile chronic arthritis.2 Bernstein et al also
showed that disease activity itself contributes to
growth impairment.3
Normal growth is a complex interrelation of

factors, including genetic, hormonal, and nutri-
tional requirements. In the presence of normal
thyroid function the secretion of pituitary
growth hormone and the growth hormone
dependent insulin-like growth factors (IGF),
particularly IGF-1, form the predominant
hormonal axis of postnatal growth.4 Normal
growth hormone secretion has been shown in
juvenile chronic arthritis by pharmacological
stimulation5 or by secretory profiles of physio-
logical secretion,6 yet, increased rate of growth
has resulted from exogenous growth hormone
treatment.7 Previous studies of IGF-I concen-

trations in juvenile chronic arthritis have
reported conflicting results-either reduced8 9

or normal values,'" with or without correlation
89with corticosteroid treatment. 9 Concomitant

growth hormone secretion was not determined
in any of these studies. Low IGF-1 secretion
may occur in 'normal' short children, related to
low growth hormone secretion rates, despite
having normal responses to pharmacological
stimulation with arinine/insulin or clonidine. "l
In this study we monitored growth in relation to
IGF-l and physiological growth hormone
secretion by 12 hour overnight sampling, in a
group of patients with juvenile chronic arthritis,
to investigate if an abnormality of the growth
hormone/insulin-like growth factor axis, possibly
related to altered sleep patterns, may be
contributing to poor growth.

Patients and methods
Twenty three children (15 female, eight male)
with juvenile chronic arthritis satisfying the
EULAR clsification criteria were studied.'2
Disease onset subtypes were seven systemic, six
polyarticular, and 10 pauciarticular. All children
had continuing evidence of active disease as
shown by the presence of synovitis in at least
one joint requirmng anti-i ammatory drug
treatment. With the exception of one patient,
referred specifically for the study from another
hospital, all patients were attending the rheu-
matology clinic at the Children's Hospital,
Sydney. Informed parental consent was given
before entry to the study. All patients were over
4 years of age, the lowest age for which IGF-1
data were available. Mean disease duration was
3-2 years (range 0-25-12). At the time of entry
into the study all patients were prepubertal
except two (patients 1 and 5) who had attained
Tanner stage 2 pubertal development, defined
by the degree of pubic/axillary hair or breast
development. All patients were taking non-
steroidal anti-inflammatory drugs. In addition
nine were taking slow acting antirheumatic
drugs and 10 were receiving oral corticosteroid
treatment on alternate days.

Anthropometric measures included height,
weight, mid-arm circumference, and skinfold
thickness at four sites-subscapular, suprailiac,
triceps, and biceps. Height, weight, and rate of
growth were compared with age/sex matched
United States National Center for Health Statis-
tics growth standards. Weight for height for age
ratios were graded by reported standards for
nutritional sufficiency, the lower limit of
normal being 90%/O.l3 Indices for nutritional
insufficiency were 85-900/o (mild), 75-85%
(moderate), <75% (severe). Standardised devia-
tion scores (z score) for height and weight were
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calculated by reported methods`4-namely, the Results
difference between the patient's height (or ANTHRoPoMETRic MEASUREMENT
weight) minus the age equivalent mean height Table 1 shows the anthropometric findings.
(or weight), divided by the ideal height (or The mean (SD) height z score was -1-06 (1 24)
weight) standard deviation for age. and the mean weight z score -0-83 (1-14),

Insulin-like growth factor 1 was measured by which were both significantly reduced in com-
a radioimmunoassay,'"from which a z score was parison with age matched normal growth data
calculated by the same method as height/weight (height p=0 0005, weight p=0 002). Patient
z scores using normal age and sex data. Seven of number 6 had spent a number of years in a
eight patients with an IGF-I z score less than transit refugee camp before developing his
-2-00 underwent growth hormone studies. arthritis and had probably experienced signifi-
Three additional patients with poor rates of cant preceding nutritional impairment. When
growth were also studied. Overnight sampling this patient was excluded significant differences
every 20 minutes was performed from 2200 to in height and weight z scores remained between
0800 hours and analysed for the mean growth patients values and the normal growth data.
hormone secretion and the pulsatile pattern of Weight for height for age index was below 900/o
secretion using the pulsar peak identification in five cases, a level indicative of nutritional
algorithm program (NICHD, Bethesda/Univer- compromise. An additional six cases had z
sity of California, Berkeley).'6 Clonidine stimu- scores less than -- 5 for height or weight, or
lation (125 pg/kg) of growth hormone secretion both, and yet had normal weight for height
was performed in the initial six patients studied, indexes owing to the proportional reduction in
but owing to a hypotensive episode in one overall growth parameters. Skinfold and mid-
patient this test was discontinued for the subse- arm circumference measurements gave no
quent patients. A normal clonidine stimulation additional information about nutritional status
test was defined as a peak in growth hormone than that given by the weight z score in this
of >20 mU/l. Growth hormone was measured patient group (data not shown).
by radioim munoassay with second antibody Significantly lower z scores were found in
separation using previously reported methods.'7 patients with prolonged disease duration (>4
Owing to wrist arthritis in many of the patients years) for both height (p=0-001) and weight
estimation of bone age was of limited value (p=0-027), but no correlation was found for
either because of destructive changes, preclud- either height or weight with corticosteroid
ing accurate assessment, or physial advance- treatment or disease onset subtype. Of note,
ment ofthe affected carpus, presumed secondary however, three patients with pauciarticular
to local hyperaemia. onset (Nos 3, 17, and 21) had progressed to a
The SPIDA statistical computer package polyarticular course, whereas those with persis-

(Statistical Laboratory, Macquarie University, tent pauciarticular disease did not show such
Sydney) was used for the analysis, and the marked somatic disturbance.
rejection level was set at 0-05. Comparison
between groups was determined by the two
sample t test. Parameters of the secretory IGF-1/GROWTH HORMONE
patterns were compared by linear regression Eight patients (three systemic, two polyarticular,
analysis. three pauciarticular) had IGF-1 z scores less

Table I z Scores for insulin like growth factor, height, and weight, for each patient with disease onset tpe, pats
age, and disease duration at the time of entry
Case Age Onset Disease Coricostroids IGF-I* Height Weigh Weightlheigh
No (years) type duation (z) (Z) (Z) (%)

(wars)
1 10-8 S* 0-3 + -3-02 1 06 0-48 99
2 10-2 P* 40 - -259 -1-34 -1-51 89
3 8-7 Pa* 7-5 - -2-65 -1-94 -3-15 62
4 119 P 0-6 - -3-02 -1*16 -104 98
5 14-6 S 12-0 + -3-45 -3-88 -2-21 124
6 13-6 Pa 0-6 - -3-78 -2-53 -2-64 88
7 12-6 S 10-0 + -3-12 -3-31 -2-45 104
8 7-8 P 16 - -1-27 -0-17 -1*17 85
9 6-3 S 5-3 + +1*61 -2-17 -0-65 99
10 11P0 S 4-1 + +1-89 -1-% -0-29 125
11 12-4 Pa 8.0 - -2-10 -0-56 -0177 96
12 S-5 P 2-0 - +0-32 0-63 -004 91
13 8-1 P 0-5 - -0 11 0-28 1P11 115
14 12-0 Pa 0-9 - -1 91 -1-66 -1-42 97
15 8-9 S 4-0 + +0-23 -1*68 -1*22 94
16 10 0 P 0-6 - -0-32 -0-94 0-56 116
17 9 0 Pa 2-0 - -0-96 -0-56 -0-87 90
18 5-7 Pa 3-0 + +2-00 -1-49 -0-86 91
19 7.3 S 1-0 + -0-46 -0-58 0-76 113
20 6-9 Pa 0-3 - +1171 0-00 0-05 93
21 4-5 Pa 2-9 + +0-95 -0-57 -1-83 73
22 8-9 Pa 3-0 + -0-37 -005 -003 102
23 6-3 Pa 0-6 - +1-12 0-22 0-08 91

Mean -0-84 -1P06 -0-83
SD 1-89 1-24 1-14

*S=systemic; P=polyarticular; Pa=pauciarticular; IGF-1=insulin like growth factor 1.
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Table 2 Mean growth hormone secretion (MGHS) and description ofpulsatile physiological
growth hormne secreti by number of peaks, peak amplitude, and mean length of peaks
for patiens undergoing overnight study
Case MGHS Peaks
No (mU/I)

Number Amplitude (mU/I) Mean length
(min)

Maximum Mean

1(a)* 2-35 6 11-5 6-7 53
(b) 14-12 5 76-9 27-9 108

2 4-01 3 31-3 16-0 67
3 4-49 6 27-9 13-0 60
4 4-77 6 21-2 9-7 57
5 525 6 25-7 13-4 77
6 8-02 7 39-1 19-4 51
7 5 17 4 256 19-3 100
8 8 75 4 39-6 18-1 105
9 7-22 7 50 7 21-0 60
10 502 7 23-1 11-8 51

*Patient 1 was studied on two occasions about 12 months apart.
Patients 1-7 had an insulin-like growth factor (IGF) z score less than -2-00, whereas patients 8-10
had an IGF z score greater than -2-00.

than -2-00 from the age/sex matched mean.
Only three of the patients with low IGF-1 were
receiving corticosteroid treatment. As a corol-
lary, seven further patients receiving cortico-
steroid treatment had IGF-1 z scores between
-0-46 and 2-00.
Seven of the eight patients with low IGF-1

and three additional patients (Nos 8, 9, and 10)
who showed poor rate of growth underwent
overnight growth hormone estimation (table 2).
In comparison with previously published data
from our laboratory, the overall mean growth
hormone secretion of the patients with juvenile
chronic arthritis (5 5 mU/l) was greater than
that of children with growth hormone deficiency
([ 5 mU/l) and that of short statured children
with normal growth hormone response to
pharmacological stimulation (4-6 mU/l). 18
Seven of the 10 patients studied, however, had
mean growth hormone secretion within the
range of the growth hormone deficient group
(0 39-5 5 mU/l). The mean number of pulses,
5 5 (range 3-7), was greater than previously
seen in our growth clinic (unpublished obser-
vation). All six patients with juvenile chronic
arthritis studied had normal response to
clonidine stimulation. Patient 1, who before the
onset of systemic onset juvenile chronic arthritis
was growing on the 97th centile, improved in
rate of growth, IGF-1 concentration, and mean
growth hormone secretion as her disease state
went into remission, with catch up growth
being seen (figs 1 and 2). She continued to
receive steroids throughout this time. Pubertal
development also occurred, reflected in increased
oestradiol from 44 to 181 pmol/l over this
period. Overall, the IGF z scores correlated
with both the height and weight z scores (IGF v
height r=0 43, p=0 042; IGF v weight r=0-46,
p=0028). The mean weight z score of those
patients with an IGF-I z score less than -2)00
was significantly less than those greater than
-2-00 (-1-79 compared with 0-41, p=0 007).
The height z scores, however, failed to reach a
significant difference (-1-87 compared with
-0-70, p=0 065). No significant association
was shown between IGF-1 and rate of growth or
between mean growth hormone secretion and
rate of growth or height/weight z scores (data
not shown). The mean growth hormone secre-
tion correlated with the amplitude of the secre-
tory peaks, both maximum (r=0-94, p<0 001)

Arthritis I
Rash feverI i

Steroid (al day)

Aspirin co
Naproxen

Hydroxychloroquine lIl
Hb (9/1) 111 60 99 110 118

ESR (mm/h) 106 44 3 10
Height
(centile)

170

jE160

150

10 11 12 13 14
Age (years)

Figure I Disease course ofgirl with systemic onsetjuvenile
chronic arthritis showing interruption to lineargrowth during
the active disease period. Points I and 2 represent the times of
insulin-like growthfactorlmean growth hormone secretion
estimations.

MGHS
1 -2 8mU/l
2-l4m14U1m/U
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E 4
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Figure 2 Growth hormone secretoryprofile. Solid line is
secretion when disease was most active and dashed line is
secretion as disease entered remission, at timepoints I and2
in fig 1. MGHS=mean growth hormone secretion.

and mean (r=0-87, p<0 001), and with the
length of the peaks (r=0-62, p<005). No
correlation was found between the IGF-1 z
score and mean growth hormone secretion
(r=0-34, p=0 32).

Discussion
Growth disturbance in juvenile chronic arthritis
is of considerable importance as it may be a
persisting legacy of the disease after the active
inflammatory process has apparently abated.
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Considerable concern has evolved about the
limitation of linear growth secondary to corti-
costeroid treatment, somewhat overshadowing
the potential effect of the disease process itself.
With the recognition of growth hormone secre-
tion and subsequent IGF-1 production as the
predominant hormonal stimulus to growth,
studies have investigated possible abnormalities
in this axis in a variety of chronic disease
states-for example, Crohn's disease,'5 chronic
renal failure,'9 thalassaemia major20-though
no consistent abnormality has been shown.
Growth hormone secretion has been stimu-

lated by drugs, but no abnormality has been
shown in juvenile chronic arthritis irrespective
of the corticosteroid regimen used-daily,
alternate day, etc.2" This was confirmed in our
study with those children receiving treatment
on alternate days. Butenandt, however, showed
improvement in rate of growth in patients with
juvenile chronic arthritis during exogenous
growth hormone treatment.7 Growth hormone
is secreted in a pulsatile nature, especially
during sleep; abnormalities in this physiological
pattern of secretion, particularly in the ampli-
tude of the pulses, are reported in short children
who have responded normally to insulin/argi-
nine provocation ofgrowth hormone secretion. "
Furthermore, low IGF-1 concentrations are also
reported in such children. As low IGF-1 con-
centrations have been noted in systemic onset
juvenile chronic arthritis8 this study aimed at
determining physiological growth hormone pat-
terns in children with low IGF-1, the hypothesis
being that poor sleeping patterns due to disease
may be blunting the physiological response.
We confirmed that IGF-1 may be low in

patients with all disease onset subtypes and not
only in those with systemic onset. No consistent
growth hormone secretory abnormality was
shown, however, though some patients did have
low concentrations, falling within the range of
growth hormone deficient patients. The in-
creased pulse frequency that we noted may
reflect disturbances of hypothalamic control of
growth hormone secretion either because of
abnormal sleep patterns or poor nutrition. Our
sample size limited further analysis of the
interaction between nutrition and growth hor-
mone secretion. Variability of physiological
growth hormone secretion with overlap between
normal and growth hormone deficient children
has been described.22 Furthermore, variability
between consecutive periods of sampling23
shows the possible limitations in the investi-
gation of physiological secretion. Chipman et al
also studied physiological secretion in patients
with polyarticular juvenile chronic arthritis,
concluding that no abnormality was present as
all patients had at least one peak exceeding 10
ng/ml during sleep.6 Considerable variability of
24 hour growth hormone secretion was also
shown as in our study.
One patient was found to have a dramatic

improvement in rate of growth concomitant
with increases in both IGF-I and mean growth
hormone secretion. Although pubertal develop-
ment was a likely contributor, as confirmed
biochemically, the improvement coincided with
disease remission, and rate of growth seemed

more exaggerated than would be expected for
puberty alone. This suggests that catch up
growth, in disease remission, may have an
endocrinological component in some cases.

Previous reports have used reduction in
weight for height for age index to indicate
nutritional impairment,24 25 whereas we also
used weight z scores to indicate possible nutri-
tional compromise. This may be more meaning-
ful than calculating the index alone as the index
does not detect patients with proportional re-
duction of both height and weight. Low IGF-1
and normal/raised growth hormone concentra-
tions are found in malnutrition,26 which, as
suggested by Bennett et al,8 may be occurring in
patients with juvenile chronic arthritis. Insulin-
like growth factor 1 was in closer association
with weight z score than height z score, further
reflecting a possible link with nutritional status.
The weight z score was not reduced in patient 1,
who showed catch up growth associated with
increases in both IGF-1 and mean growth
hormone secretion. Studies of a potentially
treatable situation, such as poor nutrition, are
the basis for further study.

This study does not exclude the possibility
that exogenous growth hormone treatment may
be of benefit in individual patients with persis-
tendy poor rate ofgrowth, but such an approach
should only be considered after careful con-
sideration of nutritional factors and maximum
control of the disease process.

We thank Dr Robert Baxter for performing the IGF-l measure-
ments, Drs Macauley, Tyndall and Champion for referral of
patients, and Mrs Pat Findlay and Carol Dunn for assisting with
the manuscript.
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