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Abstract
Objective

To define patterns of growth in juvenile rheumatoid arthritis (JRA) and to evaluate possible associated
clinical and laboratory correlates.

Methods
The study population comprised 67 children with JRA who had been followed for 5 years or longer and

whose follow-up period did not extend beyond 18 years of age. Height and weight z scores were calculated
with reference to age-related standards for each of the annual follow-up intervals and correlated with JRA
subtype, the presence of rheumatoid factor (RF), the erythrocyte sedimentation rate (ESR), alkaline phos-

phatase level (ALP) and medication history. 

Results
Initial height-for-age (HAZ) scores for pauciarticular, polyarticular and systemic JRA onset groups

(PaJRA, PoJRA and SJRA respectively) were +0.27, -0.07 and +0.40 respectively. A significantly lower
HAZ score in the SJRA population compared to the PaJIA population first became apparent at year 2 and
the difference was maintained throughout the 9-year follow-up period. A significantly lower HAZ score in
the SJRA population compared to the PoJRA population first became apparent at year 6 and the difference

was maintained until the ninth year. During the 9-year follow-up period, RF-positive children tended to
have negative HAZ scores whereas RF-negative children tended to have positive HAZ scores. The SJRA

onset group displayed significantly lower HAZ scores, as compared to the HAZ score at onset, for 7 of the
9 subsequent follow-up intervals. Only 2 patients had heights < 2SD below the mean at final determina-
tion. Delay in generalized linear growth occurred predominantly in the SJRA population and to a lesser

degree in those with PoJRA associated with RF positivity. 

Conclusions
Delay in linear growth occurs in some children with JRA. Patients with pauciarticular and RF-negative

polyarticular disease can have growth patterns similar to normal children. Children with RF-positive pol-
yarticular and systemic JRA have more significant growth retardation that occasionally can be sustained

and extreme. 
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Introduction
Localized and generalized disturbances
of growth can be prominent adve rs e
consequences of ch ronic ch i l d h o o d
arthritis (1-6). Generalized retardation
of linear growth during periods of
active disease is particularly character-
istic of certain forms of chronic child-
hood art h ritis. Pat h o p hy s i o l ogi c a l
processes that account for the occur-
rence and seve rity of growth distur-
bances in juvenile art h ritis are not
clearly established. Factors that might
contribute to growth suppression asso-
ciated with childhood arthritis include
the degree, extent and duration of dis-
ease activity, age at onset, immobility,
damage to cartilage, sub-optimal nutri-
tion, and corticosteroid therapy (2, 7-
10). Abnormally low concentrations of
i n s u l i n - l i ke growth fa c t o r-1 (IGF-1)
and target insensitivity to IGF-1 might
also contribute to growth delay during
active arthritis (6, 11-15). Earlier and
m o re precise diagnosis of juve n i l e
arthritis and prompt institution of ap-
propriately aggressive treatment might
help to minimize growth disturbances.
Identification of clinical, biochemical
and serologic correlates that could help
p redict growth impairment in ch i l d-
hood arthritis should aid in guiding the
aggressiveness of therapy and help to
predict long-term prognosis. This study
was undert a ken to more thoro u g h ly
define longitudinal patterns of growth
in a representative population of chil-
dren with juvenile rheumatoid arthritis
(JRA) and to evaluate possible associ-
ated clinical and laboratory correlates. 

Subjects, materials and methods
Subjects
The study population comprised 67
ch i l d ren who attended the Pe d i at ri c
Rheumatic Disease Clinic, University
of Saskat ch ewan during the peri o d
between 1981 and 1997 inclusive. All
subjects had a disease that conformed
to the American College of Rheumatol-
ogy (ACR) cl a s s i fi c ation cri t e ria fo r
the diagnosis of JRA (16). [New classi-
fication criteria and nomenclature for
chronic childhood arthritides have been
proposed (17). This present study pop-
ulation included subjects whose diag-
noses corresponded to oligo a rt i c u l a r

j u venile idiopathic art h ritis (JIA),
r h e u m atoid factor (RF) positive and
negative polyarticular JIA, or systemic
onset JIA. The study population did not
include subjects with enthesitis-related
a rt h ri t i s , or other fo rms of ch ro n i c
childhood arthritis. For the purposes of
this report the terms pauciarticular, pol-
yarticular and systemic onset JRA will
be used as it was this nomenclature that
was applicable when all study subjects
were first diagnosed]. Additional inclu-
sion requirements were a monitoring
period of 5 years or longer that did not
extend beyond age 18 ye a rs (after
which growth would not be expected)
and the availability of sufficient clinical
and laboratory measurements that had
been collected during the fo l l ow - u p
period. Patients with a co-morbid dis-
ease that could affect growth were not
included; only one patient (a child with
Down syndrome) was excluded for this
reason. 

Data collection
I n fo rm ation re t ri eved from pat i e n t
re c o rds included the fo l l ow i n g : s ex ,
race, date of birth, date of diagnosis,
JRA subtype, presence or absence of
u ve i t i s , and antinu clear antibody (ANA )
and RF test results at first determina-
tion. Heights, weights and alkaline
p h o s p h atase (ALP) measure m e n t s
obtained at the initial visit and at
ap p rox i m ate annual intervals (12
months ± 4 months) for at least 5 years
we re re t ri eved from patient medical
records. Heights were obtained using a
wall-mounted scale and recorded to the
n e a rest centimeter. Weights we re
obtained using either a balance arm
weight scale or, in more recent years, a
d i gital read-out weight scale and
recorded to the nearest one-tenth kilo-
gram. ANA assays were performed as
previously described (18). ALP levels
were determined by the hospital clini-
cal service laboratory using the method
of Bowers and McComb (19) and were
interpreted with reference to age-relat-
ed standards (19, 20). ALP z-score s
were calculated by the following for-
mu l a : [Actual ALP – Ave rage A L P
expected for age] / Standard Deviation
expected for age.
Hospital clinical service laboratory val-
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ues for the erythrocyte sedimentation
rate (ESR) were applied as an indicator
of disease activity. 
Medication profiles were documented
for each data entry point.
Height and weight measurements were
c o nve rted to age - re l ated perc e n t i l e s
and z-scores calculated using EpiInfo
2000 softwa re (Centers for Disease
Control, Atlanta, GA) and expressed as
h e i g h t - fo r- age z scores (HAZ) and
weight-for-height z scores (WHZ). The
body mass index (BMI) also was calcu-
lated using EpiInfo 2000 software. The
Statistical Package for the Social Sci-
ences 10.1 (SPSS, C h i c ago , IL) wa s
used for data analyses. Paired sample t-
tests were performed to determine the
significance of changes in height and
ALP z-scores between groups and
within groups over time. Independent
sample t-test analyses were applied to
evaluate for differences among the 3
JRA subgroups with respect to HAZ
and ALP z-score levels. Further stratifi-
c ation of the polya rticular gro u p
included analyses comparing RF-posi-
t ive and RF-negat ive subgroups and
c o m p a ring groups of subjects wh o
received and who did not receive sys-
temic corticosteroid therapy. The sig-
nificance level was set at < 0.05 and
confidence intervals at 95%. 
Because there was substantial attrition
of ava i l able data sets after the ninth
year post-diagnosis, analyses included
data only up to and including the ninth
follow-up year. 

Results
The characteristics of the study popula-
tion are summarized in Table I. 
At the time of diagnosis, initial HAZ
scores for pauciarticular, polyarticular
and systemic onset groups were +0.27,
-0.07 and +0.40 re s p e c t ive ly. Subse-
quent g roup-specific HAZ scores, col-
lected at approximate annual intervals
for the next 9 years, are shown in Fig-
ure 1. 
Only at the second year of follow-up
was a significant diffe rence in HAZ
s c o res noted between pauciart i c u l a r
and polyarticular subgroups, with the
polyarticular HAZ score being lower (t
= 2.17; p = 0.03; CI = 0.05 – 1.27). A
significantly lower HAZ score in the
systemic population compared to the
pauciarticular population first became
apparent at year 2 (t = 2.41; p = 0.02;
CI = 0.14 – 1.61) and the difference
was maintained throughout the 9-year
follow-up period (at year 9, t = 2.52; p
= 0.03; CI = 0.18 – 2.91). A significant-
ly lower HAZ score in the systemic
population compared to the polyarticu-
lar population first became apparent at
year 6 (t = 2.80; p = .009; CI = .36 –
2.36) and the diffe rence was main-
tained until the ninth year (t = 2.93; p =
0.012; CI = 0.56 – 3.72) . 
When the polyarticular group was strat-
ified into RF-positive and RF-negative
s u b gro u p s , c o n t rasting trends we re
found (Fig. 2). During the 9-year fol-
l ow-up period RF-positive ch i l d re n
tended to have negat ive HAZ score s

wh e reas RF-negat ive ch i l d ren tended
to have positive HAZ scores. Although
c o m p a rison of RF-negat ive and RF-
p o s i t ive groups showed dive rge n t
trends, the differences in HAZ scores
were not statistically significant except
at year 5 (t = -2.31; p=0.031; CI = -2.13
– -0.11). 
Paired sample t-test analyses did not
demonstrate any significant differences
in HAZ scores within the pauciarticular
and polyarticular subsets. In contrast,
the systemic onset group displayed sig-
nificantly lower HAZ scores, as com-
pared to the HAZ score at onset, for 7
of the 9 subsequent follow-up intervals
(at year 1, t = 5.62, p = < 0.001, CI =
0.47 – 1.09 and at year 9, t = 3.80, p =
0.013, CI = 0.65 – 3.36; only at years 7
and 8 were the differences not signifi-
cant).
Systemic steroids we re used in this
study population at least once in 24 of
the 67 patients (35.8%). Two of 27
(7.4%) with pauciarticular JRA
re c e ived systemic stero i d s , both fo r
associated iridocyclitis. Of the 29 with
polyarticular JRA and the 11 with sys-
temic JRA, 12 (41.4%) and 10 (90.9%)
respectively received systemic steroids
at some time during their cours e s .
Among the group of 24 children who
had received steroids, this therapy was
a d m i n i s t e red only peri o d i c a l ly in all
subjects. Steroids were being used at
34% of the data entry points. 14 of the
24 taking steroids received intermittent
s h o rt courses of therapy while the
remainder received consecutive therapy
for a period ranging from 2 to 7 years
(mean 4.1 years). 
Comparative analysis of children with
p o lya rticular JRA tre ated with and
without steroids showed no statistically
significant variance in HAZ scores. As
all but 2 with pauciarticular JRA were
not treated with steroids and all but 1 of
those with systemic JRA were treated
with steroids, meaningful comparisons
b e t ween stero i d - t re ated and stero i d
n o n - t re ated subsets within these two
groups were not possible. 
S even of 67 patients (10.4%) had a
height <2 SD below the mean on at
least 1 occasion. Abnormally low HAZ
scores (<2 SD below the mean) in 3
patients were present within the first 3

Table I. Clinical characteristics of study patients.

Total Pauciarticular Polyarticular Systemic

Number 67 27 29 11
Sex

Female 50 (75%) 22 (82%) 26 (90%) 2 (18%)
Male 17 (25%) 5 (18%) 3 (10%) 9 (82%)

Onset age (months)
Mean 56 93 58
Range 18 to 134 13 to 189 6 to 126

Caucasian: North American Indian 58 : 9 27 : 0 20 : 9 11 : 0

Uveitis 11 (16%) 9 (33%) 2 (7%) 0

RF positive 13 (19%) 0 13 (45%) 0

ANA positive 44 (66%) 19 (70%) 25 (86%) 0

RF: rheumatoid factor; ANA: antinuclear antibody.
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years of disease and normalized by the
fourth year. Only 2 patients, both boys
with systemic disease and a history of
chronic steroid therapy, had heights < 2
SD below the mean at final determina-
tion. 
Initial ALP z-scores in the pauciarticu-
lar, polyarticular and systemic groups
were -0.64, -1.40 and -0.40 respective-
ly. There were no sustained significant
differences over the 9-year follow-up
period among the three JRA onset sub-
types. However, ALP levels were sig-
nificantly lower in the systemic popula-
tion as compared to the pauciarticular
group at the first, third and fourth fol-
low-up years (respectively, t = 3.07, p =
0.007; CI = 0.90 – 4.84; t = 8.00, p <
0.001, CI = 4.81 – 9.05; t = 2.98, p =
0.012, CI = 0.68 – 4.54). Also, ALP
levels were significantly lower in the
systemic population at the fi rst and
sixth follow-up years as compared to
the polyarticular group (respectively, t
= 2.37, p = 0.027, CI = 0.15 – 2.18 and
t = 2.64, p = 0.018, CI = 0.38 – 3.53).
The group of polya rticular ch i l d re n
with a positive test for RF had signifi-
cantly higher ALP levels at the fourth,
sixth, eighth and ninth follow-up years
compared to those who were RF-nega-
tive (respectively t = 2.94, p = 0.01; CI
= 0.71 – 4.38; t = 3.17, p = 0.009, CI =
0.63 – 3.49; t = 5.08, p = 0.007, CI =
1.25 – 4.28; t = 2.81; p = 0.03; CI =
0.40 – 4.60) (Fig. 3).
ESR values, as an indicator of disease
activity, were significantly higher in the
p o lya rticular group compared to the
p a u c i a rticular group only at the fi rs t
follow-up year (t = 3.88; p = 0.001; CI
= -47.22 – -14.56). When ESR values
in the pauciarticular group were com-
pared to those of the systemic group,
the latter showed significantly higher
values for each of the first 2 years of
follow-up but not thereafter (t = -4.15;
p = 0.001; CI = -44.31 – -14.44 and t =
4.26; p = 0.013; CI = -106.30 – -22.37).
There were no significant differences
in ESR values between the systemic
and polyarticular groups. The RF-posi-
t ive polya rticular group had signifi-
cantly higher ESR values only at onset
as compared to the RF-negative group
(t=4.05; p= 0.001; CI=18.88–59.36). 
No significant differences in BMI were

d e m o n s t rable among groups at any
interval data point. 
WHZ scores were significantly lower
in the polyarticular group as compared
to the systemic group at fo l l ow - u p
years 4, 5 and 6 (respectively t = -2.21,
p = 0.04, CI = -2.63 – -0.05; t = - 2.89;
p = 0.014; CI = -4.71 – -0.66; t = -2.89;
p = 0.02; CI = -5.47 – -0.71) but not at
other data points. No significant differ-
ence in WHZ scores between steroid
treated and steroid non-treated subjects
was noted, s u ggesting that any observe d
WHZ differences were independent of
steroid use. 

Discussion
The results reported here indicate that,
among children with JRA, generalized
disturbances of growth can occur espe-
cially in those with the systemic JRA
a n d, to a lesser degre e, p o lya rt i c u l a r
JRA onset subtypes. These observa-
tions are consistent with earlier reports
in wh i ch growth re t a rd ation among
systemic and polya rticular subgro u p s
has been demonstrated (1, 3, 4, 7, 22).
Among 119 ch i l d ren with ch ro n i c
arthritis,Ansell and Bywaters (1) noted
that retardation of linear growth was
a s s o c i ated with a long duration of

Fig. 1. Height-for-age z scores at onset and for each of the subsequent 9 follow-up years for pauciar-
ticular (●), polyarticular (■) and systemic (▲) onset subtypes. A significant difference in scores
between pauciarticular and polyarticular subgroups was noted at year 2. Scores were significantly
lower in the systemic subgroup compared to the pauciarticular and polyarticular groups from years 2 to
9 and years 6 to 9, respectively.

Fig. 2. Height-for-age z scores at onset and for each of the subsequent 9 follow-up years for rheuma-
toid factor positive ( ●) and negative (■) polyarticular children. A statistically significant difference
was noted only at year 5. 
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a c t ive disease, but that with disease
remission a return to normal height was
achieved within 2 to 3 years providing
ep i p hyseal growth centers had not
fused prematurely. Similarly, in a popu-
lation of 64 prepubertal children with
chronic juvenile arthritis, Saha and col-
leagues (21) found an initial decrease
in patient heights in the first year post-
d i agnosis but a subsequent incre a s e,
suggesting that growth slows prior to
treatment but then normalizes to pre-
morbid values with effective control of
disease activity. Our data partially sup-
port these observations. The pauciartic-
ular population we studied showed rel-
at ive ly stable heights throughout the
follow-up period. In contrast, the sys-
temic group showed a progre s s ive
decline in heights over time. The pol-
ya rticular subset initially showed a
modest decline in heights during the
first 5 follow-up years, before showing
a tendency to norm a l i z ation. Eighty
percent of the subjects in the popula-
tion reported by Saha and colleagues
had oligoarticular disease. Consequent-
ly, analyses of data from their popula-
tion would not reflect the growth dis-
turbances in the systemic or polyarticu-
lar subsets, wh i ch re s p e c t ive ly com-
prised only 3% and 17% of their study
population. 
Zak and colleagues (8) assessed the
heights of adults with antecedent histo-
ries of chronic childhood onset arthri-
tis. Those with heights less than 2 SD
below the mean tended to have pol-
yarticular or systemic onset subtypes,

ex p o s u re to systemic steroid therapy
and more functional disability. Seven
of the 65 study patients (10.8%) report-
ed by Zak et al. had adult heights < 2
SD below the mean. In our population
7 of 67 (10.4%) had a height <2 SD
below the mean on at least 1 occasion
but only 2 (3.0%) had heights <2 SD
below the mean at final determination. 
A positive test for rheumatoid factor is
c o n s i d e red to be a poor prog n o s t i c
indicator in JRA (23). In general, our
results indicate that heights-fo r- age
values in the polyarticular group tend
to be lower than those in the pauciartic-
ular subset although not as low as in the
systemic subset. When strat i fi e d
according to the presence or absence of
r h e u m atoid fa c t o r, our sero p o s i t ive
group tended to have lower HAZ
scores. 
The growth suppressive effects of corti-
costeroid therapy can be a factor con-
tributing to growth retardation in JRA
(10, 24, 25). However, growth delay in
J R A , u n re l ated to steroid tre at m e n t ,
does occur as this study and earl i e r
ones have shown (4, 7, 21). In this pre-
sent study no significant differences in
growth we re demonstrable betwe e n
s t e ro i d - t re ated and stero i d - u n t re at e d
populations, although steroid use in our
p o p u l ation was ch a ra c t e ri zed most
often by interm i t t e n t , l ow-dose regi-
mens, which are unlikely to substan-
t i a l ly suppress growth perm a n e n t ly
(26). Polito and colleagues (7), in their
s t u dy of growth re t a rd ation among
non-steroid treated children with juve-

nile arthritis, found growth suppression
in the systemic and polyarticular sub-
sets (but not in the pauciarticular sub-
set) that was independent of stero i d
therapy, an observation consistent with
our findings.
The results of the current study indicate
that intermittently lower levels of ALP
a re found within the systemic onset
group, which demonstrated substantial
growth suppression. Howeve r, l ow
ALP levels either in advance of or coin-
cident with documented growth impair-
ment was not found consistently
enough in our population to serve as a
reliable marker of growth suppression.
Earlier studies have suggested no sig-
n i ficant diffe rences in ALP leve l s
among children with chronic arthritis
(27). Studies that have reported lower
levels of bone-specific ALP in children
with arthritis have not taken into con-
s i d e ration age - d ependent normal va l-
ues as was done in the present study
( 2 0 , 28-32). Th at ALP levels could
reflect growth in JRA is suggested by
evidence showing increases in A L P
coincident with rising height velocities
in response to exogenous growth hor-
mone therapy (33). In our study, when
the polyarticular group was stratified
into RF-positive and RF-negative sub-
sets, analyses revealed that RF-positive
patients have significantly higher ALP
scores beginning at the fourth follow-
up year. Interestingly, higher ALP lev-
els in the RF-positive polya rt i c u l a r
group corresponded with poore r
growth, while in the RF-negative sub-
set low ALP levels we re associat e d
with normal growth. These observa-
tions suggest that different mechanisms
of bone metabolism might occur in
s e ro p o s i t ive and in sero n egat ive pol-
yarticular JRA and support the need for
further studies to evaluate differences
in bone growth and markers of bone
metabolism in JRA subsets. 
Our findings confirm that disturbances
in generalized linear growth occur in
JRA predominantly in those with sys-
temic and rheumatoid factor positive
polyarticular onset subtypes. Prospec-
tive multicenter and multidisciplinary
studies will be required to better define
growth patterns in JRA, identify clini-
cal, serological and biochemical corre-

Fig. 3. Alkaline phosphatase (ALP) z scores at onset and for each of the subsequent 9 follow-up years
for rheumatoid factor positive (●) and negative (■) polyarticular children. The rheumatoid factor pos-
itive subgroup had significantly higher ALP scores at years 4, 6, 8 and 9.
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lates and clarify the factors that influ-
ence bone growth in the presence of
ch ronic infl a m m at o ry joint disease.
E l u c i d ation of the pat h o p hy s i o l ogi c
m e chanisms of bone growth and
metabolism in JRA could help guide
the formulation of more rationally con-
c e ived and effe c t ive monitoring and
treatment strategies. 
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