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Abstract

Background Juvenile idiopathic arthritis (JIA), an autoimmune disease affecting children or adolescents and causing
joint or systemic symptoms, reportedly has a negative effect on the patients'body height. This study aimed to identify
factors attributable to substantially reduced adult height (SRAH) in JIA patients.

Methods This single-center retrospective cohort study included patients from 2009 to 2019 in Taiwan. We collected
JIA patients aged > 18 years at enrollment with a definite diagnosis and undergoing regular outpatient clinic
follow-up or disease remission. Target height difference (THD), defined by adult height minus mid-parental height,
was calculated for each patient. The calculation results yielded two groups, of which positive THD was defined as the
optimal height (OH group) and those with THD below two standardized deviations as the SRAH group. Descriptive
statistics and logistic regression analysis were used to analyze the data.

Results Of 92 JIA patients, 57 and 12 were in the OH and the SRAH groups. Earlier disease onset, especially before the
six-year-old, was noted in the SRAH group (p=0.026). The distribution of JIA subtypes differed significantly between
the two groups (p <0.001); enthesis-related arthritis was the commonest subtype in the OH group, and systemic

JIA was the commonest in the SRAH group. Half of the patients in the SRAH group had an active disease status at
enrollment, which was higher than the OH group (50.0% vs. 21.1%, p=0.066). More patients in the SRAH group had
received orthopedic surgery due to JIA (25% vs. 3.5%, p=0.034). Multiple logistic regression analysis showed that
SRAH was independently related to systemic JIA (OR=37.6, 95%Cl 1.2-1210.5; p=0.041).

Conclusion The subtype of systemic JIA, with its characteristics of early disease onset and active disease status, was
the essential factor that significantly impacted adult height.
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Background

Juvenile idiopathic arthritis (JIA), the most common
cause of chronic arthritis in childhood, affects specific
articular joints and results in arthritis and constitutional
symptoms in adolescents or children below 16 years old.
JIA is classified into seven subtypes based on onset age,
number of joint involvements, associated symptoms,
and serological examinations of each patient [1]. A short
body height in adulthood is usually a main concern in
JIA patients and their parents. The estimated preva-
lence of short stature in JIA ranges from around 10-40%
among different JIA subtypes [2, 3]. In addition, a short
body height is also more prevalent in polyarticular and
systemic subtypes of JIA, with prevalence rates ranging
from 10.4% in polyarticular JIA and 41.0% in systemic JIA
(sJIA) [3, 4].

The possible mechanisms of JIA-related short body
height are complicated, including the inflammatory
process of the disease, poor nutrition, growth hormone
deficiency, and the effects of treatments, according to
previous data [4—6]. Persistent inflammation plays a criti-
cal role. Previous studies revealed that pro-inflammatory
cytokines negatively affected growth plate chondrogen-
esis [7]. The most prominent inflammatory cytokines
involved in the pathogenesis of sJIA, including TNFaq,
interleukin-1, and interleukin-6, can influence molecu-
lar signaling pathways, chondrocyte, osteoclast, and
osteoblast activities and aggravate joint inflammation
[7-12]. Silencing of cytokine effects results in more
stable height growth in JIA patients; however, overacti-
vation of these cytokines might result in poor longitu-
dinal growth [13]. Aside from the cytokines production
due to active disease, several studies revealed the influ-
ence of some medications on the height of JIA patients,
such as glucocorticoids (GC) and tumor necrosis factor
(TNF)-a inhibitors. Wang et al. reported that using GC
for more than one year may significantly impair body
height growth [14]. The TNF-a inhibitor Etanercept was
found to have the potential to improve body height after
introducing biological agents in recent years [15, 16].
Although many studies mentioned the factors affect-
ing growth velocity and height percentile in childhood,
they seldom discussed final adult height (AH) in JIA. In
this study, we aimed to identify the factors that may con-
tribute to substantially reduced adult height (SRAH) in
patients with JIA.

Methods

Study populations

We collected data from patients diagnosed with JIA
between 2009 and 2019 at the National Taiwan Univer-
sity Children’s Hospital. JIA was diagnosed according to
the International League of Associations for Rheuma-
tology (ILAR) criteria [1]. Moreover, patients should be
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18 years old upon enrollment and reach their AH while
enrolled in our study. Those who were under regular
follow-ups until disease remission were included. We
excluded patients who belonged to the unspecified JIA
type, lost follow-up, and died during the outpatient clinic
follow-up until remission during the disease (Fig. 1).

Measurement of height

At the clinic visit, we collected anthropometric data,
including height (cm) and weight (kg). Height was mea-
sured by trained nurses using the same wall-mounted sta-
diometer. The parents’ heights were obtained at the clinic
if available or from their self-measurements at home.
We calculated the midparental height (MPH) by adding
6.5 cm to the mean of the parental height in males or by
subtracting 6.5 cm in females. The differences between
AH and MPH, the target height difference (THD) in this
study, were calculated to minimize the inherent differ-
ences in each patient. Those patients with positive THDs
belonged to the optimal height (OH) group. Patients
whose THDs were below two standard deviations of
the general population were defined as the substantially
reduced height (SRAH) group. The definition of SRAH
conformed to the clinical definition of short stature [17].
According to a previous study, the two standard devia-
tions in the normal population were approximately 5 cm
[18]. Significant factors for SRAH were compared and
analyzed among the OH and SRAH groups.

Baseline data collection

We reviewed each patient’s clinical characteristics, labo-
ratory reports, therapeutic regimens, disease activity,
and treatment response. The clinical features included
age, sex, body mass index (BMI) at enrollment, age at
disease onset, and JIA subtype. At initial diagnosis, lab-
oratory data such as white blood cell count, hemoglo-
bin level, platelet count, erythrocyte sedimentation rate
(ESR), and C-reactive protein (CRP) level were recorded.
Therapeutic regimens were collected and analyzed, such
as disease-modifying antirheumatic drugs (DMARDs),
methotrexate, systemic GC, and TNFa inhibitors. The
administration route of systemic GC was oral predniso-
lone or intravenous methylprednisolone, with an equiva-
lent accumulation dosage of prednisolone (mg/kg/day)
recorded in cases who used GC for over a month. We
also recorded the use of intra-articular corticosteroid
injections (IACIs). The disease activity and treatment
response were classified as active disease or remission
(on/off medication), according to the preliminary criteria
from Wallace 2004 [19]. Inactive disease is defined as the
absence of clinical symptoms such as arthritis, arthral-
gia or uveitis, normal ESR, and CRP level, and no GC
requirement at the last clinic visit. Remission on medi-
cation was based on the definition of inactive disease
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Fig. 1 Flowchart of patient enrollment. JIA, juvenile idiopathic arthritis; AH, adult height, defined as current adult height; MPH, midparental height, de-
fined as mean of parental height+6.5 cm; THD, target height difference, AH minus MPH; OH group, optimal height group, whose AH — MPH >0 cm; SARH
group, substantially reduced height group, whose AH — MPH <-5 cm; SD, standard deviation

for more than six consecutive months, even under any
treatment. Remission off medication was defined as an
inactive disease status for at least 12 continuous months
without any medication to treat arthritis or uveitis.

Statistical analyses

For quantitative and ordinal data, patient data were
expressed as counts, percentages, or medians with inter-
quartile ranges (IQRs). Statistical analyses were per-
formed using SAS software (version 9.4, SAS Institute
Inc., Cary, USA). The Chi-square and Fisher’s exact tests
were used to compare categorical variables. Differences
between continuous variables were compared using an
independent t-test. The Kruskal-Wallis rank test was
used for nonparametric analysis within groups. Univari-
ate and multiple logistic regression models were used to
identify independent risk factors of SRAH development
in JIA patients. We chose factors with a p-value less than
0.01 in the multiple logistic regression model with gender
adjustment and checked the collinearity. Statistical sig-
nificance was set at p<0.05.

Results

Patients’ characteristics

A total of 92 patients were included in this study. The
flowchart of patient enrollment is described in Fig. 1, and
the height distribution based on their TH and MPD is in
Fig. 2. We excluded those with THD between 0 cm and
—5 cm and enrolled the remaining 69 patients in the anal-
ysis, and there were 57 (82.6%) and 12 (17.4%) patients in
the OH and SRAH groups, respectively. Their character-
istics are listed in Table 1. The enrolled age was 22.2 years
old in the OH group and 23.2 years old in the SRAH
group. We observed a trend of earlier onset age in the
SRAH group (9.6 vs. 11.7 years old, p=0.20), especially
before six years old, compared with the OH group (33.3%
vs. 7.0%, p=0.026). Males were predominant in both
groups. The median (IQR) THD was 4.7 (3.1) cm in the
OH group and —9.0 (2.3) cm in the SRAH group. The dis-
tribution of JIA subtypes significantly differed between
the two groups (p<0.001). ERA was the most common
subtype in the OH group, followed by the polyarticular
type. However, the systemic type was the most common
in the SRAH group. Initial laboratory data collected at
the diagnosis were compared as listed in Table 1. No dif-
ferences in other laboratory data were noted between the
OH and SRAH groups, including antinuclear antibody
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Fig. 2 Distribution of JIA patients according to their adult height and midparental height (THD, target height difference)

Table 1 Patient characteristics in JIA patients with optimal height (OH) and substantially reduced height (SRAH)

OH (n=57) SRAH (n=12) p-value

Male sex (n, %) 44 (77.2%) 8 (66.7%) 047
Enrolled age (years old) 22.2(5.6) 232 (6.8) 0.52
The onset age of disease (years old) 11.7 (3.6) 96 (5.1) 0.20
The onset age of disease before 6 years old (n, %) 4 (7.0%) 4 (33.3%) 0.026
Final height (cm) 171.1(9.1) 1595 (7.5) <0.001
Final weight (kg) 64.1(13.9) 55.1(18.9) 0.019
Target height difference (cm) 40.7(3.1) -9.0(2.3) <0.001
BMI at enrolment (Kg/mz) 219 (4.1) 214(6.2) 0.211
BMI classification (n, %) 0.51

Underweight 11 (20.0%) 4(33.3%)

Normal 37 (67.3%) 6 (50.0%)

Overweight 4(7.3%) 1(8.3%)

Obesity 3(5.5%) 1(8.3%)
JIA classification (n, %) <0.001

Systemic 2 (3.5%) 5(41.7%)

Oligoarticular 10 (17.5%) 3 (25.0%)

Polyarticular 11(19.3%) 2 (16.7%)

ERA 34 (59.6%) 2(16.7%)
History of uveitis after JIA diagnosed 4 (7.0%) 2 (16.7%) 0.28
Lab data at diagnosis

Positive HLA-B27 (n, %) 33 (70.2%) 2 (33.3%) 0.16

Positive RF (n, %) 5(9.1%) 0 (0%) 0.58

Positive ANA (n, %) 16 (28.1%) 3(25.0%) 1.00

ESR (mm/h) 474 (42.5) 479 (40.7) 0.88

CRP (mg/dL) 33(4.0) 35(4.8) 0.85

WBC count (x10%/uL) 8449 (3733.4) 11,118 (6710.5) 0.08

Hb (g/L) 11.9(2.1) 11.8(1.7) 1.00

PLT count (x10%/L) 358 (108) 418 (131) 0.15

Values are expressed as percentages (%) and mean with standard deviations

Target height difference (THD), adult height minus mid-parental height; BMI, body mass index; ERA, enthesis-related arthritis; HLA, human leukocyte antigen; RF,
rheumatoid factor; ANA, antinuclear antibody; positive ANA, >1:160(+); ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; WBC, white blood cell count;
Hb, haemoglobin; PLT, platelet
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(ANA), human leukocyte antigen (HLA)-B27, rheuma-
toid factor (RF) positivity, hemogram, or inflammatory
markers.

The treatment and disease statuses of enrolled patients
are summarized in Table 2. In our study, GC remained
one of the main treatments for active or severe disease
activity. Around half of the patients in both groups had
received GC for over one month. Most patients in both
groups used GC for less than six months. Among the
patients who used GC over one month, the average accu-
mulation GC dose, equivalent to the prednisolone dos-
age, was 0.26 mg/kg/day, ranging from 0.01 to 0.77 mg/
kg/day. Nine cases had received IACIs. Half the patients
in the SRAH group had received GC for more than 12
months compared to the 23.3% in the OH group. All
patients had received DMARDs, and methotrexate was
frequently used. Though the difference did not reach
significance, more patients in the SRAH group (91.7%)
had received TNFa inhibitors and used them for a lon-
ger duration, with a mean time of 10.1 years, compared
to the data in the OH group. As for the long-term treat-
ment response and disease activity, more patients in the
SRAH group still had an active disease status (50.0% vs.
21.1%, p=0.066) at enrollment. Most patients (78.9%) in
the OH group achieved inactive disease, 73.7% reached
remission, and 17.5% did not take any medication. By
comparison, in the SRAH group, 41.7% reached remis-
sion, but none were medication-free. Five patients had
received orthopedic surgery due to complications of JIA.
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Four patients belonged to sJIA, and another one had
ERA. Three were in the SRAH group, and the ratio was
significantly higher than in the OH group (25% vs. 3.5%,
p=0.034).

Risk factors associated with SRAH in JIA patients

We conducted univariate logistic regression analyses
to evaluate the risk factors of SRAH in JIA patients, as
shown in Table 3. The onset age remained one of the fac-
tors of SRAH, especially in patients with earlier disease
onset below six years old (OR=6.63, 95%CI=1.37-31.93,
p=0.018). The systemic subtype was significantly related
to SRAH (OR=42.5, 95%CI=4.83-373.41, p=<0.001),
compared to the ERA subtype as the reference group.
None of the laboratory data at the diagnosis and treat-
ment course were factors related to SRAH. The patients
with active disease status at enrollment had a significantly
positive correlation with SRAH (OR=4.2, 95%CI=1.09—
16.19, p=0.037). History of orthopedic surgery due to
complications of JIA was significantly related to SRAH
(OR=9.17, 95%CI=1.34-62.71, p=0.024). After adjust-
ment, sJIA remained the risk factor of SRAH (OR=37.6,
95%CI 1.2-1210.5; p=0.041).

Subgroup analysis by gender

To eliminate the effects on growth in different genders,
we performed a subgroup analysis according to the gen-
der of each patient (Supplementary Table 1). Among the
52 male patients, 44 were in the OH group and 8 in the

Table 2 Treatments and disease course in JIA patients with optimal height (OH) and substantially reduced height (SRAH)

OH group (n=57) SRAH group (n=12) p-value

Use of GC for more than one month (n, %) 30 (52.6%) 6 (50.0%) 1.00
Duration of GC treatment (months) 9.4 (14.5) 116 (12.0) 061

<6 months (n, %) 18 (60.0%) 3 (50.0%) 045
6to 12 months 5(16.7%) 0 (0%)
>12 months 7 (23.3%) 3 (50.0%)

Use of IACls (n,%) 3(5.3%) 1(8.3%) 0.68

Use of MTX (n, %) 34 (59.6%) 7 (58.3%) 1.00

Number of DMARDs used (n, %) 0.92
One kind of DMARDs 16 (28.1%) 4(33.3%)

Two kinds of DMARDs 19 (33.3%) 4 (33.3%)
Over two kinds of DMARDs 22 (38.6%) 4 (33.3%)

Use of TNF-a inhibitors (n, %) 42 (73.7%) 11(91.7%) 0.27
Age at TNF-a inhibitors onset (years old) 14.5 (4.3) 134 (5.6) 0.36
Time between diagnosis and treatment onset (years) 29(3.8) 34(6.9) 091
Duration of treatment (years) 8.4 (4.9 10.1 (4.8) 0.14

Disease status (n, %) 0.066
Active disease 12 (21.1%) 6 (50.0%)

Inactive disease without remission 3(5.2%) 1(8.3%)
Inactive disease with remission 42 (73.7%) 5 (41.7%)
Received orthopedic surgery due to JIA complications 2 (3.5%) 3(25%) 0.034

Values are expressed as percentages (%) and mean with standard deviations

GC, glucocorticoids; IACls, intra-articular corticosteroid injection; MTX, methotrexate; DMARDs, disease-modifying antirheumatic drugs; TNF-a, tumor necrosis

factor
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Table 3 Univariate and multiple logistic regression analyses for factors affecting SRAH
Variables Univariate regression Multiple regression
OR (95%Cl) P-value Adjusted OR (95%Cl) p-value
Male sex 0.59(0.15,2.28) 0445
Final weight 0.95 (0.90,1.00) 0.067 0.99 (0.93,1.04) 0.61
BMI at enrolment 0.98(0.84,1.13) 0.74
JIA onset age 0.88 (0.75, 1 02) 0.09
JIA onset age before 6 years old 6.63(1.37,31.93) 0.018 2.14(0.16,28.9) 0.57
JIA subtype
ERA 1 1
Systemic JIA 42.5(4.83,37341) <0.001 376(1.17, 12105) 0.041
Oligoarticular JIA 5.1(0.75,34.89) 0.097 346(0.38,31.13) 0.27
Polyarticular JIA 3.1(0.39,24.61) 0.29 2.14(0.23,19.57) 0.50
History of uveitis 0.30(0.43,16.47) 0.30
Lab data at diagnosis
ESR (mm/h) 1.00 (0.98,1.09) 0.96
CRP (mg/dL) 1.02(0.88,1.18) 0.84
WBC count (x10%/uL) 00 (1.00,1.00) 0.10
Hb (g/L) 0.98(0.72,1.35) 092
PLT count (><1O3/pL) 1.00 (0.99,1.01) 0.11
Duration of GC treatment 01 (0.96, 1.06) 0.93
Use of MTX 0.95(0.27,3.35) 093
Use of TNF-a inhibitor 1(0.47,33.07) 0.21
Age at TNF-a inhibitor use 0.95 (O 82,1.11) 0.53
Time from diagnosis to TNF-a inhibitor use 03(0.89,1.20) 0.71
Duration of TNF-a inhibitor use (years) 07 (0.94, 1.22) 031
Disease status
Inactive disease with remission 1 1
Inactive disease without remission 2.8(0.24,32.31) 041 3.91(0.25,61.38) 0.33
Active disease 4.2(1.09,16.19) 0.037 4.12(0.66,2.52) 0.13
History of orthopedic surgery due to JIA 917 (1.34,62.71) 0.024 0.34 (0.005, 25.63) 0.63

SRAH, substantially reduced adult height; BMI, body mass index; JIA, juvenile idiopathic arthritis; GC, glucocorticoids; MTX, methotrexate; ESR, erythrocyte
sedimentation rate; CRP, C-reactive protein; WBC, white blood cell count; Hb, hemoglobin; PLT, platelet; TNF-a, tumor necrosis factor; inactive disease is defined as
the absence of symptoms and normal ESR/CRP level and no requirement of GC at the time of enrolment

SRAH group. The JIA subtypes showed significant differ-
ences between the OH and SRAH groups (p=0.025). ERA
was the most common subtype in the OH group (65.9%);
however, all subtypes were evenly distributed in the
SRAH group. Besides, the disease status in both groups
differed (p=0.038), with most of the OH group achieving
remission status (79.5%) and half of the patients in the
SRAH group still in active disease.

There were 17 female patients, including 13 in the
OH group and 4 in the SRAH group. The patients in
the SRAH group had significantly earlier disease onset
age than those in the OH group (4.3 vs. 12.0 years old,
p=0.032). A significantly lower BMI was found in the
SRAH group (17.94 1.8 vs. 21.9+ 4.4 kg/m2, p=0.015).
The distribution of the JIA subtype in female patients
showed similar results in the total population, with more
ERA (38.5%) and polyarticular (38.5%) subtypes in the
OH group and primarily systemic (75%) subtype in the
SRAH group (p =0.016). Two initial laboratory param-
eters, ESR and WBC count, were significantly higher

in the SRAH group. Also, patients in the SRAH group
required longer treatment durations of TNFa inhibitors
(15.1+ 1.6 vs. 6.3+ 7.9 years, p=0.049).

Discussion

In this single-center cohort study, we analyzed the fac-
tors affecting JIA patients’ final AH, including basic char-
acteristics, laboratory reports, treatments, and disease
status. We found sJIA subtype, an earlier disease onset,
mainly before six years old, a history of JIA-associated
orthopedic surgery, and active disease status during
follow-ups were correlated with SRAH in JIA patients.
This study may be the first one to discuss SRAH in JIA
patients by comparing the final and estimated AH based
on the MPH.

Since chronic inflammation, the essential feature of JTA,
is often related to growth disorders ranging from a mild
decrease in growth velocity to severe growth impairment,
many studies assessed the growth in JIA patients and
the factors associated with growth restriction or short
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stature. The previous studies regarding growth in JIA
used z-scores as a height parameter and for the defini-
tion of short stature compared to the general population.
Our study used the THD based on the patient's MPH
to minimize the genetic effects of their parent’s height.
We reported that 13.0% of JIA patients had SRAH, with
71.4% in children with sJIA, 23.1% in children with the
oligoarticular disease, 15.3% in children with the poly-
articular disease, and only 0.5% in children with ERA.
Because ERA remains the predominant JIA subtype in
Taiwan based on previous epidemiologic studies, the rate
of SRAH is relatively lower in our JIA patients [20].

Our study found that patients with sJIA accounted
for most of the SRAH group (41.7%), and sJIA was the
most essential predicting factor for SRAH in our results.
McErlane et al. reported that patients with sJIA had
higher rates of severe growth restriction and lower height
growth velocity among all JIA subtypes [21]. Barut et
al. reported a 15-year and single-center experience of
the clinical features and outcomes in 168 sJIA patients.
Growth retardation was recorded in 11.3% of them, espe-
cially in those patients with persistent or polycyclic clini-
cal courses [22]. Systemic JIA was characterized by its
significant systemic inflammation, earlier disease onset,
longer disease course, and poor disease outcome [23].
Several studies supported evidence that the inflamma-
tory process may promote growth hormone resistance
and disease [8, 11]. The findings of association between
persistent inflammation and growth indicate that sJIA
patients may experience reduced height in adulthood
than other subtypes due to profound inflammatory pro-
cesses in this group of patients.

A variety of drugs have been found to affect the AH
in JIA. Glucocorticoids, useful anti-inflammatory drugs,
were often used in JIA patients with flared-up diseases
and were usually prescribed a few decades ago. Wang
et al. reported the negative influence of GC on AH in
JIA patients, according to the data collected from 1973
to 1995 at the same medical institute in this study [14].
However, we did not find significant differences between
the OH and SRAH groups regarding the duration of
GC use. The main difference may be that 79.3% of the
JIA patients enrolled were diagnosed after 2003, when
the first biologic for JIA was introduced in our hospital,
and patients had more treatment options like DMARDs
than GC. Only a few studies have reported a correlation
between DMARDs and final AH. An open-label, nonran-
domized trial in 2010 showed a significant increase in the
mean height percentiles when methotrexate (MTX) and
Etanercept were combined in polyarticular or sJIA after
three years of follow-up [24]. This report suggested that
multiple medication use may improve the inflammatory
process and indirectly decrease body height. Further
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subgroup analysis may be required to demonstrate the
effect of treatment in different JIA subgroups.

In our study, orthopedic surgery was significantly
related to SRAH. Previous cohort studies showed that
10% of patients with JIA needed orthopedic surger-
ies, such as total hip and knee arthroplasty, to correct
their bone deformity or joint contracture [25, 26]. Our
study found that all JIA patients with SRAH and previ-
ous operation history had an active disease condition
at enrollment. This result informed us that those with
active disease and poor treatment response might require
orthopedic surgery, and these populations may also expe-
rience short AH due to their severe disease status.

This study had some limitations. First, this was a ret-
rospective cohort study with a recall and selection bias.
However, we enrolled those patients with continuous fol-
low-ups and collected the primary outcomes objectively
to minimize bias. Second, our study lacked serial disease
severity scores to clarify the effect of long-term disease
severity on AH. However, we used the latest disease sta-
tus to understand the relationships between JIA disease
control and SRAH. Lastly, the case number was insuffi-
cient to perform a subgroup analysis of the JIA subtypes.
The data presented here could provide important infor-
mation about AH in the post-biologics era of JIA. How-
ever, more detailed prospective records and evaluations
of different JIA subtypes are still needed in the future.

Conclusion

Reduced AH is one of the main concerns in patients with
JIA. In this real-world experience, we identified factors
such as systemic subtype, younger disease onset age,
active disease status, and history of JIA-related orthope-
dic surgery that were correlated with SRAH in patients
with JIA. Among them, sJIA was the main factor affect-
ing AH. For JIA patients with these characteristics, clini-
cians might need to be aware of their growth problems
during the disease course and provide intervention if
signs of growth retardation present.
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CRP C-reactive protein
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