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Abstract
Background  Timely referral and diagnosis of Juvenile Idiopathic Arthritis (JIA) by a pediatric rheumatologist ensures 
early intervention to minimize long-term joint damage and disability. This study aimed to quantify the impact of 
delays in diagnosis on health service use, health-related quality of life (HRQoL) and associated costs to the health 
system.

Methods  A cost-utility analysis was conducted over a lifetime horizon from a health funder perspective in 2023 
Australian dollars, comparing time from actively seeking treatment to formal diagnosis (< 6 months, 6 + months). 
Time to diagnosis, healthcare use, including medical investigations, health professional visits, hospitalizations and 
medications, was determined using The IMPACT Survey. Incremental costs were estimated by applying Australian 
government subsidy item costs (medications), schedule fees (medical services), and National Efficient Prices 
(hospitalizations). HRQoL was measured using Child Health Utility Instrument (CHU9D). Incremental Quality Adjusted 
Life Years (QALYs) were estimated using participants’ CHU9D utility values based on Australian preference weights 
and life expectancy. Costs and QALYs were present valued at 5% per annum. Sensitivity analyses were conducted for 
robustness.

Results  Over one-third (n = 61/163) of children were diagnosed 6 + months from actively seeking treatment. 
Compared with 6 + months, diagnosis within 6 months was associated with a lower use of health services, resulting 
in a mean annual decrease in costs for the healthcare funder of more than $10,000 per child. The majority of the 
cost savings were due to reductions in hospitalizations for pain, inflammation, and investigative procedures. There 
were also significant increases in HRQoL; 0.14 (95%CI 0.05, 0.23) utility value. The differences in health service use and 
HRQoL from timely diagnosis persisted over 20 years from diagnosis. Over a lifetime, the present value of healthcare 
cost savings was $208,458 (95%CI $45,388, $371,528) and the increase in HRQoL resulted in an additional 2.82 (95%CI 
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Background
Juvenile Idiopathic Arthritis (JIA) is an inflammatory 
arthritis of unknown cause and onset before 16 years 
of age that persists for at least six weeks and comprises 
80% of all Childhood Rheumatic Diseases [1]. Although 
JIA incidence has been reported to range widely, 1.6–23 
per 100,000 [2], recent population-based register studies 
using the International League of Associations for Rheu-
matology (ILAR) classification criteria have estimated 
annual incidence in the range of 24.1 [3]–31.7 [4] per 
100,000; similar to childhood diabetes [5], yet there is less 
political, community, and health professional awareness 
of the impact of JIA on individuals, families, and health 
systems.

JIA is characterised by joint pain, swelling and inflam-
mation, which, without timely referral to a Pediatric 
Rheumatologist (PR) for aggressive intervention with 
disease-modifying drugs, can lead to long-term joint 
damage and disability [6–9]. Timely diagnosis also aids 
appropriate management of co-morbidities such as uve-
itis, preventing vision loss [1]. Large longitudinal stud-
ies of health-related quality of life (HRQoL) in the era 
of biologic treatments for JIA have shown that a longer 
time to diagnosis predicts a poorer HRQoL trajectory 
over the first three years post-diagnosis [10], which is the 
median time to reach maximal HRQoL once on treat-
ment [10, 11]. This early decrement in HRQoL continues 
into adulthood, where pain intensity, active joints, and 
physical disability within the first three years are early 
predictors of physical limitations, pain, and poorer physi-
cal HRQOL after 19 years [11]. Chronic pain, even for 
those in remission, most likely from radiological dam-
age before treatment, reduces long-term HRQoL and 
increases long-term health system costs, particularly for 
joint replacement surgery [12], strengthening calls for 
earlier diagnosis. The findings highlight the importance 
of early diagnosis and treatment of JIA to prevent lifetime 
decrements in HRQoL and health system costs.

Despite clinical guidelines recommending that a child 
with suspected JIA should be assessed by a PR within 10 
weeks (2.3 months) of symptom onset [13], a 2020 inter-
national systematic review found the pooled median time 
from symptom onset to first PR assessment was 5.8 (95% 
CI 5.3, 6.3) months [14]. The delay in diagnosis [14–16] 

of JIA and the drivers of this delay [1, 8, 14, 16, 17] have 
been well documented. However, to our knowledge no 
studies have quantified the incremental impact of the 
delay in diagnosis on a child’s health-related quality of 
life HRQoL (physical, psychological, and social function-
ing) and health system costs for use by policy makers and 
health funders. This quantification work is essential to 
provide impetus to fund interventions to improve time to 
diagnosis.

An online national survey, The IMPACT Survey [18], 
was undertaken among Australians with JIA and their 
families from February to June 2023, to capture the expe-
rience of diagnosis, treatment, healthcare access and 
interactions, and to measure HRQoL and the financial 
costs associated with treatment and care. The survey 
identified for the first time that HRQoL for Australian 
children with JIA was lower than that of children with 
epilepsy or Type 1 diabetes [18]. The survey also con-
firmed that health system costs associated with the con-
dition were high, and the average time to diagnosis for 
JIA was 11 months [18], eight months longer than the 
recommended standard [13]. However, there was no 
assessment of whether the time to diagnosis had a signifi-
cant impact on HRQoL and health system costs.

The aims of this study are twofold: (1) To quantify the 
relationship between time to diagnosis and its impact on 
HRQoL, Quality Adjusted Life Years (QALYs), and health 
system costs, and (2) Estimate the net benefit in dollars 
to healthcare funders of timely diagnosis. This study dif-
fers from a typical cost-utility analysis in that it does not 
evaluate a particular intervention for cost-effectiveness. 
Rather, the health economic modelling undertaken in 
this paper provides health funders and policy makers 
with an estimate of the dollar cost (QALYs forgone and 
health system costs) per person of a delayed JIA diagno-
sis, or alternatively, the threshold (or maximum) funds 
per person that can be spent on a particular intervention 
to improve time to diagnosis. The paper shows how the 
threshold, along with estimates of the children affected 
in the relevant country, can be used to set a budget for 
improving time to diagnosis. Finally, with the inclusion 
of the funds required per-person to implement a particu-
lar intervention, the cost-utility and cost-benefit of any 
intervention to improve time to diagnosis for children 

1.03, 4.61) QALYs per child. At a willingness to pay of $50,000 per QALY, the estimated net benefit to the health funder 
was $349,520 (95%CI $139,630, $559,411) per child.

Conclusions  Interventions to improve the time to diagnosis of JIA within six months are likely cost-effective and can 
significantly improve HRQoL for people living with JIA.

Clinical trial registration (if any)  Not applicable.

Keywords  Juvenile idiopathic arthritis, Economic evaluation, Health-related quality of life, Cost-utility analysis, Cost-
benefit analysis
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with JIA to within six months of actively seeking treat-
ment can be evaluated with the estimates provided in this 
paper.

Methods
Study population
Australians aged up to 25 years with JIA diagnosed 
before age 16 and their families were recruited through 
consumer organisations and paediatric rheumatology 
services and completed the IMPACT Survey between 
February and June 2023. Detailed methods are published 
elsewhere [18]. Ethics approval was obtained from The 
University of Sydney Human Research Ethics Committee 
(HREC: 2022/902).

Data collection
The IMPACT Survey was designed and piloted by a mul-
tidisciplinary team of researchers with expertise in child/
adolescent health research, members of the Australian 
Paediatric Rheumatology Group, and people with lived 
experience of JIA. It was administered online via RED-
Cap as a one-time, cross-sectional survey. The survey 
collected information on sociodemographic and clinical 
characteristics, process of diagnosis, healthcare inter-
actions, treatment, physical and mental health, social/
family impact, government and out-of-pocket costs and 
health-related quality of life. Parents/carers and chil-
dren/young people (hereafter referred to as children/
child) were encouraged to complete the survey together, 
and more than half the participants (54%) reported they 
completed the validated quality of life measures together, 
which did not differ by time to diagnosis groups (p = 0.3).

Time to diagnosis measure
Respondents were asked to estimate the time from 
actively seeking treatment to formal diagnosis of JIA, 
which was captured in categories of < 1, 1–2, 3–5, 6–8, 
9–12 months, and 1–2, 3–4, > 5 years for all participants. 
Respondents were also asked to report age at symp-
tom onset and age at diagnosis, which were captured in 
months for children aged ≤ 1 year, in half years for those 
participants aged ≤ 4 years, and in full years for children 
> 5 years. Time from symptom onset to diagnosis was 
then calculated using these ages. The two time to diag-
nosis measures had a high linear (Pearson) correlation, 
80% (95%CI 75%, 85%). Given that the time from actively 
seeking treatment was more granular, this was chosen as 
our measure of time to diagnosis. Based on previous sys-
tematic review [14], and clinical feedback from pediatric 
rheumatologists on the window of opportunity to pre-
vent long-term joint damage and disability, it was decided 
to compare outcomes for children diagnosed < 6 months 
versus 6 + months from actively seeking treatment.

Outcome measures
Health-related quality of life (HRQoL) was assessed 
using the Child Health Utility Instrument (CHU9D) 
[19]. CHU9D uses a 5-point scale across nine specific 
domains. Australian preference weights were used to 
transform CHU9D scores into utility values ranging 
between 1.00 (perfect health) to zero (being dead) [20]. 
Utility values allowed for the estimation of Quality-
Adjusted Life Years (QALYs) for participants, enabling 
cost-utility and cost-benefit analyses to be conducted.

Annual government healthcare costs were estimated 
based on participant responses to the IMPACT sur-
vey on healthcare use, including medical investigations, 
health professional visits, hospitalizations and medica-
tions. Costs were estimated by applying Australian gov-
ernment subsidy item costs (medications) [21], schedule 
fees (medical services) [22], and National Efficient Prices 
(hospital stays) [23]. The net benefit in dollars was esti-
mated using the present value of incremental healthcare 
costs plus the willingness to pay for one QALY multiplied 
by the present value of incremental QALYs.

Analysis
Statistical analysis
Descriptive statistics were calculated and comparisons 
made between sociodemographic and clinical charac-
teristics of survey participants by time to diagnosis (< 6 
months versus 6 + months) using chi-squared tests for 
categorical data and t-tests for continuous variables. Lin-
ear regression was conducted to estimate the relation-
ship between time to diagnosis and the main outcome 
measures of HRQoL and annual government healthcare 
costs. Given the cross-sectional nature of the survey, 
additional analysis was conducted using multivariable 
generalized additive models to take into account non-
linearity of age, and potential confounding by age, gender 
and time from diagnosis to survey completion and poten-
tial interaction by age-gender or time from diagnosis to 
survey completion and time to diagnosis to ensure infer-
ences were robust.

Economic analysis
A cost-utility analysis was conducted over a lifetime hori-
zon from a health funder perspective in 2023 Australian 
dollars, comparing time from actively seeking treatment 
to diagnosis (< 6 months, 6 + months). A lifetime hori-
zon was chosen for this analysis, given that those with 
delayed diagnosis were more likely to suffer lifelong dis-
ability, less likely to gain treatment-free remission, and 
more likely to require care into adulthood [7]. Each par-
ticipant’s Quality Adjusted Life Years (QALYs) were esti-
mated using their life expectancy [21] and multiplied by 
their CHU9D utility value. Costs and QALYs were pres-
ent valued over a lifetime horizon using a 5% per annum 



Page 4 of 12Von Huben et al. Pediatric Rheumatology           (2026) 24:12 

discount rate [24]. The net benefit in dollars per child 
of an earlier diagnosis was calculated using each par-
ticipant’s present valued QALYs and health system costs, 
and the generally accepted willingness to pay of $50,000 
for one QALY in Australia [25]. One-way sensitivity anal-
yses were also conducted for robustness: (1) Discount 
rates 3% and 7%, (2) Willingness to pay for one QALY 
($30,000, $70,000), and (3) Removing participants com-
pleting the survey within one year of diagnosis to remove 
any short-term treatment effects on HRQoL and costs 
within the first year of treatment. A pre-defined eco-
nomic analysis plan was followed (Additional file 1), and 
the analysis is reported in accordance with the Consoli-
dated Health Economic Evaluation Reporting Standards 
(CHEERS) checklist [26] (Additional file 2). All statisti-
cal and economic analyses were performed using R (ver. 
4.4.1)(R Core Team 2023) [27] packages Gmisc for plot 
and table output [28], forestplot [29] and knitr (Xie 2023) 
[30] for reproducible research and results with P-values < 
0.05 were considered statistically significant.

The study was approved by The University of Sydney 
Human Research Ethics Committee (HREC: 2022/902).

Results
Of the 184 IMPACT survey participants with JIA, 163 
(89%) were included based on those who had completed 
the CHU9D instrument. Participants missing CHU9D 
were almost equally distributed between the time to 
diagnosis groups (< 6 months: n = 14/116 (12%); 6 + 
months: n = 7/68 (10%)) with no systematic difference 
in characteristics to those with completed CHU9D. Sur-
vey participants ranged from having been just diagnosed 
to 21 years after diagnosis, but were concentrated in 
the first five years post-diagnosis, median (interquartile 
range) 4.5 (1.9–8.4) years (Table 1). Most importantly, 
the time from diagnosis to completing the survey did not 
differ significantly between diagnosis groups (p = 0.14) 
(Table 1). Compared to those diagnosed 6 + months after 
actively seeking treatment, those diagnosed < 6 months 
were younger at symptom onset, mean(SD) 4.4(3.8) ver-
sus 5.7(3.6) years; p = 0.03, at diagnosis, and at survey 
completion, mean(SD) 11.0 (5.2) versus 12.8 (4.8), p = 
0.03 (Table 1). There was no evidence of a relationship 
between time to diagnosis and gender, ethnicity, location 
(state/territory), parental education, socioeconomic sta-
tus, rurality or any other clinical condition (all p > 0.05), 
except uveitis (p = 0.001), which is known to be positively 
associated with an earlier diagnosis [14] ] (Table 1).

The average CHU9D score was lower for children diag-
nosed at 6 + months, 0.44 (SD 0.29), compared to those 
diagnosed < 6 months, 0.59 (SD 0.29); p = 0.003 (Table 2). 
Within the nine dimensions that comprise the CHU9D, 
children in the < 6 months diagnosis group reported 
higher scores in the dimensions of pain, tiredness, sleep, 

daily routine, and activities than those in the delayed 
diagnosis group (p < 0.05) (Table 2).

Compared with 6 + months, a time to diagnosis < 6 
months was associated with a clinically and statisti-
cally significant increase in HRQoL utility value of 0.14 
(95%CI 0.05, 0.23) per child (Table 3). Results were also 
comparable after adjusting for potential confounding and 
interaction by age, sex and time from diagnosis to survey 
completion, 0.14 (95%CI 0.04, 0.23) (Table 3).

The average annual government healthcare costs for 
children diagnosed at <6months was $18,765 (SD $6,416) 
and lower than the average annual cost of $29,494 (SD 
$37,034) for children diagnosed 6 + months (p = 0.012) 
(Table  4). Large cost savings were observed for the < 6 
months group in overall hospitalizations, and those spe-
cifically for surgeries, pain, inflammation, and investiga-
tive procedures (Table  4). Smaller, but significant cost 
savings were also found in fewer visits to primary care 
physicians and allied health professionals (Table 4).

Overall, this represented significant annual savings in 
healthcare costs for the < 6 months versus 6 + months 
group of $10,729 (95%CI $2,393, $19,065); p = 0.01 
(Table 5).

Over a lifetime horizon, the present value of healthcare 
savings from diagnosis within six months was $208,458 
(95%CI $45,388, $371,528); p = 0.01, and QALYs 
increased by 2.82 (95%CI 1.03, 4.61);p = 0.002 per child 
(Table 6; Fig. 1). Using the generally accepted willingness-
to-pay of $50K per QALY [25], the net benefit to the Aus-
tralian government (health funder) of diagnosis within 
the 6-month window was $349,520 (95%CI $139,630, 
$559,411);p = 0.001 per child with JIA (USD$231,470 
(95%CI $92,470, $370,471) [31])(Table 6).

  
One-way sensitivity analysis showed that the net ben-

efit was most sensitive to the assumed time value of 
money, with the net benefit reduced to $254K at a 7% dis-
count rate and increased to $537K at a 3% discount rate 
(Fig. 2). Removing potential short-term treatment effects 
by reperforming the analysis excluding the 17 partici-
pants who completed the survey within one year of diag-
nosis, resulted in a negligible reduction in the net benefit 
of $5K (1.4%)(Fig. 2).

The net benefit in dollars per child with JIA can be used 
to set the cost threshold per child for an intervention to 
be cost-effective, value the benefits of alternate interven-
tions, or estimate the total budget for interventions using 
the benefits forgone of not improving time to diagnosis. 
For example, in Australia, based on the estimated 5.1 mil-
lion [32] resident children under 16 years as at 30 June 
2023, and using a very conservative annual incidence 
based on children with a first admission to public hos-
pitals of 7 per 100,000 [33] (358 children), and 37% of 
children receiving a diagnosis 6 + months from actively 
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Demographic and clinical characteristics Time to diagnosis in months Total
N = 163

P value**

< 6
N = 102

6 + 
N = 61

Age at symptom onset in years 0.028
  Mean (SD) 4.4 (± 3.8) 5.7 (± 3.6) 4.9 (± 3.8)

  Median (IQR) 3.0 (1.5–6.0) 5.0 (2.0–9.0) 4.0 (2.0–7.0)

Age at diagnosis in years < 0.001
  Mean (SD) 4.7 (± 3.9) 7.6 (± 3.8) 5.8 (± 4.1)

  Median (IQR) 3.0 (2.0–6.0) 7.0 (4.0–11.0) 5.0 (2.0–9.0)

Age at survey in years 0.032
  Mean (SD) 11.0 (± 5.2) 12.8 (± 4.8) 11.7 (± 5.1)

  Median (IQR) 10.3 (7.0–14.9) 12.9 (9.5–16.0) 11.8 (7.6–15.5)

Time from diagnosis to completing survey in years 0.14
  Mean (SD) 6.3 (± 4.9) 5.1 (± 4.8) 5.8 (± 4.9)

  Median (IQR) 5.6 (1.8–8.6) 3.4 (1.9–5.9) 4.5 (1.9–8.4)

Gender 0.78
  Male 30 (29.4%) 20 (32.8%) 50 (30.7%)

  Female 72 (70.6%) 41 (67.2%) 113 (69.3%)

Ethnicity 0.37
  White/European 82 (80.4%) 53 (86.9%) 135 (82.8%)

  Aboriginal Australian/Torres Strait Islander 4 (3.9%) 1 (1.6%) 5 (3.1%)

  Asian 5 (4.9%) 5 (8.2%) 10 (6.1%)

  Middle Eastern 7 (6.9%) 1 (1.6%) 8 (4.9%)

  Other 4 (3.9%) 1 (1.6%) 5 (3.1%)

Australian State or Territory 0.36
  Australian Capital Territory 4 (3.9%) 3 (4.9%) 7 (4.3%)

  New South Wales 62 (60.8%) 29 (47.5%) 91 (55.8%)

  Queensland 10 (9.8%) 12 (19.7%) 22 (13.5%)

  South Australia 11 (10.8%) 5 (8.2%) 16 (9.8%)

  Tasmania 1 (1.0%) 2 (3.3%) 3 (1.8%)

  South Australia 7 (6.9%) 7 (11.5%) 14 (8.6%)

  Western Australia 7 (6.9%) 3 (4.9%) 10 (6.1%)

Parental education (highest level) 0.55
  Did not complete high school 4 (3.9%) 3 (4.9%) 7 (4.3%)

  HSC or equivalent (Year 12) 14 (13.7%) 12 (19.7%) 26 (16.0%)

  College/TAFE/Diploma 28 (27.5%) 14 (23.0%) 42 (25.8%)

  University 25 (24.5%) 19 (31.1%) 44 (27.0%)

  Postgraduate 31 (30.4%) 13 (21.3%) 44 (27.0%)
*SEIFA Quintiles - IRSD 0.35
  1 - Most disadvantaged 14 (13.7%) 10 (16.4%) 24 (14.7%)

  2 19 (18.6%) 9 (14.8%) 28 (17.2%)

  3 22 (21.6%) 15 (24.6%) 37 (22.7%)

  4 23 (22.5%) 7 (11.5%) 30 (18.4%)

  5 - Least disadvantaged 24 (23.5%) 20 (32.8%) 44 (27.0%)
†Remoteness 0.27
  Major city 81 (79.4%) 42 (68.9%) 123 (75.5%)

  Inner regional 16 (15.7%) 13 (21.3%) 29 (17.8%)

  Outer regional 5 (4.9%) 6 (9.8%) 11 (6.7%)

Private health insurance 0.99
  Yes 62 (60.8%) 37 (60.7%) 99 (60.7%)

  No 40 (39.2%) 24 (39.3%) 64 (39.3%)

Other reported clinical conditions
  Bone fractures 9 (8.8%) 12 (19.7%) 21 (12.9%) 0.079
  Dental problems 18 (17.6%) 16 (26.2%) 34 (20.9%) 0.27

Table 1  Demographic and clinical characteristics of survey participants by time to diagnosis
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seeking treatment, the total benefits forgone of delayed 
diagnosis to healthcare funders for those 134 children 
would be $47 (95%CI $19, $75) million.

Discussion
The IMPACT Survey [18] confirmed little has changed 
in Australia in terms of time to diagnosis from 2014 to 
2023 (6 + month waiting time: 41% of children in 2014 
[1] versus 37% in 2023 [18]). Compared to children diag-
nosed within 6 months of actively seeking treatment, 
children waiting 6 + months for diagnosis reported lower 

health-related quality of life, with deficits in the dimen-
sions of pain, tiredness, sleep, daily routine and activities. 
The difference did not diminish over the years from diag-
nosis (participant data reached 20 years post diagnosis), 
supporting the hypothesis of a window of opportunity for 
early aggressive treatment with disease-modifying drugs 
to limit long-term joint damage and disability [6–9]. 
Children in the delayed diagnosis group also reported a 
higher usage of health services, resulting in an average 
increase in costs for the healthcare funder of more than 
$10,000 per child. The majority of this cost increase was 

Table 2  Child Health Utility 9D Instrument (CHU9D) Dimension Scores by time to diagnosis groups
Child Health Utility Instrument (CHU9D)
Dimension Scores
Utility Value
(Range: 1 = Perfect health, 0 = Dead)

Time to diagnosis in months t-Test
P value< 6

N = 102
6 + 
N = 61

Mean (SD)
Overall* 0.59 (± 0.29) 0.44 (± 0.29) 0.003

HRQoL dimensions
  Worry (Range 0.11 to 0.22) 0.17 (± 0.05) 0.15 (± 0.05) 0.11

  Sadness (Range 0.02 to 0.15) 0.10 (± 0.05) 0.09 (± 0.05) 0.07

  Pain* (Range − 0.02 to 0.11) 0.05 (± 0.04) 0.02 (± 0.04) 0.001

  Tiredness* (Range 0.03 to 0.11) 0.07 (± 0.02) 0.06 (± 0.02) 0.001

  Annoyance (Range − 0.04 to 0.08) 0.04 (± 0.04) 0.03 (± 0.04) 0.09

  School (Range − 0.02 to 0.09) 0.05 (± 0.04) 0.04 (± 0.04) 0.07

  Sleep* (Range − 0.05 to 0.06) 0.03 (± 0.03) 0.02 (± 0.03) 0.03

  Daily routine* (Range − 0.05 to 0.07) 0.02 (± 0.05) -0.00 (± 0.05) 0.008

  Activities* (Range 0.02 to 0.13) 0.11 (± 0.02) 0.10 (± 0.03) 0.007
*Statistically significant at p = 0.05

Table 3  Model estimates for Health-related Quality of Life (HRQoL) measured by Child Health Utility 9D Instrument (CHU9D) Utility 
Value by time to diagnosis group
Child Health Utility Instrument (CHU9D)
Utility Value
(Range: 1 = Perfect health, 0 = Dead)

Time to diagnosis in months Difference Wald Test
P value< 6 

N = 102
6 + 
N = 61

Mean (95% CI)
Unadjusted 0.59 (0.53, 0.64) 0.44 (0.39, 0.52) ⇑0.14

(0.05, 0.23)
0.003

Adjusted* 0.58 (0.50, 0.67) 0.45 (0.35, 0.55) ⇑0.14
(0.04, 0.23)

0.004

*Adjusted by age, gender, and age-gender interaction. There was no evidence that time from diagnosis to the survey (Wald Test P value = 0.193), or an interaction 
between diagnosis group and time from diagnosis to the survey (Likelihood Ratio Test P value = 0.112), improved model fit

Demographic and clinical characteristics Time to diagnosis in months Total
N = 163

P value**

< 6
N = 102

6 + 
N = 61

  Diabetes 2 (2.0%) 1 (1.6%) 3 (1.8%) 0.99
  ¶Heart problems 5 (4.9%) 5 (8.2%) 10 (6.1%) 0.61
  Kidney 3 (2.9%) 1 (1.6%) 4 (2.5%) 0.99
  Psoriasis 7 (6.9%) 11 (18.0%) 18 (11.0%) 0.052
  Uveitis 34 (33.3%) 6 (9.8%) 40 (24.5%) 0.001
*Socio-economic indices Australia, 2021, quintiles derived from national deciles by participant’s postal area, IRSD - Index of Relative Socio-economic Disadvantage
†Remoteness measured by Accessibility/ Remoteness Index of Australia Plus (ARIA+) based on participant’s postal area
¶Pericarditis, myocarditis, endocarditis, ventricular dysfunction
**P values are chi-squared tests for proportions and t-tests for continuous variables

Table 1  (continued) 
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Table 4  Annual government healthcare costs (medical investigations, health professional visits, hospitalizations, and medications) 
related to JIA in Australian dollars ($) by time to diagnosis group
Annual government healthcare costs
in Australian dollars ($)

Time to diagnosis in months t-Test
P value< 6

N = 102
6 + 
N = 61

Mean (SD)
Total costs 18,765 (± 16,416) 29,494 (± 37,034) 0.012
Cost components
Medical investigations*

  X-rays, blood tests, MRI, Ultrasound, CT scans, nuclear medicine, eye examinations 1,694 (± 621) 1,753 (± 824) 0.60

Subtotal 1,694 (± 621) 1,753 (± 824) 0.60
Health professional visits*

  Primary care physician*† 459 (± 230) 575 (± 295) 0.005

  Clinical specialists* 984 (± 1132) 1,080 (± 863) 0.57

  Rheumatology Nurse 464 (± 791) 421 (± 1007) 0.76

  Allied health professionals 1,153 (± 1649) 1,831 (± 2203) 0.03

Subtotal 2,596 (± 2,754) 3,487 (± 2,976) 0.05
Hospitalizations
  Bone fracture - 480 (± 3751) -

  Infection/virus 811 (± 4,262) 2,612 (± 10,164) 0.12

  Injections/infusions 4,750 (± 8,358) 5,657 (± 9,543) 0.53

  Mental health 398 (± 4,015) - -

  Pain/inflammation/investigative 1,510 (± 4,524) 7,299 (± 26,726) 0.03

  Surgery 28 (± 288) 281 (± 1,071) 0.03

Subtotal 7,498 (± 12,152) 16,329 (± 31,275) 0.01
Medications**

  §csDMARDS 397 (± 242) 430 (± 315) 0.46
  ¶bDMARDS 5,489 (± 6033) 6,080 (± 6,980) 0.57
  ∥tsDMARDS 943 (± 4,176) 1,262 (± 4,804) 0.66
  #Corticosteriod ORAL 148 (± 189) 153 (± 191) 0.89

Subtotal 6,978 (± 7,446) 7,925 (± 9,549) 0.48
*Applies the Medicare Safety Net as indicated by the participant

†Assumes participants visiting allied health completed a chronic disease care plan with primary physician

‡Assumes chronic disease plan rebates are claimed

§Assumes dosages: Methotrexate Oral and Subcutaneously 15 mg per week (60% participants oral, 40% injections), Hydroxychloroquine 200 mg daily, Suflasalazine 
1000 mg daily, Leflunomide 20 mg daily

¶Assumes dosages: Adalimumab 40 mg/0.8mL injection every 2 weeks, etanercept 50 mg/mL injection weekly, Infliximab 120 mg/mL injection monthly, Tocilizumab 
162 mg/0.9 mL injection weekly, Abatacept 125 mg/mL injection weekly, Secukinumab 150 mg/mL injection weekly

∥Assumes dosages: Tofacitinib 5 mg twice daily, Upadacitinib 15 mg daily, Baricitinib 4 mg daily

#Assumes dosages: Prednisone 25 mg daily

**Excludes all other medications than DMARDS or ORAL corticosteriods. Note injections and infusions of corticosteriods are assumed to be included in hospitalisation 
costs

Table 5  Model estimates for annual government healthcare costs (medical tests, health professional, hospital, and medications) 
related to JIA in Australian dollars ($) by time to diagnosis group
Annual government healthcare costs
in Australian dollars ($)

Time to diagnosis in months Difference Wald Test
P value< 6 

N = 102
6 + 
N = 61

Mean (95% CI)
Unadjusted* 18,765

(13,665, 23,864)
29,494

(22,899, 36,088)
⇓-10,729
(-2,393, -19,065)

0.012

*Adjusted estimates are not shown as there was no evidence of a difference in annual government healthcare costs by age (Wald Test, P value = 0.536), gender (Wald 
Test P value = 0.899), or age-gender interaction (Likelihood Ratio Test P value = 0.103). In addition, there was no evidence that adding time to diagnosis (Wald Test 
P value = 0.651), or an interaction term between diagnosis group and time from diagnosis to the survey (Likelihood Ratio Test P value = 0.289), improved model fit
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from hospitalizations for pain, inflammation, and inves-
tigative procedures. This and the fact that the higher 
health service use did not diminish in the years following 
diagnosis (participant data reached 20 years post diagno-
sis) again supports the hypothesis of a window of oppor-
tunity for early aggressive treatment.

As the HRQoL and healthcare cost differences from 
time to diagnosis are likely to persist over a lifetime, the 

present value of Quality Adjusted Life Years (QALY) 
saved, 2.8 (95%CI 1.0, 4.6), and healthcare cost savings, 
$208,458 (95%CI $45,388, $371,528), from diagnosis 
within six months of actively seeking treatment are size-
able. Assuming a willingness to pay of $50K per QALY 
saved, the net benefit to the healthcare funder is esti-
mated at $350K (95%CI $140K, $559K) per child with 
JIA. Therefore, a $350K intervention to improve just one 

Table 6  Lifetime change in government healthcare costs, Quality Adjusted Life Years and Net Benefit in Australian and US Dollars ($) 
from diagnosis within six months of actively seeking treatment
Cost-benefit Time to diagnosis in months

< 6 versus 6+
Mean difference (95%CI)

Healthcare savings in AUD ⇑$208,458 (95%CI $45,388, $371,528); p = 0.01

Quality Adjusted Life Years (QALYs) ⇑2.82 (95%CI 1.03, 4.61);p = 0.002

Net Benefit @ $50K per QALY in AUD ⇑$349,520 (95%CI $139,630, $559,411);p = 0.001

Net Benefit @ $50K per QALY in USD ⇑$231,470 (95%CI $92,470, $370,471);p = 0.001
AUD = Australian Dollars, USD = US Dollars

Annual healthcare use, including medical investigations, health professional visits, hospitalizations and medications, was determined using data from participants 
completing The IMPACT Survey [18]. Costs were estimated by applying Australian government subsidy item costs (medications) [21], schedule fees (medical services) 
[22], and National Efficient Prices (hospital stays) [23]. Each participant’s Quality Adjusted Life Years (QALYs) were estimated using their life expectancy [21] multiplied 
by their CHU9D utility value. Costs and QALYs were present valued over a lifetime horizon using a 5% per annum discount rate [24]. 2023 AUD/USD Exchange rate 
1.51 [31]

Fig. 1  Cost effectiveness plane: Incremental healthcare costs in Australian dollars (AUD) per quality adjusted life years saved from JIA diagnosis within six 
months of actively seeking treatment
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child’s time to diagnosis within six months would likely 
be cost-effective for the healthcare funder. Since there 
is a significant annual incidence of JIA, and 37 out of 
each 100 children and adolescents with incident JIA are 
impacted by a delayed diagnosis in Australia, an inter-
vention to improve times to diagnosis has the potential 
to have a sizeable budget impact based on the number of 
children assisted.

To our knowledge, this is the first study to quantify 
the health economic impact of delayed diagnosis of JIA. 
Studies of autism have shown similar health benefits 
and healthcare cost savings with early diagnosis. The 
early identification of autism allows for timely interven-
tions that significantly improve developmental outcomes, 
which can reduce the cost of special education services 

Fig. 2  One-way sensitivity analysis forestplot
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in childhood [34], and reduce dependency in adulthood 
[35].

There are a number of opportunities to reduce the time 
to diagnosis. In 2014, Arthritis Australia concluded that 
inadequate public and health practitioner awareness of 
the condition and limited access to specialists for diag-
nosis and care appear to be key factors leading to these 
delays [1], and these factors persist today, with the lon-
gest delay from the first healthcare professional visit 
to PR referral [16]. Knowledge of JIA amongst primary 
health physicians, pediatricians and other specialists is an 
issue internationally [36]. In Europe and North America, 
several organizations are devoting considerable efforts to 
increasing knowledge of JIA among primary healthcare 
providers [36], while in Australia, a nationwide commu-
nication strategy to promote early diagnosis of JIA has 
been rolled out by the consumer group Juvenile Arthritis 
Foundation Australia, through professional organisations 
and Primary Health Networks, highlighting early symp-
toms of JIA [37].

The waiting time from referral to appointment with a 
PR may also impact time to diagnosis. Paediatric rheu-
matology services in Australia and New Zealand fall well 
behind accepted international benchmarks, with a signif-
icant shortfall in the number of PRs [38]. There is exces-
sive reliance on services provided in private practice, and 
the shortage of publicly funded PRs is a major barrier to 
providing timely and accessible care for children, par-
ticularly those living in regional and rural areas [39]. It is 
interesting to note that the hiring of an additional pub-
lic PR would cost the healthcare funder less than $350K 
and would likely assist more than one additional child to 
diagnosis within six months, making it a cost-effective 
intervention.

The strengths of this study include the design of survey 
questions with input from patients, families, and clini-
cians, the use of child-specific, validated HRQoL instru-
ments with population-appropriate utility value sets, the 
collection of detailed healthcare usage data, and the use 
of robust and consistent standard government unit prices 
for cost estimates.

Study limitations include the usual cross-sectional 
survey biases, such as selection bias and confounding. 
However, the age, gender, and socio-economic groups 
represented in the study were representative of the JIA 
population, and thorough testing and adjustment for 
potential confounders were performed. Recall bias for 
time to diagnosis and healthcare usage is another limi-
tation. However, our findings regarding the months of 
delay in diagnosis and overall healthcare costs align with 
international literature. The assumption of a constant 
difference in HRQoL and health system costs between 
diagnosis groups over a lifetime horizon is a limita-
tion. However, it is a conservative assumption, given 

longitudinal studies suggest that HRQoL differences 
and health system costs are likely persist or worsen over 
time [10–12, 40, 41]. In addition, removing potential 
short-term treatment effects by reperforming the analy-
sis excluding the 17 participants who completed the sur-
vey within one year of diagnosis, resulted in a negligible 
reduction in the net benefit of $5K (1.4%).

Policy implications
In the era of disease-modifying medications that, with 
early aggressive treatment, can prevent long-term joint 
damage and disability in children with JIA, international 
estimates that 50% of children with JIA are waiting six 
months or more from symptom onset for diagnosis and 
treatment [14] represents a significant cost in terms of 
health economic benefits forgone. This article provides 
health funders and policymakers with relevant estimates 
of the delay in diagnosis in terms of HRQoL, QALYs, and 
health system costs. An intervention to improve the time 
to diagnosis of JIA within six months is expected to have 
a present value of $350K (US$231K) per child with JIA in 
terms of QALYs saved and health system costs at a gener-
ally accepted willingness to pay for one QALY of $50K. 
In the context of a significant annual incidence of JIA [3, 
4], and 50 out of 100 children with incident JIA waiting 
six months or more for diagnosis [14], an intervention 
to improve time to diagnosis has the potential to have a 
sizeable budget impact based on the number of children 
assisted. Not only are the health economic benefits size-
able, but the improvement in HRQoL for people living 
with JIA is beneficial.

Conclusion
Interventions to improve the time to diagnosis of JIA 
within six months of seeking help are likely cost-effective 
and can significantly improve HRQoL for people living 
with JIA.

Abbreviations
AUD	� Australian dollars
95% CI	� 95% Confidence Interval
CHU9D	� Child Health Utility 9D instrument
HRQoL	� Health-Related Quality of Life
IQR	� Interquartile Range
JIA	� Juvenile Idiopathic Arthritis
PR	� Pediatric Rheumatologist
QALYs	� Quality-Adjusted Life Years
USD	� United States Dollars

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​6​9​-​0​2​6​-​0​1​1​9​5​-​7.

Supplementary Material 1: Additional file 1, DOC (Microsoft Word), Eco-
nomic Analysis Plan, Details of the pre-defined Economic Analysis Plan

Supplementary Material 2: Additional file 2, DOC (Microsoft Word), CHEERS 
Checklist, Completed CHEERS Checklist for the study

https://doi.org/10.1186/s12969-026-01195-7
https://doi.org/10.1186/s12969-026-01195-7


Page 11 of 12Von Huben et al. Pediatric Rheumatology           (2026) 24:12 

Acknowledgements
We are grateful for the contribution of the parents who piloted the survey 
questionnaire and the families and young people who committed their 
time and emotional energy to completing the survey. We thank the advisory 
committee for its valuable advice in developing the survey questions.

Author contributions
AVH, DMB, NN, and SL were involved in the conception and design of 
the study. AVH, DMB, NN and SL were responsible for methodology, data 
acquisition and investigation. AVH was responsible for formal analysis and 
software. DSG, RC, and SC provided interpretation of data and validation of 
methodology. AVH drafted the initial manuscript, and all authors contributed 
to revisions. All authors approved the final manuscript as submitted and agree 
to be accountable for all aspects of the work.

Funding
This study was supported by a philanthropic donation and National Health 
and Medical Research Council MRFF Grant (ID: 2017224).NN is supported 
by NHMRC Investigator Grant (APP1197940) and the Financial Markets 
Foundation for Children.

Data availability
Data are available upon reasonable requests and discussion with the authors.

Declarations

Ethics approval and consent to participate
Ethics approval was obtained from The University of Sydney Human Research 
Ethics Committee (HREC: 2022/902). Implied consent was obtained from 
each participant who completed and submitted the survey after reading the 
preliminary study information section.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Leeder Centre for Health Policy, Economics and Data, Faculty of Medicine 
and Health, The University of Sydney, Sydney, Australia
2Child Population and Translational Health Research, The Children’s 
Hospital at Westmead Clinical School, Faculty of Medicine and Health, The 
University of Sydney, Sydney, Australia
3Department of Rheumatology, The Sydney Children’s Hospitals Network, 
Sydney, Australia
4John Hunter Children’s Hospital, Newcastle, Australia
5Juvenile Arthritis Foundation Australia (JAFA), Sydney, Australia
6Boden Collaboration, Charles Perkins Centre, The University of Sydney, 
Sydney, Australia
7Charles Perkins Centre, The University of Sydney, Sydney, Australia

Received: 21 October 2025 / Accepted: 16 February 2026

References
1.	 Arthritis Australia. Time to Move: Juvenile Idiopathic Arthritis, A national 

strategy to reduce a costly burden. Pdf. Accessed 14. February, 2024. ​h​t​t​p​​s​:​/​​/​a​
r​t​​h​r​​i​t​i​​s​a​u​​s​t​r​a​​l​i​​a​.​c​​o​m​.​​a​u​/​w​​o​r​​d​p​r​​e​s​s​​/​w​p​-​​c​o​​n​t​e​​n​t​/​​u​p​l​o​​a​d​​s​/​2​​0​1​7​​/​0​9​/​​F​i​​n​a​l​_​T​i​m​e​
_​t​o​_​M​o​v​e​_​_​J​I​A​.​p​d​f

2.	 Thierry S, Fautrel B, Lemelle I, Guillemin F. Prevalence and incidence 
of juvenile idiopathic arthritis: A systematic review. Joint Bone Spine. 
2014;81(2):112–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​b​​s​p​i​​n​.​2​0​​1​3​​.​0​9​.​0​0​3.

3.	 Cardoso I, Frederiksen P, Specht IO, et al. Age and Sex Specific Trends in 
Incidence of Juvenile Idiopathic Arthritis in Danish Birth Cohorts from 1992 
to 2002: A Nationwide Register Linkage Study. Int J Environ Res Public Health. 
2021;18(16):8331. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​i​​j​e​r​p​h​1​8​1​6​8​3​3​1.

4.	 Uusitupa E, Rahikkala H, Sard S, et al. Incidence of juvenile idiopathic arthritis 
in Finland, 2000–2020. Rheumatology (Oxford). 2024;63(9):2355–62. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​r​​h​e​u​​m​a​t​​o​l​o​g​​y​/​​k​e​a​e​3​2​2.

5.	 Haynes A, Bulsara MK, Bergman P, et al. Incidence of type 1 diabetes in 0 to 14 
year olds in Australia, 2002 to 2017. Pediatr Diabetes. 2020;21(5):707–712. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​p​​e​d​i​.​1​3​0​2​5.

6.	 Oliveira Ramos F, Zinterl C, Fonseca JE. A lifelong journey: Long-term 
perspectives on Juvenile Idiopathic Arthritis. Best Pract Res Clin Rheumatol. 
2024;38(3):101984. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​b​e​r​h​.​2​0​2​4​.​1​0​1​9​8​4.

7.	 Sandborg CI, Schulert GS, Kimura Y. Juvenile Idiopathic Arthritis. N Engl J Med. 
2025;393(2):162–74. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​5​6​​/​n​​e​j​m​r​a​2​4​0​2​0​7​3.

8.	 Shoop-Worrall SJW, Moull L, McDonagh JE, Hyrich KL. The Role of Age in 
Delays to Rheumatological Care in Juvenile Idiopathic Arthritis. J Rheumatol. 
2022;49(9):1037–41. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​8​9​9​​/​j​​r​h​e​u​m​.​2​1​1​3​1​6.

9.	 Stoll ML, Cron RQ. Treatment of juvenile idiopathic arthritis: a revolution in 
care. Pediatr Rheumatol. 2014;12(1):13–13. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​1​​5​4​6​-​0​0​9​
6​-​1​2​-​1​3.

10.	 Oen K, Guzman J, Dufault B, et al. Health-Related Quality of Life in an Incep-
tion Cohort of Children With Juvenile Idiopathic Arthritis: A Longitudinal 
Analysis. Arthritis Care Res (Hoboken). 2018;70(1):134–44. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​
0​0​2​​/​a​​c​r​.​2​3​2​3​6. /01/01 2018.

11.	 Tollisen A, Selvaag AM, Aasland A, Lerdal A, Flatø B. Longitudinal Health 
Status from Early Disease to Adulthood and Associated Prognostic Factors in 
Juvenile Idiopathic Arthritis. J Rheumatol. 2019;46(10):1335. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​3​8​9​9​​/​j​​r​h​e​u​m​.​1​8​0​9​4​8.

12.	 Anink J, Prince FHM, Dijkstra M, et al. Long-term quality of life and functional 
outcome of patients with juvenile idiopathic arthritis in the biologic era: a 
longitudinal follow-up study in the Dutch Arthritis and Biologicals in Children 
Register. Rheumatology (Oxford). 2015;54(11):1964–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​
/​r​​h​e​u​​m​a​t​​o​l​o​g​​y​/​​k​e​v​1​9​5.

13.	 Davies K, Cleary G, Foster H, Hutchinson E, Baildam E. BSPAR Standards of 
Care for children and young people with juvenile idiopathic arthritis. Rheu-
matology (Oxford). 2010;49(7):1406–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​r​​h​e​u​​m​a​t​​o​l​o​g​​y​
/​​k​e​p​4​6​0.

14.	 Chausset A, Pereira B, Echaubard S, Merlin E, Freychet C. Access to paediatric 
rheumatology care in juvenile idiopathic arthritis: what do we know? A 
systematic review. Rheumatology (Oxford). 2020;59(12):3633–44. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​0​9​3​​/​r​​h​e​u​​m​a​t​​o​l​o​g​​y​/​​k​e​a​a​4​3​8.

15.	 Shiff NJ, Abdwani R, Cabral DA, et al. Access to Pediatric Rheumatology Sub-
specialty Care in British Columbia, Canada. J Rheumatol. 2009;36(2):410–5. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​8​9​9​​/​j​​r​h​e​u​m​.​0​8​0​5​1​4.

16.	 Marino A, Baldassarre P, Ferrigno C, et al. Pre-Rheumatology Referral Consulta-
tion and Investigation Pattern in Children with Joint Complaints: Focus on 
Juvenile Idiopathic Arthritis. Child (Basel). 2024;11(5):600. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​
3​9​0​​/​c​​h​i​l​d​r​e​n​1​1​0​5​0​6​0​0.

17.	 Barber CE, Barnabe C, Benseler S, et al. Patient factors associated with waiting 
time to pediatric rheumatologist consultation for patients with juvenile 
idiopathic arthritis. Pediatr Rheumatol. 2020;18(1):1–5.

18.	 Bond D, Von Huben A, Lain S, Colagiuri R, Nassar N. The IMPACT study: Inves-
tigating the Mental, Physical, Social and Financial CosTs (IMPACT) of Juvenile 
Idiopathic Arthritis and Related Childhood Rheumatic Diseases. Pdf. Accessed 
17 July, 2025. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​j​​a​f​a​​.​o​r​​g​.​a​u​​/​i​​m​p​a​​c​t​-​​s​t​u​d​​y​-​​l​a​n​​d​m​a​​r​k​-​r​​e​s​​u​l​t​s​-​o​u​t​-​n​o​
w​/.

19.	 Stevens K. Developing a descriptive system for a new preference-based 
measure of health-related quality of life for children. Qual Life Res. 
2009;18(8):1105–13. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​1​1​3​6​-​0​0​9​-​9​5​2​4​-​9.

20.	 Ratcliffe J, Huynh E, Chen G, et al. Valuing the Child Health Utility 9D: Using 
profile case best worst scaling methods to develop a new adolescent specific 
scoring algorithm. Soc Sci Med. 2016;157:48–59. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​s​o​​c​
s​c​​i​m​e​d​​.​2​​0​1​6​.​0​3​.​0​4​2.

21.	 Australian Bureau of Statistics. Table 1.9, life tables, life expectancy. Microsoft 
Excel Worksheet. ABS. Accessed 27. February, 2024. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​a​​b​s​.​​g​o​v​​.​a​u​/​​s​
t​​a​t​i​​s​t​i​​c​s​/​p​​e​o​​p​l​e​​/​p​o​​p​u​l​a​​t​i​​o​n​/​​l​i​f​​e​-​e​x​​p​e​​c​t​a​n​c​y​/​2​0​2​0​-​2​0​2​2.

22.	 Australian Government Department of Health and Aged Care. Medicare Ben-
efits Schedule Book, 1 November 2022. Pdf. Accessed 12. September, 2023. ​h​t​
t​p​​s​:​/​​/​w​w​w​​.​m​​b​s​o​​n​l​i​​n​e​.​g​​o​v​​.​a​u​​/​i​n​​t​e​r​n​​e​t​​/​m​b​​s​o​n​​l​i​n​e​​/​p​​u​b​l​​i​s​h​​i​n​g​.​​n​s​​f​/​C​​o​n​t​​e​n​t​/​​1​4​​
8​0​4​​9​B​C​​C​6​D​5​​7​E​​D​4​C​A​2​5​8​8​9​F​0​0​1​1​0​A​8​A​/​$​F​i​l​e​/​1​%​2​0​N​o​v​e​m​b​e​r​%​2​0​2​0​2​2​%​2​0​M​
B​S​%​2​0​B​o​o​k​.​p​d​f.

23.	 Independent Hospital and Aged Care Pricing Authority. NWAU calculator for 
acute activity 2022-23. Microsoft Excel Binary Worksheet. Accessed 3. June, 
2024. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​i​​h​a​c​​p​a​.​​g​o​v​.​​a​u​​/​h​e​​a​l​t​​h​-​c​a​​r​e​​/​p​r​​i​c​i​​n​g​/​n​​w​a​​u​-​c​a​l​c​u​l​a​t​o​r​s.

https://arthritisaustralia.com.au/wordpress/wp-content/uploads/2017/09/Final_Time_to_Move__JIA.pdf
https://arthritisaustralia.com.au/wordpress/wp-content/uploads/2017/09/Final_Time_to_Move__JIA.pdf
https://arthritisaustralia.com.au/wordpress/wp-content/uploads/2017/09/Final_Time_to_Move__JIA.pdf
https://doi.org/10.1016/j.jbspin.2013.09.003
https://doi.org/10.3390/ijerph18168331
https://doi.org/10.1093/rheumatology/keae322
https://doi.org/10.1093/rheumatology/keae322
https://doi.org/10.1111/pedi.13025
https://doi.org/10.1111/pedi.13025
https://doi.org/10.1016/j.berh.2024.101984
https://doi.org/10.1056/nejmra2402073
https://doi.org/10.3899/jrheum.211316
https://doi.org/10.1186/1546-0096-12-13
https://doi.org/10.1186/1546-0096-12-13
https://doi.org/10.1002/acr.23236
https://doi.org/10.1002/acr.23236
https://doi.org/10.3899/jrheum.180948
https://doi.org/10.3899/jrheum.180948
https://doi.org/10.1093/rheumatology/kev195
https://doi.org/10.1093/rheumatology/kev195
https://doi.org/10.1093/rheumatology/kep460
https://doi.org/10.1093/rheumatology/kep460
https://doi.org/10.1093/rheumatology/keaa438
https://doi.org/10.1093/rheumatology/keaa438
https://doi.org/10.3899/jrheum.080514
https://doi.org/10.3899/jrheum.080514
https://doi.org/10.3390/children11050600
https://doi.org/10.3390/children11050600
https://www.jafa.org.au/impact-study-landmark-results-out-now/
https://www.jafa.org.au/impact-study-landmark-results-out-now/
https://doi.org/10.1007/s11136-009-9524-9
https://doi.org/10.1016/j.socscimed.2016.03.042
https://doi.org/10.1016/j.socscimed.2016.03.042
https://www.abs.gov.au/statistics/people/population/life-expectancy/2020-2022
https://www.abs.gov.au/statistics/people/population/life-expectancy/2020-2022
https://www.mbsonline.gov.au/internet/mbsonline/publishing.nsf/Content/148049BCC6D57ED4CA25889F00110A8A/$File/1%20November%202022%20MBS%20Book.pdf
https://www.mbsonline.gov.au/internet/mbsonline/publishing.nsf/Content/148049BCC6D57ED4CA25889F00110A8A/$File/1%20November%202022%20MBS%20Book.pdf
https://www.mbsonline.gov.au/internet/mbsonline/publishing.nsf/Content/148049BCC6D57ED4CA25889F00110A8A/$File/1%20November%202022%20MBS%20Book.pdf
https://www.mbsonline.gov.au/internet/mbsonline/publishing.nsf/Content/148049BCC6D57ED4CA25889F00110A8A/$File/1%20November%202022%20MBS%20Book.pdf
https://www.ihacpa.gov.au/health-care/pricing/nwau-calculators


Page 12 of 12Von Huben et al. Pediatric Rheumatology           (2026) 24:12 

24.	 NSW Treasury. NSW government guide to cost-benefit analysis, PDF. Septem-
ber. Accessed 9 2025. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​n​​s​w​.​​g​o​v​​.​a​u​/​​d​e​​p​a​r​​t​m​e​​n​t​s​-​​a​n​​d​-​a​​g​e​n​​c​i​e​s​​/​n​​
s​w​-​​t​r​e​​a​s​u​r​​y​/​​d​o​c​​u​m​e​​n​t​s​-​​l​i​​b​r​a​r​y​/​t​p​g​2​3​-​0​8.

25.	 Harris AH, Hill SR, Chin G, Li JJ, Walkom E. The Role of Value for Money in 
Public Insurance Coverage Decisions for Drugs in Australia: A Retrospective 
Analysis 1994–2004. Med Decis Mak. 2008;28(5):713–22. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​
7​7​​/​0​​2​7​2​9​8​9​X​0​8​3​1​5​2​4​7. 2008/09/01.

26.	 Husereau D, Drummond M, Augustovski F, et al. Consolidated health 
economic evaluation reporting standards 2022 (CHEERS 2022) statement: 
updated reporting guidance for health economic evaluations. Int J Technol 
Assess Health Care. 2022;38(1):e13. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​7​​/​S​​0​2​6​6​4​6​2​3​2​1​0​0​1​
7​3​2.

27.	 R Core Team. R: a language and environment for statistical computing. R 
Foundation for Statistical Computing. https://www.R-project.org/.

28.	 Gordon M. 2023. Gmisc: descriptive statistics, transition plots, and more. R 
package version 3.0.3. ​h​t​t​p​​s​:​/​​/​C​R​A​​N​.​​R​-​p​​r​o​j​​e​c​t​.​​o​r​​g​/​p​a​c​k​a​g​e​=​G​m​i​s​c.

29.	 Gordon M. TL. 2023. forestplot: advanced forest plot using ‘grid’. R package 
version 3.1.3. https://gforge.se/packages/.

30.	 Xie Y. 2023. knitr: a general-purpose package for dynamic report generation 
in R. R package version 1.45. https://yihui.org/knitr/.

31.	 Organisation for Economic Co-operation and Development. Exchange rates 
(indicator). Internet. Accessed 15. September, 2025. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​o​​e​c​d​​.​o​r​​g​/​e​n​​
/​d​​a​t​a​​/​i​n​​d​i​c​a​​t​o​​r​s​/​​e​x​c​​h​a​n​g​​e​-​​r​a​t​e​s​.​h​t​m​l.

32.	 Australian Bureau of Statistics. Table 7 Estimated resident population, by age 
and sex–at 30 June 2023, National, state and territory population, Dec 2024. 
Miscrosoft Excel Worksheet. ABS. Accessed 7. August, 2025. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​a​​b​s​.​​
g​o​v​​.​a​u​/​​s​t​​a​t​i​​s​t​i​​c​s​/​p​​e​o​​p​l​e​​/​p​o​​p​u​l​a​​t​i​​o​n​/​​n​a​t​​i​o​n​a​​l​-​​s​t​a​​t​e​-​​a​n​d​-​​t​e​​r​r​i​​t​o​r​​y​-​p​o​​p​u​​l​a​t​​i​o​n​​/​
d​e​c​​-​2​​0​2​4​#​d​a​t​a​-​d​o​w​n​l​o​a​d​s.

33.	 Lain SJ, Ivancic L, Chaitow J, et al. Population Incidence and Burden of 
Juvenile Idiopathic Arthritis on Australian Health System: Data Linkage Study. 
J Paediatr Child Health. 2025. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​j​​p​c​.​7​0​0​9​8.

34.	 Chasson GS, Harris GE, Neely WJ. Cost Comparison of Early Intensive Behav-
ioral Intervention and Special Education for Children with Autism. J Child Fam 
stud. 2007;16(3):401–13. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​0​8​2​6​-​0​0​6​-​9​0​9​4​-​1.

35.	 Peters-Scheffer N, Didden R, Korzilius H, Matson J. Cost comparison of 
early intensive behavioral intervention and treatment as usual for children 
with autism spectrum disorder in the Netherlands. Res Dev Disabil. 
2012;33(6):1763–72. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​r​i​d​d​.​2​0​1​2​.​0​4​.​0​0​6.

36.	 Uziel Y. Juvenile Idiopathic Arthritis-Education, Knowledge, and Patient 
Outcomes. J Pediatr. 2019;209:10–1. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​p​​e​d​s​​.​2​0​1​​9​.​​0​1​.​0​
2​7.

37.	 Australia JAF. 2024: Runs on the Board A report on the activities and achieve-
ments of the Juvenile Arthritis Foundation Australia in 2024. PDF. Accessed 
10 September, 2025. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​j​​a​f​a​​.​o​r​​g​.​a​u​​/​w​​p​-​c​​o​n​t​​e​n​t​/​​u​p​​l​o​a​​d​s​/​​2​0​2​5​​/​0​​4​/​J​​
A​F​A​​5​2​9​2​​-​A​​n​n​u​​a​l​-​​R​e​p​o​​r​t​​-​2​0​2​4​-​F​A​_​D​i​g​i​t​a​l​.​p​d​f.

38.	 Cox A, Piper S, Singh-Grewal D. Pediatric rheumatology consultant workforce 
in Australia and New Zealand: the current state of play and challenges for the 
future. Int J Rheum Dis May. 2017;20(5):647–53. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​1​​7​5​
6​-​1​8​5​X​.​1​2​8​0​2.

39.	 NSW Agency for Clinical Innovation. NSW paediatric rheumatology services 
advisory group findings and recommendations, PDF. October 2025 [cited 
2025 Feb 7]. Available from: ​h​t​t​p​​s​:​/​​/​h​e​a​​l​t​​h​c​a​​r​e​f​​u​n​d​i​​n​g​​.​s​p​​e​c​i​​a​l​c​o​​m​m​​i​s​s​​i​o​n​​.​n​s​
w​​.​g​​o​v​.​​a​u​/​​a​s​s​e​​t​s​​/​U​p​​l​o​a​​d​s​/​p​​u​b​​l​i​c​​a​t​i​​o​n​s​/​​E​x​​h​i​b​​i​t​s​​-​1​4​5​​/​E​​x​h​i​​b​i​t​​-​G​_​T​​A​B​​_​G​.​​1​0​9​​.​0​0​2​​
_​M​​O​H​.​9​9​9​9​.​2​1​4​9​.​0​0​0​1​.​p​d​f.

40.	 Tollisen A, Selvaag AM, Aasland A, et al. Personally Generated Quality of 
Life Outcomes in Adults With Juvenile Idiopathic Arthritis. J Rheumatol. 
2022;49(10):1138–45. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​8​9​9​​/​j​​r​h​e​u​m​.​2​1​1​2​4​5.

41.	 Tollisen A, Selvaag AM, Aulie HA, et al. Physical Functioning, Pain, and Health-
Related QoL in Adults With JIA: A Longitudinal 30-Year Followup Study. Arth 
Care Res May. 2018;70(5):741–9. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​0​2​​/​​a​c​r​.​2​3​3​2​7.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.nsw.gov.au/departments-and-agencies/nsw-treasury/documents-library/tpg23-08
https://www.nsw.gov.au/departments-and-agencies/nsw-treasury/documents-library/tpg23-08
https://doi.org/10.1177/0272989X08315247
https://doi.org/10.1177/0272989X08315247
https://doi.org/10.1017/S0266462321001732
https://doi.org/10.1017/S0266462321001732
https://www.R-project.org/
https://CRAN.R-project.org/package=Gmisc
https://gforge.se/packages/
https://yihui.org/knitr/
https://www.oecd.org/en/data/indicators/exchange-rates.html
https://www.oecd.org/en/data/indicators/exchange-rates.html
https://www.abs.gov.au/statistics/people/population/national-state-and-territory-population/dec-2024#data-downloads
https://www.abs.gov.au/statistics/people/population/national-state-and-territory-population/dec-2024#data-downloads
https://www.abs.gov.au/statistics/people/population/national-state-and-territory-population/dec-2024#data-downloads
https://doi.org/10.1111/jpc.70098
https://doi.org/10.1007/s10826-006-9094-1
https://doi.org/10.1016/j.ridd.2012.04.006
https://doi.org/10.1016/j.jpeds.2019.01.027
https://doi.org/10.1016/j.jpeds.2019.01.027
https://www.jafa.org.au/wp-content/uploads/2025/04/JAFA5292-Annual-Report-2024-FA_Digital.pdf
https://www.jafa.org.au/wp-content/uploads/2025/04/JAFA5292-Annual-Report-2024-FA_Digital.pdf
https://doi.org/10.1111/1756-185X.12802
https://doi.org/10.1111/1756-185X.12802
https://healthcarefunding.specialcommission.nsw.gov.au/assets/Uploads/publications/Exhibits-145/Exhibit-G_TAB_G.109.002_MOH.9999.2149.0001.pdf
https://healthcarefunding.specialcommission.nsw.gov.au/assets/Uploads/publications/Exhibits-145/Exhibit-G_TAB_G.109.002_MOH.9999.2149.0001.pdf
https://healthcarefunding.specialcommission.nsw.gov.au/assets/Uploads/publications/Exhibits-145/Exhibit-G_TAB_G.109.002_MOH.9999.2149.0001.pdf
https://doi.org/10.3899/jrheum.211245
https://doi.org/10.1002/acr.23327

	﻿The impact of time to diagnosis on health service use, cost, and quality of life for patients with juvenile idiopathic arthritis: a cost-utility analysis
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study population
	﻿Data collection
	﻿Time to diagnosis measure
	﻿Outcome measures
	﻿Analysis
	﻿Statistical analysis
	﻿Economic analysis


	﻿Results
	﻿Discussion
	﻿Policy implications

	﻿Conclusion
	﻿References


