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Abstract

Background: Autoimmune rheumatic diseases (ARDs) are associated with a significant sex-bias, which becomes
more evident post-puberty. This systematic review aims to elucidate the bidirectional relationship between puberty
and ARD-related outcomes.

Methods: Studies published in English until October 2019 were identified using a systematic search of
endocrinology and rheumatology literature. Information was extracted on study design, sample size, demographics,
puberty outcome measures, disease outcome measures, and main findings. The methodological quality of the
studies included was analysed using the Newcastle-Ottawa Scale (NOS).

Results: Sixteen non-randomised studies reporting on the impact of puberty on ARD outcomes (n =7), ARD
impact on puberty-related outcomes (n = 8), or both (n=T) have been identified. The impact of puberty on ARD
outcomes were investigated in patients with juvenile idiopathic arthritis (JIA)-associated uveitis (n = 1), juvenile
systemic lupus erythematosus (JSLE) (n = 5) or in healthy controls who developed adult-onset SLE (n = 1) or had
non-specific symptoms (n = 1). The impact of ARD on puberty outcomes was explored in JIA (n =4) and JSLE (n =
3). Quality assessment of studies showed a small to moderate risk of bias overall (NOS 4-9/9). Due to large
heterogeneity of the studies it was not possible to perform a meta-analysis. Multiple studies reported on delayed
puberty in patients with JIA/JSLE, menstrual and hormonal abnormalities, and lower height and weight than
controls. Earlier (pre-pubertal) onset of JSLE was correlated with more severe disease and more need for systemic
treatment.

Conclusion: A bidirectional relationship exists between puberty and ARDs; however, more and better research is
required to elucidate the complexity of this relationship. We propose puberty-related clinical assessments in
patients with ARDs, which can improve patient outcomes and facilitate future research.
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Background

Adolescence and puberty are associated with signifi-
cant physical, physiological, psychological and im-
munological changes. The timing of puberty is
important, as both early and late puberty correlate
with adverse health outcomes later in life, such as
diabetes and cardiovascular disease [1]. Puberty is
initiated and mediated by sex hormones, which also
influence the development and regulation of the im-
mune system [2]. Epidemiological studies have
shown that pubescent and post-pubescent males and
females are at risk of developing autoimmune
rheumatic diseases (ARDs) in a sex-biased manner,
and that the age at disease onset often differs be-
tween sexes [3, 4].

The sex bias in the incidence of autoimmune diseases
has long been recognised, with females being at signifi-
cantly higher risk of developing conditions such as sys-
temic lupus erythematosus (SLE), scleroderma, Sjogren’s
syndrome, rheumatoid arthritis (RA), autoimmune thy-
roid disease, multiple sclerosis (MS), and polyautoimmu-
nity [2, 5]. Furthermore, in many ARDs, the average age
of disease onset is significantly earlier in females than in
males. The female population undergoes at least two
major endocrinological changes in their lifetimes: pu-
berty and the menopause, between which there are con-
stant cyclical hormonal changes, and possibly pregnancy
and breastfeeding. Males experience major physiological
and psychological changes during puberty as well, but
show a gradual decline in hormonal levels after age 40,
rather than the abrupt change seen in females during
menopause [6]. The endocrinological changes at each of
these milestones affect both the innate and adaptive im-
mune systems. T-cell autoimmunity in particular is up-
regulated post-puberty in animal models [5]; however,
there is a limited understanding of the physiological
(molecular and cellular) mechanisms for sex-specific im-
mune modulation.

Previous research has observed a relationship between
puberty and the onset of various autoimmune condi-
tions. The incidence of SLE, autoimmune thyroid dis-
ease, and MS increases in peri- and post-pubescent
females, suggesting that sex hormone changes at puberty
play an immunomodulatory role in triggering ARD onset
and development [5]. The prevalence of juvenile SLE
(JSLE) in females has been observed to rise from 6.7 per
100,000 at age seven to 34.6 per 100,000 at age fifteen
(versus almost zero per 100,000 at age seven and 7.8 per
100,000 at age fifteen in males) [7]. The female: male in-
cidence ratio in SLE is most pronounced after puberty
and before the menopause (from 2:1 to 6:1 pre-puberty,
7:1 to 15:1 post-puberty, and 3:1 to 8:1 post-menopause)
[8, 9] suggesting that the increased sex hormone levels
present from puberty to the menopause increase
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susceptibility to an autoimmune state. Similarly, MS is
rarely seen pre-puberty, and the female: male ratio of
MS onset in pre-pubertal children is near equal. Post-
puberty, MS incidence increases in both sexes with a 2.2:
1 female: male ratios [10]. Furthermore, there is emer-
ging evidence linking the age at menarche with the risk
of autoimmunity in females. Studies have found that an
earlier age at menarche increases the risk of RA [11];
later age at menarche decreases the risk of MS [12]; JSLE
is associated with a trend for later onset menarche [13];
and the incidence of psoriasis in females increases dur-
ing the peri-menarchal period [14].

In addition to triggering autoimmunity, sex hor-
mones can influence the outcome of autoimmune
diseases. Testosterone is thought to exert a protect-
ive effect against the development of autoimmunity.
This has been replicated in animal models, which
showed protective effects of testosterone in models
of both SLE [15] and arthritis [16, 17]. Oestriol, a
sex hormone that is only detectable during preg-
nancy, is thought to have a protective effect in MS,
and may account for the reduced relapse rates ob-
served during pregnancy [4]. Previous research has
been directed at understanding the impact of hormo-
nal treatment in autoimmune disease: benefits asso-
ciated with testosterone treatment have been seen in
SLE [18] and arthritis [19]; ongoing clinical trials are
finding reduced relapse rates with oestriol treatment
in MS [20].

Apart from influencing autoimmune disease onset and
outcomes, sex hormones impact the physiological devel-
opment of bones and muscles during puberty [21]. This
is frequently accompanied by non-specific musculoskel-
etal symptoms [22], and changes in bone and muscle
biomarker levels [23, 24], further complicating the as-
sessment of ARD-related symptoms in adolescents.

No previous systematic reviews have addressed the im-
pact of puberty on disease outcome measures in auto-
immune rheumatic diseases, or the impact of ARDs on
puberty-related outcomes. Few studies are available that
have looked at the epidemiology of ARDs during adoles-
cence or focused on the gender bias in autoimmunity in
adolescent populations. Understanding the interplay be-
tween the neuroendocrine and immune systems will
provide insights into the pathogenesis of the peri-
pubertal onset of ARDs, and may change the clinical ap-
proach to treatment of these patients in the long term.

Aims
With this systematic review we aim to elucidate how
rheumatological conditions impact puberty, and how
physiological changes of puberty influence incidence and
manifestations of autoimmune rheumatic diseases.

The objectives of this systematic review are to:
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1. Identify and describe the evidence exploring the
bidirectional relationship between puberty and
ARDs in adolescence and adulthood;

2. Determine the strength of such evidence.

We hope that the findings of this review will help to
inform policy, practice, and future research priorities in
the field of puberty and autoimmunity.

Methodology

Variables of interest

Our primary outcomes are puberty-related measures in
patients with ARDs, such as age at menarche, puberty
stages and sex hormone levels. In boys, Tanner stages 4
and 5 are equivalent to the menarche stage in girls. Our
secondary variables of interest are ARD-specific outcome
measures in peri-pubertal patients, for example disease
specific activity and damage scores. We also assessed the
strength of evidence found relating to the bidirectional
relationship between puberty and ARDs in adolescence
and adulthood.

Search strategy

We used a comprehensive search strategy that aims to
be both sensitive and specific. We employed detailed
search strategies as deemed appropriate for each data-
base to search Medline, EMBASE and Scopus until Oc-
tober 2019.

An initial search strategy was devised using the MEDL
INE thesaurus and indexing system to identify appropri-
ate MeSH headings and key/text words associated with
the terms ‘puberty’ AND ‘autoimmune rheumatic dis-
eases’; “puberty” OR “growth spurt” OR “growth retard-
ation” OR “growth delay” AND “juvenile idiopathic
arthritis” OR “systemic lupus erythematosus” OR “SLE”
OR “dermatomyositis” OR “enthesitis related arthritis”
OR “scleroderma” OR “uveitis”; OR “adolescence” AND
“juvenile idiopathic arthritis” OR “systemic lupus erythe-
matosus” OR “SLE” OR “dermatomyositis” OR “enthesi-
tis related arthritis” OR “scleroderma” OR “uveitis”. This
search strategy has been adapted for use across all in-
cluded databases as necessary.

The references of papers and review articles were
manually checked to ensure inclusion of studies not re-
trieved through the computerised search method.

Inclusion criteria
The following studies were included:

1. Studies that include autoimmune rheumatic disease
patients of pubertal age, including studies that compare
pre- and post-pubertal populations.

2. Prospective and retrospective studies of ARD pa-
tients that assess the impact of puberty factors on their
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disease, or the impact of their disease and/or treatment
on puberty outcomes.

The study types included are: observational studies
(cohort studies, case-control studies, and cross-sectional
studies); experimental studies (randomized controlled
trials, controlled clinical trials); case-reports, case-series
and abstracts at conferences including subjects with
ARDs; studies reporting on incidence/prevalence, clinical
and serological ARD features, puberty markers (includ-
ing clinical assessment, hormone levels or body height/
growing patterns), treatment, quality of life, etc.

Exclusion criteria

The following studies were excluded: studies in other
languages than English, review articles, animal models
studies, commentaries, editorials, questionnaire studies,
duplicates, and papers not relevant to the topic.

Stages in the literature search

The protocol was finalised in December 2019. The vari-
ous stages of this literature search were summarised
using the Preferred Reporting of Systematic Reviews and
Meta-Analysis (PRISMA) flow chart format to visualise
the processes and findings of the review.

Classification of result resources
Data extraction sheets and tables were developed, tai-
lored to the resources found.

Study selection

Titles and abstracts were screened and independently
assessed for eligibility by two reviewers (MK and JG)
and the conflicts were resolved by CC. Full-text papers
were evaluated in duplicate by AR and HP. Any dis-
agreement regarding their eligibility was resolved by dis-
cussion with a third reviewer (CC). The agreement
between the reviewers was assessed by Kappa statistic.

Data extraction and synthesis

Data extraction was independently performed by two re-
viewers (AR and HP) and discrepancies were resolved
through discussion with a third reviewer (CC). We ex-
tracted the following information from all the eligible
studies: 1) year of publication; 2) country of publication;
3) study design; 4) sample size; 5) demographics of pa-
tient group and controls; 6) puberty outcome measures;
7) main findings. In cases where data were not available
in the manuscripts, we contacted the authors of relevant
papers for additional information.

Quality assessment

The methodological quality of the studies included was
analysed using the validated Newcastle-Ottawa Scale
(NOS) for non-randomised studies [25], which assesses
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the quality of three broad study aspects: the selection of
the study groups, their comparability, and the ascertain-
ment of either the exposure or outcome of interest, for
case-control or cohort studies respectively. Each of these
three items was assessed and graded (1 or 2 points). In
this analysis, studies with NOS scores of 1-3, 4—6, and
7-9, were defined as of low, intermediate, and high qual-
ity, respectively.

Results

We identified a total of 2027 studies using the search
strategy detailed above. After checking for duplicates
(n =0), 1992 papers were excluded as they did not fulfil
the selection criteria. The remaining 51 full-length arti-
cles were screened in detail and a final number of 16 pa-
pers were deemed appropriate to be included in the
qualitative analysis (Fig. 1). One out of 16 eligible papers
reported both on the puberty impact on autoimmune
rheumatic disease outcomes and ARD impact on
puberty-related outcome measures. The papers were
grouped in two tables to enable the separate exploration
of the bidirectional relationship between puberty and
ARDs.
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After scrutinising the types of outcome measures re-
ported in the eligible papers, we concluded that a quan-
titative analysis (meta-analysis) was impossible because
of the high heterogeneity of the reported outcomes and
subjects included in the various studies.

The papers reporting the impact of ARDs on puberty-
related outcomes (7 = 9) mainly focused on patients with
JIA or juvenile rheumatoid arthritis (JRA) (n=25) and (J)
SLE patients (1 = 4) (Table 1). Of the 8 papers which re-
ported puberty impact on ARD outcomes, 6 papers in-
vestigated (J) SLE patients and one paper investigated
patients with juvenile idiopathic arthritis (JIA)-associated
uveitis (Table 2). We found no eligible studies in pa-
tients with dermatomyositis, enthesitis-related arthritis
scleroderma, chronic recurrent multifocal osteomyelitis
(CRMO) or childhood granulomatosis with polyangiitis.
One paper investigated the impact of puberty on the
prevalence of ANA positivity and musculoskeletal symp-
toms, although there was no evidence that patients with
these characteristics proceeded to develop an ARD [35].
The papers were published between 1998 and 2019, and
most studies were single-centre cohort studies, with lim-
ited data on cohort ethnicity; details about ethnicity
were only provided in 10 out of 16 papers.

Identification Records identified through

database searching

Additional records identified
through other sources

(n =2024) (n=3)
Records after duplicates removed i
: p! —l Duplicates removed
(n =2025) (n=0)
Records screened Records excluded applying
(n=2025) > exclusion criteria
(n=1992)
Eligibility Full-text articles assessed Full-text articles excluded, with
for eligibility — reasons (n = 40):
(n=51) o Incorrect study type (case

¥

\ Studies added following manual

report, case series, animal
studies, reviews) (n=12)

o No puberty-related outcome
measures reported (n=27)

o Full-text not available (n=1)

searches (n=3)

Studies included in
systematic review
(n=16)

Fig. 1 Flowchart of study selection papers
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The Cohen’s Kappa Statistic value calculated for the
agreement reached by the manual screening of the paper
abstracts was 0.69 (95%CI 0.682—0.71), while the screen-
ing of the full-text papers reached an agreement of 0.81
(95%CI 0.79-0.82).

The quality assessment of the included studies accord-
ing to the Newcastle-Ottawa Scale, assessing criteria
such as selection, comparability and outcome, ranged
from 4 to 9/9, showing a small to moderate risk of bias
overall (Tables 1 and 2).

Impact of autoimmune rheumatic diseases on puberty-
related outcomes

The disease outcome measures investigated in JIA/
JRA studies included cumulative dose of steroids, dis-
ease duration, disease activity, height, weight and age
[26], as well as diagnosis [26-28, 33], type of JIA
(systemic) [28] and age at disease onset [33]. Studies
investigating the impact of JSLE on puberty were ex-
clusively focused on evaluating the impact of being
diagnosed with JSLE on puberty-related outcomes [13,
30, 31]. The following aspects of puberty were investi-
gated: age at puberty onset; Tanner staging G2-5 of
genital development [28]; presence or absence of fa-
cial, pubic and axillary hair [28]; age at menarche [30,
31, 33]; menstrual abnormalities and length of men-
strual cycles, follicular stimulating hormone (FSH)
and luteinizing hormone (LH) levels [30].

All the studies investigating the impact of JIA/JSLE on
puberty reported some extent of delayed puberty in chil-
dren with these conditions compared to healthy con-
trols. Aggarwal et al. reported earlier puberty onset
(Tanner stage G2 and onset of pubic/facial/axillary hair)
in boys with systemic JIA compared to oligo- and poly-
articular JIA [28], although despite this, the completion
of puberty (defined as Tanner stage G5 achievement)
was delayed in all male JIA patients compared to healthy
controls. One study investigated the impact of JRA diag-
nosis on BMI and height, and found both to be signifi-
cantly lower in JRA patients compared to age-matched
healthy controls [27]. Although there is evidence of
growth delay associated with JIA in both boys and girls,
the JRA clinical phenotype had a differential impact on
growth in peri-pubertal Indian boys: boys with polyarti-
cular and systemic onset JRA were shorter than those
with pauci-articular JRA, until 15years and 12 years of
age, respectively [29]. Similarly, adolescent JSLE patients
experienced delayed puberty and growth retardation
when compared to healthy controls as reported in the
literature, and both correlated with the disease duration
[32]. The impact of ARD-related treatment on puberty
was sparsely evaluated: one study in JIA showed a sig-
nificant association between both the dose and an earlier
age at administration of corticosteroids with delayed
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puberty in boys [26], while an older study did not show
any impact of steroid use in girls with JRA on age at me-
narche compared to healthy controls [33]. One study in-
vestigated additional puberty-related outcomes, and
found that menstrual and hormonal abnormalities were
significantly more common in patients with JSLE than in
healthy controls [30].

Impact of puberty on autoimmune rheumatic disease-
related outcomes

The studies investigating the impact of puberty on auto-
immune rheumatic disease manifestations and severity
included the following puberty parameters: Tanner
stages [34, 36-38, 40], age at menarche [31, 39], female
reproductive factors [39] and gonadal function [31]. One
study focused on patients with JIA-associated uveitis
[36], all the remaining studies investigated patients with
JSLE or healthy controls who developed adult-onset
SLE.

The impact of age at onset and puberty on JSLE sever-
ity was consistent across studies, showing similar trends
of more severe disease in patients with earlier onset
(pre-pubertal) compared to post-pubertal patients, irre-
spective of outcome measures used (renal, cardiovascu-
lar, pulmonary and haematological involvement;
paediatric intensive care unit [PICU] admissions; steroid
and cyclophosphamide use; autoantibodies and comple-
ment C3 levels, and accrued lupus-related damage). Of
note, none of the JSLE studies investigating the impact
of puberty evaluated overlapping outcome measures to
allow for cross-validation of findings. One study showed,
through multivariate analysis, that an age of less than 10
years at menarche was associated with the risk of SLE
development later in life [39]. Another study [31] found
that delayed onset of menarche related strongly with
both JSLE disease duration and cumulative prednisolone
dose pre-menarche. This may be because both chronic
disease as well as chronic use of corticosteroids can sup-
press growth, which can delay menarche and slow down
puberty progression.

We identified only one study investigating puberty-
related outcomes in ARD patients stratified based on
sex [36]. This study found increased incidence of ocu-
lar hypotony during puberty in boys with JIA-
associated uveitis, and also found that pubertal fe-
males more frequently required systemic treatment
for uveitis compared to either sex pre-puberty. The
same study observed a biphasic course in JIA-
associated uveitis in both boys and girls: a high activ-
ity at diagnosis, followed by a reduction, and a new
wave of activity during early teenage years [36]. How-
ever, the second activity wave cannot be linked to pu-
bertal changes directly, as the authors do not provide
puberty measurements or stages.
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Discussion

Adolescence is associated with significant changes that
are initiated and mediated by sex hormones. Recent ef-
forts collecting detailed prospective data help to under-
stand the impact of hormonal changes during the
transition from childhood to adolescence on psycho-
logical and physical health [41]. During and after pu-
berty, ARDs are more common in females than in males.
Research suggests a potential role for sex hormones in
triggering autoimmune processes, and in influencing the
outcomes of ARDs.

With this systematic review we set out to describe
the evidence supporting the bidirectional relationship
between puberty and ARDs. It has highlighted the
large heterogeneity of the available literature. Over-
all, the studies identified had moderate quality, and
investigated, with few exceptions, cohorts of a rela-
tively small sample size. The majority were retro-
spective studies and provided insufficient detail on
the management of missing data. All studies fo-
cussed on JIA/JRA or (J)SLE. Because of the hetero-
geneity of disease-specific outcome measures
reported, there was no scope to perform a meta-
analysis. Despite the puberty-related outcomes being
less heterogeneous — the majority of the studies re-
ported the age at menarche or completion of various
Tanner stages — a meta-analysis of the impact of
one specific ARD on puberty could not be per-
formed, due to the variation of result reporting and
the small number of studies per disease. Despite be-
ing aware that puberty has significant impact on
growth, and that the growth spurt is a useful clinical
puberty surrogate outcome for boys [42], we identi-
fied only one paper assessing the growth velocity
delay during puberty in boys with JIA [29]. However,
there are many studies in JIA showing reduced
attained height in JIA patients over age 18 [43], as
well as reduced height 3years after diagnosis (me-
dian age 10.4) in children with JIA compared to
healthy controls [44]. Similarly, there is evidence of
growth retardation at 2-year follow-up in patients
with JSLE, which prompted the proposal of including
growth failure and delayed puberty in the paediatric
version of the Systemic Lupus International Collab-
orating Clinics/American College of Rheumatology
Damage Index (SDI) [32]. It is unknown, however,
whether growth retardation in young people with
ARDs is a symptom of delayed puberty, or an effect
of chronic illness in combination with growth-
inhibiting medications, such as corticosteroids [43].

Although a quantitative analysis was not possible,
there were clinically relevant results worth mention-
ing. For example, a delay in puberty in patients with
JIA/JSLE compared to controls was reported in all
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studies investigating the impact of these diseases on
puberty outcomes. Lower height and weight than
healthy controls, and menstrual and hormonal abnor-
malities, were also seen in ARD patients. Some evi-
dence suggests the delay in puberty is positively
correlated with (cumulative) corticosteroid dose,
though further research is needed to confirm this; it
is likely that the correlation reflects an indirect effect
of disease severity, and delayed growth caused by cor-
ticosteroids [43, 45]. Clarifying this link is especially
relevant considering that multiple articles reported
more severe disease, and more need for (systemic)
treatment, in children with pre-pubertal diagnosis of
ARD, as compared to post-pubertal diagnosis.

Although our literature search did not identify papers
assessing other ARDs with onset around the time of pu-
berty, such as CRMO (age at onset 7—12) [46] or child-
hood granulomatosis with polyangiitis (median age at
onset 11.7 years) [47], we recognise that the assessment
of puberty-related outcomes is relevant for a larger
group of rheumatic conditions than the ones captured in
this review. In light of the limited quality of evidence in
this systematic review, we want to propose a set of feas-
ible clinical assessments of children and young people
with autoimmune rheumatic diseases. These recommen-
dations, based on the preceding results and the experi-
ence of our multidisciplinary clinical team, can be
recorded at hospital visits to facilitate the understanding
of disease and treatment impact on puberty-related out-
comes. We suggest the following: 1) to establish start of
puberty in all patients to ensure appropriate action can
be taken if it is delayed (age > 13 years in girls and > 14
years in boys); 2) to record age at menarche in every pa-
tient to establish that it is not delayed (age > 16); 3) to
record pubertal progress — by history/self-assessment
and growth chart, and by clinical examination in case of
concerns — at every clinical encounter until the comple-
tion of puberty, in accordance with the Childhood and
Puberty Close monitoring Charts [48]; 4) to discuss
menstrual abnormalities; 5) to have patient-centred dis-
cussions around starting treatments that are likely to (in-
directly) impact puberty, such as steroids or
cyclophosphamide, and ensure pubertal development is
monitored in patients started on such treatments; 6) to
propose endocrinology-rheumatology interdisciplinary
assessments in selected cases of delayed puberty; 7) to
raise patient/family awareness of features of delayed pu-
berty; 8) to quantify puberty-related outcomes in dam-
age scores annually, e.g. growth retardation, delayed
puberty, or infertility (see Fig. 2). Quantifying outcomes
will greatly improve care: it allows for close monitoring
and provides a starting point for conversation — espe-
cially when including self-assessment — involving young
people in their own care.
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Facilitating the understanding of ARDs and treatment impact on puberty-related outcomes

Clinical assessments of children and young people with autoimmune rheumatic diseases

-L

Discuss pubertyissues
with patients and families

Routinely assess
development
Have a patient-centred Establish start of puberty
discussion when starting
treatment Record pubertal progress at
every clinical encounter
Raise awareness of features
of delayed puberty Record age at menarche
Quantify puberty-related
outcomes in damage scores
annually

Discuss menstrual
abnormalities

Have interdisciplinary
assessments

Create future possibilities
to improve outcomes

Have an assessment with a
rheumatologistand an
endocrinologistwhen:

Increase wellbeing of
patients and families

Enable better clinical care
Start of puberty is delayed

@ >13years o >14 years Facilitate research

Age at menarche >16
years

(Puberty) development
stagnates

Fig. 2 Suggested clinical assessments of children and adolescents with autoimmune rheumatic diseases

These recommendations are both in line with the
EULAR/PReS recommendations for the transitional care
of young people with juvenile-onset rheumatic diseases
[49], and with the general notion that routine develop-
mental assessment is a core part of adolescent health
care [41, 43]. This supports our opinion that evidence-
based knowledge is needed to improve outcomes.

Clinicians, patients and families will benefit from in-
creased awareness of the relationship between puberty
and ARDs. Not only will our recommended assess-
ments inform individualised flare management during
puberty; they will also facilitate future research into
treatments that minimise the negative impact of ARD
on pubertal development. Shedding light on the com-
plex but important relationship between puberty and
autoimmune rheumatic diseases allows young patients
to have what all young people want: a chance to de-
velop into the best version of themselves, without
limitations.
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