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Abstract: Juvenile idiopathic arthritis is a common rheumatic disease that presents as
chronic childhood arthritis. JIA is considered a multifactorial disease that may result from
diverse genetic and environmental risk factors. A minority of the population-attributable risk
of JIA is estimated to be due to familial factors. Thus, non-genetic or environmental factors
likely account for a majority of the risk of developing JIA. Yet, while substantial data have
linked environmental factors to the development of rheumatoid arthritis, similar evidence
regarding JIA is sparse. This narrative review provides updates on recent literature about
environmental factors that might influence the risk of developing JIA, including studies
about potentially beneficial and harmful influences as well as factors with unclear effects.
Keywords: environmental exposure, risk factors, juvenile arthritis, antibiotics, breast
feeding, cesarean section

Introduction

Juvenile idiopathic arthritis (JIA) represents an array of biologically distinct, incom-
pletely understood forms of chronic inflammatory arthritis beginning in childhood.
JIA has been classified into six or seven categories based on associated clinical and
laboratory features.'” Recent approaches incorporating biologic information from
cytokine profiles and genetics have led to alternative proposed classifications of
JIA>* JIA is thought to originate from a complex interplay of non-Mendelian
genetics’ and environmental influences leading to chronic inflammation of joints
and other tissues.® Familial epidemiologic studies and genome-wide association
studies have produced estimates of the contribution of genetic factors to JIA ranging
from 13% to 25%.”° While these numbers could rise with advancements in
genetics,'® physicians and families alike grapple with questions about the sizable
missing heritability of JIA specifically with the potentially outsized role of the
environment on JIA pathogenesis.

Mechanistically, environmental influences may trigger JIA via several different
mechanisms, including epigenetic changes, imbalance of microbiota, and direct
modulation of the immune system. In keeping with Dr. Barkers hypothesis that
postulates adult diseases might have their origins in utero,'' we also discuss links
between postulated in utero exposures including maternal smoking and others with
JIA. Details about these potential mechanisms, including relevant references, have
been reviewed elsewhere.'?"!* In this narrative review, we discuss recent advances
in our understanding of environmental factors that might relate to JIA pathogenesis

and highlight some limitations of research on environmental influences on disease.
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Environmental factors and JIA
Potentially protective factors

Breast-feeding

Breastfeeding has been associated with numerous health ben-
efits, including possible prevention of immune-mediated
diseases.'® Breastmilk contains natural prebiotics and probio-
tics and has been linked to favorable changes in infants’ gut
microbiota (e.g., increased commensal Bifidobacteria, reduced
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potentially pathogenic commensals [pathobionts], altera-

tion in DNA methylation profiles,”' and other immunologi-
cally protective factors (e.g., soluble IgA, IgG, IL-10, TGFb,
defensins).**

Multiple prior studies have examined the connection
between breastfeeding and JIA, reporting disparate find-
ings (Table 1). The first publication on this topic, a case-
control study, reported a potentially protective effect, with
a lower frequency of breastfeeding in JIA (37%) than in
unaffected peers (60%).>* Cases were less likely to breast-
feed for >3 months compared to controls (15% vs 34%).
This study, however, had several methodologic limitations,
including a small sample size with questionable general-
izability, unmeasured confounding, and the potential for
selection bias and recall bias (Table 1). Subsequent case-
control studies did not show a significantly decreased risk

of JIA among breastfed children;**>®

one among them
reported an increased risk of oligoarticular JIA in breastfed
children.”® While all but one of these studies were larger,
they, too, had similar limitations (Table 1). A recent study
from southeast Sweden reported that breastfeeding could
delay or prevent JIA in some children.”® Unlike all other
previous research on this topic, this study was performed
within a population-based birth inception cohort that pro-
spectively collected information about early feeding prac-
tices, well before JIA was diagnosed. Children who
developed JIA were significantly less likely to breastfeed
for more than 4-6 months after adjustment for multiple
factors, including parental education, family history, early
life infections, and smoke exposure. As a negative control,
there was no evident association between early life feeding
and transient forms of arthritis, lending specificity to the
correspondence between breastfeeding and JIA. A multi-
center study of a UK-based JIA cohort suggested that early
breastfeeding could modify JIA phenotype and severity.*°
In this cohort, breastfed children were more likely to be
diagnosed at younger ages and have better physician glo-
bal, parent global, pain, and physical function (Childhood
Health Assessment Questionnaire, CHAQ) scores, with

longer durations of breastfeeding corresponding to pro-
gressively lower scores. However, group differences in
global, pain, and functional scores may have been related
to unmeasured confounders; parent global scores differed
between groups more markedly than physician scores, and
there were no apparent differences between groups in
active joint counts or inflammatory markers.

Siblings

The hygiene hypothesis®' posits that early exposures to infec-
tions (e.g., from older siblings) and non-pathogenic microbiota
help protect children against subsequent immune dysfunction
and autoimmunity. Children with older siblings tend to have
higher level of Bifidobacteria commensals early in life, and
number of siblings correlates with increased bacterial diversity
and richness, which are generally accepted markers of micro-
bial health.'®**** Microchimerism—gestational acquisition of
cells or DNA from a mother or sibling—represents another
mechanism by which JIA risk may be different among chil-
dren with siblings.**

Research on the potential effects of siblings in JIA has
been variable in size, quality, and findings. One early Danish
study with population-based controls and some adjustment
for socioeconomic status (SES) suggested that children with
JIA were less likely to have household siblings, without
relation to sibling age (Table 1).*> Two subsequent popula-
tion-based case-control studies showed no such relationship:
a study of JIA and birth order based on 333 cases in the
western US (with minimal confounder adjustment)*® and a
study of JIA and number of older siblings based on 3334
hospitalized cases in Sweden.’” Neither study specifically
examined the role of siblings in the household, unlike the
subsequent Childhood Arthritis Risk Factor Identification
Study (CLARITY) from southeast Australia.”>*® This study
collected detailed environmental information from 302 cases
with JIA and community- and hospital-based controls. The
authors reported a decreased risk of JIA among children with
household siblings, with some analyses showing additionally
diminished risk in those with more siblings (i.e., an apparent
dose response). Results were discordant between hospital-
based and community-based controls regarding birth order
and the dose-response with sibling number for unclear rea-
sons; the sample of community-based controls, while theore-
tically more valid than hospital-based controls, was also
smaller and limited by imprecise estimates in several ana-
lyses. Age of JIA diagnosis and closeness in age to siblings
did not modify the results. Another recent population-based
case-control study used clinic records linked to birth

submit your manuscript

254

Dove

Open Access Rheumatology: Research and Reviews 2019:1 |


http://www.dovepress.com
http://www.dovepress.com

Horton and Shenoi

Dove

(panunuo))

(erep 4g pasodau |eadsoy
-J|9s) selq A1l|Iqe.isap [1D0S O |[B23. [ENUIOJ e | @8e 2J40§2q 9OUSPISAI WLiey AgJeau 18 A1ad.ns
(sjoa3u0d ‘9dUapISaJ [edNJ ‘spIulyYd 13J3e snwsiqe.as 8ujodiapun
paseq-jeaidsoy)  selq  UOMDJISS  [BIUSIOJ ¢ ‘Supjows |eusarew [ereuaud s|oJauod paseq-|eaidsoy aJreuuonsanb Aurwaan)
(535 ‘sonmeuad “3-9) Suipunojuod painseawun e Y319m yaaig moj ‘Bulooyps (€T-T1 1D %S6) | €8 “(eend Yy ) VI | uonlm wouy MS 62010C
(491usd |) Apiqezijessuss sjqeuonssnd) e Jo uoneunp ‘uoiad ‘xas ‘9dy 9'] YO syuow 9z uoneInp 49 031j0 YIm uaJp|Iyd 8€T BIep 49 ‘DD ‘lendsoy | uopey
(erep 4g pasodau
-J|9s) selq A11|IqeJiSap [1D0S O B33 [ENUSIOJ e
(sjoqau0d (e24nos aesjdoun) sjou3uod
Jo 924nos Jdes|dun YN siuedidnaed-uou (1’01 @s) 801 :DH ‘uoneinp 4g Aypeay S ‘OwoapuAs
9qi3lI3 jo Joquinu) seiq UORJDIBS [eRUIOd e (€510 21D %56 ‘9°0 ¥O) (I°01 spoaydau yum
(s3S ‘sonsuad “3-9) Sulpunojuod paunseswun e Yaiiq as) 0’6 vyl o3ijo ‘uoneinp 4g sjo3uod g ‘(191D Aanuns
(423u2d |) Aujiqezijelauad sjqeuonsand) e Ie a8e [eusarew ul sdnoud usamiaq Fo1 as) | wyv) vyl a1wsiss/Ajod | uosuad-ur wouy Axanp 128661
azis a|dwes |ews o S9dUBJBYIP JUBdYIUSIS Ou BUON [ syruow 97| wy[ |[e ‘uoneanp 4g /031j0 yum uaJpjIyd €5 eIep 49 ‘DD 421uad | | Jndosdesey
(T1-T0 11D %56) §0 YO :oau0d
(evep 4g passodad wopuel (TH—€0 1D %56)
-J|9s) seiq A21|IqeJISOp [BI20S O |[BJ3J [BUS10] o T'1 YO :|osuod uaad “yy[ Alod 4g
(sjoauod usad tyN sauedidnaed-uou uonednodo | (8'1-5°0 :ID %S6) 60 YO :[043u0d 19s5qNs |[0J3U0d paydIew
3|qi8I2 jJo Jaquinu) Selq UOMNDISS [euNO e IO uonednps jeuaded ul sdnousd wopued {(H'5—6°0 1D %56) TT -28e wopues puodas
(s3S ‘sonsuad “3-9) Sulpunojuod painseswun e U99MI9q SIDUDIDYIP JUBdIUSIS YO :|o43u0d usad ‘wy[ oo 4g ‘sjoaauod Jsad |g¢ aJreuuonsanb epRURD
(423ud |) Ajiqezijesausal s|qeuonsand) e ou ‘uonedo| pue ‘aded ‘age _Ao.N ‘60 | ‘(em1ad Yo) vyl Alod U31I1IM WOy [es3uad 429661
sarewnss aspaidw| o Aq payorew aJam suaad ‘suoN 1D %S6) €1 YO VYl Ile 4g | /o810 yum uaippyd /€| e¥ep 49 ‘DD 42U | SJ4aquasoy
(evep 4g paiiodau
-J|9s) selq A1|IqeJisap [e1D0S O |[B23. [ENUSIO] e
(sjo4au0d usad ‘syuedpnaeduou ueyy saed
Suipaspiseauq Jamo| parsodad syuedidn.ed
‘tuonedpnied %g7) Selq UONDSRS [enUSNO] e uonesnpa Jo £ 1-T0
(s3S ‘sonauad “8-a) 3uipunojuod painseawun ¢| 93e [eudarew ul sdnoud usamiaq 1D %56) 9°0 YO Wl Alod 4g
(sauedidnaed suym S9DUBJBYIP JUBDYIUSIS OU ‘UONIEDO| (60-T0 sjoauod Jaad g/ AaAans
Ajuo ‘suz3udd 7) Ajiqezijesauald d|qeuonsand) e Ajqewnsaud pue ‘adeJ ‘a3e 1D %S6) €0 WO Vil o8ijo 4g | ‘(ew=aud wyy) vyl Alod suoyd wouy SN 3S 2566
azis a|dwes |ews o Aq payorew auam suaad suoN | (8'0-T0:1D %S6) +0 WO vl lle 4d /03110 Yam UJpIIYd {5 e®p 49 ‘DD ‘S49IU T uosel
Suipaspseaug
suoie3iwi| pue saJo0N jusw3snipe ajeleAo) (s)3nsau Aoy uonendog udisaqg 8unjag | 9dususpey

spylJe d1yzedolpl SjiuaAn| pue

$J01D®) Sl [BIUSWIUOIIAUD P1I3|as JO S3IpNIs Jo AJewwing | ajqeL

255

submit your manuscript

Open Access Rheumatology: Research and Reviews 2019:1 |

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Horton and Shenoi

(panunuo))
(oD
selq |[edaJ Jo adueyd saAneRd | %56) 0'1 YO VI I8 ‘syruow 90z
MO| Yum ®iep {g paldodau-jjas ‘9Andadsod e 9943ap-puodas pue -1sdy Ul Y 49 12201 ¢ (1°1-5°0 :1D %S6) 8°0 aJreuuopsanb
(asuodsauuou %47) Sseiq uondaas [enualod e| 40 W[ ‘Yuiq Jo Aunod ‘Bupjows | YO VL ‘SYIUOW $'0Z 4g SAISNPXD | SILIYLIE INOYIM UJIP|IYd UaIIM
(sanoiqnue ‘uopeonpa [eaua.ed ‘gnwiioy Jo (9070 1D %56) €0 MO VIl Il [ €88°01 VL YIm uaapjiyd wio.y eyep
‘535 Suipunojuod>  paJnseswiun) e uondnposul ‘o jo Jeak sl By ‘sypuow 9°0z 49 [2302 £,(8°0-T°0 111 “(s3si8ojorewinay 49 pa3129|j0>
1ouas 9|qeuonsand) e Sulnp suondajur ‘ydiq waazaud 1D %S6) ¥0 YO VI I’ ‘sysuow 1aepad [edo| AjPAndadsoud USpaMg 10T
azis a|dwes |ews o ‘K12A1j9p Jo apow Aiued 93y $'0< 49 [e303 pue aAIsnPx3 | Jad) | yaum uauapjiyd zg ‘99 | 3S ‘uoi8au | ua.3pury)
(se0
‘Y0 1D %S56) 9°0 YO SL0< OVHD
X3pUul JIWOUO0120s (100°0>d) 880 sA £9'0 ,OVHD
d1ydeadoad qunod auiol | ueipaw :(]00°0>d) 6T SA 8| ,2403s
(erep 4g poriodau pajwi| ‘AuAnde aseasip ‘A1o3a1ed ured ueipaw {(]100°0>d) 6€ SA €T Aaoisiy
-J|9s) selq A11|Iqe.ISap [1D0S O |[B23J [eUIOJ e V|[ ‘uoneanp aseasip ‘[eadsoy ZV9Od ueipaw {(€0°0=d) T€ SA 8T 49 4Aq paziisdeleyd MBIAIDIU
(suodsaauou %97) seiq uonda|es [enuaod ¢  ‘©ded Uspual ‘98e 39suo :DVYHD ZVOuUd ueipaw (100°0>d) 9°L SA ‘(e1a3142 Yy|) | uosaad-ur wouy SN 0e910T
8uipunojuod paJnseawun o pue 4q jo sisAjeue Auoresojdxy | /g 19suo jo a8e ueipaw :y|[ ||e 4Yg VI yum uaapiyd €76 elep 4g ‘OY ‘SJ91Udd § YorIAH
payoew
-19pua8 pue o8 oJ49M S|O.qIUOD jewAeld e
(e3ep 4g pe1iodau
-J|9s) selq A1l|Iqe.isap [1D0S O |[B23J [ENUIOJ e sjoJ3u0d Jaad
(sjosauod Jaad paydlew-xas pue -ase
‘asuodsaluou %9¢) Selq UONDIIRS [enuaNod e 8¢ ‘sisi3ojorewnay. aJreuuonsanb
(sonauag “8-9) 3uipunojuod paJnseswun o (S o1ieipad Aq pasouselp U91I1IM WOy 52910T
(423ua3 |) Aaqezijeauad ajqeuonsand e awodul pjoyasnoy [enuue 93y =60 1D %56) T1 YO VIl Ile 4g VIl yim uaappiys §7g BIEp 49 ‘DD | SN Y3udd | louays
(e3ep 4g pe1iodau
-J|9s) selq A1l|IqeJiSap [1D0S .0 |[B23J [ENUSIOY e
(sjoqau0d Aaa34ns aAnd9|D
poseg-jeudsoy)  selq  UOPdRRS  [ERUSIOY o Sujo8uspun sjos3uod
(S3S ‘sonsuad “8-9) Sulpunojuod paanseswun e X3apul [euoi3au paseq-jendsoy aJreuuonsanb
(423ua> |) Ajiqezijeasusg ajqeuonsand) o S]WOUOII0ID0S PISEG-DIUDPISA 854 “(er193143 Yy 1) USYIIM WOy BljeaIsny 10T
sajewnse aspaldw| o ‘A13sadue UEISEINED) ‘X3S ‘D3 (6'1-+°0) 60 YO VIl II® 49 VI yam uaapjiyo 79z eep 49 ‘DD | 35 Ysauad | i3
suoljejiwi| pue sajoN juswjsnipe ajerreaod (s)3nsaa Aoy uonejndod udisaq Sunyeg | 9doususyey

"(penunuo)) | a|qeL

Open Access Rheumatology: Research and Reviews 2019:1 |

submit your manuscript

256

Dove


http://www.dovepress.com
http://www.dovepress.com

Horton and Shenoi

Dove

(panunuo))
ue3aq aJed
[eveuaud Jey) Ja3sawig) ‘ddUBINSUL
‘snyeas [eaew ‘Supjows [ereuaud s|oJ3uod
‘|aA3] [euonEINpa ‘A1dIUYID BRI JeuoiSad paydjew
[eusarew ‘a8e [euJated ‘Xas wouy (1'1-8°0 1D %S6) 560 -X3s pue ‘-33e WOopue.l
(s3S ‘sonsuad “3-9) Suipunojuod painseswun e p912939p 3ulpunojuod [Bd1ISIIEIS [ 11 ‘syaaiq Joud = (17 1-8°0 7209 ‘(B9340 Yy)) SN MN 6L 10T
(423023 |) Aqezifesauas ajqeuonsand e ou a3 [eusarew Yeak yrug | 1D %56) §6°0 I IIe ‘yang Jowd | VIl yim usappiyd S| DDN U | I1°g
(€10
%G6) S0 YO :S[043u0d ANunwiwod
‘vil Ie ‘Buqis pjoyasnoy
I 670 10 11D %56) €0 YO
:sjoaauod |eadsoy ‘yf |je ‘s8uiqis
ployasnoy £z (8°0-2°0 1D %S6) $]043U0d AJUNWWOD
(sjonnuod $'0 YO :s|onuod Aunwwod ‘yif 1¥€ ‘sjosauod paseq aJreuuonsanb
paseg-jendsoy)  selq  UORJRS  [ENUOJ o Il ‘8uiqis pjoyasnoy | {(g8'0—€'0 -lendsoy 979 ‘(e14a111d usmLIM
(s3S ‘sonsuad “3-9) Sulpunojuod paunseswun e Yaaiq 3e 93k [euaLIBW | 1D %G6) S0 YO :S|o4auod [endsoy V1) VIl o1wsashs wio.y eyep BljeAISNy e510T
(493u2d |) Aupiqezijesuss sjqeuonsand) e| ‘yiiiq e a8e |euonelsas ‘xos ‘9dy ‘vI[ I1e ‘Bunqis pjoyasnoy | -uou YaIm uaJp[iy3 70§ 3uqis ‘DD 35 o | RETTITN]
(paseq-jendsoy) seiq Uol3|AS [eNUO] o Supjows [eussrew ‘e |euJdalEW (1'1-8'0 | s|o4uod paymew-uoidau J91s1304
(s3S ‘sonsuag “3-9) Sulpunojuod paunseswun e ‘ySemyaaiq ‘ode euonesad 1D %56) 6°0 MO VI e ‘s8uiqis | ‘-xas ‘~-a3e wopue. 9gg‘s| [euoneu USPaMG
(paseq-jend ‘AI9AI|9P JO Spow ‘Yuiiq Jo UOoseds J9p[o €2 (1'1-6°0 1D %S6) ‘(YN AIpIJeA Jo BLIILID) wouy erep ‘sjedsoy ,6600T
-soy ‘Anunod |) Aljiqezijesauss s|qeuonsand) e ‘snaeas [IAID ‘uoiBau ‘xas 93y | '] YO :VII I[e ‘sdulgis Japjo 7—| VI yum uaupiyd peee 3uqis ‘OON I\"2 suaje)
sjoluod $918D1I9D
PaydIBW-X3S puE yaaq
(s3S ‘sonsuag “3-9) Sulpunojuod paunsesawun e a3e |eudarew ur sdnoud (§796°0 1D | -23e G6TE “(eroa1d Y1) wodJj JapJo Na} 9¢€00T
(G 1) Aipqezijessusl s|qeuonsand) e UIIMIDG SIIUAIYIP OU X3S ‘DY %56) 1 MO VI IIe ‘ynq puzz VIl yim uaappiyd €€€ YHIq ‘DD | MAS DR | Peleyeld
(paseg-jendsoy) seiq uonda|as [BNUAOY o s|oJauod
(A4aA119p Jo apouw ‘sonoiqnue ‘suon wopueJ paydjew 49151824
-29jul ‘sonauald “8'9) Sulpunojuod paJnseswun e -uoi3au ‘-xas ‘-ade [euoneu SJewuaq
(paseq-jexd (aeyy ‘asnoy ‘[ean.) Buisnoy (60-50:1D 088 ‘(eHa1142 YyIN3) wo.j exep ‘sfendsoy 5666
-soy ‘Anunod |) Aljiqezijesauss sjqeuonsand) e ‘awodul [eauaded ‘uoiSau ‘xas 98y | %S56) 9°0 WO DI I8 ‘Bunqis Auy VOl Yyam usap|iyd 07z 3uqis ‘OON Jle+S21UI2 T uas|pIN
43p.40 y3.iq 4o s3ulqis
suoijejiwil| pue sajoN juawsnipe ajeleAod (s)ansau Aoy uonejndogd udisaq 8unjag | 9duausyey

"(ponunuod) | a1qeL

257

submit your manuscript

Open Access Rheumatology: Research and Reviews 2019:1 |

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Horton and Shenoi

(panunuo))

(sjonuod

paseg-jendsoy)  selq  UORJISS  [ENUSIOY

(s3S ‘sonauad “8-a) 3uipunojuod painseawun)

Aaa8ans aAnd3d
3ujoduspun sjonnuod

[euoi3au paseg-jendsoy

aJreuuopsanb

(423023 |) Aaqezijesauad ajqeuonsand (umoys (ST %70 11D %56 ‘80 8% ‘(BLaID Yyl) | usMm woly elesNY 10T
sejewnsd asaaduw| 30U sisAjeue paisnipe) suoN MO) %I1°LT SA %STT VIl IIe ‘$D VI Yaim uaapjiy> 79T | e3ep yanq ‘DD [ 3S Ua3uad |
(paseq-eudsoy) seiq uonda|as [eNUIO4 o  Supjows [eussiew ‘OFe [eusszew s|043u0d paydlew-uoidau 49351304
(S35 ‘sonsuad “8-a) Suipunojuod paunseawun e ‘ySiomuyaiq ‘o8e [euonelsas *-x3s ‘-a3e WopueJ 9¢¢'c| [euoneu USpamg
(paseg-jead ‘s3uljqis J9PJO ‘Yaliq JO UOSEDS (€1 ‘(4N AIPpI[EA JO BLISILID) wio.y eyep ‘sjeaidsoy 16600T
-soy “nunod |) Ajiqezfelsussd ajqeuonsand e ‘snaeas [IAD ‘uoiBad ‘xas 93y | ‘20’1 1D %S6) T1 YO VI IIe ‘SO VI Y ua.pyd pege Buiqis “OON v suspie)
uoI1J3s UeaJesa)
(e'1-201D
%56) T1 MO VI[ IIe ‘erqoswnue
uonezieaidsoy [el4230BqUOU (§°S—/"| |D %S56)
Aljesned 9s49A9. [ENUSOY o ‘S1ISIA D1UI|D JUS3J JO JaquInu 1'€ 4O :VI[ |IB ‘syzuow 9 3uad3. S|0JIUOD PAYDIBW-XS
sisouSelp /|[ JO UOIEDYISSE[ISIW [BNUSIOY o ‘9SBasIp dunwWiwIoINe Jo AJoasly IsoW Ul SOOIqRUE {(9°G—9"| -a8e 0zg§| ‘(suoniuyap elep
(suonosyur pap.io JeuJsrewW Joj paasnipe Ajliepuodas 1D %S56) 0°€ YO :VI[ |[& ‘s9s4nod ased AJepuodas dyidads Suiqriosaud N
->a4un ‘g3g “8'9) Suipunojuod paJnseswiun e ‘t9seas|p aunwwioine [euos.ad snoiquue 9z (S €= | 1D %56) 20w ‘s9pOd pajepljeA) | wody dnoiqRue ‘soonoeud S10T
(Anunod |) Ajigezijeasusd ajqeuonsand) e Aue ‘uondayul Aue ‘xas ‘98y 17 4O VI[ IIe ‘sonoiqnue Auy VI Yam uaapiyd zs| ‘9ON | [essus8 pgg uolIoH
s|oJ3uod paydirew-uoida
yaiq ‘-xas -ade ¢/
Aljesned asu9A9. [ENUSOY o ‘(2180]01q ‘e3EX3.30yIBW
(suonoayul (£7=5"1 ‘auosiupaud | eiep Suisuadsip
‘63S ‘sonauad “8'9) Sulpunojuod painseswiun e 1D %S6) 61 O VIl |8 ‘sosanod | “3-9) s8nup dnewnayJnue wouy eJEp
(V][ JenonJeosijo swos Jo uoisn|dxa apolqnue yz g -1 1D %S6) pasanquiaa Supjel | eaep cpoiquue [euoneu 2s510T
Aj@3)1] Anunod |) Ajiqezijessuss s|qeuonssnd) e yaiq jo uoidau ‘xas @8y 9'1 YO VI II® ‘sonoiqiue Auy VI Yyam usappiyd 86| ‘DN ‘puejulq USUOAIY
sanoiqhuy
suoljejiwil| pue sajoN juswjsnipe ajerierod) (s)3nsaa Aoy uonejndog udisaqg Sunyeg | 9doususyey

"(penunuo)) | ajqeL

Open Access Rheumatology: Research and Reviews 2019:1 |

submit your manuscript

258

Dove


http://www.dovepress.com
http://www.dovepress.com

Horton and Shenoi

Dove

(panunuo))
pasn
sjo;auod arewAed se 3ulydIBWISAC [BNUSIO] o
pa1iodauispun
A@jI| ey ajqedisap-uou & 3uidq 3upjows e
(sjo1auod Jaad sjo.auod arewAdeld
‘osuodsaluou %9g) Selq UONDJSIPS [eNUNOd o (8unjows pjoyasnoy payd1ew-xas pue -ade
(sonsuag “3-9) Sulpunojuod painseswun o 10)) $°1-6°0 1D %56 ‘80 YO 8¢ ‘sisi3ojorewnayJ aJreuuonsanb
(423ud |) Ajiqezijesaual s|qeuonsand) e (Bunjows [ereuaud [eussrew o1nelpad Aq pasoudelp US1ILIM Wouy 52910C
sa1ewnss aspaudw| o awodu| pjoyasnoy [enuue @8y 10)) 1°T-€°0 1D %S6 ‘8°0 O VIl yum usuppiyd gzz | ®aep yaaiq ‘DD | sn Ysaued | 1ouays
palJoda.ispun
A@jI| ey ajqedisap-uou e 3uidq 3upjows o pasn sapod D] ‘s|joauod 4915182
(paseq-jendsoy) seiq UoIId3|AS [eNUO] o Bupjows Jeutaew ‘o8e |euJalew paydrew-uoidad juanedul
(S3S ‘sonsuad “8-9) Sulpunojuod paanseswun e ‘ySemyaiq ‘ode |euonesad -X3s ‘-93e WOpUe 9£E‘s| [euoneu USPIMG
(paseg-jend ‘s3ul|qls JSP|O ‘YaJiq JO UOSEDS (Supjows [ereusud | (YN AIPIBA JO BLIDILID) wo.y eyep ‘sjexdsoy ,6600C
-soy ‘Aaaunod |) Ajiqezijesauad sjqeuonsand) e ‘snels [IAID ‘UoiBau ‘xas @3y | [eudsew) |—8°0 1D %S6 ‘01 YO VI Yyam uaup|iyd €€ 3ulqis ‘OON I\ sus|ie)
aansodxa jowss puey-puodag
sisoudelp y|[ Jo uonedlyissedsiw [eUNO] o suoned|dwod A>ueudsud
(sanoiqnue ‘s35 ‘sonsuad “8-9) 3uipunojuod |euJaIBW ‘SBUjOWS [BUJDIBW (T ‘80 1D %S6) 660 YO S9pod (| eIEp J31sI324 a1)
paJnseswun d|qissod Yam 9zis 10943 |[eWS o ‘a3e |euJarBW ‘X3S WYSIoM il e ‘s @ande (5| $0°1 1D | -adl A9 VIl ‘21072661 [euoneu wouy [euoneu £9910T
(Anunod |) Aujiqezijesauad a|qeuonsand) o Yaiq ‘yaiiq Je 938 [RUONEBISID) %SG6) €1 WH VI 1B ‘SD 2An29|3 | udoq uaJpjiyd uoljjiw o | adf1 § ‘DY SrWURQ UasuISLIY|
sisoudelp y|[ Jo uonedlyIssedsiw [eNUNO] o
(sonoiqnue ‘s3s ‘sonsuad “8-9) 3uipunojuod snlYlIE Jo
paJnseawun 3|qissod Yum 3zis 129Yd |ewS e SsisouSelp [eusarew ‘93e [euJsrew sapod Q| elep J433s1Sad elep
(Papnpxa@ syriq auniew ‘Ya1q Jo uoseas ‘xas Aled @1 | -adi4a vl ‘zi0t-€L61 [euoneu [euoneu 255102
-a4d Auunod |) Aujiqezifessuad sjqeuonsandd) e ‘WY3om Yaaiq Ueak depusjed 93y | —70°| (1D %S6) 11 YWYl VI 11’ ‘SO | udoq uaupjiyd uoljiw | wouj D ‘DY SleWULQ PEINEVEIN
payoew
-19puad pue o8 oJ49M S|O.JIUOD ewAeld e
(sjoa3uod usad s|jo.Jauod Jaad
‘asuodsaiuou %9¢) Selq UONdJRS [eNUIO] e paydlew-Xxas pue -a3e
(sonsuag “3-9) Sulpunojuod painseswun e 8¢ ‘sisi3ojorewnay aJreuuopysanb
(493usd |) Apiqezijeasuss s|qeuonsend) e ({4 1iaeipad Aq pasouselp USMIIIM Wouy 52910T
sjewWnsd aspaidw| o awodur pjoyasnoy [enuue 98y | 0 (1D %56) 1'1 YO VIl IIE ‘$D VI[ yaim uadpjiy> 7z | eaep yanq ‘DD | SN Yaluad | lousys
suoljejiwil| pue sajoN juswjsnipe ajerrerod (s)3nsaa Aoy uonejndod udisaqg Sunyeg | 9doususyey

"(penunuo)) | ajqeL

259

submit your manuscript

Open Access Rheumatology: Research and Reviews 2019:1 |

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Horton and Shenoi

(panunuo)y)

aJnsodxa

DjOWS [eIUSWUOUIAUS [eeursod uo eIep ON e

snjejs |ejluewl

BJEp 918d1149D
Yyiq

23S VM Yam
erep [eadsoy

pue 1uanedino

parioda.iapun pue a3e [euJalew Joj paisnlpy sased y|[ 0] pavul| ‘paseq aels
A@jI| ey ajqedisap-uou & 3uidq 3upjows o Jeak yaaiq uo (3upjows [ereusud | -@D| paIepIfEA ‘S[0.JIUOD uoneindod | wAA Ys3Uad 69510T
Suipunojuod paJnseswun [enuslod e| Paydiew Aduanbauy auam sjonuo) | [eudsrew) 6°0-9°0 (D %S6 ‘L0 YO 8195 ‘sased y|[ 961 | ‘9D ETEIN 1o0uayg
Supjows [eussied j0u Inq
paiJoda.iapun ‘[euUI9IBW J0J 309Y0 SIY3 paredniw
A@jI| ey ajqedisap-uou & 3uidq 3upjows e AJ1saduUe UBISEINED) PUEB X3S
seiq [[edaJ [enualod ¢| /33E SP|IYd JO Yuiiq S,P|Iyd e 33e
(sjonnuod [EUISIBW IO SNJEIS DIWIOUODIOID0S A493uns aAnd9)
paseg-jeidsoy)  selq UORJ9RS  [BNUSIO] o [euaa1ew Joy 3unsnipy (3unjows [eussned) Sulo8uspun sjonnuod
(s3S ‘sonsuad “3-9) Sulpunojuod paunseswun e Xopul 600 1D %56 1970 YO Jeuci3au paseq-jeadsoy aJreuuonsanb
(423u2d |) Aujiqezijelauad sjqeuonsand) e JIWOUOI90I20S PISEq-9dUDPISa ‘(Bunjows |eyeusud |eussrew) 85 ‘(B9 Yv|) US1IIM BljeAISNy <2102
sarewnnse aspaidw| o ‘A1sedue uelsedINED) ‘X35 93y 6600 1D %56 ‘90 YO VI yum uaapiyd 79¢ 3uisn ‘DD | 35 Ysaued | s||3
paJoda.ispun o|neq oeg
AP|I| es d|qedisop-uou B 3uldq Supjows o (4nsodxa avows e [endsoy
[endsoy Auenasy wouy 9|d [ereuasod pueypuodas) €/-8'| aJreuuonsanb Aaenal
-Wes 92U3JUaAUOD 3uisn Seiq [eJJ3ja [ENUSIOY o 1D %56 ‘9°€ YO sisouSelp | [EJUSWUOIAUD RELTER)
SBIq ||BJ9Y e sjozauod | ‘(eunsodxa 913048810 SulILINRIIUN) VI 404 BRI Yy paJn1dn.is 9j8uis 1,810
Suipunojuod paJnseawun [enualod e paysiew-4apuald pue -ady 1'8=5°1 1D %56 V'€ YO ‘sjonuod 47| ‘VIf 99 jo)0) Zeag BOURY
paliodauaiapun sased y|f
A1 eay 3jqedisap-uou & 3uidq 3upjows e SJ9pUNOjUOd sqeak 7 | € 10y0d
aunsodxa |enualod se paJspisuod J13UN pamo|o} Ansidau
jows [eauswuo.iAue [eeursod uo eiep ON e aJam AJaAlep waanaud pue payauap! sased pue /86| Yyaiq
Selq UONDJJ|3S [eNUIO] | YImous €194 ‘uonednddo [eularew (Bupjows [ereusud VI 1€ 4nsi8ay yaug ul uJoq syuq [edo1paw
udisap Apms puE ‘sniels [ellew ‘9Se [eudsiew [euJalew) SIS 01 pa1dLASaJ | [e2IPS)Y Ysiuul{ Y1 wouy uoldBuls | apimuoneN 0,500
031 anp paynuap! sased Y[ Jo Jaquinu |[ewS e| BP0 Yliq Uapuad oy passnipy 6TT-0'T 1D %56 69 YO syLIq uoldjBuls | 8'gS jo Dd Ystuuly ejoxpyee(
suoljejiwl| pue sajoN juswjsnipe ajerierod) (s)3nsaa Aoy uonejndog udisaqg Sunyeg | 9doususyey

"(penunuo)) | ajqeL

Open Access Rheumatology: Research and Reviews 2019:1 |

submit your manuscript

260

Dove


http://www.dovepress.com
http://www.dovepress.com

Horton and Shenoi

Dove

S9IBIS PAIUN ‘SN SILIYIIE JUSISURIY ‘Y| ISIMYINOS AAS

{SNJEIS DIWOUODI0ID0S ‘SIS ISEAYINOS ‘IS ‘UONEBIASP PJepUElS ‘QS ‘APNIs 110yod dAndadso.1al ‘DY ‘@40ds [eqoj8 uenisAyd “yoyd ‘a40s [eqo|S juaded ‘yod Apnis 140yod aAndadsoud ‘Dd ‘oned sppo YO ‘Isamyriou AAN ‘pariodad 10u
“dN ‘ApNas |03U02-95BD PaIsaU ‘DN ‘SHLIYLIE plojewnay. 3[1usAn ‘Y[ ‘sntylae oiyaedolpl ajiusAn( ‘y|[ tsnliyaae dluoayd sjiusAn! ‘[ toned 93ed JUSPIDUL “YY| ‘WSHEBWNSYY Isuledy an3es [eUONBUISIU| YV | (UOISIASY L3Q | ‘sIseasIq Jo
UOI3BDYISSB|D) [BUONEBUIDIU| ‘0| -D)| ‘Oe pJezey ‘YH :[043u0d Ayijesy ‘DH ‘ASojo3ewnayy 404 SUOIEIDOSSY JO dndea ueadoung Yy NI ‘UORIDS UBD.IESD ‘S (3USWSSasSE [euoldUN; Y|[) S4reUUONSANY 3UBWSSAsSY YIedH PIIYD ‘QVHD
Apn1s |0.u02-95Bd ‘D7) ‘BUIp99jISEa.q g ‘UONEBIDOSSY WSHBWNSYY UBDLIBWY ‘7YY ‘OleJ SPpPO paisnipe “YOe ‘one. 91ed 95UapIoul paisnipe ‘Y& ‘one. pJaezey paisnipe ‘YHe ‘A3ojoiewnayy Jo 989]|0D) UBdLIBWY YDV :SUOIIBIAIGQY
*(a1q1ssod 1s40Mm) € |101 JO INO SBU0ds DVYHD ‘(3|qissod 1s1om) 00| |e102 Jo N0 saJods ured pue ‘leqol3 juaJed ‘leqold cm_u_mxr_n_N ‘sisAjeue-e1aw

1933 paxyy Aq padnpo.d auam s3jnsal dno.3-sjdnjnw wouj sanseaw Arewwns (saskjeue sso.de sdno.3 Joreseduwion JUSISISUOD 2.NSUS 03 PRIEIND[ED 3.13M SIUNSEIW 1D3YJ2 3s4aAul ‘Iaded ul pajuasaud suaquinu uo paseq paiejndjeD), :S330N

MB3IARI 1IeYd 4q sisouSelp y|[ paiepifeA e
(uBisap aAndadsoud) seiq |24 ON e USPaMG
(sa0108) Aue301p J9YyI0 apIsino uaoq siuaJed ‘Bupjows
‘sonauad ‘g3S “8'9) Sulpunojuod padnsesawun) ¢ ‘uopednpa ‘93e |eusaded ‘BNWIOY e}
Ajiqeziesaua8 panwi o Jo uononpo.ul ‘8uipaspisealq SPIIY2 jo Jeak 1541y Sulnp >eam (uspamg
SeIq UONJ3Jas [enualod e jo uopeunp “Aumewsad /1< uondwnsuod ysiy 4o} (47| 15B3YIN0S
asuodsad 9sop JO uoneulWEXd ON e ‘K1aAljap jo spow Auaed | —|'7 D %S6) 1°'S YO “oueudaud ul 6661
udisop Apms ‘(oA1nE[94 99439p pUOISS 4O ISl Ul 3ulnp »99Mm/| < uondwnsuod vIf yam [ —766] 340yod USpaMG 5,610C
01 anp paynuap! sased Y[ Jo Jaquinu jewS e| WY 4o Vi) Aupasay oy passnlpy | ysy 4of (1°01-6"1 (1D %S6) S¥ YO | Ty ‘Dd Ul UBIPIYD ObL'S | yaa1q) Dd | 3S ‘uoidau | ua.pury|
Al[esned 9su9A. [ENUSIOY o
(s4012%) |EIUBWILOIAUD O AJEIBIP JYIO s|oJ3uod paydew-uoidau
‘53 ‘sonduag “39) Bulpunojuod painseawun e (€0°1 “10°1 11D %S6) TO'I MO yaiq -xas ‘-ade ¢/ |§
(vI[ “enonJeodijo swos Jo uoisn|dIxa :shoq ul ejnw.ioy d1uaduajeodAy ‘(2130]01q ‘@3EX?.30IPW
A|I| ‘A1aunod |) Ajiqezijessuad ajqeuonsand) e Jo aseyound Ja31j-0| yoeg ‘auosiupaud | eiep Suisuadsip
SOUBIRYIP X3s pardadxaun e S Ul (2] ‘20D %S6) 1']1 YO | “89) s8nup onewnaydnue wouy eJep
uondwnsuod sonoiquue | ‘skoq ul (9°6-9"| 1D %S6) ¥'T YO pasanquieJ upjel | elep opoiqnue [euoneu 10T
AJiep AJelslp Jo JuUSWAINSESW 1J3JIP ON e ‘yiq Jo uoidau ‘xas @8y 17 93e a40jaq A843|[e djjIw sMOD VI Yyam uaapiyo gez| ‘9IN ‘pue|ul4 UBUOAIY
»!a
suoljejiwil| pue sajoN juswsnipe ajerreaod (s)3nsaa Aoy uonejndod udisaqg Sunyeg | 9doususyey

"(penunuo)) | alqeL

261

submit your manuscript

Open Access Rheumatology: Research and Reviews 2019:1 1

Dove


http://www.dovepress.com
http://www.dovepress.com

Horton and Shenoi

Dove

certificates from the northwest US to examine the relation-
ship between JIA and birth order.*® Based on 1234 cases
from a single large clinic, this study found an inverse rela-
tionship between number of prior births and risk of JIA.
Similar trends were observed for multiple JIA categories,
although sample size limited the statistical power of sub-
group analyses.

In summary, research on the role of breastfeeding and
household siblings as potential modifiers of JIA risk has
yielded contradictory and inconclusive findings from
observational studies of variable quality. More recent stu-
dies suggest the possibility that breastfeeding and having
multiple siblings may protect from the development of
JIA. However, strong conclusions about these effects are
limited particularly by concerns about residual confound-
ing from SES and genetic factors. More definitive answers,
especially regarding the effects of breastfeeding, may
require other designs (e.g., sibling-controlled cohort stu-
dies, large randomized trials).

Potentially harmful factors

Infectious agents

Infection has long been purported to contribute to JIA
pathogenesis or trigger JIA flares. Prior reviews have dis-
cussed the mixed evidence about bacterial and viral infec-
tions as potential triggers of JIA.**® Some studies have
noted an association between exposure to enteric bacteria
(gut pathogens and pathobionts) and enthesitis-related
arthritis in developing nations where gastrointestinal infec-
tions are more common.*'* However, the patho-etiologic
role of infections in causing JIA, and the mediating role of
genetic factors (e.g., HLA-B27), remain unclear.**

Antibiotic exposure

Antibiotics can cause profound short-term declines in bacter-
ial diversity and changes in bacterial composition and
function.**® Typically, microbiota recover within 1-2
months, but some antibiotic-exposed individuals have altered
microbial composition for months or years, particularly after
repeat antibiotic exposures.*’** Young children exposed to
antibiotics can have altered composition and decreased diver-
sity measured up to two years, changes that correspond to
types of antibiotics received.*” Some children with newly

diagnosed JIA have higher levels of Bacteroidetes,”™"!

a
change also seen after antibiotic exposure.*’

Two population-based studies have shown that children
diagnosed with JIA are more likely to receive prior antibio-

tics, and more courses of antibiotics, than age- and sex-

matched controls.”*>® One study from Finland showed that
children taking antirheumatic drugs for JIA (e.g., oral pre-
dnisone, methotrexate, or biologic) were more likely to
receive any antibiotics earlier in life, with stronger effects
among children with multiple prior courses (Table 1).>?
Though uncommonly used, clindamycin exposure was asso-
ciated with particularly high rates of JIA in a dose-dependent
fashion (any use, OR 6.6, 95% CI 3.7-11.7; 2-3 courses, OR
16.0, 95% CI 4.5-56.7). While this study did not adjust for
confounding from infections, another nested case-control
study from the UK similarly found that cases with JIA were
more likely exposed to antibiotics after adjusting for both
infections and prior diagnosis of another autoimmune disease
(Table 1).%* This association was also dose-dependent as well
as time-dependent: the strongest risk of JIA came within one
year of antibiotic exposure (OR ~3), with no appreciable
association >2 years after last exposure. These findings
were corroborated through secondary definitions of exposure
and outcome and robust to multiple sensitivity analyses. One
sensitivity analysis showed that antibiotic-treated and pre-
sumably viral upper respiratory tract infections were asso-
ciated with JIA, but untreated URIs were not, further
implicating antibiotics as a potential trigger.

Nonetheless, both studies were still observational and
could not rule out all sources of bias, notably, residual
confounding from unmeasured factors (e.g., genetics) and
protopathic bias or reverse causality, whereby underlying
immune dysfunction ultimately manifesting in JIA predis-
posed children to more serious infections before diagnosis.

Cesarean (C) section delivery
The path newborns take leaving the womb may have
important immunologic implications. Compared to vagin-
ally delivered infants, those born by cesarean section tend
to have lower levels of circulating cytokines and leukocyte
responsiveness.”* ¢ Children born via elective C-section
may also have long-lasting immune deficits compared to
children born after labor.”” C-section deliveries also corre-
spond to early decreases in microbial diversity and lower
proportions of beneficial Bifidobacteria, particularly elec-
tive C-sections without laboring or even abbreviated expo-
sure to the birth canal.'”*> Early microbiota disruptions
due to mode of delivery might mediate subsequent differ-
ences in infants” immune responsiveness.*’ Broadly speak-
ing, C-section deliveries could predispose children to
subsequent immunologic dysfunction and disorders.®'

studies have examined the

Several relationship

between mode of delivery and JIA. Two case-control
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studies, each with 200-300 cases, were unable to show a
significant association between mode of delivery and JIA
but were underpowered to do so (Tablel).”>° However,
three large population-based studies from Scandinavia—a
hospital-based case-control study from Sweden and two
cohort studies from Denmark—showed small but signifi-
cantly increased risks of JIA among children born by C-
section.’”*>%* The Swedish study and one Danish study
both produced effect estimates of similar magnitude: OR
1.15 (95% CI 1.02-1.30) and IRR 1.10 (95% CI 1.02—
1.18) (Table 1). The second Danish study suggested that
this association changed based on type of C-section: elec-
tive C-section was associated with increased risk of JIA
(HR 1.25, 95% CI 1.04-1.51) but acute C-section was not
(HR 0.99, 95% CI 0.81-1.20). These observations are
compatible with the hypothesis that unlabored C-sections
may slightly increase the risk of JIA due to changes in
post-partum microbiota and immune response. However,
such mechanistic explanations are speculative. All of these
studies were limited by incomplete adjustment for
confounding.

Unclear associations

Seasonality

Clustering of JIA incidence in certain seasons might favor
etiologies that peak similarly during certain seasons, such
as infections. A study of 28 children with systemic JIA
from Kansas, USA, showed peaks in certain months, i.e.,
spring (May) and autumn (September), that might suggest
enteroviral etiology.°* In contrast, a retrospective study
within Canadian pediatric rheumatology centers from
1980 to 1992 did not reveal seasonal clustering of new
cases with systemic JIA except for increases in JIA inci-
dence in the Prairie region in spring (May) and autumn
(September—November); notably, this timing did not coin-
cide with local viral outbreaks.®> Another multicenter ret-
rospective study of 59 patients with systemic JIA in Israel
did not demonstrate any obvious season of onset of
disease.®® However, another Israeli study of 558 children
with multiple types of JIA noted a pattern in patients’
months of birth when compared to the general population,
with peaks in births from late fall and winter (November—
March) and a nadir in summer, particularly for enthesitis-
related arthritis.®”

birth as a risk factor in JIA is that an environmental agent

The working hypothesis for season of

(such as infection or sun exposure) during that particular
season may trigger an autoimmune process in the fetal or
perinatal period.

Second-hand smoke exposure

Personal smoking is the most consistent environmental
risk factor linked to the development of seropositive rheu-
matoid arthritis in adults.® However, the relationship of
JIA incidence to second-hand smoke exposure either in
utero or in childhood is less clear. Studies from different
populations have yielded different results, ranging from
null effects to markedly positive associations to modest
inverse associations®>?**7%*"! (Table 1). Given their
many limitations, including unmeasured confounding and
potential recall bias, it is difficult to draw strong conclu-
sions from these studies about the role of second-hand
smoke exposure on JIA risk.

Pollutants (air and other occupational exposures)
Inhaled air pollutants such as carbon monoxide, sulfur diox-
ide, ozone, particulate air matter, or nitrates are thought to
cause oxidative stress or inflammation leading to systemic
autoimmune disease. A case-crossover study from urban
regions of Utah, USA, analyzed the association between
short-term air conditions and JIA onset, with a focus on
fine particulate matter (aerodynamic diameter <2.5 pum, or
PM, 5). Among 338 children diagnosed with JIA, elevated
PM, 5 concentrations in the preceding 14 days were asso-
ciated with an increased risk of JIA onset in children younger
than 5.5 years (RR 1.6, 95% CI: 1-2.5), with stronger effects
seen in boys and children with systemic JIA.”* In a separate
study focused on systemic JIA, the same group found an
increased relative risk of systemic JIA within 14 days follow-
ing PM, s exposure in children under 5.5 years (RR 1.75,
95% CI 0.85-3.62), although this association did not meet
traditional levels of statistical significance.”® These studies
were limited by their consideration only of short-term pollu-
tant exposures and lack of adjustment for other time-varying
confounders (e.g., infections).

A Brazilian study conducted over 7 years (2000-2007)
studied the relationships between daily concentrations of
inhaled particulate matter (PM,;q), sulfur dioxide (SO,),
nitrogen dioxide (NO,), ozone (O3), and carbon monoxide
(CO) and hospital admissions for several pediatric rheumatic
diseases, including JIA, systemic lupus, dermatomyositis,
systemic scleroderma, ankylosing spondylitis, and vasculitis.
This study reported an association between SO, and pediatric
rheumatic disease admissions following a 2-week lag.”*
They did not report JIA admissions and pollutant exposure
and it would seem that JIA patients are less often admitted to
the hospital thus limiting this study. Another Brazilian case-
control study of 66 JIA and 124 age- and sex-matched
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healthy controls residing in Sao Paulo found increased risk of
maternal occupational exposure during pregnancy to inhal-
able particulate pollutants and/or volatile vapor with OR 13.7
(95% CI: 4.4-42.3) using a structured questionnaire.”' This
study was limited by potential bias from unmeasured con-
founding and potential referral bias from use of convenience
sample from a tertiary center and recall bias.

Perinatal risk factors

The study by Carlens et al reported borderline associations
between JIA and the following perinatal characteristics: post-
dates delivery (>42 weeks gestation), OR 1.3 (95% CI: 1-1.3);
and Apgar scores <6 at 5 mins, OR 0.7 (95% CI: 0.5-1). No
significant associations were found between JIA and other
perinatal risk factors, including maternal age, birthweight,
multiple births, malformations, birth season, or maternal-
child blood group incompatibility.>” Similarly, Shenoi et al
did not find any association between JIA diagnosis and birth
weight or place of delivery. However, children born pre-term
were more likely to develop JIA (OR 1.8, 95% CI: 1.2-2.7).%°
The limitations of these studies have been discussed pre-
viously (see Table 1).

Dietary factors

Families of children with JIA often perceive that diet plays an
important role in modulation of disease activity.” This raises
the question of whether dietary factors could contribute to
pathogenesis. A Swedish-population-based cohort study
found that fish consumption (>1 time per week) during
pregnancy or in the first year of a child’s life was associated
with a markedly increased risk of developing JIA.
Additionally, the authors reported higher levels of aluminum,
mercury, cadmium, and lithium in the cord blood of children
with JIA compared to controls, supporting the hypothesis
that the association is mediated by exposure to heavy metals
in fish (Table 1).”° This study did not, however, report the
presence of a clear dose-response or the influence of con-
founding from other dietary or environmental factors. A
population-based study from Finland showed that boys diag-
nosed with a cow’s milk allergy and exposed to hypoaller-
genic formula before age 2 were more likely to develop JIA
(Table 1).”” This association was not present in girls, raising
questions about the biologic mechanism and relevance of this
unexpected sex difference. Of note, this study did not directly
examine the effect of early-life consumption of dairy pro-
ducts and had similar limitations to the prior Finnish study on
antibiotics and JIA, including unmeasured confounding
(Table 1).2

Sun exposure and vitamin D

Multiple studies have shown that vitamin D levels are gener-
ally low in children diagnosed with JIA and may correspond to
disease activity and manifestations,”®”” but few studies have
explored whether vitamin D plays a role in JIA incidence,
none via examination of dietary vitamin D intake. A Danish
case-cohort study of 300 matched pairs of oligo and polyarti-
cular JIA did not find any association between vitamin
D levels at birth (assessed by neonatal dried blood spots) and
subsequent JIA development (OR 1.2; 95% CI: 0.9-1.6).%°
Using CLARITY data, a sub-study of 202 Caucasian JIA age-
matched case-control pairs born in Victoria Australia and
matched on birth year and time of recruitment demonstrated
that higher cumulative ultraviolet radiation or sun exposure
was associated with significantly reduced risk for subsequent
JIA development.®' They also found that higher the sun expo-
sure during 12 weeks of pregnancy lower the risk for JIA and
hypothesized that the mechanism through which sun exposure
might influence JIA risk is through active vitamin D circulat-
ing levels. Using SNP data from the CLARITY study, Ellis et
al also demonstrated that epistasis (gene—gene interaction)
between PTPN2 and vitamin D pathway genes might contri-
bute to risk of JIA.**

Miscellaneous risk factors
Other factors have been studied in JIA including

e SES (higher income parents higher risk (RR 1.9)
of JIA)*®

e Residence (urban residence had increased risk RR
2.7, or no risk with area of residence)*®

¢ Animal exposure (pet exposure during infancy was not
related to oligoarticular JIA (OR 0.79),%® or household
pet exposure was not associated with JIA)*® and

e Stressors®>(no risk,?® or strong association with stres-
sors antedating first clinic visit)**

These studies are relatively small and show inconsistent
results making it difficult to determine causal nature of
associations.

Common limitations of

environmental research

The vast majority of studies investigating environmental links
to diseases such as JIA are observational, leading to inevitable
questions about whether epidemiologic associations imply
causality. Investigators may not measure or account for factors
relating independently to an environmental exposure and the
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outcome (for instance, SES, genetic, and other environmental
factors), potentially distorting the true associations through
confounding. Long latency times between exposures (e.g.,
prenatal and perinatal factors) and outcomes make confound-
ing more likely. Furthermore, when participants self-report
remote environmental exposures, the findings may be
impacted by faulty recall (exposure misclassification) and
differential recall between cases and controls (recall bias).
Selection of proper controls in case-control studies (the most
commonly used design cited in this review) is critical to
making valid comparisons between groups. Selecting controls
by convenience (e.g., hospital-based controls) or in ways that
do not represent the same population source as cases can lead
to selection bias. Other challenges to interpreting observa-
tional studies on environmental exposures may relate to uncer-
tainties about when environmental risks have the most impact
on disease development; synergistic effects among multiple
exposures or with genetic factors (gene—environment interac-
tions); and use of highly curated cases that limit generaliz-
ability to broader populations (e.g., single-center studies).
Additional challenges arise in research on JIA, including
heterogeneity of disease, evolving and inconsistent disease
classification, low disease incidence leading to small sample
sizes, and lack of standardized registries.

Conclusion

Evidence on the role of environmental factors in the
development of JIA is slowly expanding, including poten-
tial protective influences from breast feeding and house-
hold siblings and potential risks from antibiotic exposure
and C-section deliveries. Nonetheless, many uncertainties
remain about the role of these and other factors in JIA
pathogenesis. The role of diet in JIA, while of greater
interest to patients and caregivers, remains largely unex-
plored. More definitive findings about the role of purported
and novel yet unidentified environmental factors in JIA
pathogenesis will require robust study designs applied to
large populations along with mechanistic studies. Such
approaches should leverage the tools of systems biology
and examine how environmental factors (the “exposome”)
interact with genomics, epigenomics, and the microbiome
other -omics in children who develop or are at risk for
JIA. The confirmation of true environmental protective and
risk factors for JIA will help inform policies and inter-
ventions that could one day help prevent JIA in susceptible

children and improve patient outcomes.
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