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Abstract:

Objective: Autoimmune disorders result from the interplay of genetic and environmental factors.
Many autoimmune disorders are associated with specific seasons of birth implicating a role for
environmental determinants in their etiopathology. We investigated if there is an association
between the season of birth and development of Juvenile idiopathic arthritis (JIA).

Methods: Birth data from 10,913 children with JIA enrolled at 62 Childhood Arthritis and
Rheumatology Research Alliance Registry sites was compared with 109,066,226 US births from
the same period using a Chi-square goodness-of-fit test. Season of birth of the JIA cohort was
compared to the US population estimate using a two-sided one-sample test for a binomial
proportion and corrected for multiple comparisons. Secondary analysis was performed for JIA
categories, age of onset, and months of birth.

Results: A greater proportion of children with JIA were born in Winter (January to March)
compared to the US population (25.72% vs 24.08%; p. < 0.0001). This observation was also
true after stratifying for age of onset (< or > 6 years). When analyzed by the month of birth, a
greater proportion of children with JIA were born in January compared to the US population
(9.44% vs 8.13%; p, < 0.0001).

Conclusion: Relative to the general population, children with JIA are more often born in Winter,
and specifically the month of January. These observations support the hypothesis that seasonal
variations in exposures during the gestational and/or early postnatal periods may contribute to

development of JIA.
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Introduction: Juvenile Idiopathic Arthritis (JIA) refers to a group of chronic arthritis categorized
by history, clinical and laboratory findings to include oligoarthritis, systemic JIA, rheumatoid
factor (RF) positive polyarthritis, RF-negative polyarthritis, psoriatic arthritis, enthesitis related
arthritis (ERA), and undifferentiated arthritis.(1) JIA, like other autoimmune disorders, is
believed to result from genetic and environmental determinants. A role for genetic variants
contributing to JIA risk has been confirmed by large genome-wide studies of JIA.(2)
Environmental factors in early life have also been implicated in susceptibility to JIA.(3) Prior
antibiotic use, hospitalizations in the first-year, and decreased duration of breastfeeding have all

been postulated to be associated with an increased risk of JIA.(4-6)

Environmental exposures during gestation and/or postnatal periods could plausibly influence
susceptibility to autoimmunity. An association between autoimmune disorders and the season of
birth has been proposed on the basis that factors such as infection rates or sunlight exposure
vary seasonally. While investigations of smaller cohorts have yielded mixed results, large
cohort-based studies with thousands of subjects demonstrate that the month/season of birth is
associated with the risk of multiple sclerosis, inflammatory bowel disease (IBD), celiac disease
and autoimmune thyroid disease.(7-10) The month of birth peaked in January in a small JIA
cohort compared to August for the Israeli population.(11) We sought to determine if the
distribution of season and month of birth in a large JIA multicenter cohort differed from that of

the US general population.

Methods:

JIA Cohort: Deidentified data were obtained on 11,345 JIA cases enrolled in two Childhood
Arthritis and Rheumatology Research Alliance (CARRA) Registries (Legacy Registry 2010-

2014, 58 sites; New CARRA Registry 2015-2018, 62 sites).(12, 13) Subjects were enrolled

after informed consent under protocols approved by institutional review boards at Emory
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University (IRB # 83836, #42709), and the participating centers. Consent to publication of non-
identifying information was included in the informed consent. This project was approved by Data

and Publications committees of CARRA.

Population Data: Data on all US births between 1990 — 2016 (n = 109,066,226) were obtained
from the National Vital Statistics Reports at the Centers for Disease Controls (CDC) at

https://www.cdc.gov/nchs/data_access/vitalstatsonline.htm to calculate the population

estimates.

Statistical Methods: Birth-month, birth-year, gender, and JIA category data was extracted from
the JIA patients in the CARRA Registry. Age of onset information was available on 8623
subjects. Subjects included in both registries were identified and duplicate entries were removed
prior to analysis. To match the birth-year data of the US population, 27 subjects in the CARRA
Registry born before 1990 or after 2016 were excluded. We excluded 405 subjects who
reported living outside the US at the time of JIA onset. Seasons were defined as: Winter:
January to March; Spring: April to June; Summer: July to September; and Autumn: October to

December as previously defined.(8)

First, the distribution of birth month was tabulated and described using counts and percentages.
Population estimates of birth percentages by month were calculated by computing the
distribution of births for each calendar year between 1990 to 2016, resulting in 27 proportions
for each calendar month. Population estimates for each month were then computed by
averaging the monthly proportions across all years. In this method, each year was given an
equal weight. In a sensitivity analysis, the distribution of births was recalculated by computing

the percentage of all births from a specific month across all years. This was done by summing
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number of births per month for all years and dividing by the total number reported births during

the study period (n=109,066,226 births).

The distribution of birth by season in the JIA cohort was compared to the US population
estimate using a Chi-Square goodness-of-fit test. Percentages of births of children with JIA by
individual season of birth were compared to the population value using a two-sided one-sample
test for a binomial proportion, where the CDC estimate was treated as the population estimate.
To investigate if the observed results for the association between season of birth and JIA were
due to changes affecting the population as a whole, we analyzed births by decade, 1990-1999
(n=3719), 2000-2009 (n=5951) and 2010-2016 (n=1243). Secondary analyses were performed
to investigate if there was an association between month of birth and JIA categories, as well as
age of onset (< 6 years vs > 6 years). Since the CDC data was not broken down by gender,
analyses stratified by gender were deferred. We performed Chi-Square tests with Yates
correction to determine if the male to female ratio of the JIA cohort differed between Winter or
January compared to the rest of the year. Statistical significance was assessed at the 0.05 level.
For all analyses, we controlled the family-wise error rate at 0.05 for each subgroup analysis
(season, month, JIA category, age of onset) using a Bonferroni correction. Specifically, the p
value was set to 0.05 divided by the number of pair-wise tests performed. All analyses were

performed using SAS v. 9.4 (SAS Institute, Cary, NC).

Results:
Season of birth:
A total of 10,913 JIA patients were included in the analyses, with a mean onset age of 6. When
distribution of births by season between subjects with JIA was compared against the US
population (Figure 1), we found that the JIA cohort had a had a significantly greater proportion
of births in winter compared to the US population (25.72% vs. 24.08% p. < 0.0001). Births in

5
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spring, summer and autumn were not significantly different between the JIA cohort and the US
population (Table 1). When analyzed by decade (Table S1), in 1990s 24.39% of the JIA cohort
was winter-born compared to 24.09% of the population (p = 0.65). However, JIA births in winter
were significantly greater compared to the US population in the 2000s (26.16% vs 24.14%, p. =
0.0016) and 2010s (27.59% vs 23.95%, p. = 0.032). There were no significant differences

between the JIA cohort and the US population for the other seasons.

After stratifying by onset-age, JIA births in winter was increased in the < 6 years (p. = 0.04) and
> 6 years (p. =0.016) cohorts (Table 2). When stratified by JIA category (Table 2), children with
oligoarticular JIA (26.04%; p = 0.003, p. = 0.08), RF-positive polyarticular JIA (27.1%, p =

0.008, p. = 0.22), and psoriatic JIA (28.38%, p = 0.009, p. = 0.25) had increased births in winter

compared to the US population (24.08%),.

Month of birth

A greater percentage of births occurred in January in the JIA cohort compared to the US
population (9.44% vs 8.13%; p. <0.0001), (Figure S2). The percentage of births in JIA cohort
was lower in August compared to the US population (8.32% vs 8.88%, p = 0.04; p. = 0.48). No
other month showed a significant difference between the JIA cohort and the US population

(Table 2).

When the month of birth of different JIA categories were compared against the US population,

14.33% of children with undifferentiated JIA were born in January compared to 8.13% for the

US population, a difference that was significant after Bonferroni correction (Table 2). While the

other observed differences lost significance after Bonferroni correction, it was notable that

increased births were observed in the winter months: January for oligoarticular JIA (9.57%, p =

0.002; p. = 0.67), RF-negative polyarticular JIA (9.36%, p = 0.009; p. = 0.76) and systemic JIA
6
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(9.91% = 0.045; p. = 1.0); February for RF-positive polyarticular JIA (10.08% vs. 7.59%, p =
0.007; p. = 0.59); and March for Psoriatic JIA (10.4% vs 8.36%, p = 0.05; p. = 1.0). Psoriatic
JIA had decreased births in August (6.32% vs. 8.88%, p = 0.019; p. =1.0) and undifferentiated

JIA had decreased births in June (4.9% vs. 8.32%, p = 0.02; p. = 1.0).

Gender

There were 3133 (28.7%) male and 7778 (71.2%) female JIA subjects. The gender distribution
in Winter did not differ from that of the rest of the year (27.6% males vs 29.1%, p = 0.15).
Similarly, the gender distribution in January did not different from that of the rest of the year

(27.9% vs 28.8%, p = 0.52).

Discussion:

Environmental exposures during the prenatal/perinatal period could influence the development
of autoimmunity in genetically susceptible individuals. Several investigations of autoimmune
disorders have shown associations with month/season of birth.(14) While studies with small
sample sizes show mixed results, studies including large or population-based cohorts have
shown associations between autoimmune disease and season of birth. A pooled analysis of
multiple sclerosis datasets from Canada, Great Britain, Denmark and Sweden (n = 42,405)
showed significantly increased births in May and decreased births in November compared to
population controls.(10) Being born in spring was associated with a risk of IBD in a Canadian
study of 11,145 cases and 108,633 controls.(8) Summer birth was associated with a risk of
Celiac disease in a Swedish study of 29,096 cases and 144,522 controls, with the highest risk in
those diagnosed before age 2.(7) A large cohort of 111,565 Danish autoimmune thyroiditis
cases compared to 446,260 controls found an association with being born in June.(9) Together,
these studies suggest that seasonal variations in exposures during the gestational and/or early

postnatal periods may contribute to development of autoimmune disorders.
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To our knowledge, the association between season of birth and JIA has been investigated in
only two small cohorts.(11, 15) Berkun et al., investigated the seasonality of birth in an Israeli
JIA cohort.(11) The authors analyzed 558 children with JIA (68% female) seen in a clinic
between 2000 and 2010. The month of birth pattern of the JIA cohort was compared with that of
the general population of Israel of over 1 million births over a 13-year period. Overall, the
authors reported that the JIA patients showed a different birth pattern compared to the general
population, with excess births in the winter. The JIA cohort had peak births in January, with a
nadir in June. In contrast, for the general population births peaked in August. After stratification,
the association was primarily seen in boys and in those with ERA. Our results using a much
larger cohort of JIA and the US population, also point to January being the peak month of birth
for JIA. Unlike the Israeli study, we did not see an association with ERA, although it should be
noted that their cohort only had 35 subjects with ERA and was mostly comprised of children with

oligoarticular JIA (68%).

Alterations in the amount of sun exposure could influence vitamin D levels which might be
associated with risk or protection from autoimmunity. To investigate if there was an association
between sun-exposure and the development of JIA, Chiaroni-Clarke et al. studied 202 cases of
JIA and matched controls from Australia.(15) The authors reported that higher cumulative pre-
diagnosis ultraviolet radiation exposure was associated with a reduced risk of JIA. Similarly,
ultraviolet radiation exposure at 12 weeks of pregnancy was inversely associated with JIA.
These authors also explored if there was an association between JIA and season of birth and
found no association. However, the small JIA cohort likely lacked power to detect an
association. By contrast, our results are based on a much larger cohort with adequate statistical

power, though we did not address sun exposure.

Downloaded on April 10, 2024 from www.jrheum.org

Page 8 of 20

This accepted article is protected by copyright. All rights reserved.


http://www.jrheum.org/

Page 9 of 20

To investigate fetal and perinatal risk factors and their association with the development of JIA
Carlens et al performed a case-control study using a Swedish national registry.(4) They found
that hospitalization for infection during the first year of life was significantly associated with the
development of JIA compared to controls, and the risk was greatest for children hospitalized
with gastrointestinal infections, followed by respiratory and skin infections. This is notable
because the peak birth month of January coincides with peak transmission of numerous
infectious pathogens, including respiratory syncytial virus and influenza.(16) Not surprisingly,
peak respiratory viral transmission also coincides with peak Streptococcus pneumoniae
infections(17) and peak antibiotic prescriptions(18) for presumed secondary bacterial infections.
Microbial diversity is essential for maintenance of intestinal homeostasis and education of the
developing immune system.(19) The administration of antibiotics during the perinatal period is a
known risk factor for the development of dysbiosis and alteration of both the respiratory and
intestinal microbiome. Intestinal dysbiosis has been associated with myriad autoimmune
conditions, including type-1 diabetes mellitus, (20) spondyloarthritis, (21) and JIA.(22) A recent
large cohort study of antibiotic use in Denmark suggested that winter born babies are more
likely to be exposed to antibiotics later in the first year rather than shortly after birth, and by 12
months of age 44.8% of babies born in spring had at least 1 antibiotic prescription compared to
39.6% for winter and 34% for Autumn born babies.(23) These observations suggest that the
season of birth might influence the age at which babies are first exposed to antibiotics, which
could conceivably influence the dysbiosis of the microbiome and consequent development of
autoimmunity. Thus, the extent to which early infectious exposures, subsequent antibiotic
exposures, or resultant dysbiosis in the perinatal period might contribute to the development of

autoimmune diseases remains an area of active research.

Our study has some limitations. Although the CARRA registry is the largest of its kind for JIA,
enrollment is subject to physician preference as well as willingness of subjects and their families

9
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to participate and might not be representative of all children with JIA. Given the large
geographic area, even in the same season, different parts of the US have differences in timing
of infections, climate, amount of sunlight and precipitation, which could limit the generalizability
of our findings. We did not have information available on perinatal infections, sun exposure,
vitamin D levels or antibiotic use in our study. It has been reported that there are seasonal
differences in peak birth rates between Northern and Southern US States.(24) Since the US
population birth data obtained from the CDC was not broken down by States we were precluded
from comparing seasonality of birth differences between the Northern and Southern states. We
also observed that the seasonal differences and winter excess in JIA births appeared to
increase over time despite no apparent secular changes in the US population. Future studies in

JIA cohorts from other countries might address if this trend is reproducible.

The sex ratio at birth has been reported to be affected by multiple factors.(25) The male to
female ratio at birth in the US has been steady at 1.05 in 1990, 2000, 2010 and 2017.(26)
Though our JIA cohort, like others, had a female predominance, the male to female ratio in the
JIA cohort did not differ significantly between Winter or January compared to the rest of the
year. Our results show that the JIA cohort has a 1.64% excess of births in winter compared to
the US population. This finding is of a greater magnitude than observed in IBD (1.4% excess for
spring births), and for celiac disease (1.35% excess for Summer births).(7, 8) The large size of
the JIA cohort, the use of the US population estimates, the apparent concordance of findings
with the prior Israeli study and the consistency across birth cohorts suggest that our observed
findings represent true associations, which are strengths of this study. However, like other

epidemiological studies, our results imply correlation and not causation.

In conclusion, the season and month of birth distribution of JIA patients significantly differs from
that of the US population. The peak of JIA births seen in January/Winter supports the
10
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hypothesis that seasonal environmental factors may initiate autoimmune processes during
either the critical period of fetal development, which would likely be in spring, or during the first

year of life. These are important avenues for future research.

11

Downloaded on April 10, 2024 from www.jrheum.org

This accepted article is protected by copyright. All rights reserved.


http://www.jrheum.org/

Page 12 of 20

Funding information:

Dr. Prahalad is supported in part by a grant from The Marcus Foundation Inc., Atlanta. Dr.
Prahalad also serves on a Macrophage Activation Syndrome Advisory Committee for Novartis

pharmaceuticals.

This accepted article is protected by copyright. All rights reserved.

12

Downloaded on April 10, 2024 from www.jrheum.org


http://www.jrheum.org/

Page 13 of 20

Acknowledgements

This work could not have been accomplished without the aid of the following organizations: The
NIH’s National Institute of Arthritis and Musculoskeletal and Skin Diseases (NIAMS) & the
Arthritis Foundation. We would also like to thank all participants and hospital sites that recruited
patients for the CARRA Registry. The authors thank the following CARRA Registry site principal
investigators, sub- investigators and research coordinators:

N. Abel, K. Abulaban, A. Adams, M. Adams, R. Agbayani, J. Aiello, S. Akoghlanian, C.
Alejandro, E. Allenspach, R. Alperin, M. Alpizar, G. Amarilyo, W. Ambler, E. Anderson, S.
Ardoin, S. Armendariz, E. Baker, |. Balboni, S. Balevic, L. Ballenger, S. Ballinger, N. Balmuri, F.
Barbar-Smiley, L. Barillas-Arias, M. Basiaga, K. Baszis, M. Becker, H. Bell-Brunson, E. Beltz, H.
Benham, S. Benseler, W. Bernal, T. Beukelman, T. Bigley, B. Binstadt, C. Black, M. Blakley, J.
Bohnsack, J. Boland, A. Boneparth, S. Bowman, C. Bracaglia, E. Brooks, M. Brothers, A.
Brown, H. Brunner, M. Buckley, M. Buckley, H. Bukulmez, D. Bullock, B. Cameron, S. Canna, L.
Cannon, P. Carper, V. Cartwright, E. Cassidy, L. Cerracchio, E. Chalom, J. Chang, A. Chang-
Hoftman, V. Chauhan, P. Chira, T. Chinn, K. Chundru, H. Clairman, D. Co, A. Confair, H.
Conlon, R. Connor, A. Cooper, J. Cooper, S. Cooper, C. Correll, R. Corvalan, D. Costanzo, R.
Cron, L. Curiel-Duran, T. Curington, M. Curry, A. Dalrymple, A. Davis, C. Davis, C. Davis, T.
Davis, F. De Benedetti, D. De Ranieri, J. Dean, F. Dedeoglu, M. DeGuzman, N. Delnay, V.
Dempsey, E. DeSantis, T. Dickson, J. Dingle, B. Donaldson, E. Dorsey, S. Dover, J. Dowling, J.
Drew, K. Driest, Q. Du, K. Duarte, D. Durkee, E. Duverger, J. Dvergsten, A. Eberhard, M.
Eckert, K. Ede, B. Edelheit, C. Edens, C. Edens, Y. Edgerly, M. Elder, B. Ervin, S. Fadrhonc, C.
Failing, D. Fair, M. Falcon, L. Favier, S. Federici, B. Feldman, J. Fennell, I. Ferguson, P.
Ferguson, B. Ferreira, R. Ferrucho, K. Fields, T. Finkel, M. Fitzgerald, C. Fleming, O. Flynn, L.
Fogel, E. Fox, M. Fox, L. Franco, M. Freeman, K. Fritz, S. Froese, R. Fuhlbrigge, J. Fuller, N.
George, K. Gerhold, D. Gerstbacher, M. Gilbert, M. Gillispie-Taylor, E. Giverc, C. Godiwala, .
Goh, H. Goheer, D. Goldsmith, E. Gotschlich, A. Gotte, B. Gottlieb, C. Gracia, T. Graham, S.
Grevich, T. Griffin, J. Griswold, A. Grom, M. Guevara, P. Guittar, M. Guzman, M. Hager, T.
Hahn, O. Halyabar, E. Hammelev, M. Hance, A. Hanson, L. Harel, S. Haro, J. Harris, O. Harry,
E. Hartigan, J. Hausmann, A. Hay, K. Hayward, J. Heiart, K. Hekl, L. Henderson, M.
Henrickson, A. Hersh, K. Hickey, P. Hill, S. Hillyer, L. Hiraki, M. Hiskey, P. Hobday, C. Hoffart,
M. Holland, M. Hollander, S. Hong, M. Horwitz, J. Hsu, A. Huber, J. Huggins, J. Hui-Yuen, C.
Hung, J. Huntington, A. Huttenlocher, M. Ibarra, L. Imundo, C. Inman, A. Insalaco, A. Jackson,
S. Jackson, K. James, G. Janow, J. Jaquith, S. Jared, N. Johnson, J. Jones, J. Jones, J. Jones,
K. Jones, S. Jones, S. Joshi, L. Jung, C. Justice, A. Justiniano, N. Karan, K. Kaufman, A. Kemp,
E. Kessler, U. Khalsa, B. Kienzle, S. Kim, Y. Kimura, D. Kingsbury, M. Kitcharoensakkul, T.
Klausmeier, K. Klein, M. Klein-Gitelman, B. Kompelien, A. Kosikowski, L. Kovalick, J. Kracker,
S. Kramer, C. Kremer, J. Lai, J. Lam, B. Lang, S. Lapidus, B. Lapin, A. Lasky, D. Latham, E.
Lawson, R. Laxer, P. Lee, P. Lee, T. Lee, L. Lentini, M. Lerman, D. Levy, S. Li, S. Lieberman, L.
Lim, C. Lin, N. Ling, M. Lingis, M. Lo, D. Lovell, D. Lowman, N. Luca, S. Lvovich, C. Madison, J.
Madison, S. Magni Manzoni, B. Malla, J. Maller, M. Malloy, M. Mannion, C. Manos, L.. Marques,
A. Martyniuk, T. Mason, S. Mathus, L. McAllister, K. McCarthy, K. McConnell, E. McCormick, D.
McCurdy, P. McCurdy Stokes, S. McGuire, . McHale, A. McMonagle, C. McMullen-Jackson, E.
Meidan, E. Mellins, E. Mendoza, R. Mercado, A. Merritt, L. Michalowski, P. Miettunen, M. Miller,
D. Milojevic, E. Mirizio, E. Misajon, M. Mitchell, R. Modica, S. Mohan, K. Moore, L. Moorthy, S.
Morgan, E. Morgan Dewitt, C. Moss, T. Moussa, V. Mruk, A. Murphy, E. Muscal, R. Nadler, B.
Nahal, K. Nanda, N. Nasah, L. Nassi, S. Nativ, M. Natter, J. Neely, B. Nelson, L. Newhall, L.
Ng, J. Nicholas, R. Nicolai, P. Nigrovic, J. Nocton, B. Nolan, E. Oberle, B. Obispo, B. O'Brien, T.
O'Brien, O. Okeke, M. Oliver, J. Olson, K. O'Neil, K. Onel, A. Orandi, M. Orlando, S. Osei-
Onomah, R. Oz, E. Pagano, A. Paller, N. Pan, S. Panupattanapong, M. Pardeo, J. Paredes, A.
Parsons, J. Patel, K. Pentakota, P. Pepmueller, T. Pfeiffer, K. Phillippi, D. Pires Marafon, K.

13

Downloaded on April 10, 2024 from www.jrheum.org

This accepted article is protected by copyright. All rights reserved.


http://www.jrheum.org/

Phillippi, L. Ponder, R. Pooni, S. Prahalad, S. Pratt, S. Protopapas, B. Puplava, J. Quach, M.
Quinlan-Waters, C. Rabinovich, S. Radhakrishna, J. Rafko, J. Raisian, A. Rakestraw, C.
Ramirez, E. Ramsay, S. Ramsey, R. Randell, A. Reed, A. Reed, A. Reed, H. Reid, K. Remmel,
A. Repp, A. Reyes, A. Richmond, M. Riebschleger, S. Ringold, M. Riordan, M. Riskalla, M.
Ritter, R. Rivas-Chacon, A. Robinson, E. Rodela, M. Rodriquez, K. Rojas, T. Ronis, M.
Rosenkranz, B. Rosolowski, H. Rothermel, D. Rothman, E. Roth-Woijcicki, K. Rouster —
Stevens, T. Rubinstein, N. Ruth, N. Saad, S. Sabbagh, E. Sacco, R. Sadun, C. Sandborg, A.
Sanni, L. Santiago, A. Sarkissian, S. Savani, L. Scalzi, L. Schanberg, S. Scharnhorst, K.
Schikler, A. Schlefman, H. Schmeling, K. Schmidt, E. Schmitt, R. Schneider, K. Schollaert-Fitch,
G. Schulert, T. Seay, C. Seper, J. Shalen, R. Sheets, A. Shelly, S. Shenoi, K. Shergill, J.
Shirley, M. Shishov, C. Shivers, E. Silverman, N. Singer, V. Sivaraman, J. Sletten, A. Smith, C.
Smith, J. Smith, J. Smith, E. Smitherman, J. Soep, M. Son, S. Spence, L. Spiegel, J. Spitznagle,
R. Sran, H. Srinivasalu, H. Stapp, K. Steigerwald, Y. Sterba Rakovchik, S. Stern, A. Stevens, B.
Stevens, R. Stevenson, K. Stewart, C. Stingl, J. Stokes, M. Stoll, E. Stringer, S. Sule, J.
Sumner, R. Sundel, M. Sutter, R. Syed, G. Syverson, A. Szymanski, S. Taber, R. Tal, A.
Tambralli, A. Taneja, T. Tanner, S. Tapani, G. Tarshish, S. Tarvin, L. Tate, A. Taxter, J. Taylor,
M. Terry, M. Tesher, A. Thatayatikom, B. Thomas, K. Tiffany, T. Ting, A. Tipp, D. Toib, K. Torok,
C. Toruner, H. Tory, M. Toth, S. Tse, V. Tubwell, M. Twilt, S. Uriguen, T. Valcarcel, H. Van
Mater, L. Vannoy, C. Varghese, N. Vasquez, K. Vazzana, R. Vehe, K. Veiga, J. Velez, J.
Verbsky, G. Vilar, N. Volpe, E. von Scheven, S. Vora, J. Wagner, L. Wagner-Weiner, D.
Wahezi, H. Waite, J. Walker, H. Walters, T. Wampler Muskardin, L. Waqgar, M. Waterfield, M.
Watson, A. Watts, P. Weiser, J. Weiss, P. Weiss, E. Wershba, A. White, C. Williams, A. Wise, J.
Woo, L. Woolnough, T. Wright, E. Wu, A. Yalcindag, M. Yee, E. Yen, R. Yeung, K. Yomogida,
Q. Yu, R. Zapata, A. Zartoshti, A. Zeft, R. Zeft, Y. Zhang, Y. Zhao, A. Zhu, C. Zic.

Legacy Registry:

The CARRA Legacy Registry was supported by a grant from National Institute of Arthritis and
Musculoskeletal and Skin Diseases of the National Institute of Health under award Number
RC2AR058934. The content is solely the responsibility of the authors and does not necessarily
represent the official views of the National Institutes of Health. The CARRA Legacy Registry
was also supported by CARRA, Friends of CARRA, the Arthritis Foundation, and the Duke
Clinical Research Institute.

We would also like to thank all participants and hospital sites that recruited patients for the
CARRA Registry. The authors thank the following CARRA Registry site principal investigators
and research coordinators: L. Abramson, E. Anderson, M. Andrew, N. Battle, M. Becker, H.
Benham, T. Beukelman, J. Birmingham, P. Blier, A. Brown, H. Brunner, A. Cabrera, D. Canter,
D. Carlton, B. Caruso, L. Ceracchio, E. Chalom, J. Chang, P. Charpentier, K. Clark, J. Dean, F.
Dedeoglu, B. Feldman, P. Ferguson, M. Fox, K. Francis, M. Gervasini, D. Goldsmith, G. Gorton,
B. Gottlieb, T. Graham, T. Griffin, H. Grosbein, S. Guppy, H. Haftel, D. Helfrich, G. Higgins, A.
Hillard, J.R. Hollister, J. Hsu, A. Hudgins, C. Hung, A. Huttenlocher, N. llowite, A. Imlay, L.
Imundo, C.J. Inman, J. Jaquith, R. Jerath, L. Jung, P. Kahn, A. Kapedani, D. Kingsbury, K.
Klein, M. Klein-Gitelman, A. Kunkel, S. Lapidus, S. Layburn, T. Lehman, C. Lindsley, M.
Macgregor-Hannah, M. Malloy, C. Mawhorter, D. McCurdy, K. Mims, N. Moorthy, D. Morus, E.
Muscal, M. Natter, J. Olson, K. O’Neil, K. Onel, M. Orlando, J. Palmquist, M. Phillips, L. Ponder,
S. Prahalad, M. Punaro, D. Puplava, S. Quinn, A. Quintero, C. Rabinovich, A. Reed, C. Reed,
S. Ringold, M. Riordan, S. Roberson, A. Robinson, J. Rosette, D. Rothman, D. Russo, N. Ruth,
K. Schikler, A. Sestak, B. Shaham, Y. Sherman, M. Simmons, N. Singer, S. Spalding, H. Stapp,
R. Syed, E. Thomas, K. Torok, D. Trejo, J. Tress, W. Upton, R. Vehe, E. von Scheven, L.
Walters, J. Weiss, P. Weiss, N. Welnick, A. White, J. Woo, J. Wootton, A. Yalcindag, C. Zapp,
L. Zemel, and A. Zhu.

14

Downloaded on April 10, 2024 from www.jrheum.org

Page 14 of 20

This accepted article is protected by copyright. All rights reserved.


http://www.jrheum.org/

Page 15 of 20

References:

1. Petty RE, Southwood TR, Manners P, Baum J, Glass DN, Goldenberg J, et al.
International league of associations for rheumatology classification of juvenile idiopathic arthritis:
Second revision, edmonton, 2001. J Rheumatol 2004;31:390-2.

2. Hinks A, Cobb J, Marion MC, Prahalad S, Sudman M, Bowes J, et al. Dense genotyping
of immune-related disease regions identifies 14 new susceptibility loci for juvenile idiopathic
arthritis. Nat Genet 2013;45:664-9.

3. Ellis JA, Munro JE, Ponsonby AL. Possible environmental determinants of juvenile
idiopathic arthritis. Rheumatology (Oxford) 2010;49:411-25.

4. Carlens C, Jacobsson L, Brandt L, Cnattingius S, Stephansson O, Askling J. Perinatal
characteristics, early life infections and later risk of rheumatoid arthritis and juvenile idiopathic
arthritis. Ann Rheum Dis 2009;68:1159-64.

5. Horton DB, Scott Fl, Haynes K, Putt ME, Rose CD, Lewis JD, et al. Antibiotic exposure
and juvenile idiopathic arthritis: A case-control study. Pediatrics 2015;136:€333-43.

6. Kindgren E, Fredrikson M, Ludvigsson J. Early feeding and risk of juvenile idiopathic
arthritis: A case control study in a prospective birth cohort. Pediatr Rheumatol Online J
2017;15:46.

7. Lebwohl B, Green PH, Murray JA, Ludvigsson JF. Season of birth in a nationwide cohort
of coeliac disease patients. Archives of disease in childhood 2013;98:48-51.

8. Shaw SY, Nugent Z, Targownik LE, Singh H, Blanchard JF, Bernstein CN. Association
between spring season of birth and crohn's disease. Clin Gastroenterol Hepatol 2014;12:277-
82.

9. Thvilum M, Brandt F, Brix TH, Hegedus L. Month of birth is associated with the
subsequent diagnosis of autoimmune hypothyroidism. A nationwide danish register-based
study. Clinical endocrinology 2017;87:832-7.

10. Willer CJ, Dyment DA, Sadovnick AD, Rothwell PM, Murray TJ, Ebers GC, et al. Timing
of birth and risk of multiple sclerosis: Population based study. BMJ 2005;330:120.

11. Berkun Y, Lewy H, Padeh S, Laron Z. Seasonality of birth of patients with juvenile
idiopathic arthritis. Clin Exp Rheumatol 2015;33:122-6.

12. Beukelman T, Kimura Y, llowite NT, Mieszkalski K, Natter MD, Burrell G, et al. The new
childhood arthritis and rheumatology research alliance (carra) registry: Design, rationale, and
characteristics of patients enrolled in the first 12 months. Pediatr Rheumatol Online J
2017;15:30.

13. Ringold S, Beukelman T, Nigrovic PA, Kimura Y, Investigators CRSP. Race, ethnicity,
and disease outcomes in juvenile idiopathic arthritis: A cross-sectional analysis of the childhood
arthritis and rheumatology research alliance (carra) registry. J Rheumatol 2013;40:936-42.

14. Watad A, Azrielant S, Bragazzi NL, Sharif K, David P, Katz I, et al. Seasonality and
autoimmune diseases: The contribution of the four seasons to the mosaic of autoimmunity. J
Autoimmun 2017;82:13-30.

15. Chiaroni-Clarke RC, Munro JE, Pezic A, Cobb JE, Akikusa JD, Allen RC, et al.
Association of increased sun exposure over the life-course with a reduced risk of juvenile
idiopathic arthritis. Photochemistry and photobiology 2019;95:867-73.

16. Moriyama M, Hugentobler WJ, Iwasaki A. Seasonality of respiratory viral infections.
Annu Rev Virol 2020.

17. Ampofo K, Bender J, Sheng X, Korgenski K, Daly J, Pavia AT, et al. Seasonal invasive
pneumococcal disease in children: Role of preceding respiratory viral infection. Pediatrics
2008;122:229-37.

18. Choe YJ, Smit MA, Mermel LA. Seasonality of respiratory viruses and bacterial
pathogens. Antimicrob Resist Infect Control 2019;8:125.

15

Downloaded on April 10, 2024 from www.jrheum.org

This accepted article is protected by copyright. All rights reserved.


http://www.jrheum.org/

19. De Filippo C, Di Paola M, Giani T, Tirelli F, Cimaz R. Gut microbiota in children and
altered profiles in juvenile idiopathic arthritis. J Autoimmun 2019;98:1-12.

20. Murri M, Leiva |, Gomez-Zumaquero JM, Tinahones FJ, Cardona F, Soriguer F, et al.
Gut microbiota in children with type 1 diabetes differs from that in healthy children: A case-
control study. BMC Med 2013;11:46.

21. Stoll ML, Weiss PF, Weiss JE, Nigrovic PA, Edelheit BS, Bridges SL, Jr., et al. Age and
fecal microbial strain-specific differences in patients with spondyloarthritis. Arthritis Res Ther
2018;20:14.

22. Tejesvi MV, Arvonen M, Kangas SM, Keskitalo PL, Pirttila AM, Karttunen TJ, et al.
Faecal microbiome in new-onset juvenile idiopathic arthritis. Eur J Clin Microbiol Infect Dis
2016;35:363-70.

23. Kinlaw AC, Sturmer T, Lund JL, Pedersen L, Kappelman MD, Daniels JL, et al. Trends in
antibiotic use by birth season and birth year. Pediatrics 2017;140.

24, Martinez-Bakker M, Bakker KM, King AA, Rohani P. Human birth seasonality: Latitudinal
gradient and interplay with childhood disease dynamics. Proceedings Biological sciences
2014;281:20132438.

25. Melnikov VN. Seasonal inconstancy of human sex ratio at birth. Early human
development 2015;91:817-21.

26. Chao F, Gerland P, Cook AR, Alkema L. Systematic assessment of the sex ratio at birth
for all countries and estimation of national imbalances and regional reference levels. Proc Natl
Acad Sci U S A 2019;116:9303-11.

16

Downloaded on April 10, 2024 from www.jrheum.org

Page 16 of 20

This accepted article is protected by copyright. All rights reserved.


http://www.jrheum.org/

Page 17 of 20

Figure 1 legend:

Title: Season of birth among children with JIA compared to the US population

The percentages of birth in each season are shown for the JIA cohort (yellow) compared to the
US population estimate (blue) for the study period. While the US population percentages
remained relatively stable over the study period, the JIA cohort showed a significant increase in

Winter.

Supplementary Figure S2 Legend:
Title: Percentage of JIA cohort born in January compared to the US population estimate.
The percentages of birth in January for the JIA cohort (yellow) compared to the US population

estimate (blue) for the study period (1990-2016) are shown.
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Table 1: Percentages of birth by season for the JIA cohort compared to the US population estimate.

Season US (95 % ClI) JIA (95 % CI) Pc-value
Winter 24.08 (24.03 —24.11) | 25.72 (24.90 — 26.54) | < 0.0001
Spring 24.74 (24.70 — 24.78) | 24.24 (23.43 — 25.04) 0.872

Summer | 26.34 (26.31 — 26.35) | 25.48 (24.67 — 26.31) 0.168

Autumn 24.84 (24.80 — 24.89) | 24.56 (23.75 — 25.37) 1.000

The difference in percentages of births between the JIA cohort (n=10913) and US population (n=109,066,226) in winter was

statistically significant (p,<0.0001) after Bonferroni correction.
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Table 2: Season and month of birth percentages in JIA categories and by age of onset compared to the US population estimate.

Season/ us JIA Oligo | Poly RF-| ERA Systemic | Poly RF+ | Psoriatic | Undiff JIA | <6 years | > 6 years
Month | n=109M | n=10913 | n=3617 | n=3354 | n=1127 | n=949 n=823 n=680 n=363 n= 4286 n=4337
Winter 24.08 25.72% | 26.04" 25.22 23.96 24.55 27.10* 28.38" 27.55 25.924 26.12"7
Spring 24.74 24.24 24.08 24.42 26.18 25.61 23.21 23.09 19.01* 24.78 23.63

Summer | 26.34 25.48* 26.24 24.78* 25.38 25.29 25.64 23.82 28.10 25.48 25.32

Autumn 24.84 24.56 23.64 25.58 24.49 24.55 24.06 24.71 25.34 23.82 24.93

Jan 8.13 9.44% 9.57A 9.36% 7.45 9.91* 8.63 10.15 14.33° 9.36" 9.36%
Feb 7.59 7.68 7.75 7.51 7.63 6.74 10.097 7.79 5.51 7.77 8.05
Mar 8.36 8.60 8.71 8.35 8.87 7.90 8.38 10.44* 7.71 8.80 8.72
Apr 8.01 7.71 7.39 7.87 8.96 7.48 717 7.94 6.89 7.51 7.63
May 8.41 8.43 8.82 8.53 8.08 9.06 7.66 7.21 7.16 9.31* 8.14
Jun 8.32 8.10 7.88 8.02 9.14 9.06 8.38 7.94 4.96* 7.96 7.86
Jul 8.78 8.69 8.71 8.68 9.05 7.80 8.14 8.97 10.47 8.52 8.44
Aug 8.88 8.32* 8.85 7.93 9.05 7.69 8.63 6.32* 9.09 7.91% 8.74
Sep 8.68 8.47 8.66 8.17 7.28 9.80 8.87 8.53 8.54 9.05 8.14
Oct 8.49 8.92 8.66 8.53 8.96 10.01 8.87 9.85 10.47 8.82 8.83
Nov 8.03 7.69 7.44 8.08 6.66 7.06 8.02 8.53 9.09 7.14* 8.09
Dec 8.32 7.96 7.55 8.97 8.87 7.48 717 6.32 5.79 7.86 8.00

Oligo: Oligoarticular JIA; Poly: polyarticular JIA: RF: Rheumatoid Factor; ERA: Enthesitis related arthritis Undiff: Undifferentiated JIA;

P values significant at p, <0.05 after Bonferroni correction are bolded and italicized

Uncorrected p values: * p <0.05: A p <0.01: ¥ p <0.001;

Bonferroni correction for season of birth analysis: All JIA (p x 4 seasons); categories (p X 28: 4 seasons, 7 categories); age of onset
(p X 8: 4 seasons, 2 categories)
Bonferroni correction for month of birth analysis: All JIA (p x 12 months); categories (p X 84: 12 months, 7 categories); age of onset
(p X 24: 12 months, 2 categories)
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