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ABSTRACT

We sought to examine the relationship globally leetvUV dose exposure and current eczema

prevalences.

ISAAC Phase Three provided data on eczema prevalend 3-14 year-olds in 214 centres in 87
countries and for 6-7 year-olds in 132 centres/icduntries. Linear and non-linear associations
between (natural log transformed) eczema prevalandehe mean, maximum, minimum,
standard deviation and range of monthly UV doseosnpes were assessed using linear mixed-

effects regression models.

For the 13-14 year olds, the country-level eczemaglence was positively and linearly
associated with country-level monthly mean (prewvederatio: 1.31, 95% confidence interval:
[1.05, 1.63] per kJ/A) and minimum (1.25 [1.06, 1.47] per k}JnvV dose exposure. Linear and
non-linear associations were also observed forrotietrics of UV. Results were similar in trend,
but non-significant, for the fewer centres with §ear-olds (e.g. 1.24 [0.96, 1.59] per k3far
country-level monthly mean UV). No consistent witttiountry associations were observed (e.g.
1.05 [0.89, 1.23] and 0.92 [0.71, 1.18] per KXt center-level monthly mean UV, for the 13-14

and 6-7 year-olds, respectively).

These ecological results support a role for UV exjpe in explaining some of the variation in

global childhood eczema prevalence.



INTRODUCTION

Childhood atopic dermatitis, also known as eczesahighly prevalent condition strongly
associated with genetic risk factors, such as namsin the filaggrin gene (Irvine et al. 2011,
Weidinger and Novak 2016). However, differenceglaobal prevalence (Williams et al. 2008),
associations with family size and results from raidrstudies (Williams 1995) all suggest

environmental factors are also likely to play arol

Although the evidence of the effectiveness of skenrh ultraviolet radiation treatment on

eczema (in adults) is increasing (Garritsen e2@l4), little is known about the effects of long-
term exposure. Climatic and ultraviolet radiatit/§ long-term exposures have been associated
with eczema prevalence and severity of symptonssudies in North America and Europe
(Kathuria and Silverberg 2016, Kramer et al. 208&xgen et al. 2014, Silverberg et al. 2013,
Suarez-Varela et al. 2008, Vocks et al. 2001). @laghese studies suggest that climatic factors,
such as temperature and humidity, as well as U\dgxq@, may influence eczema prevalence and
symptoms, although the direction and consistendh@gffects vary across studies. Indeed,
Langan and Irvine (2013) recently reviewed thetexgsconflicting evidence and called for
additional large studies to clarify the associaiand elucidate potential mechanisms. In
particular, no study has yet included data fromeligeing countries, where eczema prevalences
are increasing (Williams et al. 2008) and where éXgosures can be high. A better
understanding of the existing relationships betwtderenvironment and eczema development
and prevalence could lead to opportunities forygatervention and (possibly) climate-specific

treatment regimes (Langan and Irvine et al 2013).



A previous study using data from the Internatiddiaidy of Asthma and Allergies in Childhood
(ISAAC) Phase One reported that childhood and adel® eczema prevalence were positively
correlated with latitude and negatively correlangth annual outdoor temperature in Western
Europe. One explanation provided was a potentditect effect due to changes in behaviour and
sun exposure, which would also be correlated vethperature and latitude (Weiland et al. 2004).
The current study extends this work by using tHesgntially larger ISAAC Phase Three data set
(Odhiambo et al. 2009) to examine associations éetwnetrics of UV dose exposures and the

prevalence of current eczema among children ankksckents in a global context.



RESULTS

For the 214 centres with 13-14 year-olds, the nredemtre-level eczema prevalence was 5.73
(range: 0.17-24.6) and varied by climate type (gialof variance, P = 0.06; Table 1). The
median centre-level prevalence for the 132 centigs6-7 year-olds was 6.99 (range: 0.95-
22.5). Centre-level prevalences between the agggraere highly correlated for the 129 centres
that had information for both age groups (Spearomarelation = 0.76). Centre-specific sample
sizes, eczema prevalences and monthly mean UVekgsesures are reported in Tables S1 and

S2 for the 13-14 year-olds and 6-7 year-olds, retbpaly.

Among the many correlations observed between thdetad variables (presented in Table 2 for
the centres with 13-14 year-olds), centre-levekata prevalence was positively correlated with
country-level gross national income (GNI) and cemével relative humidity, and negatively
correlated with the centre-level standard deviasiod range of monthly UV levels. The different
measures of UV exposures were inter-correlatedsd herrelations were very similar for the

centres with 6-7 year-olds (Table S3).

Between-country associations (comparing countrgllevformation) are reported in Table 3
(both age groups) and the shape of these assosatie depicted in Figure 1 and Figure S1 for
the 13-14 and 6-7 year-olds, respectively. Forct@res with 13-14 year-olds, country-level
monthly mean, maximum and minimum UV levels wersifdely associated with country-level
current eczema prevalence (prevalence ratio: B8%|[confidence interval: 1.05, 1.63], 1.25
[1.00, 1.57] and 1.25 [1.06, 1.47], respectivehen quadratic terms (expost)revere

introduced into the models for maximum, standandat®n and range of monthly UV, as this

5



represents a better model fit to the data, the qiaderms were all statistically significant,
suggesting the existence of non-linear relatiorsshighen replicated in the centres with 6-7 year-
olds, the effect estimates were similar in trend,were attenuated and none were statistically
significant. The results from the models contairingar terms only are presented as prevalence
ratios in Table S4 (this type of presentation apipropriate for models containing linear and

guadratic terms).

Two significant negative linear within-country assions (comparing centres within countries)
were observed for centres with 13-14 year-oldsthese did not replicate in the centres with 6-7

year-olds (Table 3).

Stratification by whether or not eczema first ocedrbefore or at/after the age of two years
suggest that the between-country associations (@ongpcountry-level information) could be
driven by the later phenotype (Table 4). This asialgould only be conducted among centres

with 6-7 year-olds as this information was not edleéd from the 13-14 year-olds.

Although statistical significance was occasionéiist, the effect estimates were highly consistent
when the outcome was restricted to eczema symptdnth kept the participant awake one or
more nights per week (severe eczema, Table SH)itdessubstantial reduction in centre-level
prevalences (median prevalence was 7.0% for cueczgma and 0.8% when restricted to severe

symptoms).

The removal of centres with the lowest and higlestre-level eczema prevalences or centre-
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level UV exposures (up to 10% of the sample rempdetinot alter the between-country
associations (comparing country-level informatid®moval of the two countries with the
lowest and highest country-level UV exposure mstfécountries in total out of 87) also yielded
fairly consistent results, although the betweenrtguassociations for monthly mean and
minimum UV were attenuated and no longer significaWhen 10% of the sample was removed
based on country-level UV exposure extremes, thedsn-country effect estimates were similar

in trend but nearly all were no longer significant.

Stratification by climate type suggested that taeMeen-country associations (comparing
country-level information) were most apparent amarggas with climates classified as warm
temperate and fully humid, although there may basanfficient number of centres in the other

climate groups to detect associations (Table 5).



DISCUSSION

Main Findings

In this worldwide ecological analysis, several bstw-country associations between metrics of
UV exposure and current eczema prevalence wereva@zsamong centres with 13-14 year-
oldsOur results suggest a positive linear associdtetween country-level eczema prevalence
with country-level mean and minimum monthly UV ddeseels (which were highly correlated, r
= 0.98) and non-linear relationships between thentrg-level maximum, standard deviation and
range of monthly UV dose levels (the latter twawbfich were highly correlateds ¥ 0.99). When
replicated in the centres with 6-7 year-olds, thessociations were similar in trend but were not

statistically significant, most likely because bé&tfewer number of centres in this age-group.

Comparison with other Sudies

Previous studies on this topic point to a comptatronship. The most recent efforts include a
longitudinal study in Germany in which some papasits reported that their eczema symptoms
were worse in the summer, yet others reported wamsgtoms in the winter (Kramer et al.
2005). This effect was thought to be at least palhtiven by environmental allergen exposure and
sensitization. Two recent studies in the UnitedeStaf America published a year apart came to
rather different conclusions. A large-scale ecalabstudy reported reduced eczema prevalence
in areas with (among other things) high relativenfdity, high UV index and high mean
temperature (Silverberg et al. 2013), whereas spaive cohort study reported that warm,
humid and high sun exposure climates were assdargth poorly controlled eczema (Sargen et
al. 2014). Furthermore, a recent large populatiased ecological study in the United States of
America demonstrated the complexity that likelyséxibetween coexisting climatic factors and
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pollutants. For example, this study reported theasi classified as hot, sunny, and with high
levels of ozone and particulate matter with an dgmamic diameter of 10m or less had lower
eczema prevalence (Kathuria and Silverberg 201&).résults of the current analysis add to this
complexity by suggesting the existence of bothdirend non-linear associations (on a global
scale) with different metrics of UV dose exposUiee possibility that extremes of UV exposure
in either direction might increase the risk of enads not implausible and could help reconciliate
the current seemingly conflicting data from differeegions and study designs. Our finding that
associations were strongest in countries classégedarm temperate and fully humid is also
interesting, but should be interpreted cautiousig th the smaller number of countries in the

other climate groups.

Possible M echanisms

Several biological mechanisms by which UV exposney affect eczema symptoms have been
proposed, including UV-epidermal interactions (Saheand Schwarz 2011), UV-induced DNA
methylation and gene-environment interactions.rédior interactive effects with other climatic
factor, such as humidity and temperature, are@sbable (Langan and Irvine 2013). It is
unknown how these interactions may have resultédeémon-linear relationships observed for
certain metrics of UV dose exposure. Sensitivitglgses in which up to 10% of the sample were
removed did not largely change the non-linear daations, suggesting that these relationships
are not driven by a small subset of outlying centAdthough all models were adjusted for a
variety of important factors, these adjustmentsuailikely to address all potential relevant

factors and interactions.



We were unable to investigate whether differenndble distribution of important genetic risk
factors may be confounding our associations ass mot feasible to collect genetic data. It is
known that the prevalence and profiles of mutatiarte FLG gene vary geographically and it
has been suggested that certain mutations mayaerwith UV exposure (Cascella et al. 2015).
Further, areas of the skin more exposed to clinaatat physical stressors have been shown to be
affected more often in FLG mutation carriers, ssgigg that filaggrin-deficient individuals may
have a reduced ability to adapt to environmentpbsexres (Carson et al. 2012). Interestingly,
genetic risk factors appear to have the strongésience on early-life eczema (by the first year
(Bgnnelykke et al. 2010)), whereas the associationsr study were most consistent for eczema
with first onset at/after two years of age. Onelddbus speculate that any effect of UV exposure
would be more apparent (or easier to detect) #itemfluence of genetic risk factors has taken
place. The results of our age-stratified analybesilsl however be interpreted with caution given

that this analysis could only be conducted in @ntith 6-7 year-olds.

Srengths and Limitations of Sudy

The between-country associations are based omthie data set and thereby take advantage of
the large number and exposure contrasts of theipating countries. However, these
associations are more likely than the within-coyagsociations to be influenced by unmeasured
factors that differ by country, and issues reldtethe translation of questionnaires (Ellwood et
al. 2009). We thus cannot confirm that the betweamtry associations are not driven by
residual confounding. We found no consistent witonintry associations, possibly because of a
smaller exposure range and sample size as onlyreegiwith more than one centre could

contribute.
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Our definition of eczema was identical to the staddred and validated definition used to assess
worldwide differences and changes in eczema pragatein the successive phases of ISAAC
(Williams et al. 2008), and has been shown to gl®wdequate prevalence estimates at the
population level (Flohr et al. 2009). It nevertlssl@éemains possible that there may be variation
in the way the questionnaires were completed oliridtared, although all study centres

followed the same protocol. The fact that similatterns with UV exposures were observed for
eczema symptoms classified as severe supportsisgterece of a harmonized approach as severe
symptoms are less likely to be deferentially repdthan mild symptoms. Previous studies have
reported that eczema flares during particular tiofdbe year and in response to weather effects
(Kramer et al. 2005; Langan et al. 2009), whichlddae associated with UV exposure levels. We
could not examine season-specific associationseaguestionnaire asked for eczema prevalence

over a 12 month period. This gap should be adddesseiture work.

The size and coverage of ISAAC, which includesaegirarely or never studied in this context,
makes this study unique in its ability to investegglobal associations between ecologic metrics
of UV dose exposures and current eczema prevaléosever, there remain areas of the world
which are poorly covered in this analysis, suchastries with colder climates. It should also be
noted that the participating centres were not ramyselected. Thus it is unknown whether the
results may be generalizable worldwide. Given thiesigations, we recommend focusing on the
trends of the associations presented (Figure lizhwhay indicate new directions for research,

and not on the exact values of the effect estimaiesrted.
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The UV exposure data was selected to overlap Wwerbeginning of the health data collection
period for ISAAC Phase Three. Any temporal changeésV exposures that occurred between
the time of birth of the participants and the tithe health data were collected are expected to be
minimal compared to the differences in UV exposuiretsveen countries and centres. For the rest
of the adjustment covariates, we attempted to atefdom the same period although not all data
sets overlap. Common to all ecological studieshae no information on potentially relevant
individual-level factors, such as race or skin tygred were thus unable to explore effect
modification by behavioral factors that could irghce an individual's exposure to UV, such as
time spent outdoors and wearing sun-protectivéhigt Nonetheless, the collection of data from
both 13-14 year-olds and 6-7 year-olds allowedIgediranalyses to be replicated in an
independent population. We focused on associati@atsvere statistically significant in the larger
group of centres (the 13-14 year olds) and thdicagpd at least in trend in the fewer centres

with 6-7 year-olds. This was the case for all teealeen-country associations but no within-

country associations.

In conclusion, we provide further support for aerof environmental factors on eczema. Several
between-country associations between metrics otlb&é exposure and current eczema
prevalence were observed, with some indicationribatlinear associations may exist on a
global scale. Given the ecological design of thislg and the possibility of residual
confounding, these results should be interpreteéd @dution until replicated using individual

exposure data in a prospective study design.
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METHODS

Sudy Population

The rationale and methods for ISAAC Phase Three baen published (Ellwood et al. 2005).
The current analysis includes information on 21dtres in 87 countries for the 13-14 year-olds
and 132 centres in 57 countries for the 6-7 yeds-@r which the required health and
environmental data were available (flow chart igufe S2). Ethical approval from local ethics
committees or boards were obtained for all collabog centres. Parental completion of the
guestionnaire for the 6-7 year-olds implied consEat the older age group, passive consent for
the teenager to complete their own questionnaiselaol was mostly used. In each age-group,
the person completing the questionnaire was infdrai®ut the nature and purpose of the study

before commencing the questionnaire.

Health Outcomes

Using standardized self-completed (for adolescgdi$4 years-old) or parent-completed (for
children 6-7 years-old) ISAAC questionnaires, indizals were asked to indicate if they (or their
child) had an itchy rash at any time in the lastidhths and whether this itchy rash had affected
any of the following places: the folds of the elswehind the knees, in front of the ankles,
under the buttocks, or around the neck, ears @?f&eositive answer to both questions was
used to define current eczema and centre prevaaidhis outcome were calculated as the
mean prevalence of each center (Odhiambo et a@)280bsequent questions asked about the
age of first onset of the itchy rash symptoms amd bften these symptoms kept the participant
awake at night. Using this information, centre-lguevalences of eczema with first onset before

versus at/after age two years, as well as severmrer(kept the participant awake one or more
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nights per week) were calculated. The exact wordirgl questions on eczema are provided in

the Supplementary Material.

M ethods Relating to Environmental Assessments

Monthly data on UV radiation dose in the erythemyage (280-400nm, believed to be important
for the effects on human skin (McKinlay and Diff€987)) were obtained from the Tropospheric
Emission Monitoring Internet Service for the ye@02, at a resolution of @& 0.5’ (European
Space Agency). UV dose data were used, instead/ohtlex data, as the former is a measure of
the total amount of UV radiation absorbed by theman skin during the day (kJfjrafter

considering cloud cover.

Population density data for 2000 (at a spatialltésm of 2.5 arc minutes) were obtained from
the Socioeconomic Data and Applications centreif@@onomic Data and Applications Center
2004). Data on GNI per capita in 2001 were obthinem the World Bank (Atlas Method 2003;
(World Bank 2012)). For the seven countries forahithis information was missing, GNI data
were imputed using information from the Centrakligence Agency World Fact Book (2003)

(Central Intelligence Agency 2007).

Data on monthly mean daily temperature and preatipit averaged for 1991 - 2000 for 06

0.5’ grids were obtained from the IntergovernmentalgPan Climate Change Data Distribution
centre (Mitchell 2004; Mitchell and Jones 2005)e3é& data were used to classify centres into
five climate types according to the Képpen climadsessification system ( (Kottek et al. 2006)).
Monthly mean relative humidity data, averaged f#81-1990 and available at a 10' resolution,
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was also obtained (New et al. 2002).

The assignment of environmental variables to timres has been described (Anderson et al.
2012; Fuertes et al. 2014). For each center, coatels for the study population were assigned to
a 0.P x 0.1° square and compared with the eight surroundiny)00L1° squares. The square with
the highest population density was considered ¢inére grid and used for mapping. UV dose and
climate data were mapped to this single coordirfade population density, the mean values of
the centre grid and eight surrounding grids (edodds0.07 x 0.07) were used. For UV dose,
climate and population density variables, whichenavailable at the centre-level, country-level
means were calculated (Begg and Parides 2003) hwin&y not reflect the true mean of a

country.

Analytic Strateqy

Correlations between centre-level variables wesessed using Spearman correlation
coefficients. Eczema prevalences were (naturatragsformed before modeling. Linear
regression mixed models were used to assess asmosibetween the mean, maximum,
minimum, standard deviation and range of monthlyddge exposures and current eczema
prevalence (Ime4 package (Bates et al. 2014) isttitestical program R, version 3.3.0 (R Core
Team 2012), unstructured covariance structuregpdgfilots (from the effects package (Fox et al.
2016)) were created to graphically display the teainthe regression models. Given this study’s
ecological design, the unit of analysis was “coyintor the between-country associations in
which country-level information was compared, andriter” for the within-country associations

in which center-level information within countriess compared.
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Initially, models containing only a linear term feach UV exposure variable were calculated and
are presented. High-order relationships were sulesgly tested by including quadratic terms
(e.g. UVA). Evidence of non-linearity was observed for theximum, standard deviation and
range of monthly UV dose exposures for the betwemmtry associations in the 13-14 year-old
age group. Thus, for these exposures only, modeigming linear and quadratic terms (which

better fit the data) are also presented.

Models were adjusted for potential confoundingdexincluding GNI per capita, population
density, climate type and monthly mean temperaacerelative humidity. All models included
country as a random intercept and fixed effectdfih the centre- and country-level
representation of each variable, except for GNligagita, which was available only at the

country-level.

The regression coefficients (betas) and their spwading 95% confidence intervals, calculated
as 1.96*(standard error) assuming a normal didiohuare presented for the linear and quadratic
terms per 1-unit increase in country-level expodarehe between-country associations and per
1-unit increase in centre-level exposure for thiganvicountry associations. For models
containing only linear UV terms, the beta estimat@s be interpreted as prevalence ratios after
natural exponentiation, per increase in UV expadtoe the models containing linear and
guadratic terms, it is not possible to summarizerésults using a single number that reflects
additive or relative changes (Barrera-Gomez and@a$a 2015). Thus, in all Tables, the beta

estimates are not back-transformed from the (nhtlegarithmic scale so that the models
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containing only linear UV terms can be comparethtise containing linear and quadratic UV

terms.

Sensitivity analyses

To assess the impact of outliers, separate analysesconducted in which 1) the five centres
with the lowest and highest centre-level eczemagieace (~5% of sample) were removed, 2)
the five centres with the lowest and highest celavel UV exposure metric were removed (~5%
sample), and 3) the two countries with the lowest lighest country-level UV exposure metric
were removed (~5% of the 87 country-level UV expeslu These analyses were replicated with

~10% removed instead.
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Table 1. Distribution of current centre-level eczema sympiarevalence and centre-level UV dose exposurabias overall, and by

climate type, for centres with 13-14 year-olds (N4p

Overall Snow/polar Arid Equatorial Warm temperate Warm temperate
(N=214) (N=12) (N=24) (N=61) with dry winter fully humid
(N=20) (N=97)
Median IQR Median IQR Median IQR Median Median IQR Median IQR

Eczema symptoms 5.7 55 3.8 4.9 4.6 4.7 6.9 6.5 49 4.6 7.0 6.3
UV monthly mean 3.3 2.3 2.0 0.8 3.1 1.2 4.5 0.3 1.7 0.6 2.6 1.7
UV monthly maximum 5.2 1.4 4.0 1.1 54 1.0 55 03 35 0.8 4.9 1.7
UV monthly minimum 1.1 2.6 0.4 0.4 0.9 1.0 3.4 0.7 0.2 0.2 0.7 1.3
UV monthly SD 1.3 0.6 1.3 0.3 15 0.4 0.7 0.3 1.3 20 1.4 0.4
UV monthly range 3.3 15 3.6 0.8 4.2 1.0 2.2 0.8 3 3. 0.5 3.7 1.2
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Table 2: Spearman correlations between modeled centredevigbles for the centres with 13- to 14-year ¢his214)

Variable Period Median Eczema GNI per Populati Temper Relative Mean M ax Min SD Range
(IQR) sympto capita on ature  humidit
ms density y

Eczema symptoms 2000-20035.7 (5.5) 1 0.18** -0.06 0.04 0.33** 0.10 0.06 0.12 -0.17*  -0.17%
GNI per capita per 1000 2001 3.3 (10.6) 1 -0.140.39*** 0.36*** -0.48%* -0.44*** -0.48** (.14* 0.13
Population density per 1000 2000 0.9 (2.4) 1 T27 -0.02 0.24* 0.15* 0.27** -0.23** -0.22*
Monthly mean temperaturéQ) 1991-2000 18.0 (12.7) 1 -0.02  0.78** 0.55** (0.84** -0.46*** -0.45***
Monthly mean relative humidity (%) 1961-199G3.9 (12.7) -0.08 -0.23*** -0.03 -0.42*** -0.43***
UV monthly mean 2001 3.3(2.3) 1 0.84*9.98*** -0.46*** -0.44***
UV monthly maximum 2001 5.2 (1.4) 1 0.79*+* -0.01 0.01
UV monthly minimum 2001 1.1 (2.6) 1 -0.52**%0 51 **
UV monthly standard deviation 2001 1.3 (0.6) 1 0.99***
UV monthly range 2001 3.3(1.5) 1

*<0.05; **<0.01; **<0.001
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Table 3: Between- and within-country associations for cureszema symptom prevalence and
UV exposures for the centres with 13-14 year olits &7 year olds. Beta estimates (not back-
transformed from the natural logarithmic scale) Hrer corresponding 95% confidence intervals
are presentéd

UV exposure 13-14 yr olds 6-7 yr olds
Linear term Quadratic term Linear term Quadraticterm
Between-country associations (comparing country-level information)
N = 214 centres in 87 countries N = 132 centrésy/igountries
Mean 0.27[0.05, 0.49] - 0.21 [-0.04, 0.47] -
Max® 0.22 [0.00, 0.45] - 0.22 [-0.02, 0.46] -
0.31 [0.08, 0.53] 0.20[0.05, 0.34] 0.23 [-0.02, 0.48] 0.11[-0.04, 0.27]
Min? 0.22 [0.06, 0.39] - 0.14 [-0.07, 0.34] -
SD? -0.34 [-0.78, 0.09] - -0.02 [-0.63, 0.59] -
-0.23 [-0.66, 0.20] 1.15[0.28, 2.02] 0.00 [-0.62, 0.62] 0.21[-0.75, 1.18]
Rangé -0.13 [-0.30, 0.05] - 0.02 [-0.21, 0.26] -
-0.10 [-0.27,0.06]  0.19[0.06, 0.33] 0.02 [-0.22, 0.25] 0.07 [-0.09, 0.22]
Within-country associations (comparing centres within countries)
N = 161 centres in 34 countries N = 96 centregliountries
Mean 0.04 [-0.12, 0.20] - -0.08 [-0.34, 0.17] -
Max -0.13 [-0.31, 0.05] - -0.08 [-0.35, 0.19] -
Min 0.13[-0.01, 0.28] - -0.07 [-0.27, 0.12] -
SD -0.74[-1.16, -0.32] - 0.19 [-0.32, 0.70] -
Range -0.31[-0.47,-0.14] - 0.03 [-0.17, 0.24] -

Adjusted for centre mean exposure of interestlffween-country associations) or country mean expost
interest (for within-country associations), as veallthe centre and country mean population demségn monthly
temperature and mean monthly relative humidityyvalt as country gross national per capita incongedimate
type.Estimates from the models containing only lineamtcan be interpreted as prevalence ratios adteral

exponentiation.

2Results from two models are presented: one inctudily a linear term for the UV exposure and orduiding a
linear and quadratic term for the UV exposure. Sigaificant positive quadratic terms observed Far thaximum,
standard deviation and range of monthly UV measergmamong the 13-14 year-olds suggest the existefre
non-linear (convex) association with eczema prevade

Bold: p-value < 0.05
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Table 4: Between- and within-country associations for cureszema symptom prevalence and
UV exposures for the centres with 6-7 year oldstidied by whether eczema onset was before
or after age two years. Beta estimates (not basistormed from the natural logarithmic scale)
and their corresponding 95% confidence intervaspaesented

UV exposure Eczema onset before age two years Eczema onset at/after age two years

Linear term Quadraticterm Linear term Quadraticterm

Between-country associations (comparing country-level information)

Mean 0.05[-0.31, 0.41] - 0.31[0.05, 0.57] -
Max® 0.12 [-0.22, 0.47] - 0.28[0.02, 0.53] -
0.11 [-0.24, 0.46] 0.03[-0.20, 0.25]  0.28[0.02, 0.54] 0.12 [-0.04, 0.28]
Min -0.01 [-0.30, 0.28] - 0.20[-0.03, 0.42] -
SD? 0.26 [-0.59, 1.10] - -0.04 [-0.69, 0.62] -
0.23[-0.61, 1.08] -0.87 [-2.18, 0.43] -0.03 [-0,6%2] 0.62[-0.37, 1.61]
Rangé 0.13[-0.20, 0.46] - 0.00 [-0.25, 0.26] -
0.14 [-0.18, 0.47] -0.11 [-0.32, 0.10] -0.02 [-0,2723] 0.12[-0.03, 0.28]
Within-country associations (comparing centres within countries)
Mean 0.08 [-0.27, 0.43] - -0.24 [-0.58, 0.11] -
Max 0.14 [-0.24, 0.51] - -0.20 [-0.57, 0.17] -
Min 0.04 [-0.24, 0.32] - -0.21 [-0.49, 0.06] -
SD 0.12 [-0.60, 0.85] - 0.43[-0.29, 1.15] -
Range 0.04 [-0.26, 0.34] - 0.11[-0.19, 0.41] -

Adjusted for centre mean exposure of interestlffiween-country associations) or country mean expost
interest (for within-country associations), as veallthe centre and country mean population demségn monthly
temperature and mean monthly relative humidityyvalt as country gross national per capita incongedimate
type. Estimates from the models containing onlgdinterms can be interpreted as prevalence rdtersnatural
exponentiation.

2Results from two models are presented: one includitly a linear term for the UV exposure and ordiding a

linear and quadratic term for the UV exposure.

Bold: p-value < 0.05

26



Table 5: Between-country associations (comparing countrgll@évormation) for current eczema symptom prevedeand UV exposures
for the centres with 13-14 year-olds, stratifiedchignate type. Beta estimates (not back-transforfrad the natural logarithmic scale) and
their corresponding 95% confidence intervals aes@nted

uv Arid Equatorial Warm temperate with dry winter Warm temperate fully humid
exposure (N=24 centresin 18 countries) (N=61 centresin 31 countries) (N=20 centresin 13 countries) (N=97 centresin 139 countries)
Linear term Quadraticterm Linear term Quadraticterm Linear term Quadraticterm Linear term Quadraticterm
Mean 0.12 - -0.11 - -0.54 - 0.45 -
[-0.54, 0.79] [-0.88, 0.67] [-2.92, 1.85] [0.21, 0.69]
Max® 0.67 - 0.05 - -0.72 - 0.51 -
[0.04, 1.30] [-1.05, 1.15] [-1.87,0.43] [0.22,0.79]
0.77 0.03 -2.86 2.23 -1.94 -0.60 0.52 0.22
[-0.39, 1.94] [-1.43, 1.49] [-6.68, 0.96] [-0.57, 5.03] [-4.93, 1.05] [-2.02, 0.83] [0.26, 0.79] [0.05, 0.38]
Min -0.07 - 0.04 - -0.17 - 0.29 -
[-0.57, 0.42] [-0.36, 0.44] [-6.15, 5.80] [0.10, 0.47]
SD* 0.63 - -0.04 - -3.29 - -0.37 -
[-0.71 1.96] [-1.03, 0.94] [-8.11, 1.54] [-0.99, 0.26]
0.21 1.48 0.83 1.47 -0.40 -7.36 -0.37 2.40
[-1.53 1.95] [-2.12, 5.08] [-1.03, 2.68] [-1.19, 4.14] [-8.73, 7.92] [-23.92, 9.21] [-0.93, 0.19] [0.99, 3.82]
Rangé 0.30 - -0.01 - -1.02 - -0.13 -
[-0.20, 0.79] [-0.43, 0.40] [-2.32, 0.28] [-0.37, 0.12]
0.12 0.27 0.22 0.16 -0.48 -0.83 -0.19 0.40
[-0.55, 0.78] [-0.34, 0.87] [-0.52, 0.97] [-0.25, 0.56] [-2.82, 1.86] [-3.07, 1.42] [-0.41, 0.02] [0.18,0.62]

Adjusted for centre mean exposure of interest,reard country mean population density, mean mpmémperature and mean monthly relative humidiywall as

country gross national per capita income. Resattsifiow/polar climates not presented due to arffiognt sample size (12 centres in 8 countriesfirgates from the
models containing only linear terms can be integat@s prevalence ratios after natural exponenitiati

?Results from two models are presented: one includitly a linear term for the UV exposure and orduiding a linear and quadratic term for the UV esqpe. The
significant positive quadratic terms observed far tnaximum, standard deviation and range of motdMyneasurements suggest the existence of a nearlin
(convex) association with eczema prevalence.

Bold: p-value < 0.05
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FIGURE LEGENDS

Figure 1: Effect plotsfor the between-country associations (comparing country-level
information) for current eczema symptom prevalence and UV exposuresfor the centres

with 13-14 year-olds. The linear effects are presented in the left colame the quadratic effects
are presented in the right column. The corresp@n@éi? confidence intervals are shown in grey.
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