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ABSTRACT

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

prevalences.

ISAAC Phase Three provided data on eczema prevalence for 13-14 year-olds in 214 centresin 87
countries and for 6-7 year-olds in 132 centresin 57 countries. Linear and non-linear associations
between (natural log transformed) eczema preval ence and the mean, maximum, minimum,
standard deviation and range of monthly UV dose exposures were assessed using linear mixed-

effects regression models.

For the 13-14 year olds, the country-level eczema prevalence was positively and linearly
associated with country-level monthly mean (prevalence ratio: 1.31, 95% confidence interval:
[1.05, 1.63] per kI/m?) and minimum (1.25 [1.06, 1.47] per kJ/m?) UV dose exposure. Linear and
non-linear associations were a so observed for other metrics of UV. Results were similar in trend,
but non-significant, for the fewer centres with 6-7 year-olds (e.g. 1.24 [0.96, 1.59] per kIJ/m?for
country-level monthly mean UV). No consistent within-country associations were observed (e.g.
1.05[0.89, 1.23] and 0.92[0.71, 1.18] per k¥m?for center-level monthly mean UV, for the 13-14

and 6-7 year-olds, respectively).

These ecological results support arole for UV exposure in explaining some of the variation in

globa childhood eczema prevalence.



INTRODUCTION

Childhood eczemais a highly prevalent condition known to be strongly associated with genetic
risk factors, such as mutations in the filaggrin gene (Irvine et a. 2011). However, differencesin
globa prevalence (Williams et a. 2008), associations with family size and results from migrant

studies (Williams 1995) all suggest environmental factors are also likely to play arole.

Although the evidence of the effectiveness of short-term ultraviolet radiation treatment on
eczema (in adults) isincreasing (Garritsen et al. 2014), little is known about the effects of long-
term exposure. Climatic and ultraviolet radiation (UV) long-term exposures have been associated
with eczema prevaence and severity of symptomsin studiesin North America and Europe
(Kathuriaand Silverberg 2016, Kramer et al. 2005, Sargen et a. 2014, Silverberg et al. 2013,
Suarez-Varela et al. 2008, Vocks et al. 2001). Overall, these studies suggest that climatic factors,
such as temperature and humidity, aswell as UV exposure, may influence eczema prevalence and
symptoms, although the direction and consistency of the effects vary across studies. Indeed,
Langan and Irvine (2013) recently reviewed the existing conflicting evidence and called for
additiona large studiesto clarify the associations and elucidate potential mechanisms. In
particular, no study has yet included data from developing countries, where eczema preva ences
areincreasing (Williams et al. 2008) and where UV exposures can be high. A better
understanding of the existing relationships between the environment and eczema devel opment
and prevalence could lead to opportunities for early intervention and (possibly) climate-specific

treatment regimes (Langan and Irvine et a 2013).

A previous study using data from the International Study of Asthmaand Allergiesin Childhood



(ISAAC) Phase One reported that childhood and adolescent eczema preval ence were positively
correlated with latitude and negatively correlated with annual outdoor temperature in Western
Europe. One explanation provided was a potential indirect effect due to changes in behaviour and
sun exposure, which would also be correlated with temperature and latitude (Weiland et al. 2004).
The current study extends this work by using the substantially larger ISAAC Phase Three data set
(Odhiambo et al. 2009) to examine associ ations between metrics of UV dose exposures and the

prevalence of current eczema among children and adolescentsin aglobal context.



RESULTS

For the 214 centres with 13-14 year-olds, the median centre-level eczema prevalence was 5.73
(range: 0.17-24.6) and varied by climate type (analysis of variance, P= 0.06; Table 1). The
median centre-level prevalence for the 132 centres with 6-7 year-olds was 6.99 (range: 0.95-
22.5). Centre-level prevalences between the age groups were highly correlated for the 129 centres
that had information for both age groups (Spearman correlation = 0.76). Centre-specific sample
sizes, eczema prevaences and monthly mean UV dose exposures are reported in Tables S1 and

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

Spearman correlations between the modeled variables and centre-level eczema prevalences for
the centres with 13-14 year-olds are provided in Table 2. Among the many correlations, centre-
level eczema prevalence was positively correlated with country-level gross national income
(GNI) and centre-level relative humidity, and negatively correlated with the centre-level standard
deviation and range of monthly UV levels. The different measures of UV exposures were inter-

correlated. These correlations were very similar for the centres with 6-7 year-olds (Table S3).

Between-country associations (comparing country-level information) are reported in Table 3
(both age groups) and the shape of these associations are depicted in Figure 1 and Figure S1 for
the 13-14 and 6-7 year-olds, respectively. For the centres with 13-14 year-olds, country-level
monthly mean, maximum and minimum UV levels were positively associated with country-level
current eczema prevaence (prevaence ratio: 1.31 [95% confidence interval: 1.05, 1.63], 1.25
[1.00, 1.57] and 1.25 [1.06, 1.47], respectively). When quadratic terms (exposure?) were

introduced into the models for maximum, standard deviation and range of monthly UV, asthis



represents a better model fit to the data, the quadratic terms were al statistically significant,
suggesting the existence of non-linear relationships. When replicated in the centres with 6-7 year-
olds, the effect estimates were similar in trend, but were attenuated and none were statistically
significant. The results from the models containing linear terms only are presented as prevalence
ratiosin Table $4 (this type of presentation isinappropriate for models containing linear and

quadratic terms).

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

year-olds (Table 3).

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

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

Although statistical significance was occasionaly lost, the effect estimates were highly consistent
when the outcome was restricted to eczema symptoms which kept the participant awake one or
more nights per week (severe eczema, Table Sb), despite a substantial reduction in centre-level
prevalences (median prevalence was 7.0% for current eczema and 0.8% when restricted to severe

symptoms).

The removal of centres with the lowest and highest centre-level eczema prevalences or centre-



level UV exposures (up to 10% of the sample removed) did not ater the between-country
associations (comparing country-level information). Removal of the two countries with the
lowest and highest country-level UV exposure metrics (4 countriesin total out of 87) also yielded
fairly consistent results, although the between-country associations for monthly mean and
minimum UV were attenuated and no longer significant. When 10% of the sample was removed
based on country-level UV exposure extremes, the between-country effect estimates were similar

in trend but nearly all were no longer significant.

Stratification by climate type suggested that the between-country associations (comparing
country-level information) were most apparent among areas with climates classified aswarm
temperate and fully humid, although there may be an insufficient number of centresin the other

climate groups to detect associations (Table 5).



DISCUSSION

Main Findings

In this worldwide ecological analysis, severa between-country associations between metrics of
UV exposure and current eczema preval ence were observed among centres with 13-14 year-
oldsOur results suggest a positive linear association between country-level eczema prevalence
with country-level mean and minimum monthly UV dose levels (which were highly correlated, rs
= 0.98) and non-linear relationships between the country-level maximum, standard deviation and
range of monthly UV dose levels (the latter two of which were highly correlated, rs= 0.99). When
replicated in the centres with 6-7 year-olds, these associations were similar in trend but were not

statistically significant, most likely because of the fewer number of centres in this age-group.

Comparison with other Sudies

Previous studies on this topic point to a complex relationship. The most recent effortsinclude a
longitudinal study in Germany in which some participants reported that their eczema symptoms
were worse in the summer, yet others reported worse symptoms in the winter (Kramer et al.
2005). This effect was thought to be at least partly driven by environmental allergen exposure and
sensitization. Two recent studies in the United States of America published a year apart came to
rather different conclusions. A large-scale ecological study reported reduced eczema prevalence
in areas with (among other things) high relative humidity, high UV index and high mean
temperature (Silverberg et d. 2013), whereas a prospective cohort study reported that warm,
humid and high sun exposure climates were associated with poorly controlled eczema (Sargen et
al. 2014). Furthermore, arecent large population-based ecological study in the United States of

Americademonstrated the complexity that likely exists between coexisting climatic factors and



pollutants. For example, this study reported that areas classified as hot, sunny, and with high
levels of ozone and particulate matter with an aerodynamic diameter of 10 pm or less had lower
eczema prevalence (Kathuria and Silverberg 2016). The results of the current analysis add to this
complexity by suggesting the existence of both linear and non-linear associations (on a global
scale) with different metrics of UV dose exposure. The possibility that extremes of UV exposure
in either direction might increase the risk of eczemais not implausible and could help reconciliate
the current seemingly conflicting data from different regions and study designs. Our finding that
associations were strongest in countries classified as warm temperate and fully humid is also
interesting, but should be interpreted cautiously due to the smaller number of countriesin the

other climate groups.

Possible M echanisms

Several biological mechanisms by which UV exposure may affect eczema symptoms have been
proposed, including UV-epidermal interactions (Schwarz and Schwarz 2011), UV-induced DNA
methylation and gene-environment interactions. Indirect or interactive effects with other climatic
factor, such as humidity and temperature, are also probable (Langan and Irvine 2013). It is
unknown how these interactions may have resulted in the non-linear rel ationships observed for
certain metrics of UV dose exposure. Sensitivity analyses in which up to 10% of the sample were
removed did not largely change the non-linear associations, suggesting that these relationships
are not driven by asmall subset of outlying centres. Although all models were adjusted for a
variety of important factors, these adjustments are unlikely to address all potential relevant

factors and interactions.



We were unable to investigate whether differences in the distribution of important genetic risk
factors may be confounding our associations as it was not feasible to collect genetic data. It is
known that the prevalence and profiles of mutationsin the FLG gene vary geographically and it
has been suggested that certain mutations may correlate with UV exposure (Cascella et a. 2015).
Further, areas of the skin more exposed to climatic and physical stressors have been shown to be
affected more often in FLG mutation carriers, suggesting that filaggrin-deficient individuals may
have areduced ability to adapt to environmenta exposures (Carson et a. 2012). Interestingly,
genetic risk factors appear to have the strongest influence on early-life eczema (by the first year
(Bannelykke et a. 2010)), whereas the associations in our study were most consistent for eczema
with first onset at/after two years of age. One could thus speculate that any effect of UV exposure
would be more apparent (or easier to detect) after the influence of genetic risk factors has taken
place. The results of our age-stratified analyses should however be interpreted with caution given

that this analysis could only be conducted in centres with 6-7 year-olds.

Strengths and Limitations of Sudy

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

contribute.
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Our definition of eczemawas identical to the standardized and validated definition used to assess
worldwide differences and changes in eczema prevalences in the successive phases of ISAAC
(Williams et a. 2008), and has been shown to provide adequate preval ence estimates at the
population level (Flohr et a. 2009). It nevertheless remains possible that there may be variation
in the way the questionnaires were completed or administered, although all study centres
followed the same protocol. The fact that similar patterns with UV exposures were observed for
eczema symptoms classified as severe supports the existence of a harmonized approach as severe
symptoms are less likely to be deferentialy reported than mild symptoms. Previous studies have
reported that eczema flares during particular times of the year and in response to weather effects
(Kramer et a. 2005; Langan et a. 2009), which could be associated with UV exposure levels. We
could not examine season-specific associations as the questionnaire asked for eczema preva ence

over a 12 month period. This gap should be addressed in future work.

The size and coverage of ISAAC, which includes regions rarely or never studied in this context,
makes this study uniquein its ability to investigate global associations between ecologic metrics
of UV dose exposures and current eczema preval ence However, there remain areas of the world
which are poorly covered in thisanalysis, such as countries with colder climates. It should also be
noted that the participating centres were not randomly selected. Thusit is unknown whether the
results may be generalizable worldwide. Given these limitations, we recommend focusing on the
trends of the associations presented (Figure 1), which may indicate new directions for research,

and not on the exact values of the effect estimates reported.
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The UV exposure data was selected to overlap with the beginning of the health data collection
period for ISAAC Phase Three. Any temporal changesin UV exposures that occurred between
the time of birth of the participants and the time the health data were collected are expected to be
minimal compared to the differences in UV exposures between countries and centres. For the rest
of the adjustment covariates, we attempted to use data from the same period athough not al data
sets overlap. Common to all ecological studies, we had no information on potentially relevant
individual-level factors, such as race or skin type, and were thus unable to explore effect
modification by behavioral factors that could influence an individual's exposure to UV, such as
time spent outdoors and wearing sun-protective clothing. Nonethel ess, the collection of datafrom
both 13-14 year-olds and 6-7 year-olds allowed nearly all analysesto be replicated in an
independent population. We focused on associ ations that were statistically significant in the
larger group of centres (the 13-14 year olds) and that replicated at least in trend in the fewer
centres with 6-7 year-olds. This was the case for all the between-country associations but no

within-country associations.

In conclusion, we provide further support for arole of environmenta factors on eczema. Several
between-country associations between metrics of UV dose exposure and current eczema
prevalence were observed, with some indication that non-linear associations may exist on a
global scale. Given the ecological design of this study and the possibility of residual
confounding, these results should be interpreted with caution 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 have been published (Ellwood et a. 2005).
The current analysisincludes information on 214 centresin 87 countries for the 13-14 year-olds
and 132 centresin 57 countries for the 6-7 year-olds for which the required health and
environmental datawere available (flow chart in Figure S2). Ethical approval from local ethics
committees or boards were obtained for al collaborating centres. Parental completion of the
guestionnaire for the 6-7 year-olds implied consent. For the older age group, passive consent for

the teenager to complete their own questionnaire at school was mostly used.

Health Outcomes

Using standardized self-completed (for adolescents 13-14 years-old) or parent-completed (for
children 6-7 years-old) ISAAC questionnaires, individuals were asked to indicate if they (or their
child) had an itchy rash at any timein the last 12 months and whether this itchy rash had affected
any of the following places:. the folds of the elbows, behind the knees, in front of the ankles,
under the buttocks, or around the neck, ears or eyes? A positive answer to both questions was
used to define current eczema and centre prevalences of this outcome were cal culated (Odhiambo
et al. 2009). Subsequent gquestions asked about the age of first onset of the itchy rash symptoms
and how often these symptoms kept the participant awake at night. Using thisinformation,
centre-level prevalences of eczemawith first onset before versus at/after age two years, aswell as
severe eczema (kept the participant awake one or more nights per week) were cal culated. The

exact wording of the questions are provided in the Supplementary Material.
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M ethods Relating to Environmental Assessments

Monthly data on UV radiation dose in the erythema range (280-400nm, believed to be important
for the effects on human skin (McKinlay and Diffey 1987)) were obtained from the Tropospheric
Emission Monitoring Internet Service for the year 2001, at aresolution of 0.5° x 0.5° (European
Space Agency). UV dose data were used, instead of UV index data, as the former is a measure of
the total amount of UV radiation absorbed by the human skin during the day (k¥m?) after

considering cloud cover.

Population density data for 2000 (at a spatial resolution of 2.5 arc minutes) were obtained from
the Socioeconomic Data and Applications centre (Socioeconomic Data and Applications Center
2004). Dataon GNI per capitain 2001 were obtained from the World Bank (Atlas Method 2003;
(World Bank 2012)). For the seven countries for which thisinformation was missing, GNI data
were imputed using information from the Central Intelligence Agency World Fact Book (2003)

(Central Intelligence Agency 2007).

Data on monthly mean daily temperature and precipitation averaged for 1991 - 2000 for 0.5° x
0.5° grids were obtained from the Intergovernmental Panel on Climate Change Data Distribution
centre (Mitchell 2004; Mitchell and Jones 2005). These data were used to classify centresinto
five climate types according to the Kdppen climate classification system ( (Kottek et al. 2006)).
Monthly mean relative humidity data, averaged for 1961-1990 and available at a 10" resolution,

was also obtained (New et a. 2002).

The assignment of environmental variables to the centres has been described (Anderson et al.
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2012; Fuertes et a. 2014). Coordinates for the study population were assigned to a0.1° x 0.1°
square and compared with the eight surrounding 0.1° x 0.1° squares. The square with the highest
population density was considered the centre grid and used for mapping. UV dose and climate
data were mapped to this single coordinate. For population density, the mean values of the centre
grid and eight surrounding grids (each sized 0.07° x 0.07°) were used. For UV dose, climate and
population density variables, which were avail able at the centre-level, country-level means were

calculated (Begg and Parides 2003), which may not reflect the true mean of a country.

Analytic Srategy

Correlations between centre-level variables were assessed using Spearman correlation
coefficients. Eczema prevalences were (natural) log-transformed before modeling. Linear
regression mixed models were used to assess associ ations between the mean, maximum,
minimum, standard deviation and range of monthly UV dose exposures and current eczema
prevalence (Ime4 package (Bates et al. 2014) in the statistical program R, version 3.3.0 (R Core
Team 2012), assuming a symmetric variance-covariance matrix). Effect plots (from the effects
package (Fox et a. 2016)) were created to graphically display the terms of the regression models.
Given this study’s ecological design, the unit of analysis was “country” for the between-country
associations in which country-level information was compared, and “center” for the within-

country associations in which center-level information within countries was compared.

Initially, models containing only alinear term for each UV exposure variable were calculated and
are presented. High-order rel ationships were subsequently tested by including quadratic terms

(e.g. UV?). Evidence of non-linearity was observed for the maximum, standard deviation and
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range of monthly UV dose exposures for the between-country associations in the 13-14 year-old
age group. Thus, for these exposures only, models containing linear and quadratic terms (which

better fit the data) are also presented.

Models were adjusted for potential confounding factors including GNI per capita, population
density, climate type and monthly mean temperature and relative humidity. All models included
country as arandom intercept and fixed effects for both the centre- and country-level
representation of each variable, except for GNI per capita, which was available only at the
country-level.

The regression coefficients (betas) and their corresponding 95% confidence intervals, calculated
as 1.96* (standard error) assuming a normal distribution, are presented for the linear and quadratic
terms per 1-unit increase in country-level exposure for the between-country associations and per
1-unit increase in centre-level exposure for the within-country associations. For the models
containing only linear UV terms, the beta estimates can be interpreted as preva ence ratios after
natural exponentiation, per increase in UV exposure. For the models containing linear and
guadratic terms, it is not possible to summarize the results using a single number that reflects
additive or relative changes (Barrera-Gomez and Basagaria 2015). Thus, in al Tables, the beta
estimates are not back-transformed from the (natural) logarithmic scale so that the models
containing only linear UV terms can be compared to those containing linear and quadratic UV

terms.

Sensitivity analyses

To assess the impact of outliers, separate anal yses were conducted in which 1) the five centres
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with the lowest and highest centre-level eczema prevalence (~5% of sample) were removed, 2)
the five centres with the lowest and highest centre-level UV exposure metric were removed (~5%
sample), and 3) the two countries with the lowest and highest country-level UV exposure metric
were removed (~5% of the 87 country-level UV exposures). These analyses were replicated with

~10% of the sample removed instead.

17



CONFLICTSOF INTEREST

The authors state no conflict of interest

ACKNOWLEGEMENTS

We greatly acknowledge Professor Hywel Williams for his helpful suggestions and contributions.
We also thank all children, parents and school teachers for their cooperation and participation, as
well as the many unnamed fieldworkers and funding agencies that supported ISAAC in their
localities. The members of the ISAAC Phase Three Study Group are listed in the Supplementary

Material.

18



REFERENCES

Anderson H, Butland B, van Donkelaar A, Brauer M, Strachan D, Clayton T, et a. 2012.
Satellite-based estimates of ambient air pollution and global variationsin childhood
asthma prevalence. Environ. Health Perspect. 120:1333-39.

Barrera-Gomez J, Basagafa X. 2015. Models with transformed variables: interpretation and
software. Epidemiology 26:€16—€17.

Bates D, Maechler M, Bolker B, Walker S. 2014. Lme4: Linear mixed-effects models using
Eigen and $4. R package version 1.1-6. www.CRAN.R-project.org/package=Ime4.

Begg MD, Parides MK. 2003. Separation of individual-level and cluster-level covariate effectsin
regression analysis of correlated data. Stat. Med. 22:2591-02.

Bannelykke K, Pipper CB, Tavendale R, Palmer CNA, Bisgaard H. 2010. Filaggrin gene variants
and atopic diseasesin early childhood assessed longitudinally from birth. Pediatr. Allergy
Immunol. 21:954-61.

Carson CG, Rasmussen MA, Thyssen JP, Menné T, Bisgaard H. 2012. Clinical presentation of
atopic dermatitis by filaggrin gene mutation status during the first 7 years of lifein a
prospective cohort study. PLOS ONE 7:e48678.

CascellaR, StrafellaC, Germani C, Manzo L, Marsella LT, Borgiani P, et al. 2015. FLG
(filaggrin) null mutations and sunlight exposure: Evidence of a correlation. J. Am. Acad.
Dermatol. 73:528-29.

Central Intelligence Agency. 2007. The World Factbook 2003. Washington, DC: Central
Intelligence Agency. Available:
https://www.cia.gov/library/publications/downl oad/downl oad-2003/index.html [accessed:
March 13, 2012].

Ellwood P, Asher M, Beasley R, Clayton TO, Stewart AW, ISAAC Steering Committee. 2005.
The International Study of Asthma and Allergiesin Childhood (ISAAC): Phase Three
rationale and methods. Int. J. Tuberc. Lung Dis. 9:10-16.

Ellwood B, Williams H, Ait-Khaled N, Bjorkstén B, Robertson C, ISAAC Phase |11 Study Group.
2009. Trand ation of questions: the International Study of Asthmaand Allergiesin
Childhood (ISAAC) experience. Int. J. Tuberc. Lung Dis. 13(9):1174-82.

European Space Agency. Tropospheric Emission Monitoring Internet Service. Available:
http://www.temis.nl/uvradiation/UVarchive.html [Accessed: August 18, 2015].

Flohr C, Weinmayr G, Weiland SK (deceased)., Addo-Yobo E, Annesi-Maesano |, Bjorkstén B, et
al. 2009. How well do questionnaires perform compared with physical examination in
detecting flexural eczema? Findings from the International Study of Asthmaand Allergies
in Childhood (ISAAC) Phase Two. Br. J. Dermatol. 161:846-53.

19



Fox J, Sandford W, Michael F, Jangman H, Robert A, David F, et al. 2016. Package “effects’. R
package version 3.1-1. https://cran.r-project.org/web/packages/effects/effects. pdf.

Fuertes E, Butland BK, Ross Anderson H, Carlsten C, Strachan DP, Brauer M, et al. 2014.
Childhood intermittent and persistent rhinitis prevalence and climate and vegetation: a
global ecologic analysis. Ann. Allergy. Asthma. Immunol. 113:386—92.€9.

IrvineAD, McLean WHI, Leung DY M. 2011. Filaggrin mutations associated with akin and
alergic diseases. N. Engl. J. Med. 365:1315-27.

Kathuria P, Silverberg JI. 2016. Association between small particle air pollution, climate and
childhood eczema preva ence and severity: a US population-based study. Pediatr. Allergy
Immunol. 27:478-85.

Kottek M, Grieser J, Beck C, Rudolf B, Rubel F. 2006. World Map of the Koeppen-Geiger
climate classification updated. Meteorol. Z. 15:259-63.

Kramer U, Weidinger S, Darsow U, Méhrenschlager M, Ring J, Behrendt H. 2005. Seasonality in
symptom severity influenced by temperature or grass pollen: results of a panel study in
children with eczema. J. Invest. Dermatol. 124:514-23.

Langan S, Irvine AD. 2013. Childhood eczema and the importance of the physica environment.
J. Invest. Dermatol. 133:1706-09.

Langan SM, Silcocks P, Williams HC. 2009. What causes flares of eczema in children? Br. J.
Dermatol. 161:640-46.

McKinlay A, Diffey B. 1987. A reference action spectrum for ultraviolet induced erythemain
human skin. CIE Res. Note 6: 17-22.

Mitchell T. 2004. High resolution observational climatologiesversion 2.1. University of East
Anglia: Climate Research Unit. Available: www.ipcc-data.org/obs/cru_ts2_1.html
[accessed: April 4, 2012].

Mitchell TD, Jones PD. 2005. An improved method of constructing a database of monthly
climate observations and associated high-resolution grids. Int. J. Climatol. 25:693-712.

New M, Lister D, Hulme M, Makin 1. 2002. A high-resolution data set of surface climate over
globa land areas. CRU CL V.2.0. Clim. Res. 21: 1-25 Available:
https://crudata.uea.ac.uk/cru/datalhrg/ [Accessed: May 30, 2016].

Odhiambo JA, Williams HC, Clayton TO, Robertson CF, Asher MI, ISAAC Phase Three Study
Group. 2009. Global variationsin prevalence of eczema symptomsin children from
ISAAC Phase Three. J. Allergy Clin. Immunol. 124:1251-58.e23.

R Core Team. 2012. R: A language and environment for statistical computing. R Foundation for
Statistica Computing, Vienna, Austria. ISBN 3-900051-07-0, www.R-project.org/.

20



Sargen MR, Hoffstad O, Margolis DJ. 2014. Warm, humid, and high sun exposure climates are
associated with poorly controlled eczema: PEER (Pediatric Eczema Elective Registry)
Cohort, 2004-2012. J. Invest. Dermatol. 134:51-57.

Schwarz T, Schwarz A. 2011. Molecular mechanisms of ultraviol et radiation-induced
immunosuppression. Eur. J. Cell Biol. 90:560-64.

Silverberg JI, Hanifin J, Simpson EL. 2013. Climatic factors are associated with childhood
eczema prevalence in the United States. J. Invest. Dermatol. 133:1752-59.

Socioeconomic Data and Applications Center. 2004. Gridded Popul ation of the World (GPW), v3.
Available: http://sedac.ciesin.columbia.edu/gpw/ [accessed: August 20, 2012].

Suarez-VarelaMM, Alvarez LG, Kogan MD, Gonzélez AL, Gimeno AM, Ontoso IA, et a. 2008.
Climate and prevalence of atopic eczemain 6-to 7-year-old school children in Spain.
ISAAC phase lll. Int. J. Biometeorol. 52(8):833-40.

Vocks E, Busch R, Frohlich C, Bordlli S, Mayer H, Ring J. 2001. Influence of weather and
climate on subjective symptom intensity in atopic eczema. Int J Biometeorol 45:27-33.

Weiland SK, Husing A, Strachan DP, Rzehak P, Pearce N, ISAAC Phase One Study Group. 2004.
Climate and the prevalence of symptoms of asthma, alergic rhinitis, and atopic eczemain
children. Occup. Environ. Med. 61:609-15.

Williams CH. 1995. Atopic eczema— we should ook to the environment. Brit Med J. 311;1241-
42.

Williams H, Stewart A, von Mutius E, Cookson W, Anderson HR, ISAAC Phase One and Three
Study Groups. 2008. Is eczemareally on the increase worldwide? J. Allergy Clin.
Immunol. 121:947-54.€15.

World Bank. 2012. GNI per Capita, Atlas Method (current US$). Available:

http://data.worldbank.org/indicator/NY.GNPPCAP.CD?order=wbapi_data value 2001+w
bapi_data valuetwbapi_data value-last& sort=asc& page=2 [accessed: March 13, 2012].

21



FUNDING

Elaine Fuertes is supported by a Marie Sktodowska-Curie Individual Fellowship (H2020-MSCA -
IF-2015; proposal number 704268). Carsten Flohr holds a National Institute for Health Research
(NIHR) Career Development Fellowship (CDF-2014-07-037). Funding for the centres to conduct
Phase Three of the ISAAC study was obtained from various local funding agencies. None of
these funding sources played any role in the design and conduct of the study, the collection,
management, analysis, and interpretation of the data, the preparation, review, or approval of the

manuscript and the decision to submit the manuscript for publication.

22



Table 1: Distribution of current centre-level eczema symptom prevalence and centre-level UV dose exposure variables overall, and by

climate type, for centres with 13-14 year-olds (N=214)

Snow/polar Equatorial Warm temperate Warm temper ate
(N=214) with dry winter fully humid
(N=20) (N=97)
Median IQR  Median IQR  Median IQR  Median IQR  Median IQR  Median  IQR
Eczema symptoms 5.7 55 3.8 4.9 4.6 4.7 6.9 6.5 4.9 4.6 7.0 6.3
UV monthly mean 33 23 2.0 0.8 31 1.2 45 0.3 1.7 0.6 2.6 1.7
UV monthly maximum 52 14 4.0 11 54 1.0 55 0.3 35 0.8 49 17
UV monthly minimum 11 2.6 04 04 0.9 1.0 34 0.7 0.2 0.2 0.7 13
UV monthly SD 13 0.6 13 0.3 15 04 0.7 0.3 13 0.2 14 04
UV monthly range 3.3 15 3.6 0.8 4.2 1.0 22 0.8 3.3 0.5 3.7 1.2
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Table 2: Spearman correlations between modeled centre-level variables for the centres with 13- to 14-year olds (N=214)

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 2000-2003 5.7(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 -0.14* -0.39*** 0.36*** -0.48*** -0.44*** -048*** (0.14* 0.13
Population density per 1000 2000 0.9 (2.4) 1 0.27***  -0.02 0.24** 015 0.27*** -0.23*** -0.22**
Monthly mean temperature (°C) 1991-2000 18.0(12.7) 1 -0.02  0.78** 0.55*** 0.84*** -0.46*** -0.45***
Monthly mean relative humidity (%) 1961-1990 73.9(12.7) -0.08 -0.23*** -0.03 -0.42*** -0.43***
UV monthly mean 2001 3.3(2.3) 1 0.84*** (0.98*** -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(15) 1

*<0.05; **<0.01; ***<0.001
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Table 3: Between- and within-country associations for current eczema symptom prevalence and

UV exposures for the centres with 13-14 year olds and 6-7 year olds. Beta estimates (not back-

transformed from the natural logarithmic scale) and their corresponding 95% confidence intervals

are presented!

UV exposure

13-14 yr olds

Linear term

Quadratic term

6-7 yr olds

Linear term

Quadraticterm

Mean

Min?
SD2

Range?

Mean
Max
Min
SD
Range

Between-country associations (comparing country-level information)

N = 214 centresin 87 countries

0.27[0.05, 0.49]
0.22[0.00, 0.45]
0.31 [0.08, 0.53]
0.22 [0.06,0.39]
-0.34 [-0.78, 0.09]
-0.23 [-0.66, 0.20]

-0.13 [-0.30, 0.05]
-0.10 [-0.27, 0.06]

0.20[0.05, 0.34]

1.15[0.28, 2.02]

0.19 [0.06, 0.33]

N =132 centresin 57 countries

0.21[-0.04, 0.47]
0.22[-0.02, 0.46]
0.23[-0.02, 0.48]
0.14 [-0.07, 0.34]
-0.02[-0.63, 0.59]
0.00 [-0.62, 0.62]
0.02[-0.21, 0.26]
0.02[-0.22, 0.25]

0.11[-0.04, 0.27]

0.21[-0.75, 1.18]

0.07[-0.09, 0.22]

Within-country associations (comparing centres within countries)

N = 161 centresin 34 countries

0.04 [-0.12, 0.20]
-0.13[-0.31, 0.05]
0.13[-0.01, 0.28]
-0.74[-1.16, -0.32]
-0.31[-0.47, -0.14]

N = 96 centresin 21 countries

-0.08[-0.34, 0.17]
-0.08[-0.35, 0.19]
-0.07[-0.27, 0.12]
0.19 [-0.32, 0.70]
0.03[-0.17, 0.24]

1Adjusted for centre mean exposure of interest (for between-country associations) or country mean exposure of
interest (for within-country associations), as well as the centre and country mean population density, mean monthly

temperature and mean monthly relative humidity, as well as country gross nationa per capitaincome and climate
type. Estimates from the models containing only linear terms can be interpreted as prevalence ratios after natural

exponenti ation.

2 Results from two models are presented: one including only alinear term for the UV exposure and one including a
linear and quadratic term for the UV exposure. The significant positive quadratic terms observed for the maximum,

standard deviation and range of monthly UV measurements among the 13-14 year-olds suggest the existence of a

non-linear (convex) association with eczema prevalence.

Bold: p-value < 0.05
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Table 4: Between- and within-country associations for current eczema symptom prevalence and
UV exposures for the centres with 6-7 year olds, stratified by whether eczema onset was before
or after age two years. Beta estimates (not back-transformed from the natural logarithmic scale)
and their corresponding 95% confidence intervals are presented!

UV exposure Eczema onset before age two years Eczema onset at/after agetwo 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[-0.69, 0.62] 0.62[-0.37, 1.61]

Range? 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[-0.27, 0.23] 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] -

tAdjusted for centre mean exposure of interest (for between-country associ ations) or country mean exposure of
interest (for within-country associations), as well as the centre and country mean population density, mean monthly
temperature and mean monthly relative humidity, as well as country gross nationa per capitaincome and climate
type. Estimates from the models containing only linear terms can be interpreted as prevalence ratios after natura
exponenti ation.

2 Results from two models are presented: one including only alinear term for the UV exposure and one including a
linear and quadratic term for the UV exposure.

Bold: p-value < 0.05
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Table 5: Between-country associations (comparing country-level information) for current eczema symptom prevalence and UV exposures
for the centres with 13-14 year-olds, stratified by climate type. Beta estimates (not back-transformed from the natural logarithmic scale) and

their corresponding 95% confidence intervals are presented*

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
[-1.531.95] [-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]
Range? 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]

1Adjusted for centre mean exposure of interest, centre and country mean popul ation density, mean monthly temperature and mean monthly relative humidity, as well as
country gross nationa per capitaincome. Results for snow/polar climates not presented due to an insufficient sasmple size (12 centres in 8 countries). Estimates from the
models containing only linear terms can be interpreted as preval ence ratios after natural exponentiation.

2 Results from two models are presented: oneincluding only alinear term for the UV exposure and one including alinear and quadratic term for the UV exposure. The
significant positive quadrati c terms observed for the maximum, standard deviation and range of monthly UV measurements suggest the existence of a non-linear
(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 column and the quadratic effects
are presented in the right column. The corresponding 95% confidence intervals are shown in grey.
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