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Background: Relative humidity (RH) and air pollution significantly affect respiratory
health. However, how RH and air pollution interact and modify each other and
affect lung function in adolescence is largely unknown. This study assesses the
interactive association of RH and air pollution on lung function, i.e. forced vital
capacity (FVC) and forced expiratory volume in one second (FEV1), in German
adolescents.

Methods: A total of 2,116 participants with available spirometry measurements
(z-scores of FEV1 and FVC) were included from the 15-year follow-up of the
German GINlIplus and LISA birth cohort. Daily environmental exposure data
included RH, ozone (Os), nitrogen dioxide (NO,), and particulate matter
<2.5um (PM,5). Linear models were fitted to assess the main associations of
RH, air pollution, and maximum temperature (Tmax) an interaction term
between one-day moving average of RH (Lag01) and a categorical air pollution
term was then included to assess the modifying association of air pollution on
RH and was adjusted for study location, season and chronic respiratory
disease (CRD) status. Effect modification was performed for sex and CRD. The
results are presented as beta coefficients (8) and 95% confidence intervals
(95% Cl).

Results: A 5% increase in RH was associated with an increase in FEV1 (8 = 0.040-
0.045; 95% Cl: 0.008 to 0.076) and FVC (8 =0.007-0.012; 95% CIl. —0.023 to
0.045) in the main associations models. In the interaction models, there was a
significant decrease in FEV1 (8 =-0.211; 95% Cl: —0.361 to —0.062) and FVC (8
=-0.258; 95% Cl: —0.403 to —0.0113) per 5% increase in RH on high Oz days
compared to the reference category; while there was a non-significant trend
towards a decrease in FEV1 on high PM, 5 and NO, days. Female participants
were more likely to experience a decrease in FEV1 than male participants on
high-pollution days.
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Conclusions: Air pollution interacts and modifies the association of weather on lung
function in this cohort of German adolescents. Anincrease in RH on high air pollution
exposure days was associated with a decrease in lung function in German
adolescents. Female participants were more sensitive to RH and air pollution.
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Investigating the relationship between weather parameters and
respiratory health outcomes due to the effects of climate change is a
rapidly evolving field of study. Relative humidity (RH) has rarely
been the focus of environmental exposure-health studies and has
largely only been used as a confounding variable in multi-exposure/
temperature-health studies (I, 2). However, it is known that
temperature, RH, and air pollution interact in different ways while
having both individual and, potentially, interactive associations with
respiratory health (2). Therefore, insights into the potential
associations of different weather parameters and air pollutants with
lung health are important; therefore, surrogate subclinical endpoints
such as lung function and biomarkers need to be investigated.

To determine a person’s respiratory health, lung function tests
are conducted (3). Two indicators of lung function are forced
expiratory volume in 1s (FEV1) and forced vital capacity (FVC).
Both of these surrogate subclinical endpoints allow us to assess
different components of lung function and to diagnose lung
disease. While the short-term association of environmental
factors on lung function has been described in children, young
and older adults, there is limited evidence for adolescents.
However, biological development occurs rapidly during
adolescence, making it crucial to understand environment
associations with adolescent health (4). Regarding respiratory
health, adolescence is a period of rapid lung development due to
accelerated physical growth; additionally, during this period,
asthma becomes more common in females than in males as
puberty induces physical changes that lower airway resistance in
males while increasing airway resistance in females (4, 5).

Individual environmental factors are associated with lung
health, and as such are associated with lung function, in different
ways; low levels of RH (<40%), which indicates that the air is
dry, are associated with causing dryness in the respiratory tract
which then damages lung tissue, while high levels (>60%) have
been associated with increased mucous production (6). High and
low temperatures have both been associated with an increase in
respiratory rate, exacerbation of chronic respiratory disease, and
respiratory mortality (7). Air pollutants have consistently been
associated with a decrease in lung function (8, 9). While there is
extensive research on the individual association of air pollution
on lung function, the same cannot be said of RH; additionally,
air pollution, RH, and temperature interact or modify each
other’s associations with human health.

Climate environmental

change and it’s determining

factors present a unique situation in that they intersect with many
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existing vulnerabilities (e.g., including geography, urban/rural, sex,
and chronic diseases) that impact adolescent health (4). Therefore,
understanding how short-term environmental exposures interact or
modify each other and how they are associated with lung function
during such a crucial time in human development is of the utmost
importance. In this study, we aimed to assess the short-term
individual and interactive associations of relative humidity and air
pollution with lung function in a subset of German adolescents.

2.1. Study population

The present study utilises the data collected for two ongoing
German population-based birth cohort studies which recruited
healthy full-term neonates with normal birthweight. The first is
the German Infant Study on the Influence of Nutrition
Intervention plus Air Pollution and Genetics on Allergy
Development (GINIplus), which recruited a total of 5,991
neonates in Munich and Wesel between September 1995 and July
1998. The second is the influence of Lifestyle factors on the
development of the Immune System and Allergies in East and
West Germany Study (LISA) (10) which recruited a total of 3,097
neonates in Bad Honnef, Leipzig, Munich and Wesel between
November 1997 and January 1999. The study areas of the cohorts
are shown in . Participant data were
collected at birth and ages 6, 10, and 15, and were then due to
their harmonised design, pooled for Wesel (GINIplus/LISA North:
n=3,390) and Munich (GINIplus/LISA South: n =4,413). Parents
completed questionnaires that collected data on respiratory
conditions and covariates such as parental/personal smoking and
socioeconomic status (parental education). Further details of
recruitment and follow-up to 15 years have been presented
elsewhere (11). The present analysis employs data from the 15-
year follow-up assessments for both cohorts in Munich and Wesel.
This analytic sample was restricted to 1,236 children from Munich
and 880 children from Wesel with complete spirometry (forced
vital capacity [FVC] and forced expiratory volume in one second
[FEV1]) and environmental exposure data. Ethical approval was
granted by the Bavarian Board of Physicians (10,090 and 12,067),
Board of Physicians of North-Rhine Westphalia (20101424 and
2012446), and Board of Physicians of Saxony (EK-BR-02/13-1).
The parents of participants provided written informed consent at
each of the study phases with participants also providing consent
at the 15-year follow-up.
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2.2. Assessment of lung function

(FEV, and FVQ)
adolescence were conducted between 2011 and 2013 following

Spirometric measurements during
the guidelines of the American Thoracic Society and European
Respiratory Society (12). Detailed operation procedures for lung
). Any

anti-

function measurements have been described previously (

respiratory tract infections, personal smoking and
inflammatory medications were recorded. To adequately compare
the impacts of environmental exposures on FEV; and FVC, both
measurements were converted into z-scores using LUng function
NOrmal values for KIDs in Germany (LUNOKID) scale (14).
The LUNOKID study was designed to provide reliable reference
values of spirometry for German children and adolescents which
adjusted for the non-linear associations of age, height, and sex

(15-17).

2.3. Assessment of environmental
exposures

Weather parameters (daily maximum [Tmax] and, minimum
temperature [Tmin], mean temperature [Tmean], and RH) were
obtained for Munich and Wesel from the German Weather
Service’s high-resolution reanalysis system COSMO-REA6 at a
spatial resolution of 6 x 6 km (18). Short-term daily air pollution
exposure was assessed as average concentrations of 24 h O3, NO,
and PM,s. The air pollutant exposures at participants’ residential
addresses were estimated at a spatial resolution of 2x2km by
chemical transport models and data provided by the German
The
warm season was defined as May to October and the cold season

Environment Agency [Umwelt Bundesamt, UBA (19)].

as November to April.

2.4. Statistical analysis

As there were minimal differences in RH between the study
sites in Munich and Wesel, it was decided to pool the
participants to increase the power of the statistical analysis as in
studies (20, ). To that all
variables were considered, we used correlation coefficients,

previous ensure potential
multicollinearity tests, adjusted R-squared, Akaike information
criterion (AIC) and p values <0.05 for variable selection. Due to
the small number of participants diagnosed with asthma, we
created a Chronic Respiratory Disease (CRD) variable that
combined a history of asthma and asthma at the time of
examination, with chronic respiratory symptoms and conditions
associated with asthma, i.e., history of chronic bronchitis, a
history of chronic wheezing, and/or, chronic bronchitis and/or
wheeze at the time of assessment. We graphically assessed the
association between the short-term environmental exposures and
the outcomes and found that all variables showed a linear
association; therefore, we used multivariable linear models to
quantify the main associations of short-term exposure RH (one-
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day moving average; Lag0l), Tmax (lowest AIC of all
temperature variables) and air pollution on FEV; and FVG;
separate models were created for different air pollutants (Os,
NO, and PM,;). All models (the main model and interactive
model) were mutually adjusted for each environmental factor,
CRD (Yes as the reference category), study location (Munich as
the reference category), and season (warm season as the
reference category). To assess the interactive associations between
RH and air pollution, we used RH parameters as a continuous
variable and air pollutants as a categorical variable: Low (<5th
percentile), Medium (5-95th percentile), and High (>95th
percentile); the cut-offs were: PM,5=2.71 pg/m> and 22.08 pg/
m?®, O5=10.15 pug/m’ and 82.60 pg/m> and NO, = 4.90 pug/m’ and
37.85 pug/m>. We chose “Medium” as the reference category, as it
represented the most common exposure levels while “Low”
represented optimum exposure and “High” represented non-
optimum exposure. We did not adjust for age, sex, height, or
weight in the main model as the chosen outcomes (FEV; and
FVC) were estimated following standard guidelines accounting
for these variables. Effect modification was examined by sex
(female/male), and history of CRD.

2.5. Sensitivity analysis

To test the robustness of the core model, several sensitivity
analyses were conducted. First, we explored the possibility of lag
associations for up to 5 days (Lag05). Second, we explored the
change in the interaction between RH and air pollution by
redefining cut-offs for air pollution categories. At first, the cutoff
was set below the 10th percentile (Low) and above the 90th
percentile (High), and in the second stage, it was set below the
25th percentile (Low) and above the 75th percentile (High).
Third, extended models were performed by additionally adjusting
for the association of age, sex, CRD, BMI, the highest parental
education level (less than 10 years, 10 years, and more than 10
years), and active parental smoking (yes or no).

All the results were presented as beta coefficient (ff) with a 95%
confidence interval (CI) per five percent increase in RH. All
statistical analysis was conducted in R version 4.0.4 (22). Results
above zero indicate improved lung function; a two-sided p-value
<0.05 was considered statistically significant.

3.1. Characteristics of study population and
exposures

A total of 2,116 participants, with a mean age of 15.24
[standard deviation (SD)+0.31], of which approximately 51%
were female, had complete spirometric measurements and
environmental exposure data; 1,236 (58.41%) participants were
from Munich and 880 (41.59%) participants were from Wesel
( ). Approximately, 42% of participants reported suffering
from/or having had a CRD (e.g, diagnosed asthma, chronic
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TABLE 1 Summary of population characteristics.

Total® Munich® Wesel®
Participants 2,116 1,236 880
Age (years) 15.24 (0.31) 15.28 (0.31) 15.19 (0.31)
Sex
Female 1,080 (51.04%) 629 (50.89%) 451 (51.25%)
Male 1,036 (48.96%) 607 (49.11%) 429 (48.75%)

FEV, (z-score)

0.074 (1.199)

0.199 (1.207)

—0.103 (1.166)

FVC (z-score)

—0.039 (1.155)

0.025 (1.174)

—0.128 (1.124)

CRD

Yes 891 (42.11%) 514 (41.59%) 377 (42.84%)
No 1,212 (57.28%) 716 (57.93%) 496 (56.36%)
NA 13 (0.61%) 6 (0.49%) 7 (0.80%)

Maximal parental education

Low (<10 years)

126 (5.95%)

48 (3.88%)

78 (8.86%)

Medium (=10 years)

563 (26.61%)

219 (17.72%)

344 (39.09%)

High (>10 years)

1,422 (67.20%)

966 (78.16%)

456 (51.82%)

NA

5 (0.24%)

3 (0.24%)

2 (0.23%)

Parental smoking

Yes 346 (16.35%) 176 (14.24%) 170 (19.32%)
No 1,699 (80.29%) 1,016 (82.20%) 683 (77.61%)
NA 71 (3.36%) 44 (3.56%) 27 (3.07%)

20.94 (3.26)

20.67 (3.09)

21.31 (3.44)

BMI (kg/m?)

?Mean (Standard Deviation); number (%).

wheeze, chronic bronchitis), with there being slightly more cases in
Wesel than in Munich (42.84% vs. 41.59%) (Table 1). This was
supported by the spirometric measurements that showed that
participants in Wesel had lower FEV; (—0.103 vs. 0.199) and
FVC (—0.128 vs. 0.025) z-scores than Munich (Table 1).
Approximately, 67% of participants had parents with a high
educational level; this was most apparent in participants from
Munich (Table 1). The majority of participants fell within the
normal BMI category (69.57%), with participants from Wesel
slightly more likely to be overweight (12.84% vs. 8.41%); while
more participants from Munich were underweight (21.28% vs.
18.64%) (Table 1). Passive smoking exposure was reported by
16% of participants, with participants from Wesel reporting more
exposure to passive smoking than Munich (Table 1).

Weather parameters were similar in Munich and Wesel. The
average RH was 74.92% and 75.43% in Munich and Wesel
respectively (Table 2). Tmax was similar in Munich and Wesel

10.3389/fenvh.2023.1250523

however, Wesel was marginally warmer (Table 2). O3 and NO,
were approximately the same in both Munich and Wesel
(Table 2). PM, s was higher in Wesel than in Munich (12.75 pg/
m’ vs. 9.42 pg/m?) (Table 2). The majority of participants had
their spirometry measurements taken in the warm season
(63.75%) (Table 2).

3.2. Main associations of RH, Tmax, and air
pollution on FEV,; and FVC

Collinearity tests showed that all included variables were not
highly correlated and multicollinearity tests for the models
showed that indicating no
multicollinearity issue in the models. A 5% increase in RH was

all variables were below 3,
consistently associated with an increase in FEV; (f§=0.040 to
0.044; 95% CI: 0.009 to 0.076); Tmax was also consistently
associated was an increase in FEV; (§=0.014 to 0.015; 95% CI:
0.003 to 0.027) (Table 3). No significant associations were found
for O3 (=-0.0003; 95% CIL: —0.004 to 0.003), NO, (= 0.005;
95% CIL:—0.0005 to 0.011) and PM,s (§=0.006; 95% CI: —0.002
to 0.015) (Table 3). No significant associations were observed for
FVC (Table 3).

3.3. Interactive and modifying association of
air pollution on RH

On days with high levels of O, there was a decrease in FEV; (f§
=-0.211; 95% CI: —0.361 to —0.062) and FVC (f§ = —0.258; 95% CI:
—0.404 to —0.113) per 5% increase in RH compared to the reference
category (Figures 1, 2; Supplementary Table S1); there was no
significant finding for low O; days. However, the interactive term
for O; was statistically significant for both FEV, (p=0.0121) and
FVC (p=0.002) (Supplementary Table S1). No significant
findings were found for interactions between RH and PM,s or
RH and NO, on high or low air pollution days compared to the
reference category (Figures 1, 2; Supplementary Table S1).

TABLE 3 A table showing the beta coefficient and 95% CI of the main
associations of RH, Tmax, and air pollution on FEV; and FVC in a cohort
of German adolescents.

FEV, FVC
TABLE 2 Summary of environmental exposure on the day of examination. £ (95% CD* £ (95% CD)™*
RH* 0.044 (0.013, 0.074) 0.009 (=0.021, 0.039)
Total® Munich?® Wesel® Tmax” 0.014 (0.003, 0.025) 0.010 (—0.001, 0.021)
RH (%) 75.13 (11.30) 74.92 (11.82) 75.43 (10.54) PM, 5 0.006 (=0.002, 0.015) 0.003 (=0.005, 0.011)
Tmax (°C) 16.56 (7.95) 16.41 (8.49) 16.77 (7.12) RH* 0.042 (0.008, 0.076) 0.012 (=0.021, 0.045)
Tmean (°C) 12.46 (6.78) 12.18 (7.73) 12.85 (6.23) Tmax” 0.015 (0.003, 0.027) 0.009 (=0.003, 0.021)
Tmin (°C) 8.70 (6.02) 8.32 (6.17) 9.24 (5.74) 0;° —0.0003 (—0.004, 0.003) 0.0009 (=0.003, 0.004)
PM, 5 (ug/m?) 10.80 (5.91) 9.42 (541) 12.75 (6.05) RH* 0.040 (0.009, 0.071) 0.007 (=0.023, 0.037)
0; (ug/m®) 48.86 (21.36) 49.15 (22.30) 48.46 (19.96) Tmax” 0.015 (0.004, 0.026) 0.010 (=0.0,006, 0.021)
NO, (ug/m®) 17.54 (10.11) 17.26 (9.90) 17.94 (10.39) NO,* 0.005 (=0.0,005, 0.011) 0.002 (=0.003, 0.008)
Season Statistically significant in bold.
Warm 1,349 (63.75%) 767 (36.25%) 789 (63.83%) “Per 5% increase in RH at LagOL.
Cold 447 (36.17%) 560 (63.64%) 320 (36.36%) °Per 1° Celsius increase at Lag01.

?Mean (Standard Deviation); number (%).
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“Per 1 unit increase in air pollutant.
*Adjusted for CRD, study location and season.

frontiersin.org


https://doi.org/10.3389/fenvh.2023.1250523
https://www.frontiersin.org/journals/environmental-health
https://www.frontiersin.org/

Areal et al. 10.3389/fenvh.2023.1250523
NO2 o3 PM2.5
= 0.2 -
©
2
[
-t
£ e
Q
3 T { T
c
[0
= e e
(==
c
[} 4 S [
(&)
N 4 4
w
2
€
@ -02-
S T
b=
Q
[}
o
© £
-—
[« L
[11]
-0.4
High Medium Low High Medium Low High Medium Low
per 5% increase in RH
FIGURE 1
The association of RH when modified by categorical air pollution (reference category: medium) on FEV1.

3.4. Effect modification of CRD and sex on
FEV; and FVC

RH and temperature tended to show stronger protective
associations with lung function in female participants than in male
participants in the stratified analysis (Supplementary Table S2).

However, a contrasting result was observed in interaction models,
which shows female participants, in general, were more likely to
experience a decrease in FEV, (Supplementary Table S3), yet
male participants on high O; days in particular when compared to
the reference category, experienced a greater decrease in FVC than
their counterparts respectively.

NO2

o
N

Beta coefficient (95% Confidence Interval)
<
1

High  Medium  Low High

FIGURE 2

Medium Low Hiéh Medium Low
per 5% increase in RH

The association of RH when modified by categorical air pollution (reference category: medium) on FVC.
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In both, with and without CRD, the main association model
shows an increase in RH and temperature was associated with an
), whereas, FVC did
not show any significant associations. In our interaction models,

increase in FEV, (

we found a decrease in FEV, and FVC per 5% increase in RH
on both high and low O3 days when compared to the reference
category; this association was more apparent in those without
CRD than those with CRD ( ). For NO,
there was a non-significant trend towards a decrease in FEV,
and FVC in those with CRD ( ).

3.5. Sensitivity analysis

Results for the different lag period shows that the values were
consistent across all lags for RH and temperature. Secondly, the
direction of the association was consistent at different cut-offs for
the air pollutants (ie., 25th and 95th, 10th and 90th);
additionally, the strength of the association was consistent
( ). The results for the extended
model show that the associations of RH, temperature, and air
pollution with FEV; and FVC
additionally adjusting for age, sex, BMI, parental education,

remain unchanged after
second-hand smoking, family history of respiratory disease, and
anti-inflammatory medications (data not shown).

In recent years, climate change has adversely affected human
health. It is known that meteorology variables and air pollution
are associated with each other, with RH modifying the toxicity
of air pollutants as well as stagnant meteorological conditions,
i.e, high relative humidity and temperature, encouraging
increased pollutant emissions and secondary particle formations
(23); however, how these environmental factors modify and
interact with each other concerning health is largely unknown.
In this study, we assessed how air pollution modifies and
interacts with weather variables and how this impacts lung
function. We found that the main associations of RH and Tmax
showed statistically significant protective associations on lung
function, while O3, NO,, and PM, 5 failed to reach statistical
significance. In the interaction models we found that exposure
high levels of O; modified the protective association of RH and
that this interaction caused a decrease in lung function.
Typically, O; and RH have an inverse relationship, however, in
recent years, due to the effects of climate change, this
relationship is changing with O; and RH peaks occurring
concurrently along with temperature (

), as we have seen in our data set.

Additionally, female participants were more sensitive to the
main associations of weather variables than male participants.
modify the
environmental factors on respiratory health. At 15 years of age,

Biological sex might also associations  of
females are typically in the late- or post-stages of puberty and

have reached their peak lung function, while males are typically
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in an earlier stage and are still experiencing an increase in lung
function (24). Before puberty, females typically have higher lung
function than males, however, after puberty, males have higher
lung function than females. The increase in lung size, and as
such the thoracic cage, can lower airway resistance, while the
increase in high-fat mass in females is associated with increases
in lung inflammation and airway resistance (25). Furthermore,
females have slower blood flow, indicating that females are more
sensitive to changes in outdoor temperature than males, as cold
exposure causes their skin temperature to lower even further,
These

complement the findings from the present analysis which found

especially in the extremities (26, ). arguments
lung function in females to be more vulnerable to temperature
than in males.

With regard to CRD, typically the associations of weather and
air pollution were stronger in those without CRD. However, in
interaction models between RH and NO,, as well as RH and O3,
we did see a decrease in lung function in those without CRD
(28, 29).

According to the Képpen-Geiger climate classification, most of
Germany falls into what is called a cfb climate (30). By definition,
cfb climate means locations whose climates are temperate with a
warm summer and cool winter that has year-round precipitation
and high levels of humidity; these locations usually have an
average temperature below 22°C and do not experience extreme
heat or extreme cold (30, 31).

Regarding air pollution, the 95th percentile of O
(82.60 ug/m’) in Wesel and Munich is already below that of the
World Health organisations (WHO) updated 2021 air quality
guidelines (100 pg/m3); while, PM,; (22.08 pg/m3) and NO,
(37.85 ug/m?), are above the WHO air quality guidelines (15 pg/
m? and 25 pg/ms) (32). Considering that our results showed that
air pollution modifies and has an adverse association on lung
function, by meeting the WHO’s air quality guideline targets,
there could be an improvement in lung function. However, Os,
which is already below the WHO guidelines was found to
decrease lung function with increasing RH even with low O;
exposure. This suggests that further reduction in O; is needed.
Reduction in air pollution emissions and secondary particle
formation can occur by addressing the sources of air pollution
in our study, namely traffic-related emissions and agricultural
emissions (33).

This is the first study that investigates the short-term
interactive association of RH and air pollution on lung function
in adolescents in Germany. Due to the lack of studies on this
topic, it is complex to place our study into context as (1)
research primarily has looked at the long-term associations of
temperature and air pollution rather than immediate short-term
impacts of temperature and air pollution, (2) there is primarily a
focus on children or the elderly and not on adolescents which is
a stage of major biological change which is not truly comparable
to either adults or children, and (3) weather parameters, RH in
particular, are often only used as confounders in epidemiological
analyses and as such, the association of these variables is poorly
understood, and (4) modifying associations between RH and air
pollution are largely unknown. A previous study by Lepeule,
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Litonjua (34) looked at a cohort of elderly men from the United
States of America (USA) and investigated the association of
short-term temperature and RH on lung function. This study
found that there was a decrease in FEV1 and FVC with a 5%
increase in both temperature and RH. Our results differed in that
we found that an increase in temperature and RH were
associated with an increase in FEV1 in male adolescents. In
contrast, we found lower FVC with increasing temperatures and
RH in males which is in line with the results reported for older
males. The BAMSE birth cohort by Schultz, Hallberg (35) found
that FEV1 was potentially more sensitive to environmental
exposures than FVC which is consistent with our results. The
most likely reason for differences in our results compared to
those in literature can be attributed to different climates (i.e.,
Germany vs. the USA), the age of our participants (i.e.,
adolescents vs. middle-aged and elderly adults), and differences
in behaviour and personal characteristics.

It is beyond the scope of this study to identify the exact
biological mechanisms that may underlie the association of
weather parameters and lung function. Potentially, during
periods of high temperatures, e.g., heat waves, the body is unable
to efficiently thermoregulate; this leads to excessive sweating and
increased dehydration. which exacerbates CRD due to increased
airway resistance within the lungs (10, 36, 37). During low
temperatures, the veins and arteries narrow, causing an increase
in cardiac and respiratory workload (38, 39).

Research on the association of environmental factors on
adolescent health is limited. Future research should aim to
further investigate the immediate short-term associations of
weather parameters on respiratory health in adolescents as well
as continue assessing the potential interactive associations
between environmental factors which would allow us to
consolidate research on the association of multiple environmental
exposures on respiratory health.

This analysis has several strengths: The data were obtained
from large, well-characterised birth cohorts. Short-term air
pollution and meteorological exposures were estimated by well-
validated high-resolution models. Additionally, this is one of the
first studies to focus on RH and temperature associations on
lung function in adolescents as well as one of the first studies to
investigate the potential interactive associations of RH and air
pollution on lung function. This helps to identify potential
environmental impacts during a time of great biological
importance due to rapid growth during adolescence.

However, we also need to acknowledge some limitations.
Firstly, although the GINIplus/LISA cohort has been well
described, the findings might not be generalisable to adolescents
in other countries as this cohort was exposed to relatively low air
pollution levels compared to adolescents in other geographical
regions. Additionally, Germany typically has lower temperatures,
but high RH which further limits generalisability to adolescents
in other countries. Secondly, we did not have access to indoor
temperature and humidity which means this is limited to
outdoor exposure. Lastly, there is limited literature on the
interactive association of RH and air pollution on lung function,
which makes placing our results in context, complex.
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This analysis of a large data set of German adolescents from
two birth cohorts demonstrates that there is an interaction
between climate variables and lung function which is different
from that observed in other age groups. The interactive
association of RH and air pollution is associated with a decline
in lung function in this cohort of German adolescents. These
findings may have important clinical implications as the
association of short-term weather variables, which influence
climate, on adolescent health is largely unknown; additionally,
how RH and air pollution interact with each other and how this
interaction is associated with health is poorly understood. This
study fills important gaps in the evidence of climate change’s
effects on health. Future research should focus further not just
on the potential associations of extreme climate events on health
but also on the short- and long-term associations of daily
weather and air pollution interactions on health in adolescents.
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public viewing. Requests to access the datasets should be directed
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