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ARTICLE INFO ABSTRACT

Handling Editor: Olga-Ioanna Kalantzi Introduction: Prenatal exposure to perfluoroalkyl substances (PFASs) has been inconsistently associated with

Keywords: asthma and allergic diseases and increased number of infections in early childhood. We examined the association
Perfluoroalkyl substances of PFASs measured in pregnancy with childhood asthma, allergies and common infectious diseases in a pro-
Asthma spective pregnancy cohort followed to age 7 years.

Allergy Material and methods: Six PFASs (out of 19 measured) with at least 80% of measurements above the limit of
Immunosuppression quantification (LOQ) in maternal plasma during pregnancy in two subcohorts of the Norwegian Mother and
MoBa Child Cohort Study (MoBa) were analyzed in relation to health outcomes: perfluorooctane sulfonic acid (PFOS),
E;ei?;;i 4 acid (PFOA), perfluorohexane sulfonic acid (PFHxS), perfluorononanoic acid (PFNA), perfluoroundecanoic acid

(PFUnDA), and perfluoroheptane sulfonic acid (PFHpS). Follow-up questionnaires were completed at 3 years by
1270 women and at 7 years by 972 women among the 1943 with pregnancy questionnaire and PFAS measures.
Health outcomes included parent reports of child's symptoms or doctor diagnosed asthma and allergic conditions
at age 7 years and parent-reported frequency of various infections at 3 and 7 years of age. Logistic and Poisson
regression were used. The false discovery rate was controlled at 5%. Sensitivity analyses on gender were per-
formed.

Results: Among the allergy and asthma outcomes, a statistically significant inverse association was seen between
PFUNDA concentrations and ever having atopic eczema in girls. PFUnDA also tended to be inversely associated
with both wheeze and asthma. For infections from O to 3 and 6 to 7 years, 11 significant positive associations
were seen between PFASs and airways infections (bronchitis/pneumonia, throat infection, pseudocroup), ear
infection and gastric flu/diarrhea; whereas 6 inverse associations were seen for pseudocroup, ear infections and
urinary tract infections. The majority of the findings with respect to infectious diseases were found in girls only.
Discussion: With the exception of an inverse association between PFUnDA and eczema, and a tendency of a
similar association for wheeze and asthma, maternal PFAS levels during pregnancy showed little association
with asthma or allergy related outcomes. Findings from the present study suggest immunosuppressive effects of
PFASs on airways infections, such as bronchitis/pneumonia and throat infections, as well as diarrhea/gastric flu.
Our results indicate a possible role of gender in the PFAS-health outcome associations.

1. Introduction

Perfluoroalkyl substances (PFASs) are synthetic fluorinated com-
pounds that have been widely used in industrial and commercial pro-
ducts because of their water, oil, stain and heat resistant qualities
(Kotthoff et al., 2015; Vestergren and Cousins, 2009). PFASs are en-
vironmental pollutants and are ubiquitously found in nature, wildlife

and humans (Houde et al., 2006; Lau et al., 2007).

The main PFAS exposure for humans is through food and beverages,
although inhalation and ingestion of indoor dust may also contribute
(Fromme et al., 2009; Haug et al., 2011b; Haug et al., 2010). Exposure
in utero occurs through placental transfer (Apelberg et al., 2007;
Gutzkow et al., 2012) and mother's milk contributes considerably to
postnatal exposure (Haug et al., 2011a; Thomsen et al., 2010).
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Experimental in vitro and animal studies (DeWitt et al., 2012) sug-
gest that PFASs have immunotoxic effects, and exposure may be par-
ticularly harmful during the time of immune system development.
Some of the human studies on prenatal exposure to PFASs and vaccine
responses or infectious diseases, suggest immunosuppression; an asso-
ciation between prenatal exposure to PFASs and reduced immune re-
sponses to childhood vaccinations was found in Faroese (Grandjean
et al.,, 2012) and Norwegian children (Granum et al., 2013). Further-
more, in Norwegian children, maternal PFAS levels have also been as-
sociated with an increased number of episodes of common cold and
gastric flu in a sub-cohort of the Norwegian Mother and Child Cohort
Study (MoBa), as well as respiratory tract infections in the Environment
and Childhood Asthma (ECA) study (Granum et al., 2013; Impinen
et al., 2018). In the Danish Odense Child Cohort perfluorooctane sul-
fonic acid (PFOS) and perfluorooctanoic acid (PFOA) were found to be
associated with increased number of days with fever (Dalsager et al.,
2016). The Japanese Hokkaido study found maternal PFOA and per-
fluorohexane sulfonic acid (PFHxS) to be positively associated with
infectious disease occurrence in early life (Goudarzi et al., 2017). On
the contrary, using the same cohort, Okada et al. reported that maternal
PFAS serum levels were not related to childhood infections (Okada
et al., 2012). In the Danish National Birth Cohort, maternal PFAS levels
were not related to hospitalization due to infectious diseases in Danish
children (Fei et al., 2010).

Findings regarding association between prenatal PFAS exposure and
asthma and allergy related outcomes in children have been incon-
sistent. Prenatal exposure to PFASs was inversely related to eczema and
total allergic diseases (symptoms of eczema, wheeze and/or rhino-
conjunctivitis) in the Japanese children (Goudarzi et al., 2016; Okada
et al., 2014). However, in other studies, no associations have been
found between prenatal PFAS exposure and eczema (Granum et al.,
2013; Impinen et al., 2018; Okada et al., 2012; Smit et al., 2015; Wang
et al., 2011). Similarly, with regard to wheeze and PFASs both inverse
associations (Smit et al., 2015) and no associations (Granum et al.,
2013; Okada et al., 2014; Okada et al., 2012) have been reported.

Given the suggestive experimental evidence and inconsistent human
data, associations between PFAS levels in maternal plasma collected in
pregnancy and childhood allergy and asthma related outcomes and
infections in the Norwegian MoBa cohort were explored.

2. Material and methods
2.1. Study population

The study population in the present study is a subcohort of the
Norwegian Mother and Child Cohort Study (MoBa). MoBa is a pro-
spective population-based pregnancy cohort study conducted by the
Norwegian Institute of Public Health (Magnus et al., 2016; Paltiel et al.,
2014) (www.thi.no/morogbarn). MoBa was approved by the Regional
Committee for Medical Research Ethics and the Norwegian Data In-
spectorate. The cohort participants were recruited nationwide between
1999 and 2008. Pregnant women who scheduled a routine ultrasound
examination between 17 and 20 weeks of gestation were invited by
mail to participate in the study. The total participation rate was 39% of
the invited women. All participants signed an informed consent.

A questionnaire was used to collect information regarding demo-
graphic and lifestyle characteristics at the time of enrollment, as well as
a reproductive and medical history. Further self-reported data were
collected at pregnancy weeks 22 and 30, and when the child was 0.5,
1.5, 3 and 7 years old. Blood samples were obtained from the mother in
mid-pregnancy (median, 18 weeks of gestation). Maternal blood sam-
ples were shipped from the collection site to Oslo by mail at ambient
temperature. Data from the women recruited in MoBa were linked to
the Medical Birth Registry of Norway (MBRN) (Magnus et al., 2016;
Magnus et al., 2006).

The MoBa subcohort used in the present study consists of data from
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two previous nested case cohort studies: one addressed preeclampsia
and PFAS (Starling et al., 2014), and the other addressed subfecundity
and PFAS (Whitworth et al., 2012). The preeclampsia study involved
mothers with singleton pregnancies, no previous live births or still-
births, no chronic hypertension before pregnancy, enrollment in MoBa
in the period of 2003-2007, and who provided a mid-pregnancy blood
sample (Starling et al., 2014). From available validated preeclampsia
cases 500 were randomly selected from the eligible cohort and 550
control pregnancies were randomly selected, giving a total of 1050
subjects. To be eligible for selection into the subfecundity study, the
women must have enrolled in MoBa in 2003-2004, had delivered a live-
born child, provided a mid-pregnancy blood sample, and provided
complete information about time to pregnancy on the enrollment
questionnaire (Whitworth et al., 2012). For the study, 400 pregnancies
were randomly selected from all eligible MoBa participants who met
the criteria for subfecundity (defined as self-reported time to pregnancy
of > 12 months). From all eligible MoBa participants who reported a
time to pregnancy of any duration 550 pregnancies were randomly
selected as controls. Thus, the total number of subjects from this study
was 950.

For the present study, a total of 2000 mother-child pairs with
measured PFAS were available, but 1943 remained after excluding the
second twin of twin pairs (n = 23), one observation from subjects who
were in both studies (n = 17), and those whose baseline questionnaire
was not returned (n = 17). The later questionnaires were returned by
1756 (89%) at 0.5 year, by 1522 (77%) at 1.5 year, by 1270 (65%) at
3years, and by 972 (49%) at 7 years; 792 participants returned all the
mentioned questionnaires (Fig. 1).

2.2. Measurement of maternal plasma PFAS concentrations

PFAS concentrations were measured in 150 puL of maternal plasma
using high-performance liquid chromatography/tandem mass spectro-
metry at the Norwegian Institute of Public Health. For quantification of
PFOS, the total area of the linear and branched isomers was integrated.
Further details about the analytic method have been published pre-
viously (Haug et al., 2009). Nineteen PFASs were measured in the
maternal plasma. In this study, PFASs with < 80% of samples above the
limit of quantification (LOQ = 0.05ng/mL) were excluded from the
statistical analysis. Thus, we analyzed six PFASs in relation to health
outcomes: PFOS, PFOA, PFHxS, perfluorononanoic acid (PFNA), per-
fluoroundecanoic acid (PFUnDA), and perfluoroheptane sulfonic acid
(PFHpS).

2.3. Child health outcomes

Three types of health outcomes were examined: doctor-diagnosed
outcomes reported by parents at 7 years (current or ever); parent-re-
ported asthma- and allergy-related symptoms at 7 years (current or
ever) and parent-reported number of episodes of infections from O to
3years of age (sum from the 0.5year, 1.5year and 3year ques-
tionnaires) and from 6 to 7 years of age (from the 7 year questionnaire)
(Table 1). “Current” was defined as the child having symptoms the last
12 months, whereas “ever” was defined as the child having or have had
disease before age 7 years. The number of infectious diseases from 0 to
3years of age were only calculated for the participants returning all
questionnaires from birth to age 3 years (i.e. questionnaires at 0.5, 1.5
and 3years of age). Doctor-diagnosed outcomes were asthma, atopic
eczema, food allergy (milk, egg, peanuts, nuts, fish, shellfish, fruit or
other foods), and inhaled allergy (pollen, cat or dog). Parent-reported
symptoms were night cough without a cold, hives or urticaria, itchy
rash that has come and gone for at least 6 months, itchy/runny eyes
without a cold, runny nose without a cold, and tightness/wheezing/
whistling in the chest. Parent-reported infections were common cold
(3 years only), throat infection with streptococcus (3 years only), other
throat infection (3 years only), pseudocroup (3 years only), bronchitis/
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Fig. 1. Number of observations at different stages of study.

Table 1
Doctor-diagnosed and parent reported health outcomes.

Parent report of doctor-diagnosed health outcomes at 7 years of age: current (last
12 months) and ever

Asthma

Atopic eczema

Food allergy (milk, egg, peanuts, nuts, fish, shellfish, fruit, other foods)
Inhaled allergy (pollen, cat or dog)

Parent-reported symptoms in children at 7 years of age: current (in last 12 months)
and ever

Night cough without a cold

Wheeze (tightness/wheezing/whistling in the chest)
Hives/urticaria

Itchy rash that has come and gone for at least 6 months
Itchy/runny eyes without a cold

Runny nose without a cold

Parent-reported number of episodes of childhood infections from 0 to 3 years of age
and from 6 to 7 years of age

Common cold (3 years only)
Bronchitis/RS-virus/pneumonia (3 and 7 years)
Throat infection with streptococcus (3 years only)
Other throat infections (3 years only)
Pseudocroup (3 years only)

Ear infection (3 and 7 years)

Diarrhea/gastric flu (3 and 7 years)

Urinary tract infection (3 and 7 years)

RS-virus/pneumonia (3 and 7 years), ear infection (3 and 7 years),
gastric flu/diarrhea (3 and 7 years) and urinary tract infection (3 and
7 years) (Table 1).

2.4. Statistical methods

For PFAS samples with levels below LOQ, data were imputed using
multiple imputation with ten imputations. Imputed values of PFASs
were constrained so that the generated value of concentration would be
above zero and below the LOQ. PFAS concentrations were natural-log
transformed to achieve approximate normality needed in imputation.
Pearson correlation was computed for non-logarithmic PFAS values.
Prior to regression analysis, values were divided by the interquartile
range (IQR) of the respective PFAS to make it easier to interpret the
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regression coefficients. Thus, the odds ratios presented are interpreted
as changed risk with an increase of one IQR difference.

Logistic regression analysis was used to calculate odds ratios (OR)
and their 95% confidence intervals (95% CI) for all binary outcomes.
Poisson regression was used for count data of infections. The resulting
B-estimates were transformed to relative risk (RR) and their 95% CI.
Directed acyclic graphs (DAGs) for asthma/allergy and infectious dis-
eases were used to determine the adjustment variables in the final
models (Supplement Fig. 1). For all outcomes the models were adjusted
for maternal age, maternal body mass index (BMI), maternal education,
parity, and maternal smoking during the pregnancy. Nursery atten-
dance was not in the minimum sufficient adjustment set. However,
since nursery attendance can have an impact on the development of
infectious diseases, sensitivity analyses were performed with regard to
nursery attendance or not at age 3 years. Since gender differences are
often seen for asthma and allergy related outcomes, sensitivity analyses
with regard to gender was performed.

As there was a large number of associations examined (32 outcomes
by 6 PFAS) and we did not have a clear a priori ranking of possible
associations, we controlled the false discovery rate at 0.05 to address
multiple testing. All statistical analyses were performed with SAS 9.4
(SAS Institute Inc., Cary, NC, USA). A non-random dropout from the
follow-up was a possible source of bias. Therefore, the main analyses
were performed by using inverse probability weighting (IPW) including
the adjustment (Hernan et al., 2004). In sensitivity analyses, we re-
peated the analyses without IPW, to see if respondent attrition to later
follow-up questionnaires had an effect on results. In addition, possible
effect of being a case or a control in the two cohorts was evaluated by
using data source as a covariate in regression analysis and comparing
the model with the data source to a model with no data source cov-
ariate.

3. Results
3.1. Demographic and background variables

The majority of the mothers were between 25 and 34 years of age
(Table 2). Half of the mothers had a normal BMI (20-25 kg/mz). Sixty
per cent had 16 or more years of education. The most commonly re-
ported maternal disease was inhaled allergy. Seventy-three per cent of
mothers had no previous deliveries. During pregnancy, smoking
sometimes or daily was reported by 7% of mothers and passive smoke
exposure by 11%. Postnatal passive smoke exposure for the child was
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Background information for mothers and children at birth (N = 1943), 0.5 year (N = 1756), 1.5 year (N = 1522) and 3 year (N = 1270) questionnaires.

Data source

Whole cohort Subfecundity cases Preeclampsia cases Control groups Chi-square
N % N % N % N % p
Child's sex 0.040
Boy 863 49 188 51 187 44 488 51
Girl 879 50 179 48 231 55 469 49
Missing 14 1 3 1 4 1 7 1
Mother's illnesses
Asthma 146 8 26 7 47 10 73 7 0.047
Inhaled allergy (pollen, animal) 449 23 85 21 136 29 228 21 0.001
Other allergies 197 10 31 8 57 12 109 10 0.066
Atopic eczema (childhood eczema) 130 7 30 8 35 7 65 6 0.500
Urticaria (hives) 94 5 20 5 23 5 51 5 0.990
Mother's BMI < 0.001
<20 244 13 53 13 45 9 146 14
20-25 992 51 167 42 227 48 598 56
> 25 704 36 178 45 201 42 325 30
Missing 3 0 2 1 1 0 0 0
Mother's age < 0.001
=24 220 11 23 6 79 17 118 11
25-34 1432 74 281 70 349 74 802 75
=35 291 15 96 24 46 10 149 14
Mother's education 0.006
<12years 137 7 44 11 28 6 65 6
13-15 years 539 28 120 30 133 28 286 27
=16 years 1172 60 216 54 284 60 672 63
Missing 95 5 20 5 29 6 46 4
No previous deliveries 1427 73 227 57 466 98 734 69 < 0.001
Mother's smoking during pregnancy
No 1566 89 322 87 375 89 869 81 0.009
Sometimes 60 3 14 4 6 1 40 4
Daily 78 4 28 8 21 5 29 3
Missing 52 3 6 2 20 5 131 12
Passive smoking during pregnancy 193 11 55 15 46 11 92 10 0.080
Missing 10 1 1 0 3 1 6 1
Child passive smoking until 0.5 year 52 3 15 4 13 3 24 2 0.150
Missing 7 0 2 1 1 0 4 0
Child passive smoking until 1.5 year 65 4 24 7 14 4 27 3 0.004
Missing 3 0 0 0 0 0 3 0
Child passive smoking until 3 years 61 5 21 8 7 2 33 5 0.006
Missing 15 1 10 4 1 0 26 4
Breastfeeding months < 0.001
0 or missing 55 3 8 2 22 5 25 3
1-6 350 20 103 28 82 19 165 17
=7 1351 77 259 70 318 75 774 80
In nursery at 3 years 1073 84 232 84 253 88 588 83 0.120
Table 3
PFAS concentration in plasma (ng/ml) by percentile (N = 1943). LOQ: level of quantification.
Percentile
PFAS N, >L0Q %, >LOQ 1% 5% 25% 50% 75% 95% 99%
Perfluorooctane sulfonic acid PFOS 1943 100 4.21 7.60 9.92 12.87 16.63 20.99 33.04
Perfluorooctanoic acid PFOA 1943 100 0.79 1.41 1.86 2.54 3.30 4.19 6.29
Perfluorohexane sulfonic acid PFHxS 1936 100 0.17 0.35 0.47 0.65 0.91 1.33 3.95
Perfluorononanoic acid PFNA 1939 100 0.10 0.24 0.33 0.45 0.63 0.83 1.46
Perfluoroundecanoic acid PFUnDA 1742 90 0.01 0.06 0.11 0.20 0.31 0.42 0.75
Perfluoroheptane sulfonic acid PFHpS 1670 86 0.02 0.06 0.10 0.15 0.21 0.29 0.49

reported for 3-5% of the children. Only 3% of mothers reported that
they did not breastfeed the child.

One of the restriction criteria in the preeclampsia study was no
previous live births or stillbirths, explaining the difference in parity
between the two groups of cases and controls (Table 2). There were,
however, no notable differences in the PFAS levels between these
groups (Supplement Table 1). The restriction criteria may further ex-
plain the difference in maternal age between the preeclampsia and
subfecundity cohort with more participants at lower ages in the

preeclampsia group. However, the age was not reflected in maternal
education where preeclampsia cases seemed to be higher educated than
the subfecundity cases. Duration of breastfeeding may affect the child
postnatal exposure to PFASs. Although significant differences were
found between the cases and controls, the majority of the children were
breastfed for 7 months or longer. There were statistically significant
differences when it comes to maternal smoking during pregnancy and
child passive smoking asked at 1.5 and 3 years of age. However, since
the prevalence were low, the group differences have most likely not
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Table 4A

Prevalence of doctor-diagnosed outcomes at 7 years.
N =972 Current Ever

Yes, n Yes, % Yes, n Yes, %

Asthma 52 5 99 10
Atopic eczema 82 8 155 16
Food allergy 920 9 91 9
Inhaled allergy 35 4 94 10

affected the results of the present study.

3.2. PFAS concentrations

All samples had PFOS and PFOA concentrations above LOQ while
PFHxS, PFNA, PFUnDA, and PFHpS were below LOQ for some partici-
pants. The PFAS concentrations by percentiles are reported in Table 3,
ordered by their median concentrations, with PFOS being the highest
and PFHpS the lowest. The correlations among the six PFAS levels
ranged from 0.09 (PFUnDA:PFHxS) to 0.75 (PFHpS:PFOS) and all but 2
were 0.22 or greater (Supplement Table 2). As shown in Supplement
Table 1, there were no notable differences between the PFAS levels in
cases from the subfecundity and preeclampsia cohorts, as well as the
controls.

3.3. Health outcomes

The prevalence of the assessed health outcomes are shown in Tables
4A-4C.

For PFASs and doctor-diagnosed outcomes (asthma, atopic eczema,
food allergy, inhaled allergy), before FDR correction, there were inverse
associations (P < 0.05) between PFUnDA and ever having asthma,
current asthma, and ever having atopic eczema (Table 5A). After FDR
correction, only the association between PFUnDA and atopic eczema
remained statistically significant. When stratifying on gender, the as-
sociation between PFUnDA and atopic eczema was significant in girls
only (Supplement Table 3A).

For parent-reported asthma- and allergy-related symptoms, before
the FDR correction, current or ever wheezing both had inverse asso-
ciation with PFUnDA, current or ever hives had a positive association
with PFHpS, and current itchy or runny eyes had a positive association
with PFHxS. None of these associations remained after FDR correction
(Table 5B). After FDR correction of stratified analyses on gender, no
associations were significant. However, uncorrected analyses showed
the same tendency as in the uncorrected analyses of the whole cohort,
but with significant associations in either boys or girls (Supplement
Table 3B).

After FDR correction, 19 associations between PFAS exposure and
infectious diseases (p < 0.05) remained significant (Table 5C;
Fig. 2A-B). The overall trend in the analyses in the whole cohort and
gender specific analyses was mainly similar, but some associations were
significant in one gender only (Fig. 2C-D, Supplement Table 3C).

Table 4B

Prevalence of asthma and allergy related symptoms at 7 years.
N =972 Current Ever

Yes, n Yes, % Yes, n Yes, %

Nightly cough 90 9 153 16
Wheeze 67 7 179 19
Hives 39 4 71 8
Itchy rash 57 6 91 10
Itchy/runny eyes 69 7 93 10
Runny nose 62 6 84 9
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Table 4C

Number and percentage of children who had infectious diseases, and mean (SD)
number of episodes of the diseases by 3 and 7 years of age. Means are calculated
based on the number of participants in each age group.

0-3 years 6-7 years
N =1270 N =972
=1 episode Mean (SD) =1 episode Mean (SD)
N (%) N (%)
Common cold 1256 (99) 9.64 (5.7) -
Bronchitis/pneumonia 365 (29) 0.55 (1.8) 27 (3) 0.04 (0.3)
Throat infection w/ 205 (16) 0.29 (1.1) -
strepto
Other throat infections 309 (24) 0.51 (1.3) -
Pseudocroup 246 (19) 0.25 (1.8) -
Ear infection 576 (45) 1.18 (1.2) 132 (14) 0.20 (0.6)
Diarrhea/gastric flu 1018 (80) 2.29 (2.,5) 205 (21) 0.75 (3.1)
Urinary tract infection 343 (27) 0.47 (1.1) 35 (4) 0.05 (0.3)

Between ages 0 and 3, common cold was inversely associated with
PFOS and PFOA (Table 5C). After stratifying by gender, these associa-
tions were significant in girls only (Supplement Table 3C).

Bronchitis/pneumonia was positively associated with PFOS, PFOA,
PFHxS and PFHpS between age 0 and 3 years (Fig. 2A). The associations
for PFOA and PFHxS were significant in girls only (Fig. 2C). No sig-
nificant associations were found between 6 and 7 years in the whole
cohort, however, there was an inverse association with PFNA in girls
after stratifying by gender (Figs. 2C).

Between O and 3years of age, throat infection with streptococcus
were positively association with PFNA in the whole cohort, whereas a
positive association with PFOA was found in boys and with PFUnDA in
girls (Fig. 2A and C, Supplement Table 3C). Other throat infections
were positively associated with PFHxS in girls (Fig. 2A and C, Supple-
mental Table 3C).

Both pseudocroup and ear infection showed inconsistent results.
Pseudocroup was positively associated with PFOA and PFHxS and in-
versely associated with PFUnDA (Fig. 2A). In the stratified analyses,
PFOA was no longer significantly associated with pseudocroup but
showed the same positive trend as in the analysis on the whole cohort
(Fig. 2C, Supplement Table 3C). Between 0 and 3 years of age, ear in-
fection was positively associated with PFHxS and inversely associated
with PFOS and PFUnDA (Fig. 2A). PFOS and PFOA was inversely as-
sociated in girls only (Fig. 2C). No associations were observed between
PFAS concentrations and ear infections at age 6 to 7 years (Table 5C).

Between the age 0 to 3years, no associations were observed for
gastric flu in the whole cohort (Table 5C). However, stratified by
gender, there was a positive association with PFNA in girls (Fig. 2D).
Between 6 and 7 years of age, diarrhea/gastric flu was positively as-
sociated with PFOA and PFHxS, whereas no differences were found
between gender (Fig. 2B and D, Supplement Table 3C). Urinary tract
infection between 0 and 3 years of age was inversely associated with
PFOS, PFOA and PFHpS (Fig. 2B; Table 5C). After stratifying on gender,
these associations were significant in girls only (Fig. 2D). Between 6
and 7 years of age, urinary tract infection was inversely associated with
PFHXS in girls (Fig. 2B and D).

When stratified by nursery attendance at age 3 years, there were
significantly differences in number of episodes of common cold, throat
infections with streptococcus, pseudocroup and diarrhea/gastric flu
between age O to 3years in the nursery group compared to the no
nursery group (Supplement Table 4). In the sensitivity analyses based
on nursery attendance, there were no group differences when it comes
to PFOS and common cold. Whereas the association observed for PFOA
in the whole cohort, was no longer significant in the stratified analysis
(Supplement Table 5). With regard to throat infections with strepto-
coccus, there were significant findings in the nursery group for PFNA
and PFUnDA only. In addition there was an inverse association with
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Doctor-diagnosed health outcomes by 7 years of age and their association with maternal PFAS concentration in plasma during pregnancy. Weighted analysis with p-
value corrections. N = 921 (51 participants not included due to missing data for confounders). Results shown in bold are statistically significant after FDR. Italics:

p < 0.05 before FDR.

Current Ever
Outcome Exposure OR* LCL UCL P FDR" OR* LCL UCL P FDR"
Asthma PFOS 1.11 0.72 1.69 0.643 0.953 0.93 0.68 1.26 0.631 0.946
PFOA 1.11 0.69 1.79 0.657 0.953 0.99 0.70 1.39 0.933 0.989
PFHxS 1.21 0.87 1.67 0.259 0.888 0.96 0.79 1.18 0.724 0.989
PFNA 0.99 0.64 1.52 0.953 0.953 1.00 0.73 1.38 0.989 0.989
PFUnDA 0.68 0.48 0.97 0.035 0.724 0.75 0.57 0.98 0.038 0.452
PFHpS 0.97 0.71 1.32 0.851 0.953 1.01 0.80 1.28 0.934 0.989
Atopic eczema PFOS 0.97 0.70 1.36 0.876 0.953 1.03 0.80 1.33 0.798 0.989
PFOA 0.93 0.64 1.35 0.707 0.953 1.02 0.77 1.34 0.914 0.989
PFHxS 1.06 0.83 1.36 0.623 0.953 1.09 0.90 1.31 0.389 0.870
PFNA 0.78 0.55 1.10 0.151 0.724 0.90 0.70 1.17 0.440 0.870
PFUnDA 0.76 0.56 1.03 0.072 0.724 0.69 0.55 0.86 0.001 0.024
PFHpS 0.90 0.72 1.13 0.354 0.952 0.95 0.79 1.15 0.608 0.946
Food allergy PFOS 1.02 0.73 1.41 0.928 0.953 0.99 0.72 1.37 0.969 0.989
PFOA 1.32 0.92 1.90 0.136 0.724 1.10 0.77 1.57 0.613 0.946
PFHxS 1.10 0.86 1.41 0.453 0.953 1.03 0.82 1.30 0.799 0.989
PFNA 1.22 0.87 1.71 0.246 0.888 1.25 0.90 1.74 0.183 0.580
PFUnDA 0.95 0.70 1.29 0.753 0.953 0.79 0.59 1.05 0.097 0.580
PFHpS 0.97 0.76 1.24 0.805 0.953 0.92 0.73 1.16 0.471 0.870
Inhaled allergy PFOS 1.11 0.72 1.69 0.643 0.953 1.27 0.93 1.74 0.135 0.580
PFOA 0.96 0.55 1.67 0.887 0.953 1.25 0.88 1.78 0.213 0.580
PFHPxS 1.21 0.81 1.81 0.357 0.952 1.18 0.93 1.50 0.166 0.580
PFNA 0.89 0.53 1.47 0.640 0.953 0.89 0.65 1.22 0.462 0.870
PFUnDA 1.18 0.72 1.94 0.514 0.953 0.79 0.60 1.04 0.092 0.580
PFHpS 0.77 0.56 1.06 0.109 0.724 0.87 0.70 1.09 0.217 0.580

@ Logistic regression odds ratio (OR) adjusted for maternal age, maternal BMI, maternal education, parity, and smoking during the pregnancy with lower 95%

confidence limit (LCL) and upper 95% confidence limit (UCL).
b False discovery rate p-value.

PFOS in the no nursery group (Supplement Table 5). For pseudocroup,
there where group differences with respect to PFOA and PFHxS with a
positive association with pseudocroup in children not attending nur-
sery, whereas it was an inverse association between pseudocroup and
PFUNDA in children attending nursery. No significant associations were
found between PFASs and diarrhea/gastric flu between age 0 and
3 years in the whole cohort. However in the sensitivity analyses based
on nursery attendance, there was an inverse association for PFOS in the
no nursery group and a positive association for PFNA in the nursery
group (Supplement Table 5).

Weighted analyses with inverted probability weights (IPW) had few
differences compared to the analyses with no weights as three more
associations became statically significant after weighting (Supplement
Tables 6A-C). These associations were atopic eczema and PFUnDA,
common cold and PFOA, and pseudocroup and PFUnDA. Cohort and
case/control status were additionally used as a covariate to model the
possible effect of selection. There were no differences in the statistically
significant results (Supplement Table 7).

4. Discussion

In the present study, no statistically significant associations were
found between prenatal exposure to PFASs and the doctor-diagnosed
outcomes food allergy, inhaled allergy (rhinitis) and asthma at age
7 years, while prenatal exposure to PFUnDA was inversely related to
atopic eczema in girls. In a previously published study using another
MoBa sub-cohort (BraMat), no associations were found between pre-
natal PFAS exposures and doctor-diagnosed asthma or atopic eczema
until 3 years og age (Granum et al., 2013). Even though both studies
originate from MoBa, there are some important differences between the
two sub-cohorts. BraMat was considerably smaller than in the present
study (n = 99), information on health outcomes were collected an-
nually until age 3 years using study-specific questionnaires, and fewer
PFASs were used in the statistical analyses (e.g PFUnDA was not

included). Results from these two MoBa sub-cohorts may, therefore, not
be directly comparable.

When it comes to doctor-diagnosed eczema, the finding from the
present study is in line with findings from the Japanese Hokkaido Study
where inverse associations were found between PFUnDa and PFTrDA
and eczema in girls at age two years (Okada et al., 2014), and between
PFDoDA and PFTrDA and total allergic disease (having at least one of
the following outcomes: eczema, wheezing and rhinoconjunctivitis) in
four year old children (Goudarzi et al., 2016). Birth-cohort studies from
Norway (Granum et al., 2013; Impinen et al., 2018), Taiwan (Wang
et al., 2011), Japan (Okada et al., 2012) and Greenland/Ukraine (Smit
et al., 2015) have reported no associations between prenatal PFASs and
eczema. Inverse relationships between PFASs and eczema have only
been reported for long-chain PFASs (PFUnDA, PFDoDA and PFTrDA
with 11, 12 and 13 carbons, respectively), whereas no associations have
been reported for PFASs with a chain-length of 9 carbons or less. This
may imply that prenatal exposure to long-chain PFASs may be more
important with regard to eczema compared to the PFASs with shorter
carbon chains.

With regard to food allergy and rhinitis no associations were found
in the present study, in line with previous studies in Japanese or
Norwegian children (Okada et al., 2012) (Impinen et al., 2018; Okada
et al., 2014). Likewise, no associations between prenatal exposure to
PFASs and asthma were found in children from Norway (Granum et al.,
2013; Impinen et al., 2018) and Greenland/Ukraine (Smit et al., 2015).

To our knowledge, we are the first to study the association between
PFAS exposure and coughing at night, hives, itchy rash, itchy runny
eyes and runny nose (i.e. symptoms that can reflect asthma and allergic
diseases). None of these parent-reported symptoms at seven years of age
showed statistically significant associations with prenatal exposure to
PFASs. Sensitivity analyses based on gender did not affect the conclu-
sions. When it comes to wheeze, there was an inverse relation between
PFUnDA and current and ever wheeze before the FDR correction, but in
boys only. Interestingly, we observed a similar inverse relation between
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Parent-reported current and lifetime symptoms by 7 years of age and their association with maternal PFAS concentration in plasma during pregnancy. Weighted
analysis with p-value corrections. N = 921 (51 participants not included due to missing data for confounders). Italics: p < 0.05 before FDR.

Current Ever
Outcome Exposure OR? LCL UCL p FDR" OR? LCL UCL P FDR"
Nightly cough PFOS 1.01 0.74 1.40 0.934 0.981 1.00 0.77 1.29 0.981 0.987
PFOA 1.16 0.81 1.66 0.430 0.908 1.17 0.88 1.57 0.278 0.714
PFHxS 1.06 0.84 1.33 0.624 0.908 0.98 0.82 1.18 0.853 0.987
PFNA 1.02 0.73 1.43 0.897 0.979 1.01 0.78 1.32 0.918 0.987
PFUnDA 0.82 0.62 1.09 0.178 0.777 0.84 0.66 1.05 0.126 0.562
PFHpS 1.14 0.87 1.48 0.353 0.819 1.08 0.88 1.33 0.452 0.815
Wheeze PFOS 0.94 0.65 1.37 0.757 0.908 0.89 0.69 1.13 0.340 0.747
PFOA 0.97 0.64 1.46 0.868 0.977 0.96 0.73 1.26 0.753 0.987
PFHxS 1.07 0.81 1.41 0.646 0.908 1.07 0.90 1.28 0.458 0.815
PFNA 0.93 0.64 1.37 0.722 0.908 0.89 0.69 1.14 0.353 0.747
PFUnDA 0.71 0.51 0.98 0.037 0.426 0.71 0.57 0.89 0.003 0.090
PFHpS 0.87 0.68 1.12 0.283 0.777 0.96 0.80 1.15 0.648 0.965
Hives PFOS 1.57 0.98 2.51 0.062 0.426 1.35 0.94 1.93 0.101 0.562
PFOA 1.19 0.71 2.01 0.514 0.908 1.28 0.86 1.92 0.228 0.684
PFHxS 1.23 0.87 1.75 0.247 0.777 1.33 1.00 1.76 0.052 0.562
PFNA 1.55 0.95 2.54 0.079 0.426 1.19 0.82 1.74 0.352 0.747
PFUnDA 1.15 0.72 1.82 0.567 0.908 0.82 0.60 1.11 0.196 0.641
PFHpS 1.74 1.09 2.78 0.022 0.426 1.60 1.13 2.28 0.009 0.158
Itchy rash PFOS 0.93 0.64 1.36 0.711 0.908 0.78 0.59 1.04 0.094 0.562
PFOA 0.92 0.60 1.43 0.714 0.908 1.00 0.79 1.28 0.972 0.987
PFHxS 1.33 0.96 1.83 0.083 0.426 0.89 0.65 1.22 0.478 0.815
PFNA 1.07 0.71 1.61 0.746 0.908 1.04 0.72 1.48 0.853 0.987
PFUnDA 0.96 0.66 1.38 0.808 0.938 1.21 0.94 1.57 0.140 0.562
PFHpS 0.88 0.66 1.16 0.364 0.819 1.05 0.75 1.46 0.789 0.987
Itchy/runny eyes PFOS 1.40 0.97 2.02 0.074 0.426 1.33 0.96 1.84 0.085 0.562
PFOA 1.26 0.83 1.89 0.276 0.777 1.08 0.76 1.54 0.670 0.965
PFHxS 1.34 1.00 1.80 0.048 0.426 1.15 0.90 1.46 0.262 0.714
PFNA 1.14 0.78 1.65 0.510 0.908 1.00 0.72 1.38 0.987 0.987
PFUnDA 1.06 0.75 1.50 0.756 0.908 0.93 0.69 1.24 0.610 0.955
PFHpS 0.99 0.75 1.31 0.954 0.981 1.05 0.81 1.35 0.713 0.987
Runny nose PFOS 1.14 0.77 1.67 0.517 0.908 1.13 0.80 1.58 0.498 0.815
PFOA 1.32 0.86 2.03 0.201 0.777 1.34 0.92 1.95 0.134 0.562
PFHxS 1.05 0.79 1.40 0.729 0.908 1.02 0.80 1.30 0.889 0.987
PFNA 1.27 0.86 1.88 0.234 0.777 1.27 0.90 1.80 0.176 0.632
PFUnDA 1.00 0.70 1.43 0.982 0.982 0.96 0.71 1.31 0.797 0.987
PFHpS 0.87 0.68 1.13 0.302 0.777 0.90 0.72 1.14 0.383 0.766

@ Logistic regression odds ratio (OR) adjusted for maternal age, maternal BMI, maternal education, parity, and smoking during the pregnancy with lower 95%

confidence limit (LCL) and upper 95% confidence limit (UCL).
b False discovery rate p-value.

PFUnDA and current and ever asthma before FDR correction in the
whole cohort. This common effect of PFUnDA on the association of both
wheeze and asthma may indicate a suppressive effect on asthma. An
inverse relation between PFASs (expressed as a principle component
dominated by PFOA and PFOS) and current wheeze was also reported
in a birth cohort with children from Ukraine and Greenland, with sig-
nificant findings in the Ukraine cohort only (Smit et al., 2015). Fur-
thermore, in the Hokkaido Study an inverse relationship was found
between PFDoDA and PFTrDA and total allergic disease defined as
having at least one of the following outcomes: eczema, wheezing and
rhinoconjunctivitis (Goudarzi et al., 2016). Even though these studies
provide some evidence of an inverse relation between prenatal PFAS
exposure and wheeze, there are also studies reporting no associations
(Granum et al., 2013; Okada et al., 2014; Okada et al., 2012). Thus
more data is needed to conclude on possible effects of prenatal PFAS
exposure on wheeze in childhood.

While sparse associations were observed between prenatal PFAS
exposures and the asthma and allergy related outcomes, 19 associations
remained (after FDR correction) between PFASs and the number of
episodes of common childhood infections from O to 3 years of age and
from 6 to 7 years of age. With regard to the associations between PFOS
and PFOA and common cold up to age three years, the RR's were close
to one (0.95-0.96). Thus, the biological relevance of these findings is
uncertain. For the other associations, the direction of the effect ap-
peared to vary between different groups of infectious diseases. From 0
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to 3years of age positive associations were found between bronchitis
and/or pneumonia and PFOS, PFOA, PFHxS, and PFHpS, between
throat infection with streptococcus and PFNA, between other throat
infection and PFHxS, between pseudocroup and PFOA and PFHxS, and
between ear infection and PFHxS. Inverse associations were found be-
tween pseudocroup and PFUnDA, ear infection and PFOS and PFUnDA,
and urinary tract infection with PFOS, PFOA and PFHpS. An inverse
association between urinary tract infection and PFHxS were also found
from 6 to 7 year of age. Finally, there were positive associations be-
tween PFOA and PFNA and gastric flu/diarrhea from age 6 to 7 years.

Our findings on bronchitis/pneumonia and throat infections (with
or without streptococcus) are consistent with previous Norwegian re-
ports on prenatal exposure to PFASs and airways infections in child-
hood in that there were positive associations between PFASs and
common cold in children at age three years in the MoBa sub-cohort
BraMat (Granum et al., 2013), and positive associations between PFASs
and common cold at age two years, and lower respiratory tract infec-
tions at age 10 years in the ECA study (Impinen et al., 2018). These
findings are consistent and indicate that prenatal exposure to PFASs
may have immunosuppressive effect with respect to these airways in-
fections during childhood.

The results with respect to pseudocroup and ear infections were
inconsistent. With regard to pseudocroup, a positive relation were
found for PFHxS and PFOA and an inverse relation for PFUnDA. When
stratified on gender, the associations for PFHxS and PFUnDA were
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Parent-reported common infectious diseases by 3 and 7 years of age and their association with maternal PFAS concentration in plasma during pregnancy. Weighted
analysis with p-value corrections. Results shown in bold are statistically significant after FDR. Italics: p < 0.05 before FDR.

0-3years, n = 1207

6-7 years, n = 921

Outcome Exposure RR® LCL UCL P FDR" RR® LCL UCL p FDR"
Common cold PFOS 0.94 0.92 0.97 < 0.001 < 0.001
PFOA 0.96 0.94 0.99 0.012 0.045
PFHxS 1.01 1.00 1.03 0.058 0.156
PFNA 0.99 0.97 1.02 0.641 0.756
PFUnDA 0.98 0.95 1.00 0.046 0.133
PFHpS 0.99 0.97 1.01 0.438 0.563
Bronchitis/pneumonia PFOS 1.20 1.07 1.34 0.001 0.007 0.77 0.50 1.19 0.242 0.398
PFOA 1.27 1.12 1.43 < 0.001 0.001 0.75 0.45 1.23 0.254 0.398
PFHxS 1.15 1.06 1.24 < 0.001 0.003 0.92 0.70 1.21 0.555 0.701
PFNA 1.01 0.91 1.13 0.815 0.876 0.67 0.43 1.05 0.081 0.193
PFUnDA 1.05 0.95 1.16 0.344 0.465 1.00 0.66 1.51 0.998 0.998
PFHpS 1.15 1.05 1.25 0.002 0.008 0.86 0.63 1.18 0.345 0.465
Throat infection w/ strepto PFOS 0.90 0.78 1.04 0.163 0.309
PFOA 1.14 0.96 1.35 0.125 0.261
PFHxS 0.93 0.86 1.01 0.104 0.226
PFNA 1.29 1.11 1.50 0.001 0.007
PFUNnDA 1.12 0.97 1.30 0.127 0.261
PFHpS 0.95 0.86 1.05 0.305 0.458
Other throat infections PFOS 0.90 0.81 1.01 0.064 0.158
PFOA 0.91 0.80 1.04 0.157 0.305
PFHxS 1.10 1.02 1.18 0.013 0.045
PFNA 0.97 0.87 1.08 0.580 0.720
PFUNnDA 1.02 0.92 1.14 0.719 0.796
PFHpS 1.05 0.97 1.15 0.228 0.398
Pseudocroup PFOS 1.07 0.96 1.20 0.217 0.391
PFOA 1.22 1.07 1.38 0.002 0.010
PFHxS 1.20 1.11 1.30 < 0.001 < 0.001
PFNA 0.98 0.87 1.09 0.687 0.796
PFUnDA 0.86 0.78 0.95 0.002 0.010
PFHpS 1.07 0.99 1.16 0.098 0.225
Ear infection PFOS 0.88 0.82 0.94 < 0.001 0.002 1.13 0.92 1.40 0.254 0.398
PFOA 1.00 0.92 1.08 0.968 0.982 1.12 0.88 1.41 0.349 0.465
PFHxS 1.09 1.04 1.14 < 0.001 0.003 1.08 0.93 1.25 0.298 0.456
PFNA 0.94 0.88 1.01 0.100 0.225 1.12 0.90 1.38 0.315 0.458
PFUnDA 0.90 0.84 0.96 0.002 0.008 1.22 0.99 1.50 0.063 0.158
PFHpS 0.99 0.94 1.05 0.717 0.796 1.01 0.86 1.19 0.870 0.922
Diarrhea/gastric flu PFOS 0.98 0.93 1.03 0.348 0.465 1.12 1.01 1.24 0.033 0.104
PFOA 1.00 0.94 1.06 0.945 0.972 1.48 1.31 1.67 < 0.001 < 0.001
PFHxS 0.98 0.96 1.02 0.318 0.458 1.27 1.18 1.38 < 0.001 < 0.001
PFNA 1.06 1.00 1.12 0.036 0.108 1.08 0.96 1.20 0.191 0.353
PFUnDA 0.97 0.92 1.01 0.152 0.304 1.01 0.91 1.11 0.904 0.943
PFHpS 0.98 0.94 1.02 0.255 0.398 1.02 0.93 1.11 0.702 0.796
Urinary tract infection PFOS 0.78 0.70 0.87 < 0.001 < 0.001 0.91 0.63 1.31 0.604 0.737
PFOA 0.78 0.69 0.88 < 0.001 0.001 0.66 0.43 1.01 0.054 0.150
PFHxS 0.93 0.88 0.99 0.030 0.098 0.79 0.66 0.95 0.012 0.045
PFNA 0.93 0.83 1.05 0.235 0.398 0.64 0.44 0.94 0.021 0.072
PFUNDA 1.01 0.91 1.13 0.792 0.864 1.20 0.81 1.77 0.367 0.481
PFHpS 0.89 0.82 0.97 0.011 0.045 0.94 0.71 1.24 0.638 0.756

@ Poisson regression rate ratio (RR) adjusted for maternal age, maternal BMI, maternal education, parity, and smoking during the pregnancy with lower 95%

confidence limit (LCL) and upper 95% confidence limit (UCL).
b False discovery rate p-value.

observed in girls only. Since pseudocroup is an infectious disease with
an inflammation in the area of the larynx and the vocal cords, it would
be expected to observe similar effects of PFASs on both pseudocroup
and throat infections. No associations were observed between PFAS
exposure and ear infections when the children were 7 years old, while
several associations were found at age three years. Ear infections were
positively associated with PFHxS (boys only), and inversely associated
with PFOS and PFOA (both in girls) and PFUnDA. There are two pre-
vious studies on ear infection (otitis media), both reporting no asso-
ciations with prenatal PFAS exposure; in Japanese children until age
18 months and in Norwegian children until age three years (Granum
et al., 2013; Okada et al., 2012). Compared to the present study, these
two studies were smaller and the prevalence of ear infections were
lower (Japanese study: 61/343 [18%]; Norwegian study: 27/99 [37%];
present study: 576/1270 [47%]). Thus, one possible reason for the

469

inconsistent results could be differences in statistical power. The results
on ear infections in the present study indicate that there may be an
effect of prenatal PFAS exposure on ear infections in early childhood.
However, due to the inconsistent findings regarding both pseudocroup
and ear infections, more studies are needed to further elucidate possible
effects of prenatal exposure to PFASs on these infectious diseases.
When it comes to the infectious diseases not related to the airways,
the present study supports previous findings made in the MoBa cohort
on a positive association between prenatal PFAS exposure and dia-
hhrea/gastric flu (Granum et al., 2013). Urinary tract infection has, to
our knowledge, not previously been studied in relation to PFAS ex-
posure. Urinary tract infections was the only infectious disease that
were consistently associated with a reduced number of episodes of
disease, but in girls only. Infectious diseases can be divided into con-
tagious and non-contagious. It is interesting that the rate ratio is
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Fig. 2. Parent-reported common infectious diseases by 3 and 7 years of age with significant exposure-outcome associations after FDR correction (p < 0.050). A and B
show results for the whole cohort for airways and other infections, respectively. C and D show statistically significant results with gender stratified analysis
(p = 0.050) for airways and other infections, respectively. Closed squares: main effect in the whole cohort; closed circles: girls; open circles: boys. #: p > 0.05 after

FDR.

reduced in the only purely non-contagious infection included in the
present study, ie. urinary tract infections. Furthermore, even though
ear infections in many cases follow contagious diseases, such as
common cold or throat infections, this disease may also occur without
contact with a carrier of infection. Thus, we speculate that our results
indicate a reduced risk of non-contagious infectious disease with in-
creased prenatal exposure to PFASs.

The majority of the findings with respect to infectious diseases were
found in girls only indicating a gender difference in the effect of PFASs
on these diseases. The same gender effect was also seen for eczema. This
implies that it is important to perform statistical analyses stratified by
gender, and the size of the present study is thus one of the strengths
compared to a number of previous studies.

Children attending a nursery are more likely to get contagious dis-
eases compared to other children. Thus, nursery attendance can be an
important effect modifier when analyzing possible effects of prenatal
PFAS exposure on development of infectious diseases. There were sig-
nificantly higher number of episodes (0-3years) of common cold,
throat infections with streptococcus and diarrhea/gastric flu in children
attending a nursery at three years of age compared to the other chil-
dren, while there were less episodes of pseudocroup in children at-
tending nursery. Sensitivity analyses based on nursery attendance were
therefore performed. No group differences were observed for the as-
sociation between PFAS exposures and common cold. There was a
significant positive association between throat infections with strepto-
coccus and PFNA in the whole cohort, but this association were positive
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only for children attending nursery. Even though not being significant
when analyzing the whole cohort, PFUnDA and PFNA were positively
associated with throat infections with streptococcus and diarrhea/gas-
tric flu, respectively, for children attending a nursery. Whereas, for
children not attending nursery, PFOS were inversely related to both
outcomes. With regard to pseudocroup, the positive associations seen in
the whole cohort for PFOA and PFHxS were, in the sensitivity analyses,
significant only in children not attending nursery. While PFUnDA were
inversely related to pseudocroup in children attending nursery only.
These findings indicate that for some PFAS-outcome associations, nur-
sery attendance may be an effect modifier, possibly due to the higher
infection pressure. However, all associations observed were in the same
direction as in the whole population. It should be noted that as many as
84.5% of the children attended a nursery at three years of age. The
results from the sensitivity analyses may, therefore, also be affected by
the differences in the number of children included in the two groups.
Likewise, other children living in the household may also be an im-
portant factor with regard to getting contagious diseases. However, in
the present study, no statistically significant differences in the number
of episodes of the contagious diseases were found between children
with or without other children living in the household (results not
shown).

Possible weaknesses of our study were the loss to follow-up and
reliance on questionnaire-based outcomes. For the doctor diagnosed
allergic conditions we did not require objective allergy testing nor did
we require bronchial responsiveness testing for asthma at age seven
years. However, the present asthma and allergic outcomes are fre-
quently used in large population as well as genetic studies (Demenais
et al., 2018). Further, when evaluating the seven year questionnaire
reports of asthma medication use reported by MoBa parents, there was
a high concordance between parent-reported use of asthma medication
and dispensing of asthma medications in the Norwegian Prescription
Drug Registry (Furu et al., 2011). The number of infection episodes may
be difficult to estimate and recall for parents. Further, it is possible that
a single illness episode could be reported with more than one of the
infection symptoms making counting of episodes more uncertain.
Bronchitis, RSV and pneumonia may have different disease severities.
However, in the MoBa questionnaires these infectious diseases are all
included in the same question. Thus, these outcomes cannot be re-ca-
tegorized into separate diseases outcomes. We had substantial loss to
follow-up at age seven. However, we attempted to control the possible
bias by performing analysis with inverse probability weighting to adjust
for the effects of drop-out from follow-up; this adjustment had a rela-
tively minor effect on the results. Reassuringly, with linkage to the
Norwegian Prescription Drug Registry, the rate of dispensing of asthma
medications was very similar among respondents and non-respondents
to the seven year questionnaire (Furu et al., 2011), suggesting minimal
differential loss to follow up dependent on asthma status. Finally,
with < 2000 individuals included in the study, our study was most
likely underpowered to identify weak associations with the less fre-
quent outcomes. Some strengths of our study were the 7-year follow-up
time, the relatively large number of participants compared with other
studies, that a high number of PFASs were assessed also including the
ones currently on a rise in the environment and the wide range of
outcomes considered.

5. Conclusion

Except for an inverse relationship between PFUnDA and eczema in
girls, our results give little support for an association between prenatal
PFAS exposures and allergy related outcomes. PFUnDA also tended to
be inversely associated with both wheeze and asthma, indicating an
immunosuppressive  effect. Our results further suggest im-
munosuppressive effects of PFASs on airways infections, such as bron-
chitis/pneumonia and throat infections, as well as diarrhea/gastric flu.
However, prenatal PFAS exposure was inversely related to the non-
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contagious disease urinary tract infection. Our results indicate a pos-
sible role of gender in the PFAS-health outcome associations.
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