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Abstract Pollen threshold values used in public
warning systems are intended to inform people of the
risk of developing allergy symptoms. However, there
is no consensus about which pollen concentrations
provoke allergy symptoms. The aim of this systematic
review was the evaluation of studies investigating the
relationship between pollen concentrations (alder, ash,
birch, hazel, mugwort and ragweed) and the number of
cases in which participants visited a doctor, drug
consumption and allergy symptoms. This systematic
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literature review is registered in PROSPERO
(CRD42019112369). A PubMed search was applied
and enriched by consultation with experts and a
snowball strategy. The included studies were checked
for risk of bias (RoB), and extensive data were
extracted and compared. Of 511 studies, 22 were
eligible according to the previously established inclu-
sion criteria, and 17 from these showed a low RoB.
The strongest evidence was reported for ash (Fraxi-
nus) pollen, where an increase of number of doctor’s
visits at an interquartile range (IQR) of 18-28 grains/
m® was detected by three studies. Five studies about
birch (Betula) pollen showed a threshold value of 45
grains/m> for increased drug consumption. The evi-
dence of a threshold value was limited for alder
(Alnus), hazel (Corylus), mugwort (Artemisia) and
ragweed (Ambrosia) pollen. The inconsistent results
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concerning all types of pollen, except ash pollen, can
be the result of multiple factors, e.g., age, gender,
allergen content of pollen and individual sensitivity.
These influencing factors should be investigated more
closely in future research.

Keywords Aeroallergens - Conjunctivitis - Pollen -
Rhinitis - Systematic review - Pollen thresholds

1 Introduction

Pollen is one of the most common aeroallergens
causing allergic diseases (Navarro et al., 2009).
Allergens from pollen induce the production of
immunoglobulin E (IgE) antibodies, which circulate
in blood but more importantly are then linked to the
surface of mast cells. These mast cells reside in the
mucosal membranes. Upon renewed exposure, the
allergen is bound to the IgE from the mast cells and
triggers the release of inflammatory mediators. Further
information on the development of allergic reactions
can be found in Janeway et al. (2001). This results in
symptoms typical of an allergic reaction (Janeway
et al., 2001). IgE antibodies in serum indicate allergic
sensitization and are the minimal precondition for the
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clinical manifestation of allergic diseases (Schoefer
et al., 2008).

A genetic predisposition for the development of
sensitization to allergens has been confirmed (Bous-
quet etal., 2001). However, in the last decades, a rising
prevalence of allergic diseases that cannot be
explained by changes in the genetics of the population
was observed (Bergmann et al., 2016; Pawankar et al.,
2020; Bousquet et al., 2001). Besides individual
predispositions, studies have identified environmental
factors promoting the development of allergic reac-
tions, among which is climate change (Pawankar et al.,
2020).

In addition, Buters et al. (2012, 2015), found that
the sensitivity of population depends on the local flora
(and pollen). They concluded if a plant species is
widespread in a geographical area, the population can
tolerate a higher concentration of this pollen before
Symptoms occur.

Allergic rhinitis (AR) is the most prevalent allergic
disease (Pawankar et al., 2020). AR is an inflammation
of the nasal mucosa and frequently associated with
ocular symptoms, which is expressed in the term
rhinoconjunctivitis (Pawankar et al., 2020). People
suffering from AR have a lower quality of life in
comparison with the general population (Navarro
et al., 2009).
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The first attempts to establish threshold pollen
concentrations values for informing the people of
potential allergy symptoms date back to 1970s in
Sweden. From clinical experience, Swedish physi-
cians had defined the risk of pollen-induced symptoms
to be low between 0 and 10 pollen grains/m>, middle—
between 10 and 30, high—between 30 and 100 and
very high—for more than 100 grains/m>. Later on, the
neighboring country Denmark adopted the British
threshold values, defining a low risk between 0 and 30,
middle between 30 and 50, high between 50 and 150
and very high for more than 150 grains/m> (summa-
rized by Kiotseridis et al. (2013)). Meanwhile, the
European Academy of Allergy and Clinical Immunol-
ogy (EAACI) determined the so-called high pollen
days and further characteristics defining pollen season
for five different pollen types (Pfaar et al., 2017) based
on a narrative review of threshold values for pollen-
induced symptoms (De Weger et al., 2013). A high
ragweed pollen day, for example, was defined with at
least 50 pollen/m>, respectively, and a high birch
pollen day with 100 pollen/m>. However, these values
had been disputed, as more recent studies highlighted
that threshold values may strongly depend on regional
conditions such as vegetation and climate and on
individual conditions (De Weger et al., 2013).

The aim of this study was to perform a systematic
review of studies investigating the relationship
between pollen concentrations (alder, ash, birch,
hazel, mugwort, ragweed) and the number of doctor’s
visits, drug use and allergy symptoms.

2 Methods

This systematic literature review is registered in
PROSPERO (registration number:
CRD42019112369) since January 24, 2019. The
Preferred Reporting Items for Systematic Review
and Meta-analysis (PRISMA) (Moher et al., 2009)
were considered (Electronic Supplementary Material
1). The reviewer team included two researchers, one
main and one second reviewer, and was supported by
an expert team (co-authors), contributing as advisors.

2.1 Article sources

A complex search string including terms related to the
categories: exposure, allergy symptoms and

association (Table 1), was used by the reviewer team
in the database PubMed (Electronic Supplementary
Material 2). The search was conducted on August 14,
2018. The date of publication was not restricted and
included literature published in English and German.
In addition, on May 28, 2020, the authors performed
an update of the systematic literature search for the
period 2018-2020. Additionally, the expert team was
consulted to include further relevant literature.

The authors found many studies dealing with
threshold values of grass pollen. Therefore, the results
concerning grass pollen were excluded from this paper
and will be presented in detail in a following paper
(LUPO2).

2.2 Review process

Two reviewers independently performed the title,
abstract and full-text screening. The main reviewer
extracted the data of the included studies. Both
reviewers were involved in the derivation and appli-
cation of the rules for RoB assessments. Finally, a
snowball strategy was applied meaning the reference
lists of all identified literature were screened for
further important references. EndNote X8 was used to
process the literature references.

In addition to the PubMed search, sources for
relevant studies were expert consultations, screenings
of reference lists and the systematic screening of the
book Allergenic Pollen (Sofiev and Bergmann, 2013).
This book deals with the production, distribution in the
atmosphere, release of allergens from pollen and
health effects as well as monitoring and forecast of
different pollen types. At the time, it was the only book
that summarized studies examining pollen thresholds.
These studies were not systematically researched.

2.3 Eligibility criteria for included studies

Eligibility of studies was assessed according to the
inclusion and exclusion criteria listed in Table 2 by
abstract and full-text screening. The search results
were summarized according to the PRISMA flow
diagram (Moher et al., 2009) (Fig. 1). Reasons for
exclusion were listed with the name of the category of
criteria for inclusion and exclusion (Table 2). If
several analyses (e.g., additionally stratified by age)
were presented, the non-stratified results were
extracted and are included in the tables.

@ Springer
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Table 1 Search term

Search term August 14, 2018  May 28, 2020
Original search term  Pollen [tiab] 511 hits 68 hits
AND

ragweed OR Ambrosia OR “Ambrosia artemisiifolia” OR mugwort OR
Artemisia OR “Artemisia vulgaris” OR birch OR Betula OR alder
OR Alnus OR ash OR Fraxinus OR grass OR Poaceaec OR
hazel OR Corylus OR rye OR Secale

AND

“pollen threshold” OR “pollen thresholds” OR “pollen level” OR
“pollen levels” OR “pollen load” OR “pollen count” OR
“pollen counts” OR “pollen quantification” OR “pollen
quantifications” OR “pollen concentration” OR “pollen concentrations”
OR “aeroallergen concentration” OR “aeroallergen concentrations”
OR “aeroallergen level” OR “aeroallergen levels” OR “atmospheric
pollen counts” OR “symptom load index” OR “pollen symptom
score” OR “pollen symptoms score”

AND

(“pollen induced allergy” OR “pollen-associated allergic risk”
OR allergy OR allergies OR “pollen allergy” OR “pollen
allergies” OR “seasonal allergy” OR asthma OR “allergic
asthma” OR “asthma exacerbation” OR “asthma exacerbations”
OR rhinitis OR “allergic rhinitis” OR rhinoconjunctivitis OR
“allergic rhinoconjunctivitis” OR conjunctivitis OR “allergic
conjunctivitis” OR “conjunctival symptoms” OR “seasonal
conjunctivitis” OR hayfever OR “hay fever” OR pollinosis
OR rhinitis OR “seasonal rhinitis” OR “pollen-induced rhinitis”
OR *“allergic rhinitis” OR “seasonal allergic rhinitis” OR
“allergic reaction” OR “allergic reactions” OR “allergic
symptoms” OR “allergic symptoms” OR “allergic response”
OR “allergic responses” OR “clinical response” OR
“clinical symptoms” OR “clinical symptom” OR wheeze
OR “hospital admission” OR “hospital admissions” OR
“emergency department” OR “learning ability” OR
“working ability” OR “working capacity” OR
“allergy symptoms” OR “initiation of symptoms”

OR “conjunctival symptoms” OR “nasal symptoms”

OR “bronchial symptoms” OR “ocular symptoms”

OR “respiratory symptoms” OR “itchy eyes” OR

“itchy-watery eyes” OR “blocked nose” OR “runny blocked nose”
OR “itchy nose” OR sneezing OR “itchy skin” OR wheeze

OR wheezing OR “whistling in the chest” OR “shortness of
breath” OR “chest tightness” OR “persistent cough” OR cough
OR asthma OR “allergic symptoms” OR “atopic eczema” OR
“asthma medication” OR “allergy medicines” OR “rescue
medication” OR antihistamine)

AND

association OR associated OR relationship OR related
OR relation OR significant OR
significance OR correlation OR correlated

NOT

Animals

NOT

Placebo

Filters: english[la] OR german [la] OR french[la] OR spanish[la]
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Table 1 continued

Search term

August 14, May 28,
2018 2020

Later addition to the Pollen [tiab]
search term AND

ragweed OR Ambrosia OR “Ambrosia artemisiifolia” OR mugwort OR

Artemisia OR “Artemisia vulgaris”

OR birch OR Betula OR alder OR Alnus OR ash OR Fraxinus OR grass OR

Poaceae

OR hazel OR Corylus OR rye OR Secale

AND

“pollen threshold” OR “pollen thresholds” OR “pollen level” OR “pollen

levels” OR “pollen load”

OR “pollen count” OR “pollen counts” OR “pollen quantification” OR

“pollen quantifications”

OR “pollen concentration” OR “pollen concentrations” OR “aeroallergen

concentration”

OR “aeroallergen concentrations” OR “aeroallergen level” OR

“aeroallergen levels”

OR “atmospheric pollen counts” OR “symptom load index” OR “pollen

symptom

score” OR “pollen symptoms score”

AND
(“drug consumption™)
AND

association OR associated OR relationship OR related OR relation
OR significant OR significance OR correlation OR correlated

NOT Animals
NOT Placebo

Filters: english[la] OR german [la] OR french[la] OR spanish[la]

2.4 Assessment of the risk of bias

The risk of bias (RoB) of each included study was
assessed to evaluate their internal validity. The
assessment was done on the study level and—if more
than one outcome was investigated—on the outcome
level (Moher et al., 2009). The RoB tool of the Office
of Health Assessment and Translation (OHAT),
National Toxicology Program of the US Department
of Health and Human Services designed for cohort,
case—control and cross-sectional studies was selected
as the starting point, supplemented and adapted to the
needs of the review. As done previously (Zhao et al.,
2018), the tool was also used for time-series and case-
crossover studies.

The available instructions for the ratings of the
OHAT criteria were considered (OHAT, 2015a; b),
but adapted to the topic in agreement with the expert

team to formulate precise rules for the RoB assess-
ment. An extensive catalogue of rules for the RoB
assessment was developed (Table 3) and used for an
objective and replicable study assessment (Table 4,
Electronic Supplementary Material 3). The same
answer possibilities as applied by OHAT were used,
and these are “definitely low RoB (+ +),” “probably
low RoB (+),” “probably high RoB (-),” “definitely
high RoB (- -)” and “not applicable (NA).”

Studies with a high or probably high RoB in any
category except one (category: conflict of interest,
Col) were omitted from results synthesis and conse-
quently not described in “Result” section. Studies
with no information about Col were included, but the
corresponding probably high RoB due to Col was
mentioned explicitly in “Results” section.

@ Springer
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Table 2 Criteria for inclusion and exclusion

Criteria Inclusion Exclusion
PECO/ Population General human population showing pollen-related Population never showing pollen-related allergy
PICOS allergy symptoms, any gender, age, nationality symptoms
Exposure Pollen type Alder, ash, birch, hazel, mugwort, ragweed or rye  Other pollen than the included, e.g., grass
(Cyperaceae and Poaceae); a mixture of the
included pollen grass (Cyperaceae and Poaceae)
was initially included and was part of the search
term, and however, finally it was excluded and
moved to a separate paper)
Pathway Airborne Any other than airborne
Origin Natural exposure Allergen challenge, pollen chamber
Unit Pollen concentrations (grains/m3) Exposure estimated without pollen concentration
measurement; pollen concentrations are not
reported
Time Data of Exposure was assessed with periodicity, Exposure data from more than one week was
reference which not exceeded 1 week summarized (e.g., monthly or yearly)
Interventions No interventions Any interventions
Comparison  Different humans exposed to different Other comparisons than the included
concentrations of pollen or equal humans
exposed to different concentrations of pollen at
various points in time
Outcome Main Pollen-related acute allergy symptoms, bronchial ~ Not pollen-related allergy symptoms, e.g.,
outcomes (e.g., allergic asthma), nasal (e.g., seasonal perennial allergic rhinitis (PAR), other related
allergic rhinitis, SAR) and ocular (e.g., health outcomes like eosinophilic esophagitis
rhinoconjunctivitis) (EOE), mortality, health indicators like quality of
Additional Pollen-related hospital admissions, emergency !1fe scores, lung/ pulmonar}f Afunf:tlon, medical
outcome department visits, visits to physician, drug Interventions, tests of sensitization (e.g., IgE
consumption, reimbursement of anti-allergenic value or skin prick test);
drugs
Measurement Diagnosed, self-reported, reported by someone else Health outcomes not measured, measured by
(e.g., mother), measured by symptoms scores symptoms scores indicating a change of the score
indicating the start of symptoms or indicating in  but not a range of pollen counts with symptoms
which range of pollen counts symptoms occur occurring
Time Daily or weekly (including averaged values and lag  Values summarized per month, year, etc.
reference days)
Study Design Epidemiological observational studies, control Epidemiological experimental studies, basic
design* groups of intervention studies research studies regarding new technologies or
applications, clinical research studies, study
protocols, case studies, case series, reviews,
meta-analysis, intervention groups of
intervention studies
Association Association between pollen concentration and Pollen concentration and frequency of the health
occurrence of the health outcomes outcomes were described separately; the
association was not analyzed. Pollen
concentration in relation to health symptoms was
not quantified
Effect Relative risk, odds ratio, threshold values, percent Correlation coefficient, results are presented
measures change, results are presented numerically and not ~ graphically and not numerically
only graphically
Others
Language English, German All other languages
Publication All publication years No exclusion
year

@ Springer
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Table 2 continued

Inclusion
All places/countries

Criteria
Reference
place

Exclusion
No exclusion

*See Rohrig et al.,(2009) for the applied categorization of study designs
EOE Eosinophilic esophagitis, /gE immunoglobulin E, SAR Seasonal allergic rhinitis, PAR Perennial allergic rhinitis, PECO/PICO

Population, Exposure/Intervention, Comparison, Outcome

2.5 Data synthesis

Data synthesis was done in a qualitative way, arranged
according to pollen type and health outcome. The
reported increases of pollen concentrations always
assumed a baseline of 0 grains/m>. All following
pollen threshold values are based on daily averages.

3 Results

The literature search in PubMed yielded 454 hits.
Additionally, 57 studies were identified by the expert
team or the snowball strategy, resulting in 511
indicated studies. From these, 22 studies met the
inclusion criteria (Table 2 and Fig. 1). Five of them
had to be excluded due to high or probably high RoB
(Table 4, Electronic Supplementary Material 3). Thus,
the data of final 17 studies were synthetized.

The update of the literature search retrieved 68 hits.
The vast majority of them (66 references) were
excluded in title and abstract screening due to
exclusion criteria. After full-text screening of the
two remaining references, both were excluded due to
the exclusion criteria (Table 2 and Fig. 1).

Table 5 summarizes key aspects of the final 17
studies (pollen type, country and health outcome), and
Table 6 gives more detailed characteristics. Ash
(n = 9) and ragweed (n = 8) were the mainly exam-
ined pollen types. Ten studies focused on the number
of doctor’s visits (either on hospital admissions or
emergency department or visits to physician) in
association with pollen concentrations. Six studies
analyzed drug consumption (for details see in Elec-
tronic Supplementary Material 4) and two the occur-
rence of symptoms in connection with pollen
concentrations. The time period for data collection
started in 1993 in the oldest case and ended in 2014 in
the most recent study. The following subgroups were

analyzed: only children (n = 4 studies), only adults
(n =3), only individuals being 65 years or older
(n = 1), all individuals except infants (n = 4) and all
individuals without restrictions regarding age (n = 5)
(for details see Tables 6 and 7). All studies included
male and female subjects. The sample size was a lot
larger in the studies focusing on the number of
doctor’s visits (n = 502 up to n=60,060) or drug sale
data (n = 6,780 up to n = 118,723) and rather small in
studies focusing on symptoms (n = 30 and 61) (Table 6
and Table 7). From all the 17 pollen outcome analyses
included in this review, eight were published with a
Col statement and nine without (Table 6).

Table 7 shows the study results and corresponding
necessary information. The results were subsequently
described per pollen type. An overview of pollen
types, kind of health outcome, studies and significance
is provided in Fig. 2.

3.1 Studies on alder pollen

Four studies analyzed the association between alder
and the occurrence of health outcomes (Zeghnoun
et al., 2005; D. M. Caillaud et al., 2015; Guilbert et al.,
2018; Guilbert et al., 2016). Guilbert et al. (2018)
observed the number of doctor’s visits due to asthma
and three other studies reported drug consumption for
allergic rhinoconjunctivitis (D. M. Caillaud et al.,
2015; Zeghnoun et al., 2005; Guilbert et al., 2016).
Only Zeghnoun et al. (2005) found statistically
significant results for a population aged 65 years and
older, for which an interquartile range (IQR) increase
of 19 grains/m* resulted in an increase of prescriptions
for an oral antihistamine on the same day (RR = 1.14)
(Zeghnoun et al., 2005). For all other age groups
(Zeghnoun et al., 2005) and for the other three studies
such as Caillaud et al. (2015) (IQR = 35.5 grains/m3),
Guilbert et al.,, (2018) (IQR =9 grains/m3) and

@ Springer
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Additional records identified
through other sources
(snowball) (n = 57)

Search: 14. August 2018
Records identified through

database searching PubMed
(n=454)
Total records Duplicates removed
(n=511) (0=0)

}

Title and abstract screening
(n=511)

l

Records excluded
(n=371)

Full text screening Full-text articles excluded, with reasons*
(n=140) (n=118)

Association (n=39)

Exposure (n=37)

Outcome (n=28)

Study Design (n=10)

Not about pollen (n=4)

Search: 28. May 2020
Records identified through

database searching PubMed
(n=68)
Total records Duplicates removed
(n=68) (0=0)

}

Title and abstract screening Records excluded
(n=68) (o= 66)

Full text screening Full-text articles excluded, with

(@=2) reasons® (n=2)

®  Association/effect measure
@=1)

e  Exposure (n=1)

v

Studies included in risk of bias
(RoB) assessment

(2=22)

Studies excluded because of a
high or probably high RoB
@=5)

l

Studies included in qualitative

synthesis
(@=17)

Fig.1 PRISMA flowchart (adapted from (Moher et al., 2009)).
*The first obvious reason for exclusion was listed, while
multiple reasons are possible. The reasons listed correspond to
the criteria for inclusion (Table 1). For example, the reason

Guilbert et al. (2016) (IQR = 18.25 grains/m3 ), no
statistically significant results were shown.

3.2 Studies on ash pollen

Nine studies analyzed ash pollen (Ito et al., 2015;
Motreff et al., 2014; Zeghnoun et al., 2005; D.
M. Caillaud et al.,, 2015; Fuhrman et al., 2007;
Guilbert et al.,, 2018; Osborne et al., 2017; Dales
et al., 2008; Guilbert et al., 2016). Four studies
analyzed the number of doctor’s visits due to asthma
(Guilbert et al., 2018; Osborne et al., 2017; Dales et al.,
2008; Ito et al., 2015). Guilbert et al., (2018) observed
a 4 grains/m’ increase of ash pollen with no statisti-
cally significant effects. Osborne et al. (2017) and
Dales et al. (2008) reported threshold values between
18 and 20 grains/m> with low statistically significant
percentage increases. Ito et al. (2015) mentioned a
statistically significant cumulative rate ratio of 1.7
(95% CI 1.5-1.9) for an increase of 223 grains/m3. Six
studies observed drug consumption due to increasing

@ Springer

“association/effect measure” means that the study does not
match with one or more of the criteria for inclusion in these
categories (e.g., no reporting of odds ratios but reporting of
correlation coefficients)

pollen concentrations (Ito et al., 2015; Motreff et al.,
2014; Zeghnoun et al., 2005; D. M. Caillaud et al.,
2015; Fuhrman et al., 2007; Guilbert et al., 2016).
Guilbert et al. (2016) showed that an IQR of 24.5
grains/m’ yielded statistically significantly increased
medication sales in the 19-39 and 40-64 age groups.
An increase of 28 to 223 grains/m> showed significant
results in non-age restricted populations (D. M. Cail-
laud et al., 2015; Fuhrman et al., 2007; Ito et al., 2015;
Motreff et al., 2014; Zeghnoun et al., 2005). Zeghnoun
et al., (2005) reported a statistically significant cumu-
lative relative risk of 1.22 (95% CI 1.13-1.31) for a
change in pollen concentration of 28 grains/m>.
Fuhrman et al., (2007) observed a statistically signif-
icant increase of 7.3% for drug consumption for an
increasing IQR of 33 grains/m® (95% CI 4.6-10.1).
Caillaud et al., (2015) found a statistically significant
increased risk of drug consumption associated with an
IQR of 41 grains/m3 (RR =1.019, 95% CI
1.004-1.033). Motreff et al.,, (2014) observed a
statistically significant RR in one of two project areas
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Table 3 Rules for the risk-of-bias (RoB) assessment

Criteria Question

Assessment
possibilities*

Rules for the assessment (topic-related rules were
established by the authors based on the general rules
defined by OHAT (2015b, a) and Lam et al., (2016)

Confounding bias  Did the study design or analysis account for
important confounding and modifying
variables?

Detection bias: Can we be confident in the exposure
exposure characterization?
characterization

Detection bias: Can we be confident in the outcome
outcome assessment?
assessment

++

++

++

If the following five confounders, defined as most important by
the authors of the systematic review “LUPO,” were at least
considered: nitrogen dioxide (NO,), ozone (Os), particulate
matter (PM), relative humidity/precipitation, wind speed

If three or four of the most important confounders were
considered

If three or four confounders were considered but not all
included in the final model

Information should be available but is missing

If one or two of the most important confounders were
considered

If none of the most important confounders but other relevant
confounders were considered

No consideration of confounder
The authors assume or even declare the bias
Daily exposure characterization AND

There is direct evidence that exposure characterization is
adequate for the study population (e.g., residence and pollen
trap in same city)

More than weekly but not daily exposure characterization
AND/OR

There is no direct evidence that exposure characterization is
adequate for the study population

Weekly or less frequent exposure characterization AND/OR
Information should be available but is missing

Exposure was inappropriately assessed (e.g., unserious source
of exposure assessment) AND/OR

The authors assume or even declare the bias

Self-reported symptom(s)/symptom diary, diagnosed by a
doctor, emergency visits, hospitalizations, intake or
prescriptions or sales of medication, AND

Daily assessment of the outcome AND
ICD code of outcome was reported and used

Outcome was not self-reported or reported by a doctor but by a
third person (e.g., mother) AND/OR

Outcome was assessed not daily but several times a week
AND/OR

ICD code of outcome was not used/reported
Information should be available but is missing AND/OR
Outcome was assessed once a week or less often AND/OR

Outcome definition was inappropriate (e.g., a mixture of
several outcomes), but outcome was appropriately measured
AND/OR

Content of symptom scores was not described

Outcome (appropriate or inappropriate definition) was
inappropriately measured (e.g., inconsistent definition or data
collection) AND/OR

The authors assume or even declare the bias
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Table 3 continued

Criteria Question

Assessment
possibilities*

Rules for the assessment (topic-related rules were
established by the authors based on the general rules
defined by OHAT (2015b, a) and Lam et al., (2016)

Attrition bias Were outcome data complete without

attrition or exclusion from analysis?

Selective reporting  Were all measured outcomes reported?
bias

++

NA

++

There was no or a low attrition or exclusion (<10%) (Genaidy
et al., 2007; OHAT 2015b) AND

Reasons were documented, when subjects were removed from
the study or excluded from analysis

There was no or a low attrition or exclusion (<10%) (Genaidy
et al., 2007; OHAT 2015b) AND

Reasons were not documented, when subjects were removed
from the study or excluded from analysis AND/OR

There was an acceptable attrition or exclusion (between 10 and
20% (Genaidy et al., 2007; OHAT 2015b)) AND

Reasons were documented, when subjects were removed from
the study or excluded from analysis

Information should be available but is missing (to be
distinguished from NA) AND/OR

There was an acceptable attrition or exclusion (between 10 and
20% (Genaidy et al., 2007; OHAT 2015b)) AND

Reasons were not documented, when subjects were removed
from the study or excluded from analysis AND/OR

There was an unacceptable large attrition or exclusion (>20%
(Genaidy et al., 2007; OHAT 2015b)) AND

Reasons were documented, when subjects were removed from
the study or excluded from analysis

There was unacceptable large attrition or exclusion (>20%)
AND

Reasons were not documented, when subjects were removed
from the study or excluded from analysis

The attrition/exclusion rate is unknown
The authors assume or even declare the bias

Not applicable: If secondary data (e.g., insurance or hospital
data) are analyzed, every case is considered separately what
prevents information about attrition. If specific cases of
secondary data were excluded by the authors (e.g., specific
age groups), then the attrition bias should be assessed.

All measured outcomes (summarized scores as well as all
components, as described in “Method” section) are reported
(in “Results” section)

It seems that all measured outcomes (summarized scores as
well as all components, as described in “Method” section)
are reported (in “Results” section) OR

A summarized outcome (e.g., a score) is reported and all
previously described components were included but were not
presented separately

Information should be available but is missing OR

It is not understandable, if all measured outcomes were
presented OR

It is not understandable, how the results were derived.

Results of important measured outcomes were not reported
AND/OR

Some of the outcomes were summarized in a score, while
others were excluded from the score without reasonable
explanation. AND/OR

Only significant or a selection of the best findings was reported
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Table 3 continued

Criteria Question Assessment  Rules for the assessment (topic-related rules were
possibilities*  established by the authors based on the general rules
defined by OHAT (2015b, a) and Lam et al., (2016)
Conflict of interest Do the authors declare no conflict of + + “Study authors make a claim denying conflicts of interest.”
interest? “The study did not receive support from a company, study

author, or other entity having a financial interest in the
outcome of the study” (Lam et al., 2016)

“There is insufficient information to permit a judgment of low
risk of bias, but there is indirect evidence that suggests” no
conflict of interest (Lam et al., 2016)

Information should be available but is missing AND/OR
“There is insufficient information to permit a judgment of high
risk of bias, but there is indirect evidence that suggests” a

conflict of interest. (Lam et al., 2016)
“The study received support from a company, study author or

other entity having a financial interest in the outcome of the
study” (Lam et al., 2016)

*Assessment possibilities: + + definitely low RoB, + probably low RoB, — probably high RoB, — — definitely high RoB, NA not

applicable

ICD International Statistical Classification of Diseases and Related Health Problems NA not applicable, NO nitrogen dioxide; O3

ozone; OHAT Oral Health Assessment Tool, PM particulate matter

when a 60 grains/m> pollen increase was detected
(RR =1.02, 95% CI 1.01-1.03). Ito et al., (2015)
reported a statistically significant cumulative rate ratio
of 1.9 (95% CI 1.7-2.1) for a change of 223 grains/m”.

3.3 Studies on birch pollen

Eight studies (Ito et al., 2015; Fuhrman et al., 2007,
Zeghnoun et al., 2005; D. M. Caillaud et al., 2015; D.
Caillaud et al., 2014a; Osborne et al., 2017; Guilbert
et al., 2016; Guilbert et al., 2018) analyzed birch
pollen in association with different health outcomes.
Three studies investigated the number of doctor’s
visits following asthma (Ito et al., 2015; Osborne et al.,
2017; Guilbert et al., 2018) symptoms. No statistically
significant results were reported by Osborne et al.
(2017) for a percentile increase of 195 grains/m3.
Guilbert et al. (2018) found a statistically significant
increase in the number of doctor’s visits for a change
of 3.2% (95% CI 1.1, 5.3) with an interquartile range
increase of 40 grains/m3. Ito et al. (2015) showed a
cumulative rate ratio of 1.3 (95% CI 1.19-1.48) for
98th percentile increase of 1680.3 grains/m>. Regard-
ing drug consumption, five studies (Ito et al., 2015;
Fuhrman et al., 2007; Zeghnoun et al., 2005; Caillaud
etal., 2015; Guilbert et al., 2016) were included, while
all show positive statistically significant results at least

in some subgroups. Zeghnoun et al., (2005) observed
that an IQR increase of 45 gains/m’ resulted in an
increase of drug consumption (RR = 1.22, 95% CI
1.11-1.35). Caillaud et al. (2015) showed an increas-
ing risk of drug consumption (RR=1.030, 95% CI
1.005-1.055) with an IQR of 58 grains/m3. Ito et al.,
(2015) reported a cumulative rate ratio of 2.0 (95% CI
1.8-2.2) per 0-98th percentile increase of
1680.3 grains/m3 . Fuhrman et al. (2007) found a
statistically significant increase of 7% (95% CI
3.8-10.4) with an IQR increase of 45 grains/m3.
Guilbert et al. (2016) showed statistically significant
results in age subgroups for a threshold value of
85 grains/m’. They observed the highest increase in
risk of drug consumption (RR = 1.05, 95% CI
1.04-1.06) for birch pollen among the 19-39-year-
old men. The smallest increase of risk (RR = 1.02,
95% CI 1.01-1.04) was found among the 13-18-year-
old girls and the 6-12-year-old boys. Nasal, ocular and
bronchial symptoms were analyzed in one study (D.
Caillaud et al., 2014a) in association with an increase
in pollen concentration of 10 grains/m>. Odds ratios
were statistically significant, when the increase was
below but not above a certain concentration
(110 grains/m> for nasal symptoms, 70 grains/m> for
ocular and bronchial each).
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3.4 Studies on hazel pollen

Exposure to hazel pollen was investigated in five
studies (Fuhrman et al., 2007; Zeghnoun et al., 2005;
D. M. Caillaud et al., 2015; Guilbert et al., 2018;
Guilbert et al., 2016). The study of Guilbert et al.
(2018) on the number of doctor’s visits due to hazel
pollen exposure yielded no statistically significant
results (IQR=4 grains/m”). Drug consumption in
association with hazel pollen exposure was analyzed
in four studies (Fuhrman et al., 2007; Zeghnoun et al.,
2005; D. M. Caillaud et al., 2015; Guilbert et al.,
2016). Fuhrman et al. (2007) reported a statistically
significant increase of 2.3% (95% CI 0.4—4.3) with an
IQR increase of 23 grains/m3. Zeghnoun et al., (2005)
showed statistically significant risk (RR = 1.08, 95%
CI 1.00-1.15) with an IQR of 15 grains/m> among the
over 65 years old. Caillaud et al. (2015) (IQR = 31
grains/m3 ) and Guilbert et al. (2016) (IQR = 9 grains/
m?) found no statistically significant effects.

3.5 Studies on mugwort pollen

Five studies analyzed mugwort pollen (Motreff et al.,
2014; Zeghnoun et al., 2005; D. M. Caillaud et al.,
2015; Guilbert et al.,, 2018; Tobias et al., 2003).
Guilbert et al. (2018) (IQR =1 grain/m3) and Tobias
et al. (2003) (IQR = 2.1 grains/m3 ) focused on the
number of doctor’s visits (Guilbert et al., 2018; Tobias
et al.,, 2003) and yielded no statistically significant
results. Drug consumption was surveyed in three
studies (Motreff et al., 2014; Zeghnoun et al., 2005; D.
M. Caillaud et al., 2015). Motreff et al. (2014)
observed a statistically significant RR in one of two
project areas when a pollen increase of 3 grains/m’
was analyzed (RR = 1.09, CI 1.05-1.13). Zeghnoun
et al., (2005) IQR =7 grains/rn3 ) and Caillaud et al.
(2015) (IQR = 6.5 grains/m3) reported no statistically
significant results.

3.6 Studies on ragweed pollen

Ragweed pollen were investigated in eight studies
(Gleason et al., 2014; Heguy et al., 2008; Villeneuve
et al., 2006; Zhong et al., 2006; Cakmak et al., 2002;
D. Caillaud et al., 2014b; Motreff et al., 2014; D.
M. Caillaud et al., 2015). The increased number of
doctor’s visits are the outcome in five ragweed studies
focusing on asthma (Gleason et al., 2014; Heguy et al.,

@ Springer

2008; Zhong et al., 2006) or allergic rhinitis (Vil-
leneuve et al., 2006), rhinitis or sinusitis (Cakmak
et al., 2002) and conjunctivitis (Cakmak et al., 2002).
Cakmak et al., (2002) found a statistically significant
positive association between an increase of 72 grains/
m® and an increase of 11.4% (95% CI 3.36-19.43) for
frequency of doctor’s visits due to sinusitis and
conjunctivitis. Villeneuve et al., (2006) investigated
an interquartile increase of 22.6 grains/m> and ten
days average of the number of doctor’s visits for
allergic rhinitis and found a statistically significant
increase of 6.4%. Regarding asthma, the results are
very diverse: Zhong et al., (2006) observed a statis-
tically significant risk of an increase in the frequency
of doctor’s visits at pollen concentrations above 100
grains/m3 (RR = 1.54,95% CI 1.02-2.33). In contrast,
Gleason et al. (2014), who investigated children,
reported a protective effect, where asthma-related
emergency department visits were observed in com-
bination with a tenfold pollen increase the same day
(Gleason et al., 2014). Heguy et al., (2008) found no
statistically significant effect for visits to physician
due to higher ragweed pollen concentrations (Heguy
et al., 2008). Regarding drug consumption, the studies
of Caillaud et al., (2015) (IQR=5 grains/m3) and
Motreff et al., (2014) (IQR =5 grains/m3) were
included, but both studies did not find significant
results. Caillaud et al., (2014b) investigated the
relation of nasal, ocular and respiratory symptoms
with pollen season and found mostly positive associ-
ations (up to RR = 1.33) if an increase of 10 pollen
grains/m’ was observed.

3.7 Sub-analyses by age

For alder, the only statistically significant result
regarding drug consumption was found for people
aged 65 years and older (Zeghnoun et al., 2005). In
contrast, Guilbert et al. (2018) observed lower hospi-
talization effects in the oldest age groups in compar-
ison with young people for mugwort and in a lower
degree for birch. Guilbert et al. (2016) (alder, ash,
birch, hazel), Fuhrman et al. (2007) (ash, birch, hazel)
and Zeghnoun et al. (2005) (ash, birch) identified
adults as most affected. Zeghnoun et al. (2005) found
other age patterns for other pollen types (not inves-
tigated here). Ito et al. (2015) found highest associ-
ations between medication sales and tree pollen
concentration for children (5-17 years) and weak
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Table 4 Heat map of the risk-of-bias (RoB) assessment

Nb. Authors (year)

key criteria

other criteria

Confounding
bias

Detection bias:

Caillaud et al. (2014a)
Caillaud et al. (2014b)
Caillaud et al. (2015)
Cakmak et al. (2002)
Dales et al. (2008)
Darrow et al. (2012)
Fuhrman et al. (2007)
Gleason et al. (2014)
Guilbert et al. (2018)
Guilbert et al. (2016)
Héguy et al. (2008)
Hofman et al. (1996)

XA | N[ |W|N|—

O

—_
[

—_
—_

—_
[\

exposure char-

acterization

Detection bias:
Outcome
assessment
Attrition bias
Selective
reporting bias
Conflict of
interest
In- or exclusion
from data syn-
thesis

+

—_
w

Huynh et al. (2010)

Ito et al.|medication sale

14

15
16
17

(2015) ED visits
Lewis et al. (2000)
Motreff et al. (2014)
Osborne et al. (2017)
Ross et al. | asthma medication use
(2002) symptom score
Tobias et al. (2003)
Villeneuve et al. (2006)
21 | Zeghnoun et al. (2005)
22 | Zhong et al. (2006)
Legend:
Nb. = number; ED = emergency department

18
19
20

Abbreviations: (+ +, dark green) Definitely low RoB, (+, light green) Probably low RoB, (-, orange) Probably
high RoB, (—, red) Definitely high RoB, (NA, white) not applicable

associations for 0—4 years and 65 years and older.
Motreff et al. (2014) investigated several pollen types
(not all included here) and found in general decreasing
allergic rhinitis cases by age. They speculate, if
comorbidities of the elderly might hamper the diag-
nosis and treatment (due to drug interactions (Busse
and Kilaru 2009)) of allergic rhinitis. Caillaud et al.
(2015) investigated drug consumptions and made sub-
analyses by age for ash and found statistically
significant results in all but the youngest age group
(5-14 years) for pollen threshold value of 41 grains/m’

and for birch with statistically significant results in all
but the 15 to 44 years old for pollen threshold value of
58 grains/m3. Villeneuve et al. (2006) focused their
complete study on the age group 65 years and older;
however, this decision was not justified on pollen-
related susceptibility but based on a higher suscepti-
bility of the elderly regarding particulate matter
(Thurston 1996), which was the main focus of their
study (Villeneuve et al., 20006)
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Table 5 Summary of the included studies according to kind of pollen, country and health outcome

Characteristics Total Number by kind of pollenf
Alder Ash Birch Hazel Mugwort Ragweed
Total 22 5 10 11 6 6 9
Total used for result synthesis 17 4 9 8 5 5 8
Country Belgium 1 2 2 2 2 1 0
Canada 4 0 1 0 0 0 3
England 1 0 1 1 0 0 0
France 6 2 4 4 3 3 3
Spain 1 0 0 0 0 1 0
USA 3 0 1 1 0 0 2
Health outcome (number of Drug consumption 6 3(1) 6 (5) 5(5) 4 (2) 3(1) 2 (0)
sFud@es with statist.ically HA 10 1 (0) 4 (2) 3(2) 1 (0) 2 (0) 6 (3%)
significant results in brackets) Symptoms 5 0(0) 0 (0) 1 (1) 0(0) 0 1)
No conflict of interest declaration 8 1 4 3 1 2 4

HA Hospital admission;

"The sum of the number by kind of pollen is higher than total, because several studies investigate more than one kind of pollen.

One of these three significant studies showed protective effects (Gleason, Bielory et al., 2014)

4 Discussion
4.1 Key findings

Threshold values were found for ash, birch and
ragweed. A threshold value of 18-28 grains/m’ could
be extracted from four studies examining ash pollen
and the number of doctor’s visits (Osborne et al., 2017,
Dales et al., 2008; Guilbert et al., 2018; Ito et al.,
2015). Five studies showed a statistically significant
increase in the health outcome of drug consumption
beginning at a threshold value of 28 ash grains/m?> for
the whole population (Motreff et al., 2014; Ito et al.,
2015; Zeghnoun et al., 2005; Fuhrman et al., 2007; D.
M. Caillaud et al., 2015) and 24 glrains/m3 for the
19-64 age group (Guilbert et al., 2016). For birch
pollen and drug consumption, a threshold value of
45 grains/m> could be extracted from five studies
(Guilbert et al., 2016; Ito et al., 2015; Zeghnoun et al.,
2005; Fuhrman et al., 2007; D. M. Caillaud et al.,
2015). A threshold value of 22.6 grains/m® could be
worked out from four studies examining ragweed
pollen and the number of doctor’s visits (Villeneuve
et al., 2006; Gleason et al., 2014; Zhong et al., 2006;
Cakmak et al., 2002).
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4.2 Pollen-specific data

Of four studies on alder pollen (Guilbert et al., 2018;
Guilbert et al., 2016; D. M. Caillaud et al., 2015;
Zeghnoun et al., 2005), only one study found a
statistically significant result. An increased risk of oral
antihistamine prescription in combination with an
increase in alder pollen concentration of 19 grains/m’
was found for the age group over 65 years (Zeghnoun
et al., 2005). A possible shift in the daily pollen
concentration and the time of purchase of oral
antihistamine was not considered in the analysis
(Zeghnoun et al., 2005). The authors conclude from
this that the results of the study are not reliable. The
statistically significant result should be viewed criti-
cally, because the result could be confounded by the
possible shift in pollen concentration and purchase of
pharmaceutical. Additionally, other studies could not
find statistically significant results for the age group
over 60 years (Guilbert et al., 2018; Guilbert et al.,
2016).

Thus, based on drug consumption (D. M. Caillaud
et al., 2015; Guilbert et al., 2016; Ito et al., 2015;
Fuhrman et al., 2007; Motreff et al., 2014; Zeghnoun
et al., 2005) and hospitalization studies (Osborne et al.,
2017; Dales et al., 2008; Guilbert et al., 2018; Ito et al.,
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Fig. 2 Circle diagram with kind of pollen, kind of health
outcome, studies and significance of results. This figure was
created using program Microsoft Excel 2016. Black back-
ground: studies with statistically significant results; gray

2015), it seems that an increase in ash pollen of around
18-28 grains/m” results in a statistically significant
increase in antiallergic drug sales or cases of visits to
physician. Studies investigating a lower pollen con-
centration (4 grains/m3 (Guilbert et al., 2018) and 9
grains/m3) showed no statistically significant results.
Based on these results, the authors can conclude that
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background: studies with statistically significant results only
in sub-analyses; white background: studies with statistically
nonsignificant results; purple background: study with significant
protective effect of visits to physician

there is plausibility to pollen threshold values. There-
fore, the authors recognize a threshold value for ash
pollen of 18 grains/m’ for the outcome “visits to
physician” and a threshold value of 28 grains/m® for
“drug consumption.”

The majority of the studies on threshold values of
birch pollen show statistically significant results
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(Zeghnoun et al., 2005; Fuhrman et al., 2007; Ito et al.,
2015; Guilbert et al., 2016; D. M. Caillaud et al., 2015)
and indicated an increasing risk of taking medication
above a threshold value of 45 grains/m”. Nevertheless,
one study showed no statistically significant results
(Osborne et al., 2017). The authors attribute this to
confounding or limitations in the study design.
Caillaud et al., (2014a) identified statistically signif-
icant birch pollen threshold values of 110 grains/m’
for the occurrence of nasal symptoms, 70 grains/m’
for the occurrence of ocular symptoms and 70 grains/
m® for the occurrence of bronchial symptoms. The
author’s results further indicate that for pollen con-
centrations above the threshold values just mentioned,
the occurrence of symptoms decreases again. This
result indicates a nonlinear relationship between birch
pollen concentrations and symptoms.

The results of hazel pollen threshold values (Zegh-
noun et al., 2005; D. M. Caillaud et al., 2015; Guilbert
et al., 2018; Guilbert et al., 2016; Fuhrman et al.,
2007), mugwort pollen threshold values (Zeghnoun
et al., 2005; D. M. Caillaud et al., 2015; Guilbert et al.,
2018; Motreff et al., 2014; Tobias et al., 2003) and
ragweed pollen threshold values (D. M. Caillaud et al.,
2015; D. Caillaud et al., 2014b; Zhong et al., 2006;
Cakmak et al., 2002; Heguy et al., 2008; Villeneuve
et al., 2006; Motreff et al., 2014; Gleason et al., 2014),
respectively, gave a mixed picture. Statistically
significant and statistically nonsignificant results were
found for both high and low concentrations. Therefore,
the authors cannot identify a threshold value for hazel,
mugwort and ragweed pollen. From the results iden-
tified, it can be concluded that sensitivity is strongly
dependent on the individual sensitization of the
individual person.

4.3 Sub-analyses by age

The results of the sub-analyses by age of the included
studies show a mixed picture. No clear age patterns
can be concluded for the observed results. Overall,
health effects of pollen and/or the help-seeking
behavior determined by exposure to pollen might be
influenced by age. However, no clear age patterns
were identified.

4.4 Sub-analyses by sex

There was just one study stratifying the results by sex.
Guilbert et al. (2016) found stronger associations for
males aged 19—64 years. In general, allergic rhinitis is
more prevalent in males than in females, which was
reviewed by Chen et al. (2008). Thus, differences
between males and females regarding pollen-related
allergic effects and help-seeking behavior should be
investigated in more detail. This could be an explana-
tory factor for contrasting study results.

4.5 Health outcomes—advantages
and restrictions

It must be remarked that the health outcomes mostly
investigated (drug consumption and visits to physi-
cian) are only proxies for the occurrence of symptoms.
Physician’s diagnoses underestimate the real number
of allergy symptoms because of self-diagnoses and
self-treatment, and access to health care (Salo et al.,
2011). The determination of health outcomes by the
request for prescriptions is sensitive to the preventa-
tive behavior of the people affected. They might buy
antiallergic drugs in advance or use residual products,
for example, over-the-counter medicine (Zeghnoun
et al., 2005). It should be noted that in most countries,
antihistamines, which are the first-line allergic rhinitis
therapy, are over-the-counter or OTC medicine. They
might also use medications preventively, before the
occurrence of symptoms (Fuhrman et al., 2007). In
addition, not every person affected is using drugs or
might use another product or alternative therapies than
observed by the studies. Another factor influencing the
disposal of antiallergic drugs and the documentation
of symptoms is a misinterpretation of pollen-related
symptoms (Zeghnoun et al., 2005) due to similar
effects like common cold diseases and influenza
(D’Amato et al., 2007). The considerably lower
prevalence of allergy symptoms diagnosed by a
physician in contrast to self-reported symptoms was
already discussed in the literature (Wise et al., 2018;
Salo et al., 2011).

In many cases, symptoms themselves as well as
help-seeking behavior do not occur on the same day of
exposure but a few days later (Kiotseridis et al., 2013).
Thus, the exposure from the days before the outcome
is commonly considered. Several possibilities of the
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consideration of lag days were reported and uniformly
abbreviated as described in the footnote of Table 7.

4.6 Threshold values

Our results indicate that deriving of threshold values
for pollen concentrations resulting in allergic reactions
in affected people seems to be much more complex
than historically thought and handled in respective
pollen forecasts. Thus, the same amount of pollen
resulted in different reactions in people (Bastl K et al.,
2014; Sofiev and Bergmann 2013) and temporal and
regional differences were observed (Bastl K et al.,
2014).

Several reasons may be responsible for these
differences. To begin with, the allergen content per
pollen grain may differ substantially (Buters et al.,
2012; Jantunen et al., 2012) and the size of allergen-
carrying particles (ruptured pollen) may be a factor
that could influence study results (Schappi et al.,
1997). Thus, much information about pollen itself
should be collected and analyzed (Bastl K et al., 2014;
Buters et al.,, 2012). Furthermore, the accuracy of
pollen concentration data may vary between the
analyzed studies. Rojo et al. (2020) showed that the
measured pollen concentrations can vary due to the
height of the pollen station. Additionally, pollen
stations are usually set up at an average height of ten
meters (Buters et al., 2018). Thus, the exposure of the
pollen concentration to an individual at ground level
could be underestimated (Buters et al., 2018).

Individual differences in tolerance levels leading to
allergic reactions could also explain differences in
results of the studies investigated. Jantunen et al.
(2012) found a higher tolerance for birch pollen of
people from Finland in comparison with people from
Austria regarding birch pollen. Birch pollen counts
from Finland are generally much higher than in
Austria, which might result in a local adaptation
(Buters et al., 2012). Indeed, the same symptom score
was reached in Austria at 250 grains/m* and Finland at
600 grains/m3 (Buters et al., 2012). Furthermore,
symptom awareness and behavior of individuals are
influenced by multiple factors (own variable bronchial
hyperreactivity, degree of sensitization, influence of
drugs, own perception of symptoms, etc.) (Werchan
et al., 2017). Additionally, similar pollen concentra-
tions might cause different intensities of symptoms
under varying environmental conditions (Damialis
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et al., 2019). Different pollen types showed different
effects. For example, grass pollen induced a stronger
effect than the same amount of tree pollen (Wise et al.,
2018). While temperature and other weather condi-
tions are influencing factors for allergy symptoms
(e.g., thunder asthma) (Thien et al., 2018; Sofiev and
Bergmann 2013), there might also be a difference
between pollen in the early season in contrast to pollen
in the late season (De Weger et al., 2011; Sofiev and
Bergmann 2013). This difference in allergen release is
to be expected given the natural variability between
the pollen-producing species (Buters et al., 2015). It
was observed, that—without an increase in the amount
of pollen per m® of air—the prevalence and severity of
its health effects on certain patient has increased with
time (D’ Amato et al., 2001). A possible explanation is
air pollution which may have an effect on the
allergenicity of pollen (Mur Gimeno et al., 2007).
The aspect of air pollution was identified as a
confounder in the current review. In addition, the
consideration of air pollution was included in the risk-
of-bias analysis. Thus, consideration of air pollution as
confounder had been fixed as a rule for the risk-of-bias
assessment in the current review. These possible
influencing factors may explain the mostly inconclu-
sive results found in the literature for this review and
emphasizes the lack of sufficient data on this topic
(Kiotseridis et al., 2013).

The aim of this study was to identify pollen
threshold values in relation to symptoms of allergy.
Many pollen warning systems use the colors of traffic
light to indicate the risk for pollen allergy patients.
Such a color scale ranges from green (no risk of
developing symptoms due to pollen) to red (high risk
of developing symptoms due to pollen). Based on our
results, such categorization should be avoided, as even
low pollen concentrations can be a high burden for a
pollen allergy patient. The results show that pollen
allergies should be examined and treated individually,
as health outcomes are influenced by different influ-
encing factors such as pollen type, air temperature,
region and individual sensitivity. Future studies
should focus these influencing factors.

4.7 Assessment of RoB: relevance of the conflict
of interest criteria for study outcomes

Of the 17 included studies in this review, eight studies
published with a Col (Fuhrman et al., 2007; Guilbert



Aerobiologia

et al., 2018; Ito et al., 2015; Guilbert et al., 2016;
Tobias et al., 2003; Cakmak et al., 2002; Gleason
et al., 2014; D. Caillaud et al., 2014b) statement and
nine studies without (Osborne et al., 2017; D. Caillaud
et al., 2014a; Zeghnoun et al., 2005; Dales et al., 2008;
Heguy et al., 2008; Zhong et al., 2006; Villeneuve
et al., 2006; D. M. Caillaud et al., 2015; Motreff et al.,
2014). The eight studies that provided a Col statement
declared that there are no conflicts of interest. It is
noticeable that 83% of the analyses published without
Col show statistically significant results, while only
half of the analyses (52%) published with Col show
statistically significant results. Woodruff and Sutton
(2014) have summarized evidence that a funding
source can influence the study outcome. Thus, it is
important to declare whether an external influence is
possible.

4.8 Strengths and limitations

Our study had some limitations. The definition of AR,
the severity of symptoms, visits to physician and drug
consumption vary in the included studies. This
variation makes it difficult to compare the results.
Therefore, the authors cannot draw general conclu-
sions from the found results. Future studies should
define AR, the severity of symptoms, visits to
physician or drug consumption in a comparable way.

To the best of our knowledge, the broad scope of
this review is unique. There are different reviews on
this topic, but our review is uniquely covering a wide
variety of allergenic pollen types and health outcomes.
One strength of our study is that we had no restricted
inclusion criteria regarding the study populations.

Another strength of the study is the broad view on
six kinds of pollen types and three categories of health
outcomes. A broad search strategy was constructed
and applied to PubMed that is recognized as “the
primary tool for searching biomedical literature” (Lu
2011). However, the snowball strategy revealed
further literature that is not listed in PubMed (Hofman
et al., 1996; Motreff et al., 2014) or that is listed in
PubMed but was not found with the search term
applied (Guilbert et al., 2016; Gleason et al., 2014;
Heguy et al., 2008; Ross et al., 2002; Villeneuve et al.,
2006).

5 Conclusion

In conclusion, the authors were able to derive indica-
tions for pollen threshold values for ash and birch. Due
to the many inconsistent results in this review, the
factors influencing the association between pollen
concentration and health outcomes should be investi-
gated more closely. In this review, the influencing
factors age, gender, allergen content of pollen and
individual sensitivity could be identified. These influ-
encing factors should be examined more closely in
future research.
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Section/topic # Checklist item Page

TITLE

Title 1 | Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT

Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility 3
criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions
and implications of key findings; systematic review registration number.

INTRODUCTION

Rationale Describe the rationale for the review in the context of what is already known.

Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, interventions, 4
comparisons, outcomes, and study design (P1COS).

METHODS

Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide | 4
registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, | 5
language, publication status) used as criteria for eligibility, giving rationale. Table 2

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 4-5
additional studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be 4-5
repeated. Table 1

ESM 2

Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if 5
applicable, included in the meta-analysis). Table 2

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any 5
processes for obtaining and confirming data from investigators.

Data items 11 | Listand define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and | 4-5

simplifications made.




Section/topic # Checklist item Page
Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this 5
studies was done at the study or outcome level), and how this information is to be used in any data synthesis. Table 4
Table 5
ESM. 3
Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means).
Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of
consistency (e.g., 12) for each meta-analysis.
Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective
reporting within studies).
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done,
indicating which were pre-specified.
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for 5-6
exclusions at each stage, ideally with a flow diagram. Table 3
Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICQOS, follow-up period) | 6
and provide the citations. Table 6
Table 7
Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome-level assessment (see Item 12). 5-6
Table 5
Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 6-8
intervention group and (b) effect estimates and confidence intervals, ideally with a forest plot. Table 6
Table 7
Table 8
Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. ESM 4
Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15). 5-6
Table 5




Section/topic # Checklist item Page

Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item
16]).

DISCUSSION

Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance | 8
to key groups (e.g., health care providers, users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review level (e.g., incomplete retrieval 11
of identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future 8-11
research.

FUNDING

Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for | 11
the systematic review.
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Search term separated by topic

Pollen [tiab]

AND

ragweed OR Ambrosia OR “Ambrosia artemisiifolia” OR mugwort OR Artemisia OR “Artemisia vulgaris” OR
birch OR Betula OR alder OR Alnus OR ash OR Fraxinus OR grass OR Poaceae OR hazel OR Corylus OR rye
OR Secale

AND

“pollen threshold” OR “pollen thresholds” OR “pollen level” OR “pollen levels” OR “pollen load” OR “pollen
count” OR “pollen counts” OR “pollen quantification” OR “pollen quantifications” OR “pollen concentration”
OR “pollen concentrations” OR “aeroallergen concentration” OR “aeroallergen concentrations” OR “aeroaller-
gen level” OR “aeroallergen levels” OR “atmospheric pollen counts” OR “symptom load index” OR “pollen
symptom score” OR “pollen symptoms score”

AND

(“pollen induced allergy” OR “pollen-associated allergic risk” OR allergy OR allergies OR “pollen allergy” OR
“pollen allergies” OR “seasonal allergy” OR asthma OR “allergic asthma” OR “asthma exacerbation” OR
“asthma exacerbations” OR rhinitis OR “allergic rhinitis” OR rhinoconjunctivitis OR “allergic rhinoconjunctivi-
tis” OR conjunctivitis OR “allergic conjunctivitis” OR “conjunctival symptoms” OR “seasonal conjunctivitis”
OR hayfever OR “hay fever” OR pollinosis OR rhinitis OR “seasonal rhinitis” OR “pollen-induced rhinitis” OR
“allergic rhinitis” OR “seasonal allergic rhinitis” OR “allergic reaction” OR “allergic reactions” OR “allergic
symptoms” OR “allergic symptoms” OR “allergic response” OR “allergic responses” OR “clinical response” OR
“clinical symptoms” OR “clinical symptom” OR wheeze OR “hospital admission” OR “hospital admissions” OR
“emergency department” OR “learning ability” OR “working ability” OR “working capacity” OR “allergy symp-
toms” OR “initiation of symptoms” OR “conjunctival symptoms” OR “nasal symptoms” OR “bronchial symp-
toms” OR “ocular symptoms” OR “respiratory symptoms” OR “itchy eyes” OR “itchy-watery eyes” OR
“blocked nose” OR “runny blocked nose” OR “itchy nose” OR sneezing OR “itchy skin” OR wheeze OR wheez-
ing OR “whistling in the chest” OR “shortness of breath” OR “chest tightness” OR “persistent cough” OR cough
OR asthma OR “allergic symptoms” OR “atopic eczema” OR “asthma medication” OR “allergy medicines” OR
“rescue medication” OR antihistamine)

AND

association OR associated OR relationship OR related OR relation OR significant OR significance OR correla-
tion OR correlated

NOT

Animals

NOT

Placebo

Filters: english[la] OR german [la] OR french[la] OR spanish[la]
Date of search: 14" of August 2018



Search term translated into PubMed operators

Search term in pubmed translation (filter not included here):

(((((pollen[tiab] AND (("ambrosia"[MeSH Terms] OR "ambrosia"[All Fields] OR "ragweed"[All Fields]) OR
("ambrosia“[MeSH Terms] OR "ambrosia"[All Fields]) OR "Ambrosia artemisiifolia”[All Fields] OR (“artemi-
sia"[MeSH Terms] OR "artemisia"[All Fields] OR "mugwort"[All Fields]) OR ("artemisia"[MeSH Terms] OR
"artemisia"[All Fields]) OR "Artemisia vulgaris"[All Fields] OR ("betula“[MeSH Terms] OR "betula"[All
Fields] OR "birch"[All Fields]) OR ("betula"[MeSH Terms] OR "betula"[All Fields]) OR ("alnus"[MeSH
Terms] OR "alnus"[All Fields] OR "alder"[All Fields]) OR (“alnus"[MeSH Terms] OR "alnus"[All Fields]) OR
ash[All Fields] OR (“fraxinus"[MeSH Terms] OR "fraxinus"[All Fields]) OR ("poaceae"[MeSH Terms] OR "po-
aceae"[All Fields] OR "grass"[All Fields]) OR ("poaceae"[MeSH Terms] OR "poaceae"[All Fields]) OR (“cory-
lus"[MeSH Terms] OR "corylus"[All Fields] OR "hazel"[All Fields]) OR ("corylus"[MeSH Terms] OR "cory-
lus"[All Fields]) OR rye[All Fields] OR ("secale"[MeSH Terms] OR "secale"[All Fields]))) AND ((("pol-
len"[MeSH Terms] OR "pollen"[All Fields]) AND threshold[All Fields]) OR (("pollen“[MeSH Terms] OR "pol-
len"[All Fields]) AND thresholds[All Fields]) OR "pollen level"[All Fields] OR "pollen levels"[All Fields] OR
"pollen load"[All Fields] OR "pollen count"[All Fields] OR "pollen counts"[All Fields] OR (("pollen"[MeSH
Terms] OR "pollen"[All Fields]) AND quantification[All Fields]) OR (("pollen"[MeSH Terms] OR "pollen"[All
Fields]) AND quantifications[All Fields]) OR "pollen concentration”[All Fields] OR "pollen concentrations"[All
Fields] OR "aeroallergen concentration"[All Fields] OR "aeroallergen concentrations"[All Fields] OR "aeroaller-
gen level"[All Fields] OR "aeroallergen levels"[All Fields] OR "atmospheric pollen counts"[All Fields] OR
"symptom load index"[All Fields] OR (("pollen"[MeSH Terms] OR "pollen"[All Fields]) AND symptom[All
Fields] AND score[All Fields]) OR (("pollen"[MeSH Terms] OR "pollen"[All Fields]) AND ("diagnosis"[Sub-
heading] OR "diagnosis"[All Fields] OR "symptoms"[All Fields] OR "diagnosis"[MeSH Terms] OR "symp-
toms"[All Fields]) AND score[All Fields]))) AND ("pollen induced allergy"[All Fields] OR ("Psychopathol
Rev"[Journal] OR "Pharmacol Rep*[Journal] OR "Pharmacognosy Res"[Journal] OR "Partis Rev*“[Journal] OR
"pr"[All Fields]) AND (pollen-associated[All Fields] AND allergic[All Fields] AND ("risk"[MeSH Terms] OR
"risk"[All Fields])) OR ("hypersensitivity"[MeSH Terms] OR "hypersensitivity"[All Fields] OR "allergy"[All
Fields] OR "allergy and immunology”[MeSH Terms] OR (“allergy"[All Fields] AND "immunology"[All
Fields]) OR "allergy and immunology"[All Fields]) OR ("hypersensitivity"[MeSH Terms] OR "hypersensitiv-
ity"[All Fields] OR “allergies"[All Fields]) OR "pollen allergy"[All Fields] OR "pollen allergies"[All Fields] OR
"seasonal allergy"[All Fields] OR ("asthma"[MeSH Terms] OR "asthma"[All Fields]) OR "allergic asthma"[All
Fields] OR "asthma exacerbation"[All Fields] OR "asthma exacerbations"[All Fields] OR ("rhinitis"[MeSH
Terms] OR "rhinitis"[All Fields]) OR "allergic rhinitis"[All Fields] OR rhinoconjunctivitis[All Fields] OR "aller-
gic rhinoconjunctivitis"[All Fields] OR ("conjunctivitis"[MeSH Terms] OR "conjunctivitis"[All Fields]) OR "al-
lergic conjunctivitis"[All Fields] OR "conjunctival symptoms"[All Fields] OR "seasonal conjunctivitis"[All
Fields] OR ("rhinitis, allergic, seasonal"[MeSH Terms] OR ("rhinitis"[All Fields] AND "allergic"[All Fields]
AND "seasonal"[All Fields]) OR "seasonal allergic rhinitis"[All Fields] OR "hayfever"[All Fields]) OR "hay fe-
ver"[All Fields] OR ("rhinitis, allergic, seasonal"[MeSH Terms] OR (“rhinitis"[All Fields] AND "allergic"[All
Fields] AND "seasonal"[All Fields]) OR "seasonal allergic rhinitis"[All Fields] OR "pollinosis"[All Fields]) OR
("rhinitis"[MeSH Terms] OR "rhinitis"[All Fields]) OR "seasonal rhinitis"[All Fields] OR "pollen-induced rhini-
tis"[All Fields] OR "allergic rhinitis"[All Fields] OR "seasonal allergic rhinitis"[All Fields] OR "allergic reac-
tion"[All Fields] OR "allergic reactions"[All Fields] OR "allergic symptoms"[All Fields] OR "allergic symp-
toms"[All Fields] OR "allergic response"[All Fields] OR "allergic responses"[All Fields] OR "clinical re-
sponse"[All Fields] OR "clinical symptoms"[All Fields] OR "clinical symptom"[All Fields] OR ("respiratory
sounds"[MeSH Terms] OR ("respiratory”[All Fields] AND "sounds"[All Fields]) OR "respiratory sounds"[All
Fields] OR "wheeze"[All Fields]) OR "hospital admission"[All Fields] OR "hospital admissions"[All Fields] OR
"emergency department”[All Fields] OR "learning ability"[All Fields] OR "working ability"[All Fields] OR
"working capacity"[All Fields] OR "allergy symptoms"[All Fields] OR (initiation[All Fields] AND ("diagno-
sis"[Subheading] OR "diagnosis"[All Fields] OR "symptoms"[All Fields] OR "diagnosis"[MeSH Terms] OR
"symptoms"[All Fields])) OR "conjunctival symptoms"[All Fields] OR "nasal symptoms"[All Fields] OR "bron-
chial symptoms"[All Fields] OR "ocular symptoms"[All Fields] OR "respiratory symptoms"[All Fields] OR
"itchy eyes"[All Fields] OR "itchy-watery eyes"[All Fields] OR "blocked nose"[All Fields] OR (runny[All
Fields] AND ("nasal obstruction"[MeSH Terms] OR (“nasal"[All Fields] AND "obstruction"[All Fields]) OR
"nasal obstruction"[All Fields] OR ("blocked"[All Fields] AND "nose"[All Fields]) OR "blocked nose"[All
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Later addition to the search term separated by topic

Pollen [tiab]

AND

ragweed OR Ambrosia OR “Ambrosia artemisiifolia” OR mugwort OR Artemisia OR “Artemisia vulgaris” OR
birch OR Betula OR alder OR Alnus OR ash OR Fraxinus OR grass OR Poaceae OR hazel OR Corylus OR rye
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AND

“pollen threshold” OR “pollen thresholds” OR “pollen level” OR “pollen levels” OR “pollen load” OR “pollen
count” OR “pollen counts” OR “pollen quantification” OR “pollen quantifications” OR “pollen concentration”
OR “pollen concentrations” OR “aeroallergen concentration” OR “aeroallergen concentrations” OR “aeroaller-
gen level” OR “aeroallergen levels” OR “atmospheric pollen counts” OR “symptom load index” OR “pollen
symptom score” OR “pollen symptoms score”

AND
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AND

association OR associated OR relationship OR related OR relation OR significant OR significance OR correla-
tion OR correlated

NOT

Animals

NOT

Placebo

Filters: english[la] OR german [la] OR french[la] OR spanish[la]
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Later addition search term translated into PubMed operators

(((((pollen[tiab] AND (("ambrosia"[MeSH Terms] OR "ambrosia"[All Fields] OR "ragweed"[All Fields]) OR
("ambrosia"[MeSH Terms] OR "ambrosia"[All Fields]) OR "Ambrosia artemisiifolia"[All Fields] OR (“artemi-
sia"[MeSH Terms] OR "artemisia"[All Fields] OR "mugwort"[All Fields]) OR ("artemisia"[MeSH Terms] OR
"artemisia"[All Fields]) OR "Artemisia vulgaris"[All Fields] OR ("betula"[MeSH Terms] OR "betula"[All
Fields] OR "birch"[All Fields]) OR ("betula”"[MeSH Terms] OR "betula"[All Fields]) OR ("alnus"[MeSH
Terms] OR "alnus"[All Fields] OR "alder"[All Fields]) OR ("alnus"[MeSH Terms] OR "alnus"[All Fields]) OR
ash[All Fields] OR (“fraxinus"[MeSH Terms] OR "fraxinus"[All Fields]) OR ("poaceae"[MeSH Terms] OR "po-
aceae"[All Fields] OR "grass"[All Fields]) OR ("poaceae"[MeSH Terms] OR "poaceae"[All Fields]) OR (“cory-
lus"[MeSH Terms] OR "corylus"[All Fields] OR "hazel"[All Fields]) OR ("corylus"[MeSH Terms] OR "cory-
lus"[All Fields]) OR rye[All Fields] OR ("secale"[MeSH Terms] OR "secale"[All Fields]))) AND ((("pol-
len"[MeSH Terms] OR "pollen"[All Fields]) AND threshold[All Fields]) OR (("pollen"[MeSH Terms] OR "pol-
len"[All Fields]) AND thresholds[All Fields]) OR “pollen level"[All Fields] OR "pollen levels"[All Fields] OR
"pollen load"[All Fields] OR "pollen count"[All Fields] OR "pollen counts"[All Fields] OR (("pollen"[MeSH
Terms] OR "pollen”[All Fields]) AND quantification[All Fields]) OR (("pollen"[MeSH Terms] OR "pollen"[All
Fields]) AND quantifications[All Fields]) OR "pollen concentration"[All Fields] OR "pollen concentrations"[All
Fields] OR "aeroallergen concentration"[All Fields] OR "aeroallergen concentrations"[All Fields] OR "aeroaller-
gen level"[All Fields] OR "aeroallergen levels"[All Fields] OR "atmospheric pollen counts"[All Fields] OR
"symptom load index"[All Fields] OR (("pollen"[MeSH Terms] OR "pollen"[All Fields]) AND symptom[All
Fields] AND score[All Fields]) OR (("pollen"[MeSH Terms] OR "pollen”[All Fields]) AND ("diagnosis"[Sub-
heading] OR "diagnosis"[All Fields] OR "symptoms"[All Fields] OR "diagnosis"[MeSH Terms] OR "symp-
toms"[All Fields]) AND score[All Fields]))) AND (“drug consumption”))) AND (("association"[MeSH Terms]
OR "association"[All Fields]) OR associated[All Fields] OR relationship[All Fields] OR related[All Fields] OR
("family"[MeSH Terms] OR "family"[All Fields] OR "relation"[All Fields]) OR significant[All Fields] OR
("Signif (Oxf)"[Journal] OR "significance"[All Fields]) OR correlation[All Fields] OR correlated[All Fields]))
NOT ("animals"[MeSH Terms:noexp] OR animals[All Fields])) NOT ("placebos”[MeSH Terms] OR "place-
bos"[All Fields] OR "placebo"[All Fields])
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Online table 1: RoB assessment of Caillaud et al. (2014a)

Study: Caillaud et al. (2014a)
Study design (reported): panel study

reporting bias

Criteria Assessment | Justification of the assessment (quotation marks are used for direct
quotes)

Confounding + “Confounding variables, such as pollutants and weather variables were

bias introduced into the model considering their own effect on both pollen
levels and symptoms. They were chosen to avoid highly correlated
variables.
Maximum temperature, mean relative humidity, wind speed, O3, PM 10
were selected together with geographical area of the volunteers. Two
time trend variables were introduced (trend in the data, weekend).
Interactions between all explanatory variables were tested and included
if significant.”
“The average daily concentrations of NO2 and PM10 were used in the
study as well as O3 concentrations.”

Detection bias: | ++ “Average daily birch pollen concentrations were drawn from the

exposure National Aerobiological Network Survey. In each French city studies

characterization and from MeteoSwiss (Geneva). Measurements were made using Hirst
type pollen traps, located in each study town, around 15m above ground
level.”

Detection bias: | + “Adult patients, sensitized to birch. All participants were asked to

outcome complete the diary from March 22 to May 16, 2010.”

assessment

Attrition bias + “71 adults with SAR were selected. Ten participants were excluded,
either because they failed to provide the requested daily health records
(n=8) or because they did not qualify for inclusion (n=2).”

Selective ++ “They were asked to record, each evening, daily nasal, ocular, and

bronchial symptoms, respiratory infections, and medication [...]. The
severity of eye (itching and/or tear flow and/or conjunctival redness),
nose (sneezing and/or runny nose and/or blocked nose) and bronchial
(cough and/or wheezing and/or asthma) symptoms was reported on a 4-
point scale (0, no symptoms; 1, mild symptoms; 2, moderate symptoms;
3, severe symptoms).”

Symptoms were reported.

Conflict of
interest

No information given.

Online table 2: RoB assessment of Caillaud et al. (2014b)

Study: Caillaud et al. (2014b)
Study design (reported): panel study

Criteria

Assessment

Justification of the assessment (quotation marks are used for direct
quotes)

Confounding
bias

“Average daily concentrations of NO2, PM10, O3 were measured.
However, only PM10 and O3 were used for analysis.”

“Confounding variables were chosen to avoid highly correlated
variables.”

“Maximum temperature, mean relative humidity, wind speed, O3, PM10,
age. Two time trend variables were introduces: month and weekend.”

- NO2 not considered in analysis

Detection bias:
exposure
characterization

++

“The panel study was carried out in 5 towns in France and 1 in
Switzerland. Each town was equipped with at least 1 pollen trap. Daily
ragweed pollen levels were drawn in each town from the National
Aerobiological Network Survey and by Meteo Swiss for Geneva.
Measurements were made using a Hirst-type pollen trap [...]. The pollen
is then identified and quantified by a trained palynologist and related to
the volume of air averaged over 24 hours.”




Detection bias: | + “All patients were asked to complete a symptom diary [...].”

outcome

assessment

Attrition bias ++ “For the panel study, 31 adults with ragweed allergy were included. One
patient was excluded because he failed to provide the requested daily
health records during the month of August and additionally he
experienced hay fever before the pollen season.

Selective ++ “They were asked to record, each evening, daily nasal, ocular, and

reporting bias bronchial symptoms, respiratory infections, and medication [...]. The
severity of eye (itching and/or tear flow and/or conjunctival redness),
nose (sneezing and/or runny nose and/or blocked nose) and bronchial
(cough and/or wheezing and/or asthma) symptoms was reported on a 4-
point scale (0, no symptoms; 1, mild symptoms; 2, moderate symptoms;
3, severe symptoms).”
Symptoms were reported.

Conflict of ++ The authors declare that they have no conflicts of interest.

interest

Online table 3: RoB assessment of Caillaud et al. (2015)

Study: Caillaud et al. (2015)
Study design (reported): /

Criteria Assessment | Justification of the assessment (quotation marks are used for direct
quotes)

Confounding + “The construction of the model began with the introduction of the long-

bias term trend and seasonal variations [...]. Dummy variables of public
holidays, school holidays, and the days of the week were then
introduced. As for the trend, weather and pollution factors were
introduced [...]. In the final model, the greatest temperature, humidity,
ozone and particulate matter were introduced for each pollen with a lag.
NO2 was introduced without lag.”
—> wind speed not introduced

Detection bias: | ++ “Average daily pollen concentrations [...] using a Hirst pollen trap

exposure located in Clermont-Ferrand, 30 metres above ground level.”

characterization

Detection bias: + “The health indicator, referred to as SAR case, was defined as the

outcome association between an oral antihistamine drug and a local (nasal or

assessment ocular) anti-allergic drug on the same medical prescription. For each
year of the study, all patients who received at least one reimbursement
for anti-allergic treatment were selected via the health insurance
database.”

Attrition bias N.A. The basic health insurance system [...] supplied
the data”

Selective ++ Secondary data were chosen after a predefined health outcome.

reporting bias

Conflict of ++ “The authors declare that they have no conflict s of interest.”

interest

Online table 4: RoB assessment of Cakmak et al. (2002)

Study: Cakmak et al. (2002)
Study design (reported): time series study

bias

Criteria Assessment | Justification of the assessment (quotation marks are used for direct
quotes)
Confounding + “To account for the effect of potentially confounding long-term trends

such as could be caused by viral epidemics or unknown factors, we
applied [...].”

“We also accounted for weekly and daily changes in meteorological and
air-pollution variables.”

Measured: O3, NO2, SO2, coefficient of haze, daily sulphates;
temperature, relative humidity, barometric pressure 2




-> day of the week not mentioned, wind speed not mentioned, coefficient
of haze one of the earliest measures of PM

Detection bias: | ++ “We measured the concentration of allergens in the air with rotational-
exposure impaction sampling located 2.4 m above the ground within 8.1-16.1km
characterization from the children’s hospital. [...] to test the correlation between changes
in daily emergency visit rates and changes in daily concentrations or
airborne allergens.”
Detection bias: | + “We included all patients who presented with a main diagnosis of
outcome conjunctivitis or rhinitis to the emergency department from Mai 1, 1993
assessment to Sept 30, 1997.”
Daily - all visits to hospital
-> ICD or other medical code not mentioned
Attrition bias ++ “We included all patients who presented with a diagnosis of [...]".
Selective ++ Data for rhinitis and conjunctivitis were used and reported.
reporting bias
Conflict of ++ “None declared.”
interest

Online table 5: RoB assessment of Dales et al. (2008)

Study: Dales et al. (2008)
Study design (reported): time series study

Criteria Assessment | Justification of the assessment (quotation marks are used for direct
quotes)

Confounding + “Each time-series model included indicator variables for day of the

bias week, and were adjusted for temporal trends [...].”

“Day of the week and daily changes in meteorological variables were
also accounted for [...]”.

“To further exclude the possibility of confounding, each tree pollen was
adjusted for the effects of the other tree pollens, for grasses and
deuteromycetes, and for the gaseous air pollutants, nitrogen dioxide,
sulphur dioxide and ozone.

- PM and wind speed are missing

Detection bias: ++ “Tree pollen grain concentrations have been collected using rotational

exposure impact sampling located in each city.”

characterization “Pollen has been collected in the same fashion in each city supervised by
the same company.”

“[...] day-to-day changes in tree pollen concentration [...]”

Detection bias: | ++ “The study population included all emergency hospitalizations for

outcome asthma between April 1993, and March 31, 2000 in the cities [...].”

assessment “The International Classification of Diseases (9" revision, code 493)
identified asthma.”

[...] day-to-day changes in hospitalization counts [...]”.

Attrition bias N.A. “Hospitalization data were provided by the Canadian Institute for Health
information which collects information on virtually all asthma
admissions in Canada, made possible by the fact that all acute care
general medical hospitals in Canada are public funded.”

“Cities in the Province of Quebec could not be included because their
hospitalization data could not be included in the Canadian Institute for
Health Information database we assessed.”

Selective ++ Admissions for asthma were reported in the results section.

reporting bias

Conflict of - No information given.

interest

Online table 6: RoB assessment of Darrow et al. (2012)

Study: Darrow et al. (2012)
Study design (reported): time series, case-crossover study

Criteria

Assessment

Justification of the assessment (quotation marks are used for direct
quotes)




Confounding
bias

AMBROSIA

“Effects of Ambrosia pollen on asthma exacerbations were difficult to
assess in this large-scale temporal analysis due to possible confounding
by the steep increase in circulating rhinoviruses every September.
“There is evidence to suggest that our results for Ambrosia were
confounded.”

Detection bias:
exposure
characterization

“Airborne pollen concentrations were measured by the Atlanta and
Asthma Clinic, a member of the National Allergy Bureau. The
monitoring site was moved once; pollen was sampled from the same
rooftop height at both locations and away from vegetation, air
conditioner and building vents.”

“[...] staff analysed air samples five days per week (Sunday-Thursday)
using a Rotorod sampler.

For our main epidemiologic analyses, the two days (Friday-Saturday) of
missing pollen data each week were estimated using linear
interpolation.”

Detection bias:
outcome
assessment

++

“We defined ED visits for asthma and wheeze as all visits with a primary
or secondary ICD-9 code indicating asthma (493.0-493.9) or wheeze
(786.09 before October 1, 1998; 786.07 beginning October 1, 19989, that
did not also have a code for an external injury or poisoning (E800-
E999).”

“We identified ED visits for acute upper respiratory infections (URI;
460.0-466.0) without a concurrent ICD code for asthma or wheeze.”

Attrition bias

N.A.

“For each patient visit, hospitals provided the date of admission,
International classification of Diseases 9™ Revision diagnostic codes,
patient date of birth and residential ZIP code.”

“We also created a control group for finger wounds (883) because these
visits were unlikely to be causally related to pollen levels.”

"Finally, models assessing relationships between pollen levels and ED
visits for finger

wounds, a control outcome group, did not suggest any systematic bias in
the modelling approach; [...].”

-> no information about control group, e.g. age, gender

Selective
reporting bias

++

Data for a specific health outcome were requested, they were reported.

Conflict of
interest

No information given.

Online table 7: RoB assessment of Fuhrman et al. (2007)

Study: Fuhrman et al. (2007)
Study design (reported): /

outcome
assessment

Criteria Assessment | Justification of the assessment (quotation marks are used for direct
quotes)

Confounding + “The core model included penalized cubic regression spline of time,

bias dummy variables for days of the week and public holidays, [...]
temperature and relative humidity [...] ozone concentration.”
“When a significant association was found in the overall analysis (all
ages combined), further analyses were performed distinguishing between
age groups: [...].”

Detection bias: ++ “The concentration sin airborne pollen grains were obtained from the

exposure national aerobiological surveillance network [...]. 8...] spore trap

characterization located in the town center [...]. The relation between daily changes in
pollen concentrations [...].”

Detection bias: + “Data regarding reimbursements for antiallergic drugs were provided by

the French national medical insurance. [...]. I refunds only drugs bought
with a medical prescription and, until 2004, antiallergic drugs were not
available over the counter.”




“An episode of treated ARC was defined as the association of an oral
antihistamine drug and of a local (nose or eye) antiallergic drug on the
same medical prescription.”

Attrition bias ++ “This health insurance covers all active or retired employees and their
dependents and is estimated to cover approximately 80% of the French
urban population.”

“[...] all the individuals living in the Clermont-Ferrand urban area who
had benefited from at least 1 reimbursement for either an oral
antihistamine or a local (nasal or ocular) antiallergic treatment were
selected via the health insurance database.”

“For technical reasons, data on drug reimbursements in 2002 could not
be used.”

Selective ++ Outcome was defined and reported.

reporting bias

Conflict of ++ “Authors have nothing to disclose.”

interest

Online table 8: RoB assessment of Gleason et al. (2014)

Study: Gleason et al. (2014)
Study design (reported): case-crossover

Criteria

Assessment

Justification of the assessment (quotation marks are used for direct
quotes)

Confounding
bias

“Multivariable conditional logistic regression controlling for holiday,
school.in-session indicator, and a 3-day moving average for temperature
and relative humidity was used to examine the associations.”
“Stratification on gender, race, ethnicity and socioeconomic status was
explored.”

“This method avoids bias due to temporal trends since controls are
selected at a time prior and following an event and selection by week
avoids any effects of day of the week”

“[...] can more effectively control for time-varying confounding [...].”
“Multipollutant models were fit to assess how associations changed after
adjusting for other exposures, using same day lag values for ozone and
PM2.5 and 3-day moving average for each pollen type.”

Detection bias:
exposure
characterization

“Specific counts for various pollen types [...] are collected daily, except
for weekends and some winter months, using volumetric sampling
devices from a counting station located in Spri9ngfield, New Jersey.”
“Data from this monitoring station, which is one of only two stations in
the state New Jersey, served as representative for the whole state, as
pollen season peaks are similar throughout the state.”

Detection bias:
outcome
assessment

++

“Data on daily ED visits were obtained [...] with a primary diagnosis of
asthma (ICD-9 code 493.xx).”

Attrition bias

“After exclusions there where 21,854 visits to the ED for pediatric
asthma (case days) that were matched with two control days from a total
of 65,562 case and control days.”

++

- Day of the week
“[...] time stratification into 21-day strata was selected. This strata size
was chosen for several reasons: first it is a multiple of seven therefore
controls are selected on the same day of the week as the case,
additionally 21 days is a wide enough period of time to allow for the
selection of two control periods per case [...].”
“Bi-directional control sampling was employed in which two control
periods, one preceding and one proceeding is selected for each case day.
This method avoids bias due to temporal trends since controls are
selected at a time prior and following an event and selection by week
avoids any effects of day of the week. Controls are only selected from
weeks before or after that are within the 21-day stratum. If the control’s
stratum did not match the case’s stratum a new control date was selected




two weeks in the appropriate time direction such that case and controls
would be from the same strata.”

Selective ++ Data on asthma were requested and reported.

reporting bias

Conflict of ++ “The Authors declared that they have no competing interests.”
interest

Online table 9: RoB assessment of Guilbert et al. (2016)

Study: Guilbert et al. (2016)
Study design (reported): time series study

Criteria Assessment | Justification of the assessment (quotation marks are used for direct
quotes)

Confounding ++ Analysed Confounders: PM1g, NO,, SO,, O3 and meteorological factors

bias “Among air pollutants, PMz1o, NO2, SO2and Os were considered as
potential confounders. [...]The influence of meteorological factors
including daily minimal temperature and average relative humidity, was
taken into account.”

Detection bias: | ++ “Their daily concentrations were provided by the Mycology and

exposure Aerobiology service (www.airallergy.be) of the Belgian Scientific

characterization Institute of Public Health (WIV-1SP). The counts of pollen and fungal
spores in the air were obtained using a Burkard__ volumetric spore
sampler located on the top of the WIV-ISP building, in the centre of the
study area. Measurements were carried out 7 days a week, from January
to November included. For the month of December, zeros were imputed
for all types.”

Detection bias: + “The health impact of pollen grains and fungal spores was assessed

outcome based on their association with reimbursable ‘* Antihistamines for

assessment systemic use’” sales (RO6A category according to the World Health
Organization Anatomical Therapeutic Chemical classification system
[ATC]; detailed list available as supplemental material), referred to as
“‘allergy medications’’ hereinafter. [...]This administrative system
records, on a daily basis, data on any purchase of refundable drugs made
by a patient affiliated to the social security, in one of the public Belgian
pharmacies.”

Attrition bias N.A.

Selective ++ All measured outcomes as described in the method section are reported

reporting bias in the results

Conflict of ++ “The authors declare that they have no competing interest.”

interest

Online table 10: RoB assessment of Guilbert et al. (2018)

Study: Guilbert et al. (2018)
Study design (reported): time series study

bias

Criteria Assessment | Justification of the assessment (quotation marks are used for direct
quotes)
Confounding + Adjusted for:

e seasonal and long term trends
o day of the week

o public holidays

e mean temperature

o relative humidity
Stratification by:

e not stratified

® age

e PM;s

L] NOz

¢ O3

o Influenza epidemics




o General respiratory infections
-> wind speed is missing

Detection bias: | ++ e mean daily concentrations

exposure o Hirst-type volumetric spore sampler [...] placed on the flat and

characterization unobstructed roof of a 16m high building, located in the centre of the

study area.

Detection bias: | ++ o daily number of hospital admissions

outcome e asthma (ICD 9: 493

assessment

Attrition bias ++ See detection bias: outcome assessment
“They [the health data] were derived from the Belgian Minimal Hospital
Summary database: any Belgian general hospital is required to
systematically generate a standardized summary of the medical record of
every inpatient (with a few exceptions).”

Selective ++ Asthma hospitalization data were requested and these results were

reporting bias reported.

Conflict of ++ “The authors declare that they have no competing interest.”

interest

Online table 11: RoB assessment of Héguy et al. (2008)

Study: Héguy et al. (2008)
Study design (reported): time series study

Criteria Assessment | Justification of the assessment (quotation marks are used for direct
quotes)

Confounding + “[...] models that were adjusted for temporal variations, daily weather

bias conditions (temperature, atmospheric pressure), and gaseous air
pollutants (ozone and nitrogen dioxide).”

Detection bias: | ++ “Daily concentrations of pollen were obtained [...]. In Montréal, the

exposure sampler is located in the municipality of LaSalle, situated roughly 1km

characterization from the north shore of the Saint-Lawrence River [...].”

Detection bias: | ++ “Asthma was defined according to the initial assessment of the attending

outcome emergency physician (diagnostic code 493 according to the 9™ revision

assessment [...]”

Attrition bias N.A. “The QHIP database allowed the identification of all visits to emergency
departments for asthma among children under the age of 9 who were
residents of Montreal between 1994 and 2004 (April 1-October 31) in all
Montreal hospitals.”

Selective ++ Requested were data about emergency department visits caused by

reporting bias asthma,; reported in the results section.

Conflict of - No information given.

interest

Online table 12: RoB assessment of Hofman et al. (1996)

Study: Hofman et al. (1996)
Study design (reported): /

exposure
characterization

Criteria Assessment | Justification of the assessment (quotation marks are used for direct
quotes)

Confounding -- No consideration of confounder.

bias

Detection bias: | + weekly/all 5 days (Comment from the reviewer: Fig. 2 and 3 presents

measurements all 5 days; unclear information in paper. Author request
was not answered)

“Pollenfall has been examined in the city centre by volumetric method
using Burkard sampler and in north and south points of the city by
gravimetric method using Durham sampler.” Patients came from city of
Poznan, small towns in Poznan region or rural area of Poznan region.




Detection bias:
outcome
assessment

“[...] 1,459 patients with pollinosis from three main medical allergy
centres in Poznan (Centre of Allergology, Regional Hospital for Lund
Diseases, Regional Outpatients Clinic of Allergology) were examined.
All patients had symptoms of allergic rhinitis and conjunctivitis. The
occurrence of symptoms in affected patients allowed a correlation to be
made with the intensity of pollenfall.”

+ SPT, IgE, in few cases also rhinomanometry

“The results of allergy tests, patient’s history and symptoms have been
correlated with local pollenfall to establish exactly the cause of the
disease.”

Attrition bias

N.A.

No attrition of patients.

“It was obvious that not all new cases were included, largely because
these patients were treated in other outpatients departments, or they
simply remain undiagnosed. To best of our knowledge, approximately
three quarters of newly diagnosed patients in Poznan were included in
our analysis.”

Selective
reporting bias

,,we noticed that this [... 6-12 grains m3/24h...] was enough for patients
to develop clincially significant symptoms*

Information should be available but is missing [Comment from the
reviewer: it is not obvious, if no symptoms occurs below 6 grains.)

Conflict of
interest

No information given.

Online table 13: RoB assessment of Huynh et al. (2010)

Study: Huynh et al. (2010)
Study design (reported): time-series

interest

Criteria Assessment | Justification of the assessment
(quotation marks are used for direct quotes)
Confounding + Considered confounders/variables adjusted for: asthma trend,
bias seasonality, air pollution data (NO2, PM10, SO2, 03), meteorological
variables (temperature, humidity), public holidays, influenza, all types of
pollen.
= Wind speed is missing
Detection bias: - One pollen trap covering study area.
exposure Daily pollen counting. However: “Since the data on asthma attacks were
characterization measured on a weekly basis, the daily counts of pollen grains per m3
were averaged over each week.”
=> Daily counting, but summarized in weekly counting.
Detection bias: - Weekly outcome counting.
outcome Outcome: “asthma attacks requiring a GP [general practitioner]
assessment consultation”. Standardized definition of asthma attacks.
= Not daily outcome counting
Attrition bias -- 257 GPs [general practitioners] were included, however “GPs participate
on a volunteer basis [...]. [...] the sample of GPs providing the data on
numbers of asthma exacerbations could have been biased.” “189
asthmatic patients were seen by the FSN GPs over the four-year study
period, 177 of which were fully described in terms of socio-demographic
and clinical variables.”
= It is not mentioned how many of the 257 GPs reported asthma
attacks. The attrition/exclusion rate is unknown. The authors
declare the bias.
Selective ++ Asthma attacks
reporting bias =>» One outcome was reported in methods and results section.
Conflict of ++ = “No conflict of interest.”




Online table 14: RoB assessment of Ito et al. (2015)

Study: Ito et al. (2015) (Ito et al. 2015)
Study design (reported): time series study

Criteria Assessment | Justification of the assessment (quotation marks are used for direct
quotes)
Confounding + Considered confounders: Day of the week, within seasonal trends,
bias humidity, temperature, PM2.5, O3
= Wind speed, NO2, is missing
Detection bias: | + “a Burkard volumetric spore trap [...] about 30 miles north of
exposure Manhattan. This station provides the closest long-term pollen record for
characterization the New York City (NYC) region.” “Daily pollen counts”
=> Daily counting. Pollen trap and population in different cities.
Detection bias: | ++ Over-the counter allergy medication sales
outcome => Daily outcome counting
assessment ++ Asthma syndrome emergency department visits.
“[...] data from 52 hospitals (~95 % of annual ED visits in NYC).” “For
asthma ED syndrome, the script searched for the word “asthma”,
“wheezing”, “COPD”, their common misspelled analogues and
International Classification of Diseases 9th edition codes associated with
asthma (because some hospitals report diagnosis codes)”. [...] “daily
asthma syndrome ED visits”
Daily outcome counting.
Attrition bias NA = Secondary data
Selective ++ Over-the counter allergy medication sales
reporting bias = One outcome was reported in methods and results section.
[decision of the assessor: it seems not necessary to present
results of the single products included]
++ Asthma syndrome emergency department visits defined as the following:
“For asthma ED syndrome, the script searched for the word “asthma”,
“wheezing”, “COPD”, their common misspelled analogues and
International Classification of Diseases 9th edition codes associated with
asthma (because some hospitals report diagnosis codes)”. [...]
=> [comment of the assessor: the inclusion of Asthma, Wheezing
and COPD in one definition “asthma syndrome” was discussed
with an expert and as acceptable declared]
Conflict of ++ “The authors declare that they have no competing interests.”
interest
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Online table 15: RoB assessment of Lewis et al. (2000)

Study: Lewis et al. (2000)
Study design (reported): time series study

Criteria Assessment | Justification of the assessment (quotation marks are used for direct
quotes)
Confounding - Adjusted for “long-term time trends, temperature, humidity, influenza
bias epidemics, day of the week*.
= Wind speed was not considered as confounder (although it was
surveyed). Air pollutants were not considered.
Detection bias: | ++ “daily aeroallergen counts“; Measurements were made using a
exposure pollen/spore trap (Burkard Manufacturing Co Ltd, Rickmansworth, UK)
characterization sited10m above ground level in a Derby suburb 100m above sea level
and approximately 4 km south-west of the city centre.”
Detection bias: | ++ “Asthma morbidity was assessed in terms of daily A & E attendances for
outcome the 4-year period from January 1993 to December 1996. Daily
assessment admissions to either Hospital were available from April 94 to December
96”.
“Cases were identi®ed using the international coding for diseases (ICD-
9493 til March 95 and then ICD-10 J45.9 & J46) and those with a main
diagnosis of asthma were included.”
Attrition bias NA Hospital data

Selective - The results of all outcomes are shown graphically in terms of “estimated
reporting bias log rate ratios”. Odds Ratios are presented occasionally in the text.
Conflict of - no information given

interest

Online table 16: RoB assessment of Motreff et al. (2014)

Study: Motreff et al. (2014)
Study design (reported): /

Criteria Assessment | Justification of the assessment (quotation marks are used for direct

quotes)
Confounding + 03, NO2, PM10, day of the week, public holidays and vacation,
bias temperature, humidity/ precipitations. “Ozone,

NOx and PM10 concentrations were introduced into

the initial model, but these factors were not significant

and were not kept as confounding factors.”

= Wind speed missing. Later exclusion of factors.

Detection bias: | ++ “daily concentrations in airborne pollen grains”, “using two Hirst spore
exposure traps, each one located in the outskirts of town centres of Montpellier
characterization and Nimes.”
Detection bias: + “database of the French medical insurance”, “The health indicator,
outcome further referred to as ‘“ARC cases’’, was defined as the association of an
assessment oral antihistamine drug and a local (nose or eye) antiallergic drug on the

same medical prescription.”

=> Daily outcome data. Insurance data. ICD codes were not used

Attrition bias NA “database of the French medical insurance”,
Selective ++ Allergic rhinitis and conjunctivitis (ARC) cases
reporting bias = One outcome was reported in methods and results section
Conflict of - Not reported
interest
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Online table 17: RoB assessment of Osborne et al. (2017)

Study: Osborne et al. (2017)
Study design (reported): time series study

Criteria Assessment | Justification of the assessment (quotation marks are used for direct
quotes)

Confounding + “temperature, precipitation, humidity, day of week, and air pollutants”

bias (PMyg, NO3, O3, SO2).
Wind speed was not considered as confounder.

Detection bias: | ++ “daily pollen counts”, “a single pollen monitoring site in Islington,

exposure central London, [...] using a Burkard 7-day volumetric trap in

characterization accordance with British Aerobiology Federation protocols. The drum
was changed at 09:00 daily”

Detection bias: | ++ “Counts of emergency in-patient admissions for asthma (ICD-10 J45 and

outcome J46) for all residents of Greater London (specifically those within the

assessment London Government Office Region) were derived for the observation
days from Hospital Episode Statistics (HES) data for years 2005-2011
[...] HES captures all inpatient admissions to National Health Service
hospitals in England

Attrition bias NA

Selective ++ “Hospital admissions for asthma”, just one outcome

reporting bias

Conflict of - No information given

interest

Online table 18: RoB assessment of Ross et al. (2002a)

Study: Ross et al. (2002b)
Study design (reported): panel study

outcome
assessment

Criteria Assessment | Justification of the assessment (quotation marks are used for direct
quotes)

Confounding - Considered confounder: ozone, temperature, cigarette smoker,

bias environmental tobacco smoke, indoor bioaerosols, atopic status, air-
conditioner use, subject variability, subject variability, routine
medication use.
PM, NO2, humidity/precipitation and wind speed are missing

Detection bias: | ++ 3 Rotorod collection devices, 2 were installed near homes, the third was

exposure installed near the river; pollen were reported each day.

characterization

Detection bias: | + “Frequencies of asthma medication use (beyond routine use) and asthma

attack occurrence were recorded each evening.”

“A symptom score (from 0 to 3) was also recorded each morning and
evening”, “respiratory symptoms”
= Details of the content of the symptoms score are not described

(e.g. cough).

Attrition bias

Unacceptable large attrition or exclusion (>20%); reasons were
documented, when subjects were removed from the study or excluded
from analysis.

“A group of 59 asthmatic residents [...] were recruited for participation
in a panel study. [...] Two families withdrew early in the study period,
and a number of participants either withdrew later in the study or failed
to provide the requested daily health records. Thus, our analyses are
based on data from 40 participants”

Selective -- Asthma attacks were surveyed but results were not presented.
reporting bias

Conflict of - No information given

interest
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Online table 19: RoB assessment of Tobias et al. (2003)

Study: Tobias et al. (2003)
Study design (reported): time-series

Criteria Assessment | Justification of the assessment (quotation marks are used for direct
quotes)

Confounding + Air pollutants (PM10, SO2 NO2, 03), meteorological data (temperature,

bias humidity), acute respiratory infections, day of the week, public holidays,
other pollen
Wind was not considered as confounder.

Detection bias: | ++ “Airborne pollen data were collected from the Madrid Regional Health

exposure Authority Palynology Network comprising 10 monitoring stations. Daily

characterization averages of all main pollen types with allergenic capacity in the Madrid
area (Olea, Plantago, Poaceae, Urticaceae, Artemisia, Chenopodeaceae,
Cupressaceae and Platanus) were collected.”

Detection bias: | ++ Asthma hospital emergencies with the diagnoses asthma, asthmatic

outcome bronchitis, spastic bronchitis or bronchospasm

assessment

Attrition bias NA Not applicable

Selective ++ “Because of the large number of pollens and lag tests, this paper

reporting bias emphasises the consistency of associations across lags and measures and
discusses only the more highly significant findings (p<0.01).”

= A selection of the best findings are presented
Conflict of ++ “Conflict of interest: none.”
interest

Online table 20: RoB assessment of Villeneuve et al. (2006)

Study: Villeneuve et al. (2006)
Study design (reported): time series study

Criteria Assessment | Justification of the assessment (quotation marks are used for direct
quotes)

Confounding + Adjusted for temperature, humidity and influenza visits.

bias Although air pollutants were surveyed, they were not considered as
confounder in the pollen analysis.

Detection bias: | ++ “rotational impaction sampling methods”, daily

exposure

characterization

Detection bias: | ++ “Daily counts of physician visits for allergic rhinitis”

outcome

assessment

Attrition bias NA Not applicable

Selective ++ physician visits for rhinitis; just one outcome

reporting bias

Conflict of - No information given

interest
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Online table 21: RoB assessment of Zeghnoun et al. (2005)

Study: Zeghnoun et al. (2005)
Study design (reported): time series study

reporting bias

Criteria Assessment | Justification of the assessment (quotation marks are used for direct
quotes)

Confounding + Trend and seasonal variation, weekdays, holidays, school holidays,

bias temperature, humidity, precipitation, Os. Further variables were collected
but not used in the model: black smokes, sulphur dioxide, carbon
monoxide, suspended particles, nitrogen dioxide, nitrogen monoxide.

= Wind speed, PM, NO,, were not included in the model.

Detection bias: | ++ One pollen-measurement station in Clermont-Ferrand, daily count

exposure

characterization

Detection bias: | + “Drug data are from ERASME database™ Allergic rhinoconjunctivitis

outcome (ARC) cases, defined as “a person who, on a given day, had a

assessment prescription to obtain an oral antihistamine associated with treatment for
allergic rhinitis or allergic conjunctivitis, or both”. Per day.

Attrition bias N.A. Insurance data

Selective ++ Allergic rhinoconjunctivitis (ARC) cases, defined as “a person who, on a

given day, had a prescription to obtain an oral antihistamine associated
with treatment for allergic rhinitis or allergic conjunctivitis, or both”.
= One outcome was reported in methods and results section.

Conflict of
interest

No information given

Online table 22: RoB assessment of Zhong et al. (2006)

Study: Zhong et al. (2006)
Study design (reported): /

Criteria Assessment | Justification of the assessment (quotation marks are used for direct
quotes)
Confounding + “effects of season, day of the week, temperature, humidity, ozone and
bias PM2.5¢
Wind and NO2 were not considered.
Detection bias: | ++ “daily aeroallergen [...] data during the specified period were obtained
exposure from an outdoor monitoring station”
characterization
Detection bias: | ++ “An “asthma visit” was defined as either an emergency room visit or an
outcome out-patient clinic visit for the diagnosis of asthma. Daily records [...]
assessment ICD9 codes 493-493.91”
Attrition bias NA Not applicable
Selective ++ Asthma visits, just one outcome
reporting bias
Conflict of - Information not given
interest
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Legend:

Explanation of information regarding lag days
Lag 0: Outcome and exposure measurements from the same day were compared.

Lag 1: Outcome measurements were compared with exposure measurements from the day before.
Lag 2: Outcome measurements were compared with exposure measurements from two days before.

Lag 0-1 (averaged): Outcome measurements were compared with the average of the exposure measurements
from the same day and the day before.

Lag 2-3 (averaged): Outcome measurements were compared with the average of the exposure measurements
from two days earlier and three days earlier.

Lag 0-3 (cumulated): Outcome measurements were compared with the cumulated exposure measurements from
the same day, the day before, two days earlier, and three days earlier.
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