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Abstract
Background: Allergic rhinitis often gives rise to impaired quality of life and is believed 
to also affect cognitive function. We aimed to examine whether cognitive functions 
were impaired during grass pollen season in symptomatic allergic children and to re-
late the degree of impairment to quality of life and biomarkers related to stress and 
inflammation.
Methods: Forty-three grass pollen-allergic children (age 8-17 years) with non-satis-
factory effect of medication (antihistamines and nasal steroids daily) during previous 
seasons were included. In addition, 26 matched non-allergic children were included 
as controls. Both groups performed cognitive tests (CANTAB) and completed Quality 
of Life questionnaires outside and during the pollen season. Blood samples were col-
lected and analyzed for stress and inflammatory biomarkers. Pollen level was meas-
ured daily.
Results: Impaired cognitive function was found in spatial working memory, where 
the allergic group made more errors compared to the non-allergic group during pol-
len season, but not off-season. No significant differences could be seen between 
the allergic group and the controls in the other tests investigating visual memory or 
attention. Quality of health questionnaires revealed more symptoms and impaired 
quality of life in allergic compared to non-allergic children, and increased symptoms 
in allergic children were associated with longer reaction time for simple movement 
during pollen season. No differences in stress or inflammatory biomarkers could be 
found between the groups.
Conclusion: Cognitive function was affected during pollen season in pollen-allergic 
children, and the more symptoms the allergic children had, the longer the reaction 
time in the cognitive tests.
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1  | INTRODUC TION

The prevalence of allergic rhinitis has increased worldwide, and the 
International Study of Asthma and Allergies in Childhood (ISAAC) 
showed an overall prevalence of 1.4-39.7%, and the prevalence 
in Sweden was 11%-12%.1 Approximately one in five children of 
school age is sensitized to grass pollen, and 19.8% of patients with 
allergic rhinitis also indicate that they have asthma.2 Between 
60 and 85% of those with asthma indicates simultaneous rhinitis 
symptoms.3,4

Individuals suffering from moderate/severe allergic rhinitis 
often experience troublesome symptoms5 (i.e., persisting symptoms 
despite combination treatment, causing impairment in daily activi-
ties, sport, leisure, school, and/or sleep disturbance) alongside with 
physical complications.6 It is assumed that it would be possible to 
achieve good symptom control with optimal medication regimens 
in the vast majority of young people. Accurate diagnosis of rhinitis, 
education of patients and caregivers toward effective self-manage-
ment, and appropriate treatments are important to tackle the dis-
advantage that many young people with rhinitis often experience. 
Though in those that still experience uncontrolled symptoms, there 
is also the need to consider rhinitis as an impairing factor of daily 
performance.7

A less studied aspect of this chronic disease is the belief that 
it affects cognitive functions. Allergic rhinitis has also been shown 
to impair sleep, causing daytime sleepiness8 because of an in-
crease in nasal airway resistance and the pathological changes in 
airflow velocity,9 and is associated with poorer school records in 
adolescents.10 It has been shown that teenagers with rhinitis had 
difficulties concentrating at school, but the authors pointed out 
that a large proportion of the students with impaired results used 
sedative antihistamines.11 In direct relation to pollen levels, it has 
been shown that an increase in the ambient pollen levels by one 
standard deviation at the mean leads to a 2.5% standard deviation 
decrease in test scores at high school examinations, with potentially 
larger effects for allergic students.12 These studies focus mainly on 
physical factors in allergic rhinitis and patient reported health-re-
lated quality of life. A study of specific cognitive functions in allergic 
rhinitis would broaden the knowledge of how the disease affects 
the individual via another target organ, the central nervous system. 
There are today tools to estimate cognitive function more specifi-
cally. The Cambridge Neuropsychological Test Automated Battery 
(CANTAB) is such an example and includes objective measures of 
cognitive function.13 It includes several tests that can be used to as-
sess working memory, learning, executive function of visual, verbal 
and episodic memory, and attention (information processing and re-
action time).

In the present study, we aimed to examine whether cognitive 
functions were impaired during grass pollen season in allergic chil-
dren with troublesome symptoms compared to control children and 
whether the potential degree of cognitive impairment was related to 
(a) quality of life, (b) the extent of rhinitis symptoms, and (c) biomark-
ers related to stress and inflammation.

2  | METHODS

2.1 | Study population

A total of 69 children, 8-17 years old (mean age 12 years), were in-
cluded. Children with grass pollen allergy (n = 43) were recruited 
consecutively in a pediatric clinic, and a primary care unit and age- 
and sex-matched non-allergic controls (n = 26) were recruited. For 
patient characteristics, see Table 1.

Key Message

Cognitive function was affected during pollen season in 
pollen-allergic children, and the more symptoms the aller-
gic children had, the longer the reaction time for simple 
movement. It is therefore important to tackle the disad-
vantage that many young people with allergic rhinitis often 
experience, and aim for accurate diagnosis of the disease, 
improve education toward effective self-management, and 
optimize treatment.

TA B L E  1   Subject characteristics

Controls (n = 26)
Allergics 
(n = 43) p-value

Male/female, n (%) 14/12 (54%/46%) 28/15 
(65%/35%)

.35

Age, years 12 (10-15)a  12 (11-15)a  .98

Number of IgE 
sensitizations, n

0 (0-1)b  4 (2-6) <.001

House dust mite 
sensitized, n

4b  13b  .20

Off-season visit 
first, n (%)

12 (46%) 17 (39%) .59

Reporting any of the VAS symptomsc 

Nose, n (%) 7 (27%) 43 (100%)

Eyes, n (%) 4 (15%) 43 (100%)

Lungs, n (%) 5 (19%) 31 (72%)

Overall, n (%) 1 (4%) 43 (100%)

Cross-reactivity, 
n (%)

0 (0%) 26 (60%)

p = p-values denote comparison of controls versus allergics.
aData is presented as median (IQR). 
bFour of the controls and 13 of the allergics had house dust mite 
sensitization but no allergic symptoms related to house dust mite. 
cNumber of participants that reported any symptoms in the different 
categories of VAS (visual analogue scales): Nose = secretion, 
congestion, itching and sneezing; Eyes = redness, itching, watery; 
Lungs = cough, breathlessness, wheezing and asthmatics symptoms 
during exercise; Overall = general condition, fatigue and impact in 
everyday life; Cross-reactivity = itching and irritation in the mouth and 
throat, stomach pain. 
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The allergic group consisted of grass pollen-allergic patients, 
who experienced troublesome symptoms during previous grass 
pollen seasons despite a combination treatment of non-sedative an-
tihistamines and nasal steroids daily. All allergic children were still 
on this treatment, and their allergy medication (antihistamines and 
nasal steroids) was taken daily as usual in conjunction with the visits, 
as well as asthma medication, as prescribed.

Children sensitized to cat, dog, and horse allergen were included 
provided that they were not regularly exposed to these allergens. 
Children sensitized to house dust mite were excluded if they had a 
clinical history of symptoms due to house dust mite. No other medi-
cal conditions that could interfere with the study were accepted, be-
sides a well-controlled asthma. Participants were tested for the most 
common aeroallergens in Sweden (grass, birch, mug worth, cat, dog, 
horse, house dust mite, and Cladosporium herbarum) with either skin 
prick test or Phadiatop®. Subjects in the control group had a nega-
tive skin prick test or Phadiatop® and no clinical history of allergy or 
other conditions that could interfere with the study.

The study was approved by the Regional Ethical Review Board 
in Lund. All child custodians gave written informed consent, and all 
children gave oral informed consent.

2.2 | Study design

The off-season visit was performed outside the pollen season, either 
before (March-April, 2015) or after (November-December, 2015), 
and the season visit was performed during pollen season (Skåne 
Region, Sweden, May 19,-August 31, 2015). Airborne pollen was 
monitored using a Burkard 7-day volumetric spore trap, situated 
at a roof top about 30 m above ground level, at Skåne University 
Hospital (SUS) in Malmö, 55°60′N, 13°00′E.

2.3 | Cognitive test

CANTAB is a series of touchscreen tests,13 which can be repeated 
without the risk of learning effects, making it possible to assess sub-
jects more than once. From a total of 25 tests that the CANTAB 
system contains, four tests were chosen in order to assess specific 
cognitive functions that appeared to be affected according to pre-
vious studies14-17: paired associated learning (PAL), spatial working 
memory (SWM), reaction time (RTI), and rapid visual information 
Processing (RVIP). Additionally, a fifth test, Motor screening test, 
was used to screen for visual, movement, and comprehensive dif-
ficulties/familiarization. The PAL test measures visual memory, both 
episodic memory and learning, and a lower value reflects better 
performance. The SWM test measures the working memory and 
strategy use, and a lower value reflects a better spatial working 
memory. The RTI test is an attention test which measures the speed 
of response and movement, and a lower value reflects a shorter re-
action time. Finally, the RVIP test is an attention test that meas-
ure visual sustained attention in four parameters: 1. probability 

of hits (=h, the participant responding correctly), that is, total hits 
divided by the sum of total hits and total misses; a higher value re-
flects a better performance, 2. probability of false alarms (=f, the 
participant responding inappropriately), that is total false alarms 
divided by the sum of total false alarms and total correct rejec-
tions; a lower value reflects better performance, 3. A′ (calculated as 
0.5+[(h − f)+(h − f)2]/[4 × h×(1 − f)]), a signal detection measure of 
sensitivity to the target, regardless of response tendency; a higher 
value reflects better performance, and 4. median latency is the me-
dian time taken to respond in correct responses; a lower value re-
flects better performance.

2.4 | Questionnaires

The DISABKIDS questionnaire,18 a generic health-related quality of 
life instrument that can be used in every chronic disease, was ap-
plied to estimate the quality of life and the level of distress the last 
four weeks caused by allergy as a chronic disease. The DISABKIDS 
questionnaire (scoring 1-5) can be divided into mental, social, and 
physical sections, and a higher score reflects a better quality of life.

The global visual analogue scale (VAS) was applied for estimating 
the perceived degree of symptoms of various organs (eyes, nose, and 
lungs), the subjects’ general condition and cross-reactivity to oral 
and stomach symptoms to assess severity of rhinitis during pollen 
season.19 Scoring was between 0 and 10, and a lower score reflects 
less symptoms.

The LILA questionnaire,20 the Swedish version of PADQLQ 
(Pediatric Allergic Disease Quality of Life Questionnaire),21 is a dis-
ease-specific questionnaire for allergic children and adolescents to 
assess impact on quality of life during pollen season. It has a gener-
ally higher sensitivity and suitability in comparison with the effect of 
different treatments/types of intervention. The LILA questionnaire 
(scoring 0-6) can be divided into practical, physical, and emotional 
sections, and a lower score reflects a better quality of life.

2.5 | Inflammatory biomarkers

Serum samples were collected at the same days as the children per-
formed the cognitive tests. Inflammation biomarkers (interleukin-13 
(IL-13), tumor necrosis factor-α (TNF-α), and transforming growth 
factor-β (TGF-β)) were analyzed using commercially available ELISAs 
(R&D Systems), and stress biomarkers (cortisol and catecholamines 
(adrenalin and noradrenalin)) were analyzed according to clinical rou-
tine (cortisol, adrenalin, and noradrenalin: at Clinical chemistry unit, 
Skåne’s University Hospital).

2.6 | Data analyses

All statistical calculations were performed using SPSS 25.0 for 
Windows (SPSS, Inc.), and data are presented as median (interquartile 
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range) unless otherwise stated. Due to non-normally distributed 
data, all statistical analyses were done using non-parametric tests; 
Mann-Whitney U test for unpaired data was used to compare two 
independent groups (allergic group versus control group), Wilcoxon 
signed-rank test was used for paired data (pollen season versus off-
season), and correlations were calculated by Spearman's correla-
tion test. Chi-square test was used for number comparisons, with 
Fisher's correction when low numbers. A p < .05 was considered 
statistically significant.

3  | RESULTS

3.1 | Description of study participants

The allergic subjects were often multi-sensitized to other airborne 
allergens with a median of 4 (IQR 2-6) sensitizations per participant 
(Table 1).

VAS scale results showed that all allergic children reported nose 
and eye symptoms as well as impaired general condition. In addition, 
72% reported symptoms from the lungs, which might include comor-
bidity of asthma. Some symptoms from nose and eyes were also re-
ported by subjects in the control group, but were of mild grade and 
not attributed to underlying allergy.

3.2 | Pollen levels

The pollen report from the local station (Figure 1) shows the grass 
pollen levels during the pollen season period of the study (May-
August 2015). Very high levels of grass pollen (>80 pollen grains 

per m3) were observed for only five days in total with a maximum 
of two consecutive days. Only six allergic children and four healthy 
controls undertook the tests during very high levels of grass pollen, 
and additionally, 14 allergic children and nine healthy controls un-
dertook their tests during high levels of grass pollen.

3.3 | Cognitive dysfunction during season

Impaired cognitive function was exhibited in the spatial work-
ing memory test (Figure 2), where the allergic group made sig-
nificantly more errors compared to the non-allergic group during 
pollen season, but not off-season. In addition, the allergic group 
showed a tendency of worse strategy use in the spatial working 
memory test both during the pollen season and of-season. In the 
attention tests of speed of response and movement, the allergic 
group had a tendency of delivering worse results with a higher 
mean value in many of the tested categories, specifically in speed 
of response (i.e. reaction times), both in comparison with the non-
allergic group during pollen season and the allergic group off-sea-
son (Table 2). In the attention test of visual sustained attention, 
there were no differences between the allergic group and the con-
trols in any of the measured parameters, neither during season nor 
off-season.

When analyzing results from only the allergic children that un-
dertook the tests during days with high or very high pollen levels 
(n = 14+6 = 20), this allergic group similarly performed significantly 
worse compared to the total control group in the spatial working 
memory test, both in working memory (p = .031), but also in strategy 
use (p = .033). There were, however, no significant differences in the 
results from any of the other cognitive tests.

F I G U R E  1   Grass pollen levels in 
Malmö, Sweden, measured daily during 
the study season period (May 19, 2015 to 
August 31, 2015) [Colour figure can be 
viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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3.4 | Quality of life and rhinitis symptoms

The DISABKIDS questionnaire revealed consistent differences 
between the two groups regarding the quality of life. A mental, 
social, and physical impairment was exhibited in the group of al-
lergic children in comparison with the control group, both during 
the season and off-season (Table 3). In addition, there was a physi-
cal impairment shown in the allergic children during pollen season 
compared to off-season that could be read from the DISABKIDS 
questionnaire.

A clear pattern was also exhibited in the VAS results during the 
pollen season, showing that allergic children scored higher points, 
and thereby had more symptoms, in comparison with the control 
group in all categories.

The disease-specific questionnaire, LILA, also revealed an im-
paired quality of life in the group of allergic children in comparison 
with the control group during the pollen season.

3.5 | Biomarkers of stress and inflammation

Cortisol was significantly higher during the season visit in compari-
son with off-season in both allergic children and controls, but there 
were no significant differences between the groups at any time 
point (Table 4). No difference could be seen in levels of adrenalin or 
noradrenalin, neither between the groups nor between season and 
off-season. Neither did the inflammatory biomarkers (IL-13, TNFα, 
and TGF-β) differ between the groups or between season and off-
season visits.

3.6 | Associations between cognitive function and 
symptom score

There was an overall conformity showed by a correlation between 
scores in all the questionnaires (VAS, DISABKIDS, and LILA) within 
the allergic children during season (p < .0001). In addition, reaction 
time for simple movement correlates negatively to total DISABKIDS 
score (p = .007, r=−0.42) and positively to total LILA score (p = .030, 
r = 0.35) during pollen season, showing that the poorer quality of 
life the allergic children had, the longer the reaction time for sim-
ple movement. When separating the total scores of the DISABKIDS 
and LILA questionnaires into their respective sections, there was a 
significant correlation between the reaction time for simple move-
ment and all of the separate sections. Similar correlations to symp-
toms were shown for the other reaction time parameters, but not 
significant. In addition, a significant correlation (r = 0.36, p = .022) 
between grass pollen level and change in five-choice reaction time 
from off-season to season was found in the allergic group.

No correlations were found between cognitive function and 
stress factors (cortisol, adrenalin, or noradrenalin) or inflammatory 
biomarkers (IL-13, TNFα, and TGF-β) in neither allergic children nor 
controls, and neither during season nor off-season.

4  | DISCUSSION

The present study shows that the allergic group delivered an in-
creased amount of total errors in specific measurements of spatial 
working memory during the pollen season compared to the con-
trol group. No other cognitive deficits were shown to be significant 
in the allergic group although this was a group of children with an 
impaired quality of life and troublesome symptoms. However, the 
poorer quality of life and the more symptoms the allergic children 
had, the longer the reaction time for simple movement.

The effect on cognitive function in allergic patients shown in previ-
ous studies is not uniform, and it is difficult to compare due to different 
cognitive tests and study populations. Though, many studies reveal 
an impact of allergic rhinitis on some but not all cognitive functions, 
it has been shown that untreated allergic patients experience a subtle 
slowed speed of cognitive processing and to some extent difficulties in 

F I G U R E  2   Spatial Working memory test results showing total 
errors (A) and total number of restarts (B) in allergic subjects and 
controls during off-season and season. *p < .05 comparing allergic 
group and controls during pollen season
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working memory, but not deficits in attention and recent memory.22 In 
the present study, an overall higher median reaction time was longer 
during the season for the allergic group in comparison with the same 
group outside the season but did not reach statistical significance. This 
is in contrast to a previous study,23 where the allergic subjects were 
submitted to tests after having experienced symptoms for 2 weeks, 
with a discontinuation of all treatment 7 days before taking the tests. 
Though, in our study, tests were conducted randomly throughout the 
season (which during 2015 was a season with relatively low pollen 
levels overall) and participants were treated daily with antihistamines 
and nasal steroids during the season, which might explain the discrep-
ancies. The sedative effect of many antihistamines is well known, but 
many second-generation antihistamines, such as desloratadine (which 
is the first choice antihistamine according to Regional guidelines), have 
been found to be non-sedating and appeared to have no cognitive ef-
fects in a previous study.24

Despite daily treatment with antihistamines and nasal ste-
roids, both the generic (DISABKIDS) and the disease-specific (LILA 
and VAS) health-related Quality of Life questionnaires revealed 
poorer quality of life and more symptoms in the allergic children 
compared to the control group. This impaired quality of life was 

obvious also during the off-season visit in the allergic group and 
the only difference being an increase in physical symptoms during 
the season, as revealed by the DISABKIDS questionnaire. As ex-
pected, the control group did not report any significant symptoms 
that could be clinically related to allergy and thereby affect the 
study results.

Previous studies have shown that respiratory allergies can affect 
the performance of young people in school through lack of concen-
tration and insomnia, which in turn leads to daytime sleepiness. The 
disease itself is considered to give a significant fatigue. Although it 
seems likely that cognitive dysfunction is present during the pollen 
season, it was previously not directly connected to the degree of 
usual symptoms.23 In the present study, we showed that the more 
symptoms the allergic children had, the longer the reaction time 
for simple movement. In contrast to many previous studies, we in-
vestigated a population with physician verified diagnosis of severe 
allergic rhinitis and not just self-reported, which might explain this 
discrepancy.

Visual sustained attention (RVIP) did not appear to be affected in 
the allergic group in the present study, which might be due to a short 
average test duration (7 minutes). When measured by a 45-minute 

TA B L E  2   Cognitive test results from the CANTAB test in controls and allergic children off-season and during season

Off-season Season

pc  pd Controls Allergics pa  Controls Allergics pb 

Paired associated learning (PAL)= Visual memory: episodic memory and learning

Total errors 3 (1-6) 3 (1-6) .93 3.5 (2-6) 4 (2-8) .61 .60 .37

Total errors 6 shapes 0 (0-2) 0 (0-2) .51 2 (0-2) 0 (0-2) .021 .076 .82

Spatial Working Memory (SWM): working memory and strategy use

Between errors 17 (7-33) 22 (13-31) .53 13 (3-25) 25 (9-37) .020 .018 .13

Strategy 29 (25-33) 32 (29-35) .060 29 (23-34) 32 (28-35) .090 0.73 1.00

Reaction time (RTI) = Attention test: speed of response and movement

Simple reaction time 276 (258-321) 305 (288-343) .030 290 (270-330) 312 (287-363) .069 .22 .13

Simple movement 
time

284 (249-338) 302 (247-392) .48 326 (286-416) 331 (275-437) .65 .041 .015

Five-choice reaction 
time

317 (278-341) 328 (306-376) .10 324 (303-367) 341 (319-396) .16 .002 .050

Five-choice 
movement time

309 (271-364) 321 (277-417) .63 340 (288-388) 343 (293-440) .58 .43 .32

Rapid Visual Information Processing (RVIP) = Attention test: visual sustained attention

A' 0.86 (0.81-0.90) 0.86 (0.83-0.89) .59 0.86 (0.83-0.88) 0.85 (0.82-0.89) .77 .43 .17

Probability of hit 0.44 (0.32-0.60) 0.48 (0.37-0.59) .61 0.44 (0.33-0.56) 0.41 (0.33-0.59) .90 .45 .25

Total false alarms 1.0 (0.8-4.0) 2 (1-3) .73 2 (1-4) 2 (1-4) .43 .39 .14

Latency 384 (322-464) 364 (329-457) .82 384 (344-477) 382 (318-476) .50 .40 .21

Note: Data are presented as median (IQR). p-values for comparison of:
acontrols versus allergics during off-season, 
bcontrols versus allergics during season 
coff-season versus season in controls 
doff-season versus season in allergics. 
Bold values are significant values p < .05.
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TA B L E  3   Health-related quality of life Questionnaire scores in controls and allergic children off-season and during season

Off-season Season

pc  pd Controls Allergics pa  Controls Allergics pb 

DISABKIDS

Mental 20 (20-20) 19 (17-20) <.001 20 (20-20) 18 (17-19) <.001 .18 .35

Social 20 (20-20) 19 (18-20) .001 20 (20-20) 19 (18-20) <.001 .34 .39

Physical 10 (10-10) 8 (7-9) <.001 10 (10-10) 8 (6-9) <.001 .14 .035

Total 50 (50-50) 46 (43-49) <.001 50 (50-50) 45 (40-47) <.001 .18 .12

VAS

Nose 0 (0-1) 7 (5-8) <.001

Eyes 0 (0-0) 6 (5-8) <.001

Lungs 0 (0-0) 2 (0-7) <.001

Overall 0 (0-0) 5 (4-8) <.001

Cross-reactivity 0 (0-0) 1 (0-3) <.001

Total 0 (0-2) 22 (18-30) <.001

LILA

Practical 0 (0-1) 14 (9-23) <.001

Physical 1 (0-4) 36 (25-51) <.001

Emotional 0 (0-0) 2 (0-5) <.001

Total 1 (0-6) 59 (41-74) <.001

Note: LILA: the Swedish version of Paediatric Allergic Disease Quality of Life. Data is presented as median (IQR). p-values for comparison of:
acontrols versus allergics during off-season, 
bcontrols versus allergics during season, 
coff-season versus season in controls, 
doff-season versus season in allergics. 
VAS definitions: Nose = secretion, congestion, itching and sneezing; Eyes = redness, itching, watery; Lungs = cough, breathlessness, wheezing, and 
asthmatics symptoms during exercise; Overall = general condition, fatigue, and impact in everyday life; Cross-reactivity = itching and irritation in the 
mouth and throat, stomach pain.
Bold values are significant values p < .05.

TA B L E  4   Biomarker concentration in controls and allergic children off-season and during season

Off-season Season

pc  pd Controls Allergics pa  Controls Allergics pb 

Stress biomarkers

Cortisol, nmol/L 161 (122-216) 180 (122-302) .26 334 (192-456) 299 (180-419) .73 <.001 <.001

Adrenalin, nmol/L 0.26 (0.15-0.39) 0.18 (0.13-0.27) .061 0.21 (0.13-0.29) 0.20 (0.14-0.28) 8 .27 .82

Noradrenalin, nmol/L 2.9 (2.2-3.5) 2.5 (1.9-3.1) .15 2.5 (2.1-3.5) 2.5 (2.0-3.5) .57 .88 .53

Inflammatory biomarkers

IL-13, pg/mL 1326 (410-5606) 955 (125-4458) .45 1488 (281-4919) 809 (225-3717) .48 .35 .36

TNF-α, pg/mL 7.1 (1.2-47.4) 9.7 (0.0-66.7) .99 7.3 (2.2-66.4) 7.5 (0.0-60.8) .63 .82 .35

TGF-β, ng/mL 41 (30-44) 40 (31-46) .99 46 (30-56) 38 (32-47) .26 .14 .92

Note: Data is presented as median (IQR). Results below detection limit were set as 0. IL-13 = interleukin-13, TNF-α = tumor necrosis factor alpha, 
TGF-β = transforming growth factor-beta.
p-values for comparison of:
acontrols versus allergics during off-season, 
bcontrols versus allergics during season, 
coff-season versus season in controls, 
doff-season versus season in allergics. 
Bold values are significant values p < .05.
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test25, sustained attention was impaired shortly after nasal provoca-
tion, but no effect on short-term cognitive performance. Similarly, 
another study showed that ragweed-induced allergic rhinitis de-
creased attentiveness and decremented both speed and efficiency 
across several cognitive domains24.

It is unclear whether troublesome allergy symptoms phenome-
non is a result of biologic stress,26 but there is some evidence that 
the circadian rhythm of cortisol in patients with allergic rhinitis is 
flattened when compared to healthy non-allergic individuals.27,28 
There is also some evidence that the response to stress is differen-
tiated in the allergic patients.29.The results from the present study 
show an increase in cortisol during pollen season, both in the aller-
gic group and the controls. This might be due an effect of circadian 
change of cortisol concentration in relation to annual variation in 
daily light exposure.30 The hypothesis of stress induced higher corti-
sol levels in allergics could not be confirmed, but a potential increase 
in cortisol in the allergic group might have been eliminated by the 
use of nasal corticosteroids.31

In this study, IL-13 was used as a biomarker of the type-2 re-
sponse, but was not affected in relation to pollen season which 
might be due to the use of nasal corticosteroids.32 Neither was 
there any difference in TNF-alpha nor TGF-beta during season 
compared to off-season. The initial hypothesis was that TNF-alpha 
and TGF-beta would reflect systemic inflammation that could be 
induced during the allergen-induced stress status. Maybe other 
biomarkers that might be more related to neurologic stress would 
be more useful.

When it comes to reaction time for simple movement and five-
choice reaction time (Table 2), the allergic children and the controls 
show the same significant pattern of significantly higher reaction 
times during season compared to off-season, which is in conjunction 
with a previous large study.33 Though, the numerical values indicate 
worse problems in allergics, which show higher median reaction 
times compared to controls in all reaction time variables. The longer 
reaction time during season is probably due to other factors than 
allergic rhinitis, and may be due to for example a higher ambient 
temperature during season. Unfortunately, we have not measured 
ambient temperature at the visits, but the pollen levels may give us 
a hint since nice weather often goes with higher pollen levels. This 
hypothesis may then be confirmed in the correlation between grass 
pollen level and change in five-choice reaction time from off-season 
to season was found in the allergic group. More research is needed 
to answer this question.

The control group's results at spatial working memory also de-
serve a comment. The differences between the allergic group and 
controls seem logic (Table 2); that is, the allergic group has a ten-
dency of worse spatial working memory during season compared to 
off-season (although not significant) and worse values during season 
as well as off-season compared to the controls. However, in “be-
tween errors” of spatial working memory, control children do less 
faults in spatial working memory during season compared to off-sea-
son. This is difficult to interpret since there is no effect of learn-
ing in this study (i.e., no difference is shown between those who do 

their first visit during off-season versus those that do their first visit 
during season) and the increase in reaction time during season point 
in the opposite direction.

One of the main problems in conducting studies on allergic sub-
jects is difficulties for forecasting pollen levels at the time of the tests. 
Unfortunately, during the summer of 2015 when the study was con-
ducted, there were only a few days with high or very high levels of 
pollen, which might have affected the results.34 However, when inves-
tigating results from visits during these days only, in addition to spatial 
working memory dysfunction, a significantly worse strategy use was 
then seen in the allergic children. This strengthens the hypothesis of 
impaired cognitive function due to pollen exposure in these children. 
A short exposure may be sufficient for noticing immediate results of 
inflammation such as rhinitis symptoms and fatigue, while the cogni-
tive impairment might be even more evident after higher and longer 
exposure. Grass pollen-allergic individuals though tend to avoid expo-
sure by staying indoors, which is an independent factor that probably 
diminishes the inflammation mechanism.

A limitation of this study might be the age span among the chil-
dren. A narrower age span of might have narrowed the results, but 
the CANTAB tests are recommended for this age group and the 
wider age span was therefore chosen. The study was relatively 
small, which might have underpowered the results. Significant im-
pairment of cognitive dysfunction in allergic children can though be 
found and maybe more differences, which have been shown in other 
studies23 and could have be revealed in a large setting. Another fac-
tor is the psychologic comorbidities that might affected cognitive 
skills. Pediatric patients with allergic rhinitis has been shown to have 
a substantially increased rate of attention deficit/hyperactivity dis-
order (ADHD).35 The scores of hyperactivity/impulsivity subscales 
of ADHD symptoms were significantly higher in the allergic rhinitis 
children and revealed higher commission errors, shorter reaction 
times, and more perseveration,36 and their ADHD scores decreased 
significantly after allergy treatment.37 Unfortunately, this study did 
not screen for ADHD scores or ADHD diagnosis, but the prevalence 
of ADHD among children in Sweden is about 5-7% in this age group, 
and the large majority of them are under medication. Statistically, 
there would be only a very few of the participants in this study that 
would have an ADHD diagnosis, and this would most probably not 
affect the results of the study significantly. It would though be in-
teresting to investigate ADHD scores in these children as well as in 
relation to pollen season and specifically compare state markers and 
endophenotype markers of ADHD in allergic rhinitis children.38

A strength of this study is the real-life design. The achievements 
were recorded during regular school days, and the teenagers used 
their allergic medicines (non-sedative antihistamines, nasal steroids, 
and eye drops) as usual. The use of the CANTAB instrument was also 
a strength since this tool is well documented and recommended in 
clinical evaluation.

Further research is needed to clarify the relationship between 
allergic rhinitis and specific cognitive dysfunction to clinically help 
children with allergic rhinitis in their daily life. Future research 
projects in this area should consider the use of other CANTAB 
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variables in other test panels to reveal defined cognitive impair-
ment. Investigating a larger population in a more limited age range 
could maybe also expose age-dependent effects of cognitive im-
pairment in various daily life situations. It would also be interesting 
to valuate other biomarkers that might be of interest in relation to 
neurologic stress.

In summary, we show that cognitive function of pollen-allergic 
children was affected during pollen season, and the more symp-
toms the allergic children had, the longer the reaction time for sim-
ple movement. Cognitive dysfunction was, however, not associated 
with levels of serum biomarkers related to stress or inflammation. 
This study demonstrates the importance of an understanding in the 
society that children with pollen allergy and troublesome symptoms 
have impaired cognitive function during season, which can have a 
further effect in their daily lives.
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