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A B S T R A C T   

Background and aims: Allergic rhinitis (AR), allergic conjunctivitis (AC), and asthma are characterized by acti-
vation of the immune system. The aim of this study was to explore the long-term association between AR, AC, 
asthma, and specific immunoglobulin E (IgE) and blood platelet and leukocyte differential counts. 
Material and methods: In the Danish Blood Donor Study, 14,440 participants from Central Denmark Region had 
platelet and leukocyte differential counts available and completed a questionnaire regarding AR, AC, and 
asthma. Of these participants, 8485 were tested for IgE to inhalation allergens. 
Results: The prevalence of AR, AC, asthma, and IgE sensitization was 19%, 15%, 9%, and 29%, respectively. AR, 
AC, asthma, wheeze, and IgE sensitization was associated with increased blood eosinophil concentration even in 
IgE sensitized participants who did not report any allergy or asthma. The strongest associations were observed for 
participants with current disease. We found no differences in eosinophil concentration between months without 
symptoms and months with symptoms of AR and asthma. 
Conclusion: AR, AC, asthma, wheezing, and IgE sensitization to inhalation allergens are associated with increased 
eosinophil concentration. This may reflect a persistent inflammation even in periods without symptomatic 
disease.   

1. Introduction 

Allergic rhinitis (AR), allergic conjunctivitis (AC), and asthma are 
characterized by activation of the immune system and by a type 2 im-
mune response in allergic disease. In sensitized individuals, exposure to 
inhaled antigens induces immediate immunoglobulin E (IgE)-mediated 
degranulation of mast cells and basophils causing edema and airway 
occlusion [1]. The local inflammation induces systemic inflammatory 
signals and further activation of peripheral blood leukocytes [1–2]. 

Eosinophils, neutrophils, and basophils circulate in the blood, but in 
response to allergen exposure, they infiltrate the mucosa. Here, they 
accelerate the inflammatory cascade in the late-phase of the allergic 
response [3–4]. Platelets also express IgE receptors and play a role in the 
pathogenesis by escalating recruitment of leukocytes into tissues, 
including the lungs [5–7]. Chronic allergen exposure leads to inflam-
matory increased platelet count [6]. Asthma is characterized by chronic 
airway inflammation, whereas minimal persistent inflammation at 
conjunctival and nasal levels is detected in asymptomatic, sensitized 
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individuals continuously exposed to the natural allergens [8]. Allergen 
exposure increases basophil and neutrophil activity and causes an im-
mediate decrease in blood basophil concentration [9–10]. The blood 
neutrophil concentration increases but returns to baseline in the late 
phase [1–3]. Allergen exposure also affects circulating lymphocytes, 
though changes in blood lymphocyte count are not always observed [3]. 
Peripheral blood eosinophilia is prominent in chronic asthma and 
allergic diseases [11–12]. 

The aim of this study was to explore associations between AR, AC, 
wheezing, asthma, and allergen-specific IgE (sIgE) sensitization to 
inhalant allergens and blood platelet and leukocyte differential counts in 
a Danish cohort of blood donors. In this cohort, the prevalence of AR, 
AC, asthma, and sIgE sensitization is high (19%, 15%, 9%, and 30%, 
respectively) [13]. To be accepted as blood donors, however, individuals 
must be in good overall health and asymptomatic on the date of blood 
donation. This enables us to examine the persistent impact of AR, AC, 
asthma, and sIgE sensitization on platelet and leukocyte differential 
counts in periods without symptomatic disease. 

Based on current literature we hypothesized that: 1) participants 
with asthma, wheezing, AR, AC, and sIgE sensitization would have an 
increased eosinophil concentration, 2) asthmatic participants would 
have a higher platelet concentration, 3) the highest platelet and leuko-
cyte concentrations would be found in participants with symptoms of 
asthma, AR, and AC within the last year, and 4) leukocyte concentra-
tions measured in the same months as reported symptoms would be 
higher than cell concentrations measured in months with no reported 
symptoms. 

2. Material and methods 

2.1. Study population 

The participants were unremunerated, voluntary, blood donors from 
Central Denmark Region, age 18–67 years, who consented to participate 
in the Danish Blood Donor Study (DBDS): a nationwide population- 
based study and biobank established in 2010 [14–16]. Participants 
were included from May 2015 to May 2018. Blood donors with AR, AC, 
and asthma are permitted to donate blood if they are asymptomatic at 
the time of donation. Individuals with suspected or confirmed allergy to 
medication, latex, food, or insect bites are not accepted as blood donors 
in Denmark. 

2.2. Questionnaire and phenotype groups 

DBDS participants completed an electronic questionnaire when 
donating blood [17]. The questionnaire included questions on allergy 
and asthma based on standardized questions from the European Com-
munity Respiratory Health Survey (ECRHS) questionnaire [18]. 

Allergic rhinitis (AR) was defined as an affirmative answer to the 
question: “Do you have any nasal allergies including hay fever?”, 
allergic conjunctivitis (AC) as an affirmative answer to the question: “Do 
you have any eye allergies including hay fever?”, and ARC as both AR 
and AC. Asthma was defined as an affirmative answer to the question: 
“Do you have, or have you ever had asthma?”. Wheezing was defined as 
an affirmative answer to the question: “Have you had wheezing or 
whistling in your chest at any time?”. Allergic and asthmatic partici-
pants reported months with nasal, eye and/or asthma symptoms, their 
age at symptom onset (in five- to ten-year age intervals), and time since 
last symptoms. 

Current AR and AC were defined as symptoms of AR and/or AC 
within the last 12 months. Current asthma was defined when complying 
with at least one of the following: current use of asthma medicine, 
asthma attack within the last 12 months or awakened by an attack of 
coughing or shortness of breath within the last 12 months. 

Participants with asthma, AR, and/or AC who did not meet the 
definition of current disease were classified as previous asthma, AR or 

AC. More details about the questionnaire and definitions are available in 
Supplementary Table S1. 

The study population was divided into phenotype groups based on 
questionnaire data and previous findings within the DBDS cohort [13]. 
’Only AR’ and ’only AC’ were merged to avoid low numbers and 
insufficient statistical power. This resulted in six distinct phenotype 
groups: I) asthma without AR and without AC; II) asthma with either AR 
or AC (but not both); III) asthma with ARC; IV) ARC without asthma; V) 
either AR or AC without asthma; and controls (no AR, no AC, and no 
asthma), see Venn diagram Fig. 1. Based on these groups, we were able 
to explore associations between multimorbidity (the coexistence of 
asthma, AR, and AC) as well as asthma as single disease and blood cell 
concentrations. 

Body Mass Index (BMI) (kg/m2) was calculated from self-reported 
weight and height. Smoking habit categories were ‘current smoker’, 
‘former smoker’, and ‘never smoker’. 

2.3. Register data 

Data on age, sex, and current residential municipality were retrieved 
from Danish registers. All Danish citizens have a unique 10-digit per-
sonal identification number (civil registration number) [19], which is 
used to identify individuals in various data registries. Current residential 
municipality was classified as either small (less than 100,000 citizens) or 
large (at least 100,000 citizens). 

2.4. Laboratory data 

Ethylenediaminetetraacetic acid (EDTA)-stabilized blood samples 
were taken immediately before each blood donation, as a part of the 
daily routine in the blood centers in Central Denmark Region. Blood 
samples from inclusion date were transported to the Department of 
Clinical Immunology, Aarhus University Hospital, for centrifugation and 
further analyses. One sample was measured immediately for e.g. platelet 
and leukocyte differential count with a Sysmex® XT-1800i (Sysmex 
Corp., Kobe, Japan) according to the manufacturer’s instructions. 

A gel-separated EDTA blood sample, drawn at the date of completion 
of the questionnaire from May 2015 until March 2017, was stored at −
20 ◦C before testing. The samples were tested for IgE antibodies specific 
for the nine most common respiratory sensitizers by a commercially 
available enzyme-linked immunosorbent assay (ImmunoCAP Phadia-
top; Phadia) at Thermo Fisher Scientific, Allerød, Denmark, with a 
threshold of 0.35 kU/L. The assay included the following allergens: 
common silver birch (t3), Timothy grass (g6), mugwort (w6), cat dander 

Fig. 1. Venn diagram of the phenotype groups.  
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(e1), dog dander (e5), horse dander (e3), house dust mites (Dermato-
phagoides pteronyssinus (d1) and Dermatophagoides farinae (d2), and 
molds (Penicillium chrysogenum (m1), Cladosporium herbarum (m2), 
Aspergillus fumigatus (m3), and Alternaria alternata (m6). 

2.5. Statistics 

Statistical analysis was performed in Stata/MP 16.1 and R 3.6.0. 
Results were reported as numbers, percentages with 95% confidence 
intervals (CIs), and medians with interquartile range (IQR). Groups were 
compared by the Kruskal–Wallis test, and the chi-squared test for cate-
gorical data. 

We used a linear regression model to explore whether sIgE sensiti-
zation, AR, AC, wheezing, or asthma were associated with difference in 
cell concentrations relative to participants not having any of the con-
ditions. All cell concentrations were log transformed to better approxi-
mate the model assumption of normally distributed residuals. The 
analyses were adjusted a priori for age (ten-year strata), smoking 
behavior (current, former, or never smoker) [20–21], BMI (continuous) 
[22–23], and current municipality of residence (small/large) [24] based 
on current literature. Results from the linear regression analyses were 
presented as percentage difference in cell concentrations with 95% CIs. 

We used linear mixed model analysis to compare cell concentrations 
measured during months with symptoms with cell concentrations 
measured during months with no reported symptoms. We used all cell 
concentrations measured before and at the date of the questionnaire 
response. All samples taken before first reported symptoms or after last 
reported symptoms were considered to be from a symptomless month, 
regardless of which month they were from. A mixed model was used to 
counteract the effects of repeated measures. We did not adjust the mixed 
models since the variables we adjusted for were close to being constant 
for individual donors bringing about severe overfitting when combining 
with the random effect. A p-value of 0.05 or below was considered 
statistical significant. Due to multiple testing p-values were Bonferroni 
corrected. We tested for interactions. If sex modified the effects of the 
exposures on the outcome, analyses were stratified by sex; otherwise, 
overall pooled estimates of the effects adjusted by sex were calculated. 

Results were based on complete case analyses. 

2.6. Ethics 

The DBDS was approved by the Research Ethics Committee in the 
Central Demark Region (M-20090237). The biobank and research 
database were approved by the Danish Data Protection Agency (P-2019- 
99). Oral and written informed consent was obtained from all partici-
pants before enrolment into the study. 

3. Results 

A total of 14,440 blood donors from the Central Denmark Region had 
cell count measured at the date of completion of the questionnaire, see 
flowchart in Fig. 2. Of these participants, 3576 (25%) reported AR, AC 
and/or asthma and had at least one platelet and leukocyte differential 
count measurement in a month with symptoms as well as a measurement 
in a month with no symptoms. sIgE sensitization to inhalant allergens 
was measured in 8485 (59%) of the participants. 

For demographics of the study population, stratified by the six al-
lergy and asthma phenotype groups, see Table 1. The study population 
comprised 51% men and a median age of 39 years. The prevalence of 
AR, AC, asthma, and sIgE sensitization was 19%, 15%, 9%, and 29%, 
respectively. 

3.1. Association between AR, AC, wheezing, asthma, and sIgE 
sensitization and blood cell concentrations 

Except for asthma alone (phenotype group I), the adjusted linear 
regression analysis showed that the eosinophil concentration was higher 
in all allergy and asthma phenotype groups relative to controls, after 
Bonferroni correction, see Table 2. Participants with both allergy and 
asthma (phenotype groups II and III) had the highest eosinophil con-
centration (significantly higher than allergy alone (phenotype groups IV 
and V)). 

We observed a higher basophil concentration in participants with 
both asthma and ARC (phenotype group III) relative to controls. 

Fig. 2. Flowchart.  
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Furthermore, neutrophil and lymphocyte concentrations were lower in 
participants with ARC without asthma (phenotype group IV) relative to 
controls. The lymphocyte concentration was also lower in participants 
with asthma and either AR or AC (group II). However, after Bonferroni 
correction none of these differences were statistical significant, see 
Table 2. As expected, the analyses showed independent effects of age, 
sex, BMI, current residential municipality, and current smoking. 

Current asthma and allergy, regardless of single diseases and multi-
morbidity (phenotype groups I–V), were associated with higher eosin-
ophil concentrations. For male participants current asthma (phenotype 
groups I–III) was also associated with higher platelet concentration, see 

Supplementary Table S2. 
Compared with non-sensitization, sIgE sensitization was associated 

with higher eosinophil concentration and lower neutrophil concentra-
tion, see Table 3. For the sIgE sensitized individuals, wheezing was also 
associated with increased eosinophil concentration, see Supplementary 
Table S3a and Table S3b. 

To increase the size of each phenotype group, the allergic partici-
pants were merged (phenotype groups II + III and IV + V), and the study 
population was then divided into four distinct phenotype groups before 
stratifying each of the groups in sIgE sensitized and non-sensitized, see 
Supplementary Table S4. In controls and in participants with both 

Table 1 
Demographic of the study population stratified by allergy and asthma phenotype groups.    

Controls Asthma (I) (no 
AR, no AC) 

Asthma, and AR 
or AC (II) 

Asthma and 
ARC (III) 

ARC (IV) (no 
asthma) 

AR or AC (IV) (no 
asthma) 

Comparison 

N (%)  10,724 (74.3) 618 (4.28) 168 (1.16) 433 (3.00) 1522 (10.5) 802 (5.55)  

N % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)  
Females 7013 49.3 

(48.4–50.3) 
48.7 (44.8–52.6) 50.0 (42.5–57.5) 46.4 

(41.8–51.1) 
42.6 
(40.1–45.1) 

48.8 (45.3–52.2) ** 

Current smokers 1698 12.2 
(11.6–12.8) 

13.7 (11.2–16.7) 11.4 (7.41–17.1) 12.1 
(9.32–15.5) 

8.89 
(7.55–10.4) 

11.7 (9.62–14.1) * 

Former smokers 3056 21.5 
(20.7–22.3) 

20.9 (17.8–24.3) 22.2 (16.5–29.0) 17.4 
(14.1–21.3) 

20.3 
(18.3–22.4) 

24.2 (21.4–27.4) NS 

Large municipality 6684 45.8 
(44.9–46.8) 

51.2 (47.2–55.2) 47.6 (39.9–55.5) 51.5 
(46.7–56.3) 

48.6 
(46.1–51.2) 

44.5 (41.0–48.0) NS 

Wheeze 1812 5.57 
(5.14–6.02) 

64.0 (60.1–67.8) 79.0 (72.1–84.9) 80.1 
(76.0–83.8) 

15.4 
(13.7–17.4) 

11.1 (9.02–13.5) **  

Age strata (years)         
18–24 2302 15.5 

(14.8–16.2) 
28.0 (24.6–31.7) 15.5 (10.8–21.7) 22.2 

(18.5–26.3) 
15.1 
(13.4–17.0) 

13.6 (11.4–16.1) ** 

25–34 3678 25.3 
(24.4–26.1) 

35.4 (31.8–39.3) 35.7 (28.9–43.2) 28.6 
(24.6–33.1) 

24.3 
(22.2–26.5) 

22.4 (19.7–25.5) 

35–44 3124 21.1 
(20.3–21.9) 

16.7 (13.9–19.8) 26.2 (20.1–33.3) 25.4 
(21.5–29.7) 

26.8 
(24.6–29.1) 

22.4 (19.7–25.5) 

45–54 3113 21.9 
(21.1–22.7) 

12.3 (9.94–15.1) 11.3 (7.36–17.0) 16.9 
(13.6–20.7) 

22.5 
(20.4–24.6) 

25.3 (22.4–28.4) 

55–67 2226 16.3 
(15.6–17.0) 

7.61 (5.77–9.97) 11.3 (7.36–17.0) 6.93 
(4.90–9.72) 

11.3 
(9.81–13.0) 

16.2 (13.8–18.9)   

Sex N Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR)  

Age 14,440 40 (28–51) 30 (25–42) 35 (27–44) 34 (26–44) 39 (28–49) 42 (30–51) ** 
BMI (kg/m2) 14,415 25 (23–28) 25 (23–28) 25 (23–28) 25 (23–28) 25 (23–27) 25 (23–28) NS 
Eosinophils 

(×106/L) 
Female 6329 130 

(80.0–190) 
140 (80.0–230) 180 (120–310) 160 (120–280) 150 (100–220) 140 (90.0–220) ** 

Male 6770 140 
(90.0–210) 

160 (90.0–230) 170 (120–290) 190 (130–280) 150 (100–230) 160 (100–250) ** 

Basophils (×106/ 
L) 

Female 6313 30.0 
(20.0–40.0) 

30.0 (20.0–40.0) 30.0 (20.0–40.0) 30.0 
(20.0–40.0) 

30.0 
(20.0–40.0) 

30.0 (20.0–40.0) NS 

Male 6747 30.0 
(20.0–40.0) 

30.0 (20.0–40.0) 30.0 (20.0–40.0) 30.0 
(20.0–40.0) 

30.0 
(20.0–40.0) 

30.0 (20.0–40.0) NS 

Neutrophils 
(×109/L) 

Female 6340 3.70 
(2.93–4.59) 

3.97 (3.09–4.94) 3.79 (3.29–4.87) 3.84 
(2.93–4.79) 

3.60 
(2.78–4.54) 

3.67 (2.94–4.47) * 

Male 6777 3.18 
(2.60–3.90) 

3.19 (2.53–3.94) 2.98 (2.42–3.93) 3.06 
(2.36–3.78) 

3.05 
(2.48–3.76) 

3.15 (2.58–3.89) NS 

Lymphocytes 
(×109/L) 

Female 6341 2.09 
(1.73–2.49) 

2.18 (1.87–2.57) 2.05 (1.64–2.45) 2.12 
(1.78–2.62) 

2.04 
(1.70–2.44) 

2.01 (1.70–2.43) NS 

Male 6777 1.88 
(1.56–2.24) 

1.85 (1.54–2.17) 1.78 (1.57–2.13) 1.91 
(1.54–2.24) 

1.81 
(1.48–2.18) 

1.85 (1.55–2.19) NS 

Platelets (×109/ 
L) 

Female 7013 261 
(225–298) 

264 (224–309) 259 (228–298) 259 (222–295) 259 (220–299) 261 (227–297) NS 

Male 7427 233 
(202–268) 

239 (209–273) 241 (218–273) 241 (207–279) 231 (201–267) 236 (208–271) *  

IgE sensitization 
N (%)   6307 (74.3) 358 (4.22) 101 (1.19) 236 (2.78) 879 (10.4) 494 (5.82)    

N % (CI) % (CI) % (CI) % (CI) % (CI) % (CI)  
Sensitized  2470 15.5 

(14.7–16.5) 
32.4 (27.8–37.4) 73.3 (63.9–80.9) 91.1 

(86.8–94.1) 
86.6 
(84.2–88.7) 

60.5 (56.2–64.7) ** 

Results are presented as numbers (N), percentages with corresponding 95% confidence intervals (CI), and medians with interquartile ranges (IQR). Cell concentrations 
corresponding to the date of the questionnaire response. ARC: both AR and AC; Sensitized: allergen-specific immunoglobulin E (Phadiatop) ≥ 0.35 kU/L. 
Groups were compared by Kruskall-Wallis test, and chi-squared test for categorical data. P-values were Bonferroni corrected, *p < 0.05; **p < 0.001; NS: non- 
significant. In total 176 (1.2%) could not be categorized due to missing data in self-reported allergic rhinitis (AR), allergic conjunctivitis (AC), or asthma. 
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asthma and allergy (phenotype groups II and III) the eosinophil con-
centration was higher in sIgE sensitized relative to non-sensitized, after 
Bonferroni correction. 

3.2. Comparison of platelet and leukocyte counts in months with 
symptoms and in months with no symptoms 

We found no difference in the neutrophil concentration during 

months with and without symptoms, see Table 4. The eosinophil con-
centration was slightly higher during months with symptoms of AC than 
during month with no AC symptoms. No differences in eosinophil con-
centration were found for symptoms of asthma and AR. Basophil and 
platelet concentrations were lower during months with symptoms of 
asthma, AR, and AC than during months without symptoms. However, 
the differences were small. 

3.3. Missing data 

Missing data in at least one of the following variables: asthma, AR, 
AC, smoking, and BMI, were present in 2.4% (N = 349) of the study 
population. No one had missing data in all five variables. A total of 176 
(1.2%) participants could not be categorized into the phenotype groups 
due to missing data in AR, AC, or asthma. All participants had complete 
data on age, sex, and current residential municipality. Participants with 
missing leukocyte differential counts were evenly distributed across the 
allergy and asthma phenotypes. Missing leukocyte differential counts 
were due to technical problems in the daily routine of the blood center, 
and not related to specific periods of time. 

4. Discussion 

In this large study of healthy individuals, blood eosinophil 

Table 2 
Association between allergy and asthma phenotypes and cell count 
measurements.    

Percentage difference (95% CI) 

Phenotype groups N Crude Adjusted  

Eosinophils     
Controls 9700 REF REF 

I Asthma (no AR, no AC) 571 6.70 (0.96–12.8) 8.72 (2.90–14.9) 
II Asthma, and either AR 

or AC 
157 39.8 (26.1–55.0) 40.7 (27.1–55.9) 

III Asthma and ARC 414 37.3 (28.8–46.5) 38.9 (30.3–48.1) 
IV ARC (no asthma) 1393 15.6 (11.4–19.9) 16.4 (12.3–20.8) 
V Either AR or AC (no 

asthma) 
723 16.3 (10.7–22.2) 16.5 (10.9–22.4)   

Basophils     
Controls 9974 REF REF 

I Asthma (no AR, no AC) 572 4.13 (-0.65–9.14) 5.71 (0.83–10.8) 
II Asthma, and either AR 

or AC 
157 9.11 (-0.06–19.1) 10.2 (0.91–20.3) 

III Asthma and ARC 411 7.86 (2.09–14.0) 8.94 (3.12–15.1) 
IV ARC (no asthma) 1386 − 0.64 

(-3.70–2.53) 
0.25 (-2.85–3.45) 

V Either AR or AC (no 
asthma) 

719 4.58 (0.26–9.09) 4.37 (0.05–8.87)   

Neutrophils     
Controls 9711 REF REF 

I Asthma (no AR, no AC) 575 3.16 (0.28–6.11) 2.29 (-0.46–5.11) 
II Asthma, and either AR 

or AC 
157 4.48 (-0.92–10.2) 3.69 (-1.43–9.08) 

III Asthma and ARC 414 − 0.86 
(-4.08–2.47) 

− 1.17 
(-4.25–2.00) 

IV ARC (no asthma) 1396 ¡4.04 (-5.83; 
¡2.21) 

− 2.70 (-4.45; 
− 0.93) 

V Either AR or AC (no 
asthma) 

723 − 1.26 
(-3.73–1.28) 

− 1.29 
(-3.66–1.14)   

Lymphocytes     
Controls 9712 REF REF 

I Asthma (no AR, no AC) 575 1.38 (-0.99–3.81) − 1.33 
(-3.55–0.94) 

II Asthma, and either AR 
or AC 

157 − 3.38 
(-7.57–1.00) 

− 4.83 (-8.78; 
− 0.72) 

III Asthma and ARC 414 1.15 (-1.61–3.99) 0.41 (-2.21–3.10) 
IV ARC (no asthma) 1396 ¡3.24 (-4.75; 

¡1.70) 
− 2.18 (-3.65; 
− 0.69) 

V Either AR or AC (no 
asthma) 

723 − 1.47 
(-3.54–0.65) 

− 0.96 
(-2.95–1.08)   

Platelets     
Controls 10,722 REF REF 

I Asthma (no AR, no AC) 617 1.82 (0.00–3.69) 0.79 (-0.95–2.56) 
II Asthma, and either AR 

or AC 
168 2.44 (-0.99–5.98) 2.15 (-1.11–5.53) 

III Asthma and ARC 433 1.33 (-0.82–3.53) 1.23 (-0.82–3.33) 
IV ARC (no asthma) 1522 − 1.54 (-2.71; 

− 0.35) 
− 0.60 
(-1.74–0.55) 

V Either AR or AC (no 
asthma) 

802 1.15 (-0.45–2.79) 1.16 (-0.39–2.72) 

Linear regression analyses with log transformed cell concentrations. Results are 
presented as percentage difference with corresponding 95% confidence intervals 
(CI). Crude: no adjustment. Adjusted: adjusted for sex, current residential mu-
nicipality (small/large), BMI (continuous), smoking habit (former, current, or 
never smoker), and age (ten-year strata). Statistically significant results (p <
0.05), after Bonferroni correction, are marked in bold. AR: allergic rhinitis. AR: 
allergic conjunctivitis. ARC: both AR and AC. 

Table 3 
Association between IgE sensitization and platelet and leukocyte concentrations.     

Percentage difference (95% CI)  

N Median (IQR) Crude Adjusted 

Eosinophils 
(×106/L)     

Non-sensitized 5051 130 
(90.0–200) 

REF REF 

Sensitized 2131 160 
(110–240) 

22.1 
(18.2–26.1) 

23.0 
(19.1–27.0)  

Basophils 
(×106/L)     

Non-sensitized 5031 30.0 
(20.0–40.0) 

REF REF 

Sensitized 2117 30.0 
(20.0–40.0) 

0.49 
(-2.29–3.35) 

2.46 
(-0.40–5.40)  

Neutrophils 
(×109/L)     

Non-sensitized 5057 3.45 
(2.75–4.31) 

REF REF 

Sensitized 2131 3.28 
(2.64–4.17) 

¡3.89 (-5.52; 
¡2.24) 

¡2.44 (-4.04; 
¡0.83)  

Lymphocytes 
(×109/L)     

Non-sensitized 5058 1.97 
(1.64–2.36) 

REF REF 

Sensitized 2131 1.94 
(1.63–2.31) 

− 1.15 
(-2.53–0.25) 

− 0.51 
(-1.86–0.85)  

Platelets (×109/ 
L)     

Non-sensitized 6015 246 
(212–283) 

REF REF 

Sensitized 2470 241 
(209–281) 

− 0.88 
(-1.90–0.16) 

0.23 
(-0.77–1.24) 

Results are presented as numbers (N), medians with interquartile ranges (IQR), 
and the linear regression analyses, with log transformed cell concentrations, as 
percentage difference with corresponding 95% confidence intervals (CI). Crude: 
no adjustment. Adjusted: adjusted for sex, current residential municipality 
(small/large), BMI (continuous), smoking habit (former, current, or never 
smoker), and age (ten-year strata). Statistically significant results (p < 0.05), 
after Bonferroni correction, are marked in bold. Sensitized: allergen-specific 
immunoglobulin E (Phadiatop) ≥ 0.35 kU/l. Non-sensitized: allergen-specific 
immunoglobulin E (Phadiatop) < 0.35 kU/l. 
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concentration was higher in all allergy and asthma phenotype groups 
relative to controls, with the highest concentrations in the allergy and 
asthma multimorbidity groups (phenotype groups II and III). sIgE 
sensitization was also associated with higher eosinophil concentrations, 
even in participants who did not report any AR, AC, or asthma. 
Furthermore, sIgE sensitization was associated with a decreased 
neutrophil concentration. Overall, no differences between the pheno-
type groups were seen for basophil, lymphocyte, neutrophil, and platelet 
concentrations. However, relative to controls, a tendency towards 
decreased lymphocyte and neutrophil concentrations was seen in par-
ticipants with allergic multimorbidity, while the opposite was observed 
for basophil concentration in participants with allergy and asthma 
multimorbidity. In male participants, current asthma was associated 
with a small increased platelet concentration. 

Overall, we found no convincing differences between blood eosino-
phil and neutrophil concentrations measured during symptomatic 
months compared with asymptomatic months. Basophil and platelet 
concentrations were slightly lower during symptomatic months 
compared with asymptomatic months, however, the differences were 
relatively small and may not be clinical relevant. 

Because blood donors are generally healthier than the background 
adult population [25], associations between AR, AC, asthma, and sIgE 
sensitization and blood cell concentrations might be underestimated in 
this study. Individuals with severe asthma are not included in our study 
population. Allergic multimorbidity is strongly associated with severe 
asthma [26–29] and they have overlapping cellular pathways [30]. The 
prevalence of asthma with AR is lower in the DBDS cohort compared 
with another study using the ERCHS cohort (47% vs 64.5%) [13,31]. 

The current study, however, indicates that associations persist even 
in currently asymptomatic participants. Furthermore, as expected, we 
found higher eosinophil concentrations in participants with allergy, 
asthma, and sIgE sensitization relative to controls, which is consistent 
with other studies that link the activities of eosinophils to airway 

inflammation and remodeling [11]. Similarly to other studies, wheezing 
was associated with increased eosinophil concentration [32]. In a sub- 
analysis of asthma and wheezing, we found that wheezing alone as 
well as having both asthma and wheezing were associated with 
increased eosinophil concentration in sensitized participants. The asso-
ciation between asthma alone and increased eosinophil concentration 
was weaker, possibly due to the absence of participants with severe 
asthma in our study population. 

The persistent peripheral blood eosinophilia may be caused by 
chronic inflammation even in asymptomatic participants with allergy 
and asthma. This might also be the reason for the increased basophil 
concentration in participants with both ARC and asthma, as well as the 
small increase in platelet concentration in male participants with cur-
rent asthma, which are in accordance with other studies [33,34]. 

Even though allergen exposure can impact circulating lymphocyte 
subtypes, changes in blood lymphocyte concentration are not always 
observed [3]. 

sIgE sensitization was associated with a small decrease in neutrophil 
concentration. The decrease could be due to the chronic type 2 immune 
milieu, in which interleukin (IL)-4 receptor signaling leads to inhibited 
neutrophil effector function and decreased blood neutrophils [35]. 
Conversely, IgE also stimulates IL-8 production by neutrophils [36] 
causing them to migrate toward the site of inflammation. 

We speculate that cell concentrations could be affected by anti- 
allergic or anti-asthmatic medication, but blood donors with AR, AC, 
and asthma were only allowed to donate blood if they were asymp-
tomatic on inhalation treatment. Also, a previous study on local treat-
ment with glucocorticoids observed only limited effects on peripheral 
blood immune cells [37]. 

Neutrophil-lymphocyte ratio (NLR) and platelet–lymphocyte ratio 
(PLR) are suggested as parameters of systemic inflammation and disease 
severity in asthma and AR [38–40]. We used a linear regression model to 
explore whether NLR and PLR were associated with AR, AC, asthma, or 

Table 4 
Platelet and leukocyte concentrations in and out of symptom season among participants with asthma, allergic rhinitis, and allergic conjunctivitis.  

Cell type Symptom season Blood donors, N # Cell counts, N ‡ Median (IQR) Coef. (95% CI) p-values 

Asthma       
Eosinophils Out of season 1226 7349 160 (100–250) 156 (150–161) NS 

In season 199 578 180 (100–270) 156 (148–164) 
Basophils Out of season 1225 7352 30.0 (20.0–50.0) 30.1 (29.3–30.9) ** 

In season 199 577 30.0 (20.0–40.0) 26.6 (25.4–27.8) 
Platelets Out of season 1268 10,697 251 (218–289) 251 (248–254) ** 

In season 416 1955 253 (214–290) 246 (243–249) 
Neutrophils Out of season 1231 7474 3.48 (2.78–4.40) 3.54 (3.49–3.60) NS 

In season 219 634 3.49 (2.74–4.40) 3.54 (3.44–3.64)  

Allergic rhinitis       
Eosinophils Out of season 2767 12,946 150 (100–240) 155 (151–158) NS 

In season 1787 4818 160 (100–250) 158 (154–162) 
Basophils Out of season 2765 12,932 30.0 (20.0–50.0) 30.3 (29.8–30.9) ** 

In season 1786 4801 30.0 (20.0–40.0) 26.1 (25.6–26.7) 
Platelets Out of season 2794 13,912 247 (214–284) 247 (246–249) ** 

In season 2727 15,601 243 (211–278) 242 (240–244) 
Neutrophils Out of season 2769 12,992 3.35 (2.66–4.18) 3.38 (3.34–3.42) NS 

In season 1860 5159 3.37 (2.70–4.21) 3.41 (3.37–3.45)  

Allergic conjunctivitis       
Eosinophils Out of season 2174 10,328 150 (100–230) 152 (149–156) * 

In season 1374 3659 160 (100–250) 157 (153–162) 
Basophils Out of season 2173 10,304 30.0 (20.0–40.0) 29.9 (29.3–30.5) ** 

In season 1373 3644 30.0 (20.0–40.0) 25.8 (25.2–26.4) 
Platelets Out of season 2198 10,997 247 (214–283) 247 (245–249) ** 

In season 2155 2181 242 (209–278) 242 (240–244) 
Neutrophils Out of season 2176 10,358 3.35 (2.67–4.19) 3.38 (3.34–3.42) NS 

In season 1429 3916 3.35 (2.67–4.18) 3.40 (3.35–3.45) 

Results are presented as numbers (N) and medians with interquartile ranges (IQR). The linear mixed model analysis with log transformed cell concentrations. Results 
are presented as exponential function coefficients (Coef.) and corresponding 95% confidence intervals (CI). P-values were Bonferroni corrected, *p < 0.05; **p <
0.001; NS: non-significant. 
# The number of blood donors with at least one cell count measured in and out of symptom season, respectively. 
‡ The number of cell count measurements in and out of symptom season, respectively. 
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sIgE sensitization in this population. However, since this was not our 
main analysis results are presented in Supplementary Material. 

The strengths of this study are the large, otherwise healthy, well- 
characterized study population, the high participation rate [15], the 
low number of unanswered questions (approximately 2%), and a prev-
alence of AR, AC, and asthma in DBDS that is only slightly lower than in 
the general adult Danish population [13,41]. 

Limitations comprise the absence of individuals with severe asthma, 
the use of self-reported outcomes, and the cross-sectional design that 
only allows exploration of associations and not causal effects. We were 
not able to explore associations between single allergic diseases and 
blood cell concentrations, inasmuch as participants with AR and AC 
were merged for most analyses to avoid low numbers and insufficient 
power in these groups. 

In this study, we examined associations with absolute cell counts; 
however, the DBDS cohort facilitates further explorations of the impact 
of allergy, asthma, and sIgE sensitization on peripheral blood leuko-
cytes, such as cytokine secretion and functional analyses of neutrophils, 
basophils, and platelets. 

5. Conclusion 

AR, AC, asthma, wheezing, and sIgE sensitization to inhalation al-
lergens are associated with increased eosinophil concentration. This 
may reflect a persistent inflammation even in periods without symp-
tomatic disease. 
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