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Abstract 
Objectives: To determine whether the levels of T-helper (TH) 2 cytokines (interleukin (IL)-4 
and IL-5) in allergic reactions are allergen dependent and evaluate the impact of various 
treatment strategies on the levels of these cytokines.
Methods: The PubMed search engine was used from inception until January 2021. The ran-
dom-effects residual maximum likelihood model was performed, and effect sizes were 
estimated using the Hedge’s g statistic. All data analysis was performed using STATA 16.0 
(StataCorp LP, TX, USA). 
Results: Fourteen studies reporting on 794 participants were included in this study. House 
dust mite was associated with eliciting a stronger immune response mediated by both IL-4 
and IL-5 when compared to pollen. Whereas a mixture of house dust mite and pollen was 
associated with IL-4-weighted inflammation. Comparisons of IL-4 and IL-5 levels amongst the 
allergens showed significant differences. The treatment with anti-corticosteroids or aller-
gen-specific immunotherapy was effective in normalising the TH2 responses and alleviating 
allergy symptoms.
Conclusion: TH2-mediated inflammation in allergic reactions is allergen-dependent. Therefore, 
the type of allergen should be considered when using cytokine-targeting biologics in allergic 
reactions. 
© 2022 Codon Publications. Published by Codon Publications.
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Introduction

A balance between T-helper (TH)1 and TH2 immune 
responses is important in modulating inflammation and 
maintaining immune homeostasis.1 An alteration in the TH1/
TH2 ratio is a hallmark of several immune-mediated dis-
eases, including immediate hypersensitivity disorders.2,3 
In fact, allergic reactions are characterised by an exacer-
bated TH2-skewed immune response and the manifestation 
of allergic symptoms such as atopic dermatitis, allergic 
rhinitis and asthma.4,5 Notably, the resulting inflammatory 
milieu is modulated by interleukin (IL)-4 and IL-5, the two 
major cytokines that mediate TH2-mediated inflammation.6 
The aggravated elevation of these cytokines is associated 
with increased activation of B-cells, eosinophils, basophils 
and the secretion of immunoglobulin (Ig)G and IgE in aller-
gic reactions.7–9 As a result, several current therapeutic 
strategies aim to alleviate these symptoms and ameliorate 
TH2-mediated inflammation.10–13

Although allergic responses are characterized by a pre-
dominant TH2 response, there are some discrepancies with 
regards to the levels of IL-4 and IL-5 in patients with aller-
gies. For instance, the allergic responses in patients hyper-
sensitive to house dust mite (HDM) are associated with 
elevated serum IL-4 and IL-13- levels.14,15 Whereas increased 
IL-5 levels have been reported in patients allergic to pol-
len.16 A comparison between patients allergic to HDM and 
pollen showed that the levels of IL-5 are in fact elevated 
in the former group.17 In patients allergic to peanuts, the 
immune response is skewed towards IL-4,10 albeit others 
suggested it to be IL-5-weighted.18 Therefore, these incon-
sistencies suggest that the immune responses in allergic 
reactions may be dependent on the type of allergen. 

The use of allergen-specific immune therapy, antihis-
tamines, and corticosteroids in allergic reactions has been 
to a greater extent successful in alleviating TH2-mediated 
inflammation and the associated symptoms, albeit poor effi-
cacy due to various factors such as age and obesity has been 
noted in some patients.19,20 Consequently, cytokine-target-
ing biologics are currently being explored as an alternative 
treatment approach in allergic reactions.11,21,22 In this system-
atic review and meta-analysis, we aimed at assessing avail-
able literature reporting on TH2-mediated inflammation in 
allergic reactions. The primary objective of this study was to 
investigate whether the levels of IL-4 and IL-5, the key cyto-
kines that mediate inflammation in an allergic response, are 
allergen-dependant. The secondary objective was to assess 
the impact of treatment on the levels of these cytokines.

Methods

This systematic review and meta-analysis was prepared fol-
lowing the preferred reporting items for systematic reviews 
and meta-analysis (PRISMA) guidelines.23 A protocol was 
designed and agreed upon by all authors before conduct-
ing the qualitative and quantitative synthesis (Appendix 1). 
The protocol was however not registered. We conducted 
a comprehensive and systematic search of available liter-
ature to answer the following research question: are TH2 
immune responses in allergic reactions influenced by the 
type of allergens?

Sources of evidence and search strategy 

A comprehensive search was designed and independently 
conducted by two reviewers (EPN and TMN) using the 
PubMed search engine from inception until January 2021. 
The following search terms were used to retrieve all rele-
vant studies; “allergy”, “allergens”, “IL-4, “IL-5”, “TH2” and 
“type 1 hypersensitivity”. Moreover, grey literature and the 
reference lists of included studies were scanned to iden-
tify any additional studies. No language restrictions were 
applied on the search strategies, and a third reviewer (BBN) 
was consulted for arbitration in cases of disagreements. A 
detailed MEDLINE search strategy on PubMed search engine 
is shown in Supplementary Table S1. 

Eligibility criteria and study selection

Two independent investigators (EPN and FN), with the help 
of third reviewer (TMN), screened all titles and abstracts 
of the retrieved studies. Studies were included if they 
reported on the levels of both IL-4 and IL-5 in patients of all 
ages with allergies. 

Inclusion and exclusion criteria

The following PICO was used in the inclusion criteria:

Participants: patients of all ages with allergies 
Intervention: none
Comparisons: healthy individuals without allergies 
(controls). 
Outcome: TH2-mediated inflammation 

We excluded reviews, case studies, letters to the edi-
tor and animal studies from this systematic review and 
meta-analysis. In addition, studies that were not relevant 
to the topic of interest or with no suitable comparator 
were also excluded.

Data extraction and management 

Two independent reviewers (EPN and FN) extracted 
detailed study information and characteristics using a pre-
defined data extraction form adapted from the Cochrane 
Consumers and Communication Review Group data 
extraction for included studies template.24 The extracted 
data consisted of names of authors, publication year, study 
design, study size, age and gender, types of allergens, IL-4 
and IL-5 levels and the main findings of each study. The 
extracted data items were verified by FN, and disagree-
ments were resolved through discussions or by consulting 
the third reviewer (TMN).

Assessment of risk of bias 

The risk of bias in all included studies was independently 
assessed by two reviewers (EPN and FN) using the mod-
ified Downs and Black checklist.25 The checklist consists 
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years and 44.03 ± 17.45 years, respectively. A total of 26% 
of patients from the allergic group were allergic to pollen, 
29% to HDM, 4% to peanut and 13% consisted of a mixture 
of patients allergic to pollen and HDM, whilst 28% were not 
specified.

Study quality and risk bias

The median score range of included studies was 15 (14-24) 
out of a possible score of 27 (Supplementary Table S2).14–24 
All studies were rated as fair10,12, 13–18, 28,31–33 except for one 
study which was scored as good.29 Thus, the included 
studies had a moderate risk of bias. Assessments based 
on the four domains showed that the included studies had 
a low risk of reporting bias with a median score of 7.5 
(6–10) out of the possible score of 11 (overall agreement, 
92.85%; kappa=0.86) and internal validity bias, a median 
of 4 (3–6) out of the possible score of 7 (overall agree-
ment, 92.85%; kappa = 0.86). However, the studies had 
high risk of external validity bias with a median of 1 (0–2) 
out of the possible score of 3 (overall agreement, 88.10%; 
kappa = 0.76) and selection bias with a median of 2.5 (2–6) 
out of the possible score of 6 (overall agreement, 97.62%; 
kappa = 0.95). 

The levels of IL-4 in patients with allergies are 
influenced by the type of allergen

Most of the included studies (36%) involved patients aller-
gic to pollen, followed by those allergic to HDM (29%) and 
peanuts (14%). Interleukin-4 shares common receptor and 
functional properties with IL-13,34 and 57% of the included 
studies reported elevated levels of both cytokines. Allergic 
responses irrespective of the allergens were reported to 
be IL-4-weighted in 36% of the included studies,10,14,15,29,32 
whereas a few reported undetectable low levels.17,18 
Notably, the levels of IL-4 and IL-13 were associated with 
those of allergen-specific IgE10,31 and disease severity.12 
We performed a subgroup analysis based on the type of 
allergen and participants’ characteristics. The test for sub-
group differences was only significant in the allergen sub-
group (P = 0.01), which showed that the type of allergen 
in these patients influenced the levels of IL-4 and had an 
impact on the reported effect size. Studies that included 
patients allergic to HDM (Hedges’ g: 0.68 [95% confidence 
interval [CI]: 0.12, 1.24], P = 0.018) and those that involved 
a mixture of patients allergic to pollen and HDM (Hedges’ 
g: 1.02 [95% CI: 0.39, 1.65], P = 0.002) had a large increase 
in IL-4 levels than healthy controls. However, pollen (P = 
0.579) and unspecified allergens (P = 0.065) did not affect 
the reported effect measure of TH2 immune responses 
(Figure 2). We further compared the standardised means 
of IL-4 levels in each antigen. Notable differences were 
observed in pollen versus HDM (P = 0.0430) versus pollen 
and HDM (P = 0.0009) and versus unspecified antigens (P = 
0.0002). In addition, HDM vs. unspecified antigens (P = 
0.0024) (Supplementary Table S3). We performed a sensi-
tivity analysis based on the study design. Notably, Hedges’s 
g did not change direction nor the magnitude of effect size 
(Supplementary Table S4).

of four domains, reporting bias, external validity, internal 
validity and selection of bias. The studies were rated as 
follows: excellent (a score between 24–27), good (score of 
19–23), fair (score of 13–18) or poor (score of <12). A third 
reviewer (PVD) was consulted for arbitration in cases of 
disagreements. The Cohen’s kappa scores were used to 
measure inter-rater reliability, and a score of 0.00 was 
considered poor, slight (0.01–0.20), fair (0.21–0.40), mod-
erate (0.41– 0.60), substantial (0.61–0.80) and perfect 
(0.81–1.00).26 

Statistical analysis 

The mean and standard deviation for each effect measure 
was either extracted or estimated using GetData Graph 
Digitizer software or calculated from the median range 
using Hozo et al.’s method.27 The continuous outcome was 
reported as standardised mean differences and 95% confi-
dence interval (CI), and effect sizes were estimated using 
the Hedge’s g statistic to correct for small study bias. A 
random-effects residual maximum likelihood (REML) model 
was performed to minimise the bias of variance estima-
tor. A sensitivity analysis was performed based on study 
designs to evaluate the robustness of the reported overall 
effect estimates. A P value of < 0.05 was considered sig-
nificant. All data analysis was performed using STATA 16.0 
(StataCorp LP, TX, USA). 

Results

Selected studies

The search identified a total of 71 studies which were 
assessed for eligibility. A total of 50 studies were 
excluded at the abstract screening stage as these were 
not describing findings related to the outcomes of the 
present study. The remaining 21 studies were assessed 
for eligibility using full texts and a total of seven cita-
tions were excluded because five were not relevant to the 
topic of interest, while two studies had no suitable com-
parators. As a result, only 14 studies met the inclusion 
criteria and were included in this systematic review and 
meta-analysis (overall agreement, 97.62%; kappa=0.95), 
and only eight were included in the quantitative synthesis 
(Figure 1).

Characteristics of included studies

The included studies consisted of two randomised con-
trolled trials (RCTs), three non-RCTs and nine observational 
studies published in peer-reviewed journals between 1997 
and 2017. Of these studies, four were from Asia,12,15,28,29 
three from Europe,13,30,31 five from North America10,14,16,18,32 
and two from Oceania.17,33 A total of 794 participants with a 
male/female ratio of 0.53 were included in this systematic 
review and meta-analysis. Of which, 565 participants had 
allergies, and 229 were healthy controls. The cohort con-
sisted of 64% of the participants being children (Table 1) 
and 36% adults (Table 2) with an average age of 11.10 ± 4.44 
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Records identified through PubMed database 
searching
(n = 67)

Additional records identified through
other sources (Grey literature and
reference list of included studies)

(n = 4)

Records excluded (n = 50)
Not relevant to the topic of 

interest (n = 3)

Articles excluded with reason
(n = 7)

Reason
No suitable comparison (n = 2)
Not relevant to the topic of
interest (n =5)

Remaining records after duplicates removed 
(n = 71)

Full-text articles assessed for eligibility  
(n = 21)

Studies included in qualitative synthesis  
(n = 14)

Studies included in qualitative synthesis
(meta-analysis)  

(n = 14)
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Figure 1  PRISMA flow diagram showing the study selection process.

Different types of allergen influence IL-5 levels  
in patients with allergies 

A total of 43% of the included studies12,16–18,28,33 reported 
IL-5-weighted immune responses in patients with allergy, 
whereas 14% reported on comparable or undetectably low 
levels.14,15 The elevated levels of IL-5 in patients with allergy 
were also associated with increased levels of IgE,17 eosin-
ophils12,13 and disease severity.28,33 A comparison between 
patients allergic to HDM and pollen showed a significant 
increase in IL-5 levels in the former group.17 We, therefore, 
performed a meta-analysis to assess the levels of IL-5 in 
patients with allergies. Similarly to IL-4, the quantitative 
synthesis of included studies revealed that IL-5 levels are 
dependent on the type of allergen and not participants’ 
characteristics. The test for subgroup differences in the 

allergen subgroup was significant (P = 0.01), suggesting 
that allergens modified the reported effect size of TH2 
immune responses. Studies involving participants allergic 
to HDM (Hedges’ g: 0.80 [95% CI: 0.02, 1.59], P = 0.044) 
and unspecified allergens (Hedges’ g: 2.04 [95% CI: 1.10, 
2.98], P < 0.01) had a large increase in the levels of IL-5 
versus healthy controls (Figure 3). However, studies includ-
ing patients allergic to pollen (P = 0.857) or a mixture of 
patients allergic to pollen and HDM (P = 0.082) did not 
modify the effect estimate. Comparisons of standardised 
means of IL-5 levels amongst the allergens showed signifi-
cant differences in unspecified antigens versus pollen (P < 
0.0001) versus HDM (P = 0.0086) versus pollen and HDM (P = 
0.0001) (Supplementary Table S3). The sensitivity analysis 
showed that only the cohort study changed the direction of 
the effect size (Supplementary Table S4).
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inflammation in allergic reactions, are influenced by the 
type of allergen. Moreover, the secondary objective was 
to evaluate the effect of various treatment strategies 
on the levels of these cytokines. The pooled estimates 
showed that the levels of IL-4 and IL-5 are allergen-depen-
dent. Notably, HDM elicited greater IL-4 and IL-5 mediated 
immune responses when compared to pollen. Moreover, 
treatment with the anti-inflammatory corticosteroid drugs 
or allergen-specific immunotherapy (rush immunotherapy) 
was effective in normalising the levels of TH2-cytokines and 
ameliorating the allergy-associated symptoms.10,13,15,18,30the 
total nasal symptom scores (TNSS).

The secretion of IL-4 and IL-13 by activated TH2 cells 
drive the immune responses triggered by invading allergens 
in immediate reactions. The subsequent binding of IL-4 and 
IL-13 to their respective receptors, IL-4Rα and IL-13Rα, acti-
vates Janus kinase/signal transducers and activator of tran-
scription-6 (JAK/STAT6) signalling transduction pathway.35 
This results in the activation of various promoter genes 
such as transforming growth factor-beta 1 (TGF-β1) and sig-
nalling pathways which are essential for the activation and 
differentiation of naïve T-cells into TH2 and B-cells to pro-
duce IgE antibodies.36–38 Notably, the IL-4 and IL-13-induced 
STAT6 signalling is enhanced in patients with atopic asthma 
compared to healthy individuals.39 The activation of STAT6 
signalling in allergic responses is associated with increasing 
levels of IL-4 and IgE, and a decrease in TH1 cytokines.39,40 
Interestingly, in an animal study of asthma, STAT6null mice 
had reduced airway inflammation congruent with impaired 
TH2 differentiation and reduced TH2 immune responses.41,42 
Although the studies included in our meta-analysis did not 
assess STAT signalling, our data synthesis showed that the 
levels of IL-4 and IL-13 were increased in patients with 
allergy and are associated with increased allergen-specific 

The effect of treatment on the levels of IL-4 and 
IL-5 in patients with allergies 

As expected in allergic inflammation, a comparison of 
IL-4 levels between symptomatic patients and healthy 
controls showed a large effect size (Hedges’ g: 1.30 [95% 
CI: -0.10, 2.70], P = 0.068) (Figure 2) whilst revealing 
a small effect size in IL-5 levels (Hedges’ g: 0.38 [95% 
CI: -0.14, 0.90], P = 0.150) (Figure 3). Hence, treatment 
strategies are designed to antagonise the effect of these 
cytokines in allergic responses. A total of 43% of included 
studies reported on the effect of treatment on these 
TH2-type cytokines. Treatment with corticosteroids,13 
oral immunotherapy12,15,19 and rush immunotherapy 
reduced IL-4 and IL-5 levels.10,18 This decrease was associ-
ated with reduced eosinophil counts and increased levels 
of TH1-type cytokines. Notably, treatment lowered IL-4 
levels to almost like that of healthy controls (Hedges’ 
g: 0.11 [95% CI: -0.34, 0.56], P = 0.638) (Figure 2). Only 
one study reported on the levels of IL-5 in the treated 
group, hence we could not perform a meta-analysis. 
Nonetheless, there was a large effect size in the levels 
of IL-5 between untreated and treated individuals with 
allergies (Hedges’ g: 0.82 [95% CI: -0.89, 2.53], P = 0.346) 
(Figure 3). 

Discussion

This systematic review and meta-analysis aimed to com-
prehensively assess available literature reporting on TH2-
mediated inflammation in allergic reactions. The primary 
objective of this study was to determine whether the 
levels of IL-4 and IL-5, the key cytokines that mediate 

Figure 2  The levels of IL-4 in patients with allergies as an effect measure of TH2 immune response. 
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antigen should be considered when determining dosage. 
However, it should be noted that utilisation of IL-4/IL-13 or 
IL-5 biologic antagonists should be done with caution as it 
requires a delicate balance in order to correct and maintain 
the TH1/TH2 paradigm, as reported elsewhere.35,37 

The main strength of our study is its uniqueness. To 
our knowledge, this is the first systematic review and 
meta-analysis to assess the effect of allergen type on the 
levels of IL-4 and IL-5 in patients with allergies. In addition, 
the comprehensive literature search and the subsequent 
data extraction were independently carried out by two 
reviewers, thus minimising the risk of errors. Moreover, 
the inter-rater reliability scores were high in the study 
selection and the risk of bias assessment. Even though 
the included studies had a medium risk of bias overall, 
the studies scored poor in the external validity domain. As 
a result, the findings must be adopted with caution in a 
population outside this study’s populace. Nonetheless, the 
findings are a true representation of TH2 responses in aller-
gies as denoted by a high score in internal validity. The 
main limitation of our study is that some of the included 
studies did not report on the exact levels of IL-4 and IL-5, 
so we estimated some levels from the reported graph val-
ues using the GetData Graph Digitizer software. 

Conclusion 

TH2-mediated inflammation in patients with allergies is 
allergen dependent and treatment with anti-inflammatory 
corticosteroid drugs or allergen-specific immunotherapy 
is effective in normalising the levels of TH2-cytokines and 
ameliorating the allergy-associated symptoms. Therefore, 

IgE,and disease severity,10,12,31 and reduced IFN-γ levels.28,31 
This highlights the shift towards TH2 in the TH1/TH2 para-
digm in allergic responses, possibly induced by enhanced 
IL-4/IL13-mediated JAK/STAT6 signalling. 

The increased activation of eosinophils is also asso-
ciated and implicated in TH2 inflammation in allergic 
responses.43 Even though various cytokines such as IL-4 and 
IL-3 may induce the differentiation and activation of eosin-
ophils, IL-5 also facilitates these processes.44 Notably, the 
binding of IL-5 to its receptor results in the downstream 
activation of the PI3K-AKT and MAPK signalling pathways, 
various STAT transcription factors and tyrosine kinases, 
which collectively promotes cell differentiation, activa-
tion and proliferation and inhibit apoptosis.45 As expected, 
we report on increased levels of IL-5 in allergic responses, 
which were concomitant with elevated eosinophil counts 
and increased airways obstruction.12,13,28,33

The use of allergen-specific immunotherapy and anti-in-
flammatory drugs in patients with allergies is effective in 
lowering the levels of allergy-associated TH2 cells, IL-4, IL-13 
and IL-5.10,12,13,15,18,29 However, because of the heterogeneous 
nature of allergic responses and confounding factors such as 
obesity that alter immune responses,3 there is an increased 
interest in cytokine-targeting biologics as an alternative 
treatment strategy for allergic responses.11 In that con-
text, while both IL-4 and IL-5 play pivotal roles in mediating 
type 2 inflammation in allergic patients, our meta-analy-
sis showed that IL-4/IL-5 immune responses are weighted 
towards IL-4 when compared to IL-5 as indicated by a larger 
effect size in the levels of the former cytokine. Thus, cyto-
kine-targeting biologics that directly antagonises IL-4/IL-13 
may be effective in ameliorating allergic responses. Most 
importantly, for optimal therapeutic benefit, the type of 

Figure 3  Effect estimates of TH2 immune response in patients with allergies measured by the levels of IL-5. 
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to further improve the efficacy of treatment in allergic 
reactions, the type of allergen should be considered when 
planning therapeutic strategies, particularly those involv-
ing the usage of cytokine-targeting biologics that antago-
nise the activities of TH2 signature cytokines.
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Table S1  Search strategies

Terms Search terms

#1 (T helper cells [MeSH Terms]) =45,274 hits
#2 (IL-5[MeSH Terms]) =5,938 hits
#3 (IL-4[MeSH Terms])= 22,802 hits
#4 (allergen [MeSH Terms])= 41,348 hits
Combined #1 and  
#2 or #3 and #4

(((T helper cells[MeSH Terms]) AND (IL-5[MeSH Terms])) OR (IL-4[MeSH Terms])) AND (allergen[MeSH 
Terms])
=46 hits (Age: 2-12 years)

Combined #1 and  
#2 and #3 and #4

(((T helper cells[MeSH Terms]) AND (IL-5[MeSH Terms])) AND (IL-4[MeSH Terms])) AND (allergen[MeSH 
Terms])
=67 hits

Table S2  Modified Downs and Black check list scores for included studies (n = 14)

Author Domain Benson 
1997

Smart 
2002

Rastogi 
2012

Wisneiwski 
2015

Rastogi 
2015

Wambre 
2017

Wang 
2018

Li  
1998

Oda  
1998

Tang  
1998

Moverare 
2000

Lee  
2001

Bullens 
2004

Horiguchi 
2008

Reporting  
bias

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3 1 1 1 1 0 0 0 1 1 1 1 1 0 1
4 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6 1 1 1 1 1 1 1 1 0 1 1 1 1 1
7 1 1 1 1 1 1 1 1 1 1 1 1 1 1
8 0 0 0 1 1 0 0 0 0 0 0 0 0 1
9 0 0 0 0 0 0 1 0 0 0 0 0 0 1
10 0 1 1 0 1 1 1 0 0 0 0 1 1 1
Score 7 8 8 8 8 7 8 7 6 7 7 8 7 10

External  
validity

11 1 1 1 1 0 0 1 0 1 1 1 0 1 1
12 0 0 0 0 0 0 0 0 0 0 1 1 0 1
13 1 0 0 1 0 0 0 1 0 0 0 0 0 0
Score 2 1 1 2 0 0 1 1 1 1 2 1 1 2

Internal  
validity

14 0 0 1 0 0 1 0 0 0 0 0 0 0 1
15 0 0 0 0 0 1 0 0 0 0 0 0 0 1
16 1 1 1 1 1 1 1 1 1 1 1 1 1 1
17 0 0 0 0 0 1 1 1 1 1 1 0 1 1
18 1 1 1 1 1 1 1 1 1 1 1 1 1 1
19 0 1 1 1 0 0 0 0 0 0 0 1 0 0
20 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Score 3 4 5 4 3 6 4 4 4 4 4 4 4 6

Selection  
bias

21 1 1 1 1 1 1 1 1 1 1 1 1 1 1
22 1 1 1 1 1 0 0 1 1 0 0 0 1 1
23 0 0 0 0 0 1 0 0 0 0 0 0 0 1
24 0 0 0 0 0 1 0 0 0 0 0 0 0 1
25 0 1 1 0 1 1 1 1 1 1 1 1 0 1
26 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Score 2 3 3 2 3 4 2 3 3 2 2 2 2 6

Overall score 14 16 17 16 14 17 15 15 14 14 15 15 14 24
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Table S3  Comparisons of standardised means of interleukin 4 and 5 levels based on the type of allergen

Allergens Standardised means differences 95%CI p-value

Interleukin 4 Levels
HDM vs Pollen 0.60 0.02 to 1.18 0.0430
Pollen and HDM vs Pollen 0.94 -0.02 to 1.90 0.0009
Unspecified vs Pollen 2.20 1.07 to 3.33 0.0002
HDM vs Unspecified 1.60 0.57 to 2.63 0.0024
Pollen and HDM vs Unspecified 0.94 -0.02 to 1.90 0.0544
HDM vs Pollen and HDM 0.34 -0.50 to 1.18 0.4232

Interleukin 5 levels
HDM vs Pollen 0.75 -0.11 to 1.61 0.0878
Pollen and HDM vs Pollen 0.48 -0.21 to 1.17 0.1730
Unspecified vs Pollen 1.99 1.40 to 2.57 <0.0001
HDM vs Unspecified 1.24 0.32 to 2.16 0.0086
Pollen and HDM vs Unspecified 1.51 0.75 to 2.28 0.0001
HDM vs Pollen and HDM –0.27 -1.26 to 0.72 0.5923

Table S4  Sensitivity analysis of interleukin 4 and 5 levels based on study design

Study design Number of studies Omitted studies Hedges’s g [95% Cl] p-value

Interleukin 4
All 8 0 0.96 [0.32, 1.59] 0.003
Cross-sectional 6 2 1.54 [-0.31, 3.40] 0.103
Cohort 1 7 0.18 [-0.34, 0.90] 0.619
Non-RCT 1 7 1.00 [0.19, 1.80] 0.016

Interleukin 5
All 8 0 0.70 [0.24, 1.16] 0.003
Cross-sectional 6 2 0.56 [0.04, 1.07] 0.034
Cohort 1 7 -0.96 [-1.70, -0.24] 0.012
Non-RCT 1 7 0.57 [-0.21, 1.34] 0.151
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