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Effects of double-dose intranasal corticosteroid for allergic rhinitis:
a systematic review and meta-analysis

Likhit Khattiyawittayakun, MD1,2, Kachorn Seresirikachorn, MD1,3 , Wirach Chitsuthipakorn, MD4 ,
Dichapong Kanjanawasee, MD1,3 and Kornkiat Snidvongs, MD, PhD1,3

Background: When a standard dose of intranasal corticos-
teroid (INCS) fails to control symptoms of allergic rhinitis
(AR), a double dose of INCS is optional. This systematic re-
view aimed to assess the effects of double-dose INCS.

Methods: Literature searches were performed using MED-
LINE and EMBASE. Randomized controlled trials that stud-
ied the effects of double-dose INCS vs standard-dose INCS
for treating patients with AR were included. Data from the
included studies were extracted and collected for meta-
analyses. The outcomes were nasal symptoms, ocular symp-
toms, and adverse events.

Results: Twelve studies (4166 patients) met the inclusion
criteria. There were 5 pediatric studies (1868 patients),
5 adult studies (1414 patients), and 2 studies with mixed pop-
ulations (884 patients). The meta-analysis results in adult
patients favored the effects of double-dose INCS on: total
nasal symptom score (standardized mean difference [SMD]
−0.25; 95% confidence interval [CI], −0.41 to −0.08;
4 studies; 568 patients) and total ocular symptom score
(SMD −0.27; 95% CI, −0.52 to −0.03; 1 study; 259 patients).
The meta-analysis results in pediatric patients did not show

the difference between groups on total nasal symptom
score (SMD −0.16; 95% CI, −0.40 to 0.07; 3 studies; 801
patients). The meta-analysis of ocular symptom score in pe-
diatric patients had insufficient data. There were no differ-
ences between groups on adverse events.

Conclusion: Double-dose INCS showed be�er improve-
ment in nasal and ocular symptoms in adult patients with
AR when compared to the standard dose. These bene-
ficial effects were not seen in the pediatric population.
Adverse events between groups were not different. C© 2018
ARS-AAOA, LLC.
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I ntranasal corticosteroids (INCSs) are recommended by
international guidelines as first-line drugs for patients
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with allergic rhinitis (AR). INCSs may be prescribed to AR
patients with persistent symptoms, moderate to severe in
severity, or have nasal obstruction as a major symptom.1,2

INCSs bind to a specific cytoplasmic glucocorticoid recep-
tor then activate anti-inflammatory gene transcription and
repress pro-inflammatory gene transcription.3 As a result,
lymphocyte activation and cytokine production are inhib-
ited, which decrease inflammatory cells migration to the
nasal mucosa.4,5 The anti-inflammatory effects of INCSs
effectively control the allergic response and relieve the clin-
ical symptoms including itching, sneezing, rhinorrhea, nasal
obstruction, and ocular symptoms.

High glucocorticoid receptor occupancy allows INCSs
to bind to most glucocorticoid receptors in the nasal mu-
cosa, which enhances the effects of INCSs. There are several
studies assessing glucocorticoid receptor occupancy.6 Boger
et al.7 revealed a relationship between the receptor occu-
pancy and the dosage of corticosteroid in rats with 3 doses
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of intravenous fluticasone propionate. Although the associ-
ation between dosage of INCS and glucocorticoid receptor
occupancy in humans has never been reported, there are
several randomized controlled trials assessing the clinical
responses to various doses of INCSs in patients with AR.
When a standard dose of INCS fails to control AR symp-
toms, doubling the dosage of INCS is an option for further
medical treatment prior to considering immunotherapy.1

This systematic review aimed to assess the effects of a dou-
ble dose of INCS for treating AR.

Materials and methods
Eligibility criteria
Inclusion criteria

Types of studies: randomized controlled trials (RCTs).
Types of participants: AR patients of all ages. The diag-
nostic criteria of AR followed the Allergic Rhinitis and its
Impact on Asthma (ARIA) guidelines.1

Types of interventions: double-dose vs standard-dose
INCS, any treatment duration.

Exclusion criteria
Trials published in a language other than English.
Trials that studied mixed populations of AR and non-AR
were excluded unless it was possible to isolate the outcomes
for patients with AR.
Types of outcome measures: nasal and ocular symptoms,
disease-specific quality of life, objective tests for nasal pa-
tency, and adverse events.

This systematic review followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) Statement for preferred reporting items.8

Information sources and search strategy
Electronic systematic searches and manual searches for
RCTs were conducted with no publication year, or pub-
lication status restrictions. The date of the last search was
October 6, 2017. The literature searches were performed
using MEDLINE and EMBASE. References of included
studies and additional sources were searched.

Study selection process
Two review authors (L.K., K.Se.) independently performed
the trial selections, including screening the title and abstract
of the articles based on the predetermined eligibility criteria
and reviewing the full text of the screened articles.

Data extraction
Three review authors (L.K., K.Se., D.K.) extracted the de-
tails of the included studies. The corresponding authors
were approached for further information when there was
insufficient information or conflicting data. Any disagree-
ments over the data were resolved by the fifth author (K.Sn.)
if necessary.

Data from the pediatric and adult populations were ex-
tracted and analyzed separately. The extracted data were
study type, number of participants, mean age, gender, num-
ber of subjects lost to follow-up, the forms and dosages of
INCSs, and duration of treatment. When multiple dosages
of INCSs were used in a study, the highest dose within the
range of standard dose was selected for data extraction.
The selected standard dose was one-half of the selected
double dose. The primary outcome was the change score
from baseline of total nasal symptom. The secondary out-
comes were the change scores from baseline of individual
nasal symptoms, ocular symptoms, disease-specific quality
of life, objective tests for nasal patency, and adverse events.
When the change scores were not reported, the final values
were collected.9

Risk of bias in individual studies
The quality of included studies was assessed by evaluating
the risks of bias as guided by the Cochrane Handbook for
Systematic Reviews of Interventions.9 Five domains were
assessed including random sequence generation, allocation
concealment, blinding of outcome assessment, incomplete
outcome data, and selective reporting. The included studies
had low risk of bias when the methods used for each domain
were clearly described. They had high risk of bias when the
methods used for each domain had high risk. When there
was not enough information to determine the risk, the RCT
was defined as unclear risk of bias.

Data synthesis and summary measures
Data were pooled for meta-analysis. Risk ratio (RR) and
95% confidence intervals (CIs) were used for dichotomous
data such as adverse events. Standardized mean difference
(SMD) and 95% CIs were used for continuous data such
as symptom scores. The significance of discrepancies in the
estimates of treatment effects was assessed by measurement
of the I2 statistic. An I2 of less than 40%, 40% to 60%, and
greater than 60% represented low, moderate, and substan-
tial heterogeneity, respectively. A fixed-effect method was
used when statistical heterogeneity was low. When statis-
tical heterogeneity was high, a random-effect method was
used for a more conservative estimate of the difference. Sta-
tistical assessments were performed using Review Manager
(RevMan) version 5.3 (The Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, Denmark).10

Results
Study selection

There were 2442 studies identified and retrieved (2440
studies were from electronic searches and 2 studies from
manual searches). During the title and abstract screen-
ing, 2391 studies were excluded. Fifty-one studies were
assessed for eligibility. Thirty-nine studies were removed
after full-text screening. Reasons for exclusion are listed in
Figure 1. Twelve RCTs (4166 patients) were included in the
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FIGURE 1. Flow diagram of study selection. AR = allergic rhinitis; RCT = randomized controlled trial.

qualitative synthesis.11–22 Five RCTs studied the pediatric
population, 5 RCTs studied the adult population, and 2
RCTs studied mixed populations. The 2 RCTs of mixed
population were excluded from meta-analysis because the
separate data between children and adult patients could not
be extracted or calculated.15,17 A total of 10 RCTs (3282
patients) were included for meta-analysis. Characteristics
of the included studies are shown in Table 1. A flowchart
of study retrieval and selection is presented in Figure 1.

Pediatric study
There were 5 RCTs that studied the pediatric popula-
tion with 1868 participants. The mean age of the pa-
tients was 9.05 years old and 60% of the patients were
male.11,13,16,18,21 All patients were diagnosed with sea-
sonal AR confirmed by either skin test or serum specific
immunoglobulin E (IgE). There were 1061 patients that re-
ceived either a standard dose or a double dose of INCS.
The INCSs used in these RCTs were budesonide,11 be-
clomethasone dipropionate,21 fluticasone propionate,13,16

and mometasone furoate.18 Duration of treatment ranged
from 14 to 28 days.

The meta-analysis results showed no statistically sig-
nificant difference in total nasal symptom score between
groups (SMD −0.16; 95% CI, −0.40 to 0.07; 3 studies;
801 patients11,18,21). An I2 of 53% represented moder-
ate heterogeneity (Fig. 2). When individual symptoms were
analyzed, there were no statistically significant differences

between groups in: nasal obstruction (SMD −0.01; 95%
CI, −0.18 to 0.16; 2 studies; 533 patients; I2 0%11,21);
rhinorrhea (SMD −0.03; 95% CI, −0.20 to 0.14; 2 stud-
ies; 533 patients; I2 0%11,21); sneezing (SMD −0.15; 95%
CI, −0.53 to 0.22; 2 studies; 533 patients; I2 51%11,21);
and itching (SMD 0.00; 95% CI, −0.21 to 0.21; 1 study;
479 patients21). Although 2 RCTs assessed the total ocular
symptom score, meta-analysis of the total ocular symptom
score could not be performed because the standard devi-
ation was neither reported nor imputed.13,16 None of the
included RCTs assessed disease-specific quality of life or
peak nasal inspiratory flow rate.

Adult study
Five RCTs studied 1414 adult participants.12,14,19,20,22 The
mean age of the patients (reported in 5 trials12,14,19,20,22)
was 35.9 years old and 42% of the patients were male
(reported in 4 trials12,14,19,20,22). There were 689 patients
that received either a standard dose or a double dose of
INCS. All patients were diagnosed with AR confirmed
by either skin test or serum specific IgE. Four of the in-
cluded studies assessed patients with seasonal AR14,19,20,22

while 1 study assessed perennial AR.12 The INCSs used
were budesonide,12,14,19 triamcinolone acetonide,20 and
fluticasone furoate.22 Duration of treatment ranged from
14 to 42 days.

The meta-analysis results favored the effects of the
double-dose over the standard-dose INCS on total nasal
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TABLE 1. Characteristics of included studies

Reference Year Patient

Criteria by age

(years old) Patients (n) INCS

Standard dose

(µg/day)

Double dose

(µg/day)

Duration of

treatment

(days)

Pediatric studies

Agertoft et al.11 1993 SAR 4–16 83 Budesonide 200 400 28

Grossman et al.16 1993 SAR 4–11 250 Fluticasone propionate 100 200 14

Boner et al.13 1995 SAR 4–12 143 Fluticasone propionate 100 200 28

Meltzer et al.18 1999 SAR 6–11 679 Mometasone furoate 100 200 28

Storms et al.21 2013 SAR, moderate
to severe

6–11 713 Beclomethasone
dipropionate

80 160 14

Adult studies

Irander et al.14 1984 SAR 15–66 118 Budesonide 200 400 28

Pederson et al.19 1994 SAR 17–61 180 Budesonide 200 400 28

Andersson et al.12 1995 PAR NR 98 Budesonide 200 400 42

Rosenthal et al.20 1998 SAR 18–65 377 Triamcinolone
acetonate

200 400 14

Martin et al.22 2007 SAR �12 641 Fluticasone furoate 220 440 14

Mixed population studies

Meltzer17 1998 PAR �6 478 Budesonide 128 256 42

Creticos et al.15 1998 SAR �6 406 Budesonide 128 256 28

INCS = intranasal corticosteroid; NR = not reported; PAR = perennial rhinitis; SAR = seasonal allergic rhinitis.

FIGURE 2. Improvement in total nasal symptom score in pediatric patients: double-dose vs standard-dose intranasal corticosteroid. CI = confidence interval;
df = degrees of freedom; Fixed = fixed effects; INCS = intranasal corticosteroid; IV = inverse variance; Std. mean difference = standardized mean difference.

FIGURE 3. Improvement in total nasal symptom score in adult patients: double-dose vs standard-dose intranasal corticosteroid. CI = confidence interval;
df = degrees of freedom; Fixed = fixed effects; INCS = intranasal corticosteroid; IV = inverse variance; Std. mean difference = standardized mean difference.

symptom score (SMD −0.28; 95% CI, −0.46 to −0.10;
3 studies; 492 patients; I2 0%12,20,22; Fig. 3) and to-
tal ocular symptom score (SMD −0.27; 95% CI, −0.52
to −0.03; 1 study; 259 patients22). When individual
symptoms were analyzed, the effects favored the double-
dose over the standard-dose INCS on: nasal obstruction
(SMD −0.20; 95% CI, −0.38 to −0.03; 3 studies; 492 pa-

tients, I2 0%12,20,22; Fig. 4); rhinorrhea (SMD −0.22; 95%
CI, −0.40 to −0.04; 3 studies; 492 patients; I2 0%12,20,22;
Fig. 5); and itching (SMD −0.20; 95% CI, −0.39 to −0.02;
2 studies; 448 patients; I2 17%20,22; Fig. 6). There were no
statistically significant differences between groups in sneez-
ing (SMD 0.00; 95% CI, −0.34 to 0.34; 3 studies; 492 pa-
tients; I2 66%12,20,22) and peak nasal inspiratory flow rate
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FIGURE 4. Improvement in nasal obstruction score in adult patients: double-dose vs standard-dose intranasal corticosteroid. CI = confidence interval; df =
degrees of freedom; Fixed = fixed effects; INCS = intranasal corticosteroid; IV = inverse variance; Std. mean difference = standardized mean difference.

FIGURE 5. Improvement in rhinorrhea score in adult patients: double-dose vs standard-dose intranasal corticosteroid. CI = confidence interval; df = degrees
of freedom; Fixed = fixed effects; INCS = intranasal corticosteroid; IV = inverse variance; Std. mean difference = standardized mean difference.

FIGURE 6. Improvement in itching score in adult patients: double-dose vs standard-dose intranasal corticosteroid. CI = confidence interval; df = degrees of
freedom; Fixed = fixed effects; INCS = intranasal corticosteroid; IV = inverse variance; Std. mean difference = standardized mean difference.

(SMD −0.25; 95% CI, −0.60 to 0.10; 1 study19). One RCT
assessed disease-specific quality of life using the Rhinocon-
junctivitis Quality of Life Questionnaire.22 However, only
the results between the active treatments and placebo were
reported. The data on the standard-dose and double-dose
INCS were not reported.

Heterogeneity
Most meta-analyses had low to moderate heterogeneity.
However, the heterogeneity of sneezing in the adult popula-
tion reached a substantial level. The data were pooled from
3 included RCTs.12,20,22 Two RCTs studied patients with
seasonal AR20,22 and 1 RCT studied patients with perennial
AR.12 When the data from RCT with perennial AR were re-
moved, the I2 became 0%. The meta-analysis results of the
2 RCTs of seasonal AR also showed no statistical difference
between the double-dose and the standard-dose INCS.

Adverse events
There were 9 RCTs that assessed adverse
events.11,13,14,16,18–22 There were no statistically sig-
nificant differences between groups on any adverse
event including epistaxis, nasal irritation, headache, and
pharyngitis. Data are displayed in Table 2.

Risk of bias in the included studies
In general, included studies had poor quality. All included
studies had unclear risks of bias in random sequence gen-
eration and allocation concealment. Twenty-three percent
had low risk of bias in blinding of outcome assessment.
Fifty-four percent had low risk of bias in selective re-
porting. All included studies had low risk of bias in in-
complete outcome data. In summary, the included studies
had risks of selection bias, detection bias, and reporting
bias whereas they had low risk of attrition bias (Figs. 7
and 8).

Discussion
The results of this study showed that the double-dose INCS
provided greater clinical responses in adult patients than the
standard-dose INCS on nasal symptoms and ocular symp-
toms. Boger et al.7 revealed a dose-receptor occupancy re-
lationship by measuring glucocorticoid receptor occupancy
in rats. The glucocorticoid receptor occupancy was mea-
sured at 1.5 hours after administration of 3 dosages of
intravenous (IV) fluticasone propionate (20, 150, and 750
nmol/kg). They found that the glucocorticoid receptor oc-
cupancy level correlates with the dosage of fluticasone pro-
pionate. Therefore, glucocorticoids bind to glucocorticoid
receptors and regulate the gene transcription including: (1)
upregulating the anti-inflammatory protein expression in

International Forum of Allergy & Rhinology, Vol. 00, No. 0, xxxx 2018 5



Khattiyawittayakun et al.

TABLE 2. Adverse events of double-dose intranasal corticosteroids compared to standard dose

Adverse events Included studies Studies (n) Patients (n) Risk ratio (95% CI) p

Epistaxis Agertoft et al.11 (1993); Grossman et al.16 (1993); Boner et al.13

(1995); Meltzer et al.18 (1999); Storms et al.21 (2013); Irander
et al.14 (1984); Martin et al.22 (2007); Pederson et al.19 (1994)

8 1515 0.79 (0.50–1.26) 0.32

Nasal irritation Grossman et al.16 (1993); Irander et al.14 (1984); Rosenthal et al.20

(1998)
3 426 0.83 (0.52–1.33) 0.44

Headache Grossman et al.16 (1993); Boner et al.13 (1995); Meltzer et al.18

(1999); Storms et al.21 (2013); Rosenthal et al.20 (1998); Martin
et al.22 (2007)

6 1453 0.93 (0.47–1.84) 0.84

Pharyngitis Boner et al.13 (1995); Meltzer et al.18 (1999); Rosenthal et al.20

(1998)
3 550 1.61 (0.62–4.20) 0.33

CI = confidence interval.

FIGURE 7. Risk of bias summary: each risk of bias item for each included study.

FIGURE 8. Risk of bias graph: each risk of bias item presented as percentages across all included studies.

the nucleus; and (2) repressing the pro-inflammatory pro-
teins expression in the cytosol.5 Doubling the standard
dosage of INCS, which increases the occupancy of the
glucocorticoid receptor, should provide greater clinical ef-
fects. This could explain the results of this study, that the
double-dose INCS provided greater clinical responses in
adult patients than the standard-dose INCS. Although the
differences were statistically significant, these beneficial ef-
fects were minimal. However, the beneficial effects were

not seen in the pediatric population. Therefore, the clinical
utility may be limited.

Ocular adverse events are one of the concerns of the doc-
tors and patients especially when the double-dose INCS is
prescribed. None of the included RCTs reported adverse
effects on intraocular pressure and lens opacity either in
standard-dose or double-dose groups. This is in line with a
systematic review by Ahmadi et al.23 that no clinically rele-
vant impacts on either intraocular pressure or lens opacity
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were found in 10 randomized controlled trials. In addition,
there were no major adverse events reported in the included
RCTs and no differences in minor local adverse events of
the double-dose INCS when compared to the standard-dose
INCS.

To date, there is no evidence to support the use
of combinations of INCS with oral antihistamines,24–27

decongestants,28,29 or leukotrienes receptor antagonists.30

Thus, the double-dose INCS should be considered as an
option for treating adult patients with AR who have an
inadequate response to the standard dose. Patients with
seasonal AR and patients with perennial AR may bene-
fit from the double dose of INCS on nasal and ocular
symptom improvements. The role of double-dose INCS
has been mentioned in a flow diagram in the ARIA 2008.1

Increasing the INCS dosage is suggested when the stan-
dard treatments fail to improve symptoms of the patients
with persistent or moderate to severe AR. The definite di-
agnosis, drug compliance, concurrent respiratory tract in-
fection, and other causes should be reviewed. However,
there were no details, level of evidence, and grade of recom-
mendation regarding this suggestion. Moreover, the dou-
ble dose of INCS has not been mentioned by the Ameri-
can Academy of Otolaryngology–Head and Neck Surgery2

and the International Consensus Statement on Allergy and
Rhinology.31

There were several limitations in this study. The included
studies generally had poor descriptions of methodology.
They did not describe random sequence generation or al-
location concealment. Most studies did not blind doctors
and patients. The standard deviations of several studies
were not reported and could not be imputed. There was
insufficient information regarding the validation of the to-
tal nasal and ocular symptom scores used by most studies.
Therefore, the confidence in the results was limited. Never-
theless, the strength of this study was the statistical power
of these meta-analyses from a large number of patients.

Conclusion
Double-dose INCSs showed better improvement in nasal
and ocular symptoms in adult patients with AR when com-
pared to the standard dose. The dosage of INCS may be
doubled to control nasal and ocular symptoms in adult pa-
tients with AR who have inadequate response to the stan-
dard dose. These beneficial effects were not observed in
the pediatric population. There were no differences in ad-
verse events between the double dose and standard dose of
INCS.
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