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Limited beneficial effects

of systemic steroids when added
to standard of care treatment

of seasonal allergic rhinitis
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Intramuscular injections with methylprednisolone treating allergic rhinitis (AR) have a long history.
Modern guidelines are designed to dissuade this treatment, but it’s frequently used, especially in
primary care. This despite of concern for side effects and lack of modern placebo-controlled studies.
This study was designed to evaluate if methylprednisolone, could significantly improve symptoms

of birch pollen induced AR and reduce the concomitant use of standard of care medication. Forty-

two patients with birch pollen induced AR were randomized to treatment with methylprednisolone
(80 mg) or placebo (NaCl 0.9%). Daily symptom- and medication scores was registered for 3 weeks.
Quiality of life questionnaires Sino-nasal Outcome Test-22 (SNOT-22) and Juniper Rhinoconjunctivitis
Quiality of Life Questionaire (Juniper RQLQ) were registered at trial start and at the end of the 3 weeks
period. The combined symptom- and medication scores indicate that the methylprednisolone treated
group [mean Area Under the Curve (AUC) 37.1 (SD 16.2 (95% CI 29.9-44.6))] was significantly better
off than the placebo group [mean AUC 49.1 (SD 10.1 (95% Cl 44.5-53.7))], p=0.008. No significant
difference between the groups were found in the SNOT-22 and Juniper RQLQ analysis. Registered side
effects were few and mild. The limited beneficial effects of systemic steroids when added to standard
of care in combination of its potential risk for side effects, speaks against its use for treatment of
severe seasonal allergic rhinitis. The lack of difference in quality-of-life further underscores this result.

Abbreviations

AIT Allergen immunotherapy

AR Allergic rhinitis

SCIT Subcutaneous immunotherapy
SLIT Sublingual immunotherapy

RQLQ Rhinitis quality of life questionnaire
SNOT-22 Sinonasal outcome test-22

TNSS Total nasal symptom score

SPT Skin prick test

QoL Quality of life

dss Daily Symptome Score

dMS Daily Medical Score

dCSMS Daily Combined Symptom and Medical Score
MCID Minimal clinical important difference
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Allergic rhinitis (AR) is a chronic condition with a 30% prevalence in Sweden'. Typical AR symptoms include
rhinorrhea, nasal obstruction or blockage, nasal itching, sneezing, and postnasal drip. % It is also often associated
with itching and redness of the eyes and a severe tiredness. The later known to affect both work and performance
at school. Despite widespread availability and frequent use of standard of care medication the majority of patients
are unsatisfied and report a marked impairment in their quality of life’. The high prevalence of AR and lack of
satisfactory treatment led to loss in productivity (presenteeism) resulting in high costs for the society**.

For symptoms progressing from mild/intermittent to severe/persistent, rhinitis patients should first be treated
with oral antihistamines and/or intranasal steroids. Inmunotherapy should be considered from moderate/inter-
mittent and mild/persistent symptoms through to severe/persistent symptoms. When this fails, like in the mid-
dle of a severe pollen season, short-term systemic corticosteroids are often prescribed, especially in primary
care. The use of oral corticosteroids is recommended, but not scientifically supported, in modern guidelines.
Intramuscular corticosteroid injections are not recommended due to the risk of side effects*®. Despite this, the
longstanding praxis of giving a pre-seasonal intramuscular injection methylprednisolone remains at several
places around the world.

The occurrence and severity of corticosteroid side effects are seen to depend upon the duration of use, dos-
age, dosing regime and specific drug used, along with individual patient variability” . Short-term steroids are
used, especially in general practice, for a variety of reasons. Not only seasonal allergic rhinitis and asthma, but
also for upper respiratory infection, spine conditions, acute bronchitis, connective tissue and joint disorders and
skin disorders®. Prescribing oral corticosteroids in short courses may seem to be free from significant adverse
effects. But according to data derived from private insurance claims, involving 1.5 million people, significantly
higher rates of sepsis, venous thromboembolism and fractures are found among the steroid treated population,
even with a relatively brief duration of treatment®. Using short courses of corticosteroids in high doses as treat-
ment of asthma, has shown to accumulate higher doses compared to maintenance treatment, which may be
prejudicial to health’.

We found only two studies that assessed the efficacy of systemic steroids for allergic rhinitis performed dur-
ing the last 30 years. The first is a comparison of various doses of oral methylprednisolone, three times a day,
during the first 4 days of the rag weed season, published 1993 1. The second is an open labeled study from 2013
that compared intranasal steroid spray (mometasone furoate) with betamethasone oral tablets. So far there is
no other modern study that evaluates the potential effects of systemic steroids on allergic rhinitis . The present
study is a double blinded, placebo-controlled study of methylprednisolone injections given at the start of the
birch pollen season in Sweden.

Methods

Study design

This was a single-center, double-blinded, randomized, placebo-controlled trial treating two groups in parallel.
The study was performed over 3 weeks starting just prior to the birch pollen peak of the season in April to May
2019 (Fig. 1).
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Figure 1. Study outline.
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The study was approved by the National Research Ethics Committee and was conducted according to good
clinical practice guidelines. All methods were performed in accordance with national guidelines and regula-
tions as well as the Declaration of Helsinki. All participants provided written informed consent. The trial was
registered (04/12/2018) in the EudraCT database as no. 2018-004205-12 and in the register of ClinicalTrials.gov
(first posted 10/11/2020 and last release 24/06/22) with identifier NCT04622917. All data generated or analyzed
during this study are included in this published article (se supplementary information files).

Study subjects
Patients included were in the age 18-40 years, had a history of seasonal moderate to severe pollen induced
allergic rhinitis during birch season according to the Allergic Rhinitis and its Impact on Asthma classification?.

Allocation to treatment and blinding
Allocation to treatment arms were aided by a computer randomization program in blocks.

Pollen data
Pollen data were registered with a Burkard 7-day Volumetric Spore Trap (Fig. 5). Pollen concentrations is reg-
istered in supplement Fig. 2.

Treatment protocol

Patients received either an intramuscular injection methylprednisolone 80 mg as a single dose or an intramus-
cular injection with saline solution (NaCl 0.9%, B.Brown). Injections were given during a period of 6 days. All
patients received their injections before the pollen peak of the season. Pre-trial all patients received a “Rescue
medication package” (containing Desloratadine tablet 5 mgx 1, sodium cromoglycate eye drops 40 mg/ml 1-2
drops x 2, Mometasone Furoate nasal spray 50 um x 2). The rescue medication was not allowed after trial start
until Day 3 after 2 consecutive days of symptoms and could then be used throughout the trial.

Outcome measures

Primary outcome measure

Improvement of symptoms and reduced use of standard of care medication in patients treated with methylpred-
nisolone compared to placebo. The daily symptoms and medications used during the study period were registered
according to European Academy of Allergic and Clinical Immunologys (EAACI:s) recommended scoring system
12, The patients were instructed to use rescue medications stepwise. The diary and questionnaires were sent by
e-mail, using the software RedCap.

A daily symptom score(dSS), daily medication score (dMS) and daily combined symptom- and medication
score) dCSMS were expressed as the median value of each group every day of the study period. The median value
was used because of the limited sample size. Minimal clinical important difference (MCID) has not been defined
for combined symptom- and medication score. We estimated a significant MCID to about 20% *.

Secondary outcome measures

Quality of life (QoL) was assessed with the questionnaires Sinonasal outcome Test -22 (SNOT-22) and Juniper
Rhinoconjunctivitis Quality of Life (Juniper RQLQ). SNOT-22 has 22 questions with a score between 0 and 5.
Shamim Toma and Clair Hopkins has provided a suggestion subdividing the total SNOT-22 score into mild
8-20, moderate > 20-50, and severe > 50 '*. SNOT-22 was developed to analyze chronic rhinosinusitis. Efforts of
evaluating SNOT-22 as a tool of analyzing AR has been made with promising results, but uncertainty regarding
minimal clinical different score, ranging between 6 and 11 **. Juniper RQLQ consists of 28 questions, subdivided
into seven sections, with an individual score for each question between 0 and 6. The score of each question was
valued equally and the mean of the total score was calculated. Minimal clinical important difference is 0.5.

Spirometry
A spirometry (Jaeger®) was performed on all participants before the trial.

Skin prick test
SPT was performed on all patients using ALK Soluprick” SQ.

Blood measurements
Venous blood samples were obtained at the screening visit and four to five weeks after the methylprednisolone/
placebo injection.

Statistical analysis
dsS, dMS and dCSMS were expressed as the area under the curve (AUC) and the differences between the groups
were calculated using a Mann-Whitney test. A Wilcoxon matched-pairs signed rank test was performed on
SNOT-22 and Juniper RQLQ when comparing day 1-21. A Mann-Whitney test was used to analyze the indi-
vidual difference day 1-21 between the groups.

In a time-series analysis a generalized additive model (GAM) was used to evaluate the relative risk (RR) for
symptoms in the study group.
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Sample size

Using a two-sample t-test based on expected improvement on total nasal symptoms score (TNSS) a power cal-
culation was performed. Assuming a 2 out of 12 points improvement in total dSS and a standard deviation of 2
points, aimed at a power of 0.80 and using a type 1 error rate o level of 0.05, the calculated sample size was 32.
A power calculation using CSMS was not performed prior to study start. Patients treated with Depomedrol had
a median (IQR) CSMS score of 1.6 (1.3-2.4) and in the placebo group 2.5 (1.8-3.0).

Results
Patients
As seen in Fig. 2, forty-four patients were randomized and given treatment/placebo in two equally sized groups.
Baseline characteristics of the study population did not differ significantly between the groups, as seen in Table 1.
The response rate answering the e-diary and QoL forms was similar in the treated group (n=21, 92%) and
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Figure 2. CONSORT 2010 flow diagram.
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Placebo group | Active group P-value
Number of patients 21 21
Gender
Female, no. (%) 11 (52%) 9 (43%)
Male, no. (%) 10 (48%) 12 (57%)
Age, mean [SD (range)] 41 [9 (24-55)] 37 [9 (20-50)] 0.24
Sensitization to birch pollen on SPT, no. (%) 21 (100%) 22 (100%)
Birch specific IgE (kU/L), median [SD (range)] 15 [13 (3-55)] 17 [14 (0.7-62)] | 0.82
Other allergy
House dust mite, no. (%) 9 (43%) 11 (52%)
Gras, no. (%) 12 (57%) 19 (90%)
Mugwort, no. (%) 8 (38%) 11 (52%)
Furry animals, no. (%) 12 (57%) 11(52%)
Verified seasonal asthma, no. (%) 2 (10%) 1(5%)
Use of beta-2-agonist, no (%) 7 (33%) 5 (24%)
Use of inhaled corticosteroids, no (%) 5 (24%) 3 (14%)

Table 1. Background characteristics.

the placebo group (n=21,>94%). Missing data of 6 days or less for each patient was accepted in the statistical
analysis, except for calculating the AUC.

Symptom and medication scores

There was a difference in dSS, dMS and dCSMS between the groups throughout the birch pollen season 2019.
The treated group experienced less symptoms with mean AUC 19.6 [SD 8.8 (95% CI 15.6-23.6)] compared to
the placebo group with mean AUC 24.8 [SD 6.9 (95% CI 21.7-28.0)], p=0.04. The treated group used less rescue
medication with mean AUC 17.7 [SD 10.4 (95% CI 12.9-22.4)] compared to mean AUC 24.3 [SD 6.9 (95% CI
21.1-27.4)] in the placebo group, p=0.04. The combined symptom and medical score mean AUC 37.1 [SD 16.2
(95% CI 29.9-44.6)] in the treated group was approximately 24% lower than the mean AUC 49.1 [SD 10.1 (95%
CI 44.5-53.7)] in the placebo group, p=0.008 (Fig. 3).

Quality of life

There was no significant difference in quality of life in neither group comparing, both mean- and total scores at
trial start and after three weeks. Mean SNOT-22 in the placebo group was 1.6 [SD 1.1 (95%CI 1.1-2.1)] day 1
and 1.6 [SD 1.0 (95%CI 1.1-2.0)] day 21, p =0.98. The treated group had a mean SNOT-22 1.0 [SD 0.6 (95% CI
0.7-1.3)] day 1 and 1.3 [SD 0.8 (95% CI 1.0-1.7)] day 21, p=0.08. Both the mean total SNOT-22 score in the
placebo group (35.3 at the injection day and 34.7 after 3 weeks) as well as the methylprednisolone group (22.6
at the injection day and 29.3 after 3 weeks) were moderate '.

Mean Juniper RQLQ in the placebo group was 2.2 [SD 1.2 (95% CI 1.6-2.7)] day 1 and 2.2 [SD 1.3 (95% CI
1.6-2.8)] day 21, p=0.75. The mean Juniper RQLQ in the treated group was 1.5 [SD 1.0 (95%CI 1.1-2.0)] day 1
and 1.9 [SD 1.1 (95% CI 1.4-2.4)] day 21, p=0.22.

When comparing mean SNOT-22 in the placebo group versus the treated group day 21 no significant differ-
ence could be seen, p=0.6 or when comparing the difference between day 1-21, p=0.2. No significant difference
was seen comparing Juniper RQLQ in the placebo group and the treated group day 21, p=0.6 or comparing the
difference between day 1-21, p=0.29 (Fig. 4).

Pollen data

The Seasonal Pollen Integral of birch pollen in Malmé 2019 (13,948 pollen) was the 4th highest since the start
of the pollen monitoring at this site in 1975, and 260% of the average value, considerably higher than during the
previous four years (see Fig. 5). The relative risk (RR) for symptoms caused by birch pollen in the study group
is seen in supplement Fig. 1.

Safety
Adverse events occurred in both groups and were mild. Patients expressed symptoms such as nasal blockage,
nasal drip, sneezing, and difficulty breathing while exercising, in both groups. One patient in the placebo group
had a severe headache, another received a rash on the stomach and back and experienced trouble falling asleep.
The symptoms resolved within a day. In the treated group two patients expressed problems with nosebleed, one
became sensitive to light, another experienced trouble falling asleep and had nightmares and one got aphthous
ulcers. The symptoms resolved within one to three days. No SAE were reported during the study period.

All patients where within the reference interval both before- and after trial start when analysing ACTH and
bone turnover marker CTx (see supplement Tables 1 and 2). The blood sample indicate short term degradation
of bone minerals which may lead to osteopenia or osteoporosis in the long run.

Scientific Reports |

(2023) 13:19649 |

https://doi.org/10.1038/s41598-023-46869-4 nature portfolio



www.nature.com/scientificreports/

A — NaCl — Depomedrol Birch pollen B 0=0.04
2.0 = 2500 40 *
o ! |
1.5+ 2000 § 30
)
. Lo 3 3 T
» 1.0- g [e) 20+
© L1000 2 =]
g.. <
0.5+ -1 10
= 500 g‘
=]
00 T 1T T 1T T T T T T T T T T T T T rrrrida 0 0 I
NYDEDO0A DN XD NaCl Depomedrol
Days Groups
c D p=0.04
2.5+ - 2500 40+ *
v [ |
2.0 -2000 2 30
)
S n
- L o
» 15 1500 8 = T
% o o 207
1.0 = 1000 2 2
= <
) 10
0.5= = 500 g‘-
=
0.0 T T T T T T T T I ITTITIrIrrrrrrri 0 0 I
NYDY DG O0AD %\Q\\gp\'b\b‘\ﬁ\b,{\\%\q,&m\ NaCl Depomedrol
Days Groups
E F p=0.008
4= - 2500 80 * X
.
L o
34 200 2 v 60 ' |
> =
2 = 1500 Q 7] —|_
= S [$]
8 2+ 3 S 40
L o %)
g 1000 -1 3
1+ 2 20
=500
=
0 Tr r T T T T T T T T T T T T T T T rIr rrrrid 0
NYDHHO0ADIDINIDGZL O] ST NaCl Depomedrol
Days Groups

Figure 3. (A,C,E) The daily median score (dSS, dMS and dCSMS) in each group from day 1-21. (B,D,F) The
mean of total AUC (dSS, dMS and sCSMS) in each group. p-value from Mann-Whitney test.

Discussion

The present study demonstrates that a single injection of methylprednisolone in conjunction with the start of a
birch pollen season, characterized by a severe increase in the amount of airborne pollen, reduced nasal and eye
symptoms and resulted in a less frequent use of rescue medication than placebo. The symptom reducing effect
was statistically significant, but surprisingly small. There was a 24% improvement in AUC of dCSMS between the
two groups. The World Allergy Organization (WAO) recommend an 20% reduction in CSMS when conducting
AIT trials to conclude a significant improvement compared to regular antihistamine treatment **. Advocates for
systemic steroids treating AR often describes a satisfied patient with no need of additional treatment. If this was
the case an improvement for example at least 50% would be expected. No systemic steroid induced improvement
in quality of life was seen. The difference of dCSMS between active treatment and placebo was highly significant
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Figure 4. (A,B) Individual changes in SNOT-22 in each group. (C,D) Individual changes in Juniper RQLQ in
each group. Greay boxes represents median SNOT-22 and Juniper RQLQ. The lines represent the individual
change registered at day 1 and 21.

but so small that the needed number of participants is believed to be increased multiple times to reflect a signifi-
cant difference in comparison of QoL.The mean total SNOT-22 score was moderate in both groups according
to the grading system proposed by Toma and colleagues and did not differ significantly in neither of the groups
!4, The result must be interpreted with caution since the use of SNOT-22 in regards of AR is more uncertain
than for example evaluation of chronic rhinosinusitis treatment. The reported short term side effects were few
and mild. In Sweden pre-seasonal intramuscular injected Methylprednisolone 80 mg, as a single dose, has been
a standard, addon treatment when topical treatment doesn 't reduce AR symptoms sufficiently. Our choice of
dosage regime and timing of treatment is in line with previous published data *°.

A problem with all studies of seasonal allergic rhinitis is the variation of pollen exposure among the partici-
pants. During 2019 the Seasonal Pollen Integral, comprising all registered birch pollen during the season, was
13,940, which as 260% of the average value during the period 1975-2019 in the Malmé area, Sweden. This is
considerably higher than during the previous four years (Fig. 5). The number of days with a pollen concentration
exceeding the threshold values for high or very high levels, was also higher than average. It is therefore likely that
all participants in the study were exposed to significant amounts of birch pollen.

The overall response rate among all the study participants was generally good (>90%). During the baseline
run in period, both groups reported dSS and dMS above 0, even though the birch pollen concentration during
this period was low. The reasons for this could not be indubitably assessed but are most probably related to a
lingering symptom response induced by pollen from birch related trees, like alder and hazel, with a flowering
period in Sweden slightly prior to birch.

dCSMS has been proposed to be the goldstandard evaluation of treatment efficacy in allergic rhinitis '

In this study a modification of this scoring algorithm was necessary since systemic steroids were the focus of
the evaluation. Despite this, it is our belief that our data is comparable to other clinical allergy trials using the
original algorithm. The peak of the birch pollen season at day 9 coincided with the highest dCSMS levels both
in the steroid and in the placebo group.
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Figure 5. Airborne birch pollen concentrations in Malmo 1975-2021.

During 1960 to 1988, 18 clinical trials were performed investigating the effect of different injectable steroids
treating seasonal allergic rhinitis in adults. Nine were double-blind (5 placebo-controlled and 4 comparative),
two single-blinded, and seven open trials '°. The efficacy of a single intramuscular injection of steroid was sta-
tistically significant in all five placebo-controlled trials and demonstrated considerable clinical benefit, lasting
approximately from within the first day to four weeks. In the two studies that compared intramuscular steroids
with to nasal steroids a superior effect with intramuscular steroids was noted. In all studies, the side-effects were
few, both clinically and physiologically. The ability to respond to stress with hypothalamic-pituitary-adrenal
activation appeared to be retained, when evaluated '°. Even though some of these older investigations do not
meet the methodological criteria of the scientific requirements of present-day studies, their homogenous mes-
sage of a positive effect on nasal symptoms is striking. Their generally strong positive outcome stands in sharp
contrast to the presently presented more indifferent effect. However, when it comes to reported short term side
effects our study is well in agreement with the older reports.

In a more recent study, Brooks and colleagues compared the effect of three doses of oral methylprednisolone
dosed three times a day (6, 12, or 24 mg a day), with placebo in 31 patients with ragweed hay fever during the
first four days of the season. 24 mg daily showed statistically significant suppression of obstruction, running
and sneezing. Itching showed a tendency to improvement, but it did not reach significance. The eye symptoms
were improved at all doses. The treatment started the day before the start of symptom registration and lasted
during the 4 days of registration, resulting in a total of 30, 60 and 120 mg, respectively given during the four-day
long study period. This should be compared with the total of 80 mg methylprednisolone given as a single depot
injection at the start of a three-week registration period in the present study. Thus, it is interesting to notice that
middle dose of 60 mg total, which is most comparable to the 80 mg used in the present study, lacked effects on
all nasal symptoms.

In the second of the only two studies that have investigated the effects of systemic steroids on allergic rhinitis
during the last 30 years, the efficacy of intranasal steroid spray (mometasone furoate) was compared with oral
corticosteroids (betamethasone) and placebo . In contrast to some'®", but not all '® older studies no significant
differences were found in the therapeutic effects of the topical and systemic corticosteroids tested. The alleviation
of symptoms was significantly better in the two steroid treated groups than in the placebo group. However, it is
important to recognize that this was an open labeled study without placebo. The patients’ expectations might
therefore have affected the outcome. Only mild side effects were noted in the steroid treated groups, with no
difference in between.

Our primary endpoint was to investigate if a short course of corticosteroids conjures an effective treatment
of AR. Short term safety aspects were determined using the secondary endpoints. During the pollen peak of the
season the steroid treated group were less inclined to use nasal steroids but used antihistamine tablets and/or
antihistamine eyedrops compared to patients in the control group who used all the available rescue medication.
Even though symptom reduction was statistically significant and probably of some clinical value, it was much
smaller than anticipated. This bleak effect was mirrored by the absence of steroid induced improvements in the
quality of life.

No abnormal concentrations of ACTH or bone turn over markers were registered, and no SAEs were reported.
These data are in line with the reports found in Swedish Medical Products Agency s record for intramuscular
injection methylprednisolone. Further, it corroborates the conclusion about mostly limited side effects made by
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Ostergaard and colleagues, after reviewing 18 older studies of systemically injected steroids treating seasonal
allergic rhinitis. It is important to notice that most publications only report on relatively short-termed side effects
and that there is evidence for that the cumulative “life dose” of oral steroids can affect at least the long-termed
risk for loss of bone mineral density and the coherent risk of fracture’®. This must be considered when treating
patients with intramuscular injections during several pollen seasons.

Conclusion

Our findings conjure no strong evidence for the beneficial effects of using systemic steroids in addition to
standard of care for treatment of seasonal allergic rhinitis during the peak of the pollen season. Hence, the use
of intramuscular steroids in the treatment of seasonal allergic rhinitis must be questioned, not so much based
on the risk of acute side effects, as for its limited efficacy. This was a limited sized study and further research is
needed to conclude the result.

Data availability
All data generated or analyzed during this study are included in this published article (and its supplementary
information files).

Received: 24 August 2023; Accepted: 6 November 2023
Published online: 10 November 2023

References
1. Eriksson, J. et al. Prevalence of chronic nasal symptoms in West Sweden: Risk factors and relation to self-reported allergic rhinitis
and lower respiratory symptoms. Int. Arch. Allergy Immunol. 154(2), 155-163 (2011).
2. Brozek, J. L. et al. Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines: 2010 revision. J. Allergy Clin. Immunol. 126(3),
466-476 (2010).
. Meltzer, E. O. Quality of life in adults and children with allergic rhinitis. J. Allergy Clin. Immunol. 108(1 Suppl), S45-53 (2001).
4. Cardell, L. O. et al. TOTALL: High cost of allergic rhinitis—A national Swedish population-based questionnaire study. NPJ Prim.
Care Respir. Med. 26, 15082 (2016).
5. Zuberbier, T. et al. Economic burden of inadequate management of allergic diseases in the European Union: A GA(2) LEN review.
Allergy 69(10), 1275-1279 (2014).
6. Wise, S. K. et al. International consensus statement on allergy and rhinology: Allergic rhinitis—2023. Int. Forum Allergy Rhinol.
13(4), 293-859 (2023).
7. Schicke, H., Docke, W.-D. & Asadullah, K. Mechanisms involved in the side effects of glucocorticoids. Pharmacol. Ther. 96(1),
23-43 (2002).
8. Waljee, A. K. et al. Short term use of oral corticosteroids and related harms among adults in the United States: Population based
cohort study. BMJ 357, j1415 (2017).
9. Gall, X. M. et al. Clinical burden related to oral corticosteroid treatment of severe asthma in Spain: LEVANTE study. J. Asthma
60(5), 890-899 (2023).
10. Brooks, C. D., Karl, K. J. & Francom, S. E Oral methylprednisolone acetate (Medrol tablets) for seasonal rhinitis: Examination of
dose and symptom response. J. Clin. Pharmacol. 33(9), 816-822 (1993).
11. Karaki, M., Akiyama, K. & Mori, N. Efficacy of intranasal steroid spray (mometasone furoate) on treatment of patients with seasonal
allergic rhinitis: Comparison with oral corticosteroids. Auris Nasus Larynx 40(3), 277-281 (2013).
12. Pfaar, O. et al. Recommendations for the standardization of clinical outcomes used in allergen immunotherapy trials for allergic
rhinoconjunctivitis: An EAACI position paper. Allergy 69(7), 854-867 (2014).
13. Canonica, G. W. et al. Recommendations for standardization of clinical trials with Allergen Specific Immunotherapy for respiratory
allergy. A statement of a World Allergy Organization (WAO) taskforce. Allergy 62(3), 317-324 (2007).
14. Toma, S. & Hopkins, C. Stratification of SNOT-22 scores into mild, moderate or severe and relationship with other subjective
instruments. Rhinology 54(2), 129-133 (2016).
15. Husain, Q. et al. The 22-item sinonasal outcome test as a tool for the assessment of quality of life and symptom control in allergic
rhinitis. Am. J. Rhinol. Allergy 34(2), 209-216 (2020).
16. QOstergaard, M. S., Ostrem, A. & Séderstrém, M. Hay fever and a single intramuscular injection of corticosteroid: A systematic
review. Prim. Care Respir. ]. 14(3), 124-130 (2005).
17. Laursen, L. C., Faurschou, P. & Munch, E. P. Intramuscular betamethasone dipropionate vs. topical beclomethasone dipropionate
and placebo in hay fever. Allergy 43(6), 420-424 (1988).
18. Pichler, W.]. et al. Clinical comparison of systemic methylprednisolone acetate versus topical budesonide in patients with seasonal
allergic rhinitis. Allergy 43(2), 87-92 (1988).
19. van Staa, T. P, Leufkens, H. G. & Cooper, C. The epidemiology of corticosteroid-induced osteoporosis: A meta-analysis. Osteoporos.
Int. 13(10), 777-787 (2002).

w

Acknowledgements
The study was funded with grants from Acta Oto-Laryngologica Foundation.

Author contributions

Conceptualization—Ideas; formulation or evolution of overarching research goals and aims: L.O.C., C.S., UW,,
Resources—Provision of study materials, reagents, materials, patients, laboratory samples, animals, instruments,
computing resources, or other analysis tools: L.O.C., L.B. Data curation—Management activities to annotate
(produce metadata), scrub data and maintain research data: A.K., UW,, C.S., L.O.C. Formal analysis—Applica-
tion of statistical, mathematical, computational, or other formal techniques to analyse or synthesize study data:
C.S., A.D,, L.H. Supervision—Oversight and leadership responsibility for the research activity planning and
execution, including mentorship external to core team: L.O.C., C.S. Funding acquisition—acquisition of the
financial support for the project leading to this publication: L.O.C. Investigation—Conducting a research and
investigation process, specifically performing the experiments, or data/evidence collection: C.S., UW,, L.H,,
L.O.C. Visualization—Preparation, creation and/or presentation of the published work, specifically visualiza-
tion/data presentation. C.S., L.O.C. Writing—original draft—Preparation, creation and/or presentation of the

Scientific Reports |

(2023) 13:19649 | https://doi.org/10.1038/s41598-023-46869-4 nature portfolio



www.nature.com/scientificreports/

published work, specifically writing the initial draft (including substantive translation): C.S., L.O.C. Project
administration—Management and coordination responsibility for the research activity planning and execution:
C.S., L.O.C. Writing—review and editing—preparation, creation and/or presentation of the published work by
those from the original research group, specifically critical review, commentary or revision—including pre- or
post-publication stages: C.S., L.O.C., LH., UW, A.D,, L.B,, AK.

Funding

Open access funding provided by Karolinska Institute.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-46869-4.

Correspondence and requests for materials should be addressed to C.S.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:19649 | https://doi.org/10.1038/s41598-023-46869-4 nature portfolio


https://doi.org/10.1038/s41598-023-46869-4
https://doi.org/10.1038/s41598-023-46869-4
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Limited beneficial effects of systemic steroids when added to standard of care treatment of seasonal allergic rhinitis
	Methods
	Study design
	Study subjects
	Allocation to treatment and blinding
	Pollen data
	Treatment protocol
	Outcome measures
	Primary outcome measure
	Secondary outcome measures

	Spirometry
	Skin prick test
	Blood measurements
	Statistical analysis
	Sample size

	Results
	Patients
	Symptom and medication scores
	Quality of life
	Pollen data
	Safety

	Discussion
	Conclusion
	References
	Acknowledgements


