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(7/25, 28%, p = 0.02). Similarly, the clinic attendance rate in 
the SMS group (72%) was significantly higher than in the 
control group (40%, p = 0.02). Although the VAS score im-
proved significantly from baseline in both study groups, the 
improvement in the SMS group was significantly greater 
than in the control group (4.38 ± 4.38 vs. 8.74 ± 6.54, p = 
0.031). No significant differences were observed between 
the two groups for the secondary outcomes.  Conclusions:  A 
daily SMS reminder may be an effective intervention to im-
prove adherence to medication and treatment outcomes in 
AR patients.  © 2013 S. Karger AG, Basel 

 Introduction 

 Allergic rhinitis (AR) is a common chronic disease 
that has a significant negative impact on general health, 
productivity, and quality of life of the affected individuals 
 [1, 2] . Despite great advances in guideline-based treat-
ment algorithms, the level of AR control remains inade-
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 Abstract 

  Background:  Short message service (SMS) has been sug-
gested as an effective method to improve adherence to 
medical therapy in some chronic diseases. However, data on 
the effects of SMS interventions to allergic rhinitis (AR) treat-
ment is limited at present. We aimed to assess whether a 
daily SMS reminder could improve AR patients’ adherence
to medication and treatment outcomes.  Methods:  Fifty out-
patients with AR were randomized to either receive (SMS 
group) or not (control group) a daily SMS reminder on their 
cell phone to take intranasal corticosteroid treatment for 30 
days. The primary study outcomes were self-reported adher-
ence to medication, clinic attendance rate, and severity of AR 
symptoms using a visual analogue scale (VAS). Secondary 
outcomes were changes in nasal patency (minimum cross-
sectional area, nasal cavity volume, and nasal airway resis-
tance) and exhaled nasal nitric oxide levels.  Results:  Self-re-
ported adherence to medication in the SMS group (15/25, 
60%), was significantly higher than in the control group 
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quate for many patients  [3, 4] . While up to 20% of AR 
patients do not respond satisfactorily to adequate medi-
cation treatment  [5, 6] , it is estimated that only about 50% 
of the patients seek medical care because they underesti-
mate the disease or manage it with inadequate expectancy 
about the results of the treatment  [5] . Thus, to achieve 
long-term control of AR, a variety of approaches are 
needed, including appropriate medication, patient edu-
cation, and adequate adherence to medication  [4, 7] .

  Adherence to medication, generally defined as the ex-
tent to which patients take medication as prescribed by 
their health care providers, is essential in achieving the 
full effectiveness and optimal outcomes of most treat-
ment regimens  [8] . Indeed, there is evidence that poor 
adherence or nonadherence to medication leads to worse 
treatment outcomes, higher hospitalization rates, and in-
creased health care costs, particularly in the treatment of 
chronic diseases  [9] . Studies have revealed that roughly 
35% of nasal allergy patients were nonadherent at least 
some of the time during their treatment, and about 38% 
indicated they stopped taking their medications when 
they felt better  [10] . While several factors, including vari-
ables related to the patient, the disease itself, the treat-
ment, the physician-patient relationship, and the health-
care system, account for nonadherence  [9] , evidence sug-
gests that forgetfulness may be one of the main reasons 
for poor adherence in AR  [7, 10, 11] .

  As modern technology has developed over the years, 
the use of the mobile phone short message service (SMS) 
has increased in the public health care system as a means 
of optimizing communication between health care pro-
viders and patients  [12] . In particular, the SMS has been 
used in promoting adherence to treatment, reminding 
patients of appointments and acting as an educational 
tool in a broad range of chronic diseases, such as asthma 
 [13, 14] , diabetes  [15] , heart disease  [16] , and HIV  [17–
19] . However, to our knowledge, evidence for SMS inter-
ventions to improve AR treatment is limited at present. 
Given the importance of adherence to treatment in deter-
mining the effectiveness of the treatment, the aim of our 
study was to evaluate the impact of receiving a daily mo-
bile phone SMS reminder on adherence to treatment and 
several treatment outcomes in patients with AR.

  Patients and Methods 

 Study Population 
 A total of 50 patients (30 female and 20 male, 18–60 years of 

age) with AR were recruited in the trial. All patients had a his-
tory of physician-diagnosed AR and demonstrated the presence 

of persistent or intermittent symptoms of anterior rhinorrhea, 
continuous sneezing, nasal obstruction, and itching. All patients 
were additionally required to demonstrate a positive skin prick 
test to a panel of common allergens (Allergopharma, Reinbeck, 
Germany) and/or positive serum antigen-specific IgE, measured 
by the ImmunoCAP 100 system (Pharmacia, Uppsala, Sweden). 
The tested antigens included house dust mite (Der f and Der p), 
seasonal grass pollens (giant ragweed, mugwort, lamb’s quar-
ters,  Humulus , and  Chenopodium album ), animal hair (especial-
ly dog and cat), molds (indoor and outdoor mustiness or flori-
cultural environment), and cockroaches. Diagnosis of AR was 
further confirmed by the presence of symptoms induced by ex-
posure to an allergen shown to produce a strong positive skin 
test response. All eligible patients were also required to own a 
mobile phone and be able to read and understand an SMS. Pa-
tients who had been treated with corticosteroids during the pre-
vious 2 weeks or who had experienced any respiratory infection 
within the previous 4 weeks (or any other lung disease) were 
excluded. 

  Study Design 
 This was a prospective controlled investigation conducted 

from December 2011 to March 2012. Eligible AR patients were 
randomized to either the SMS group (receiving a daily SMS to 
take their medication) or the control group (not receiving an 
SMS reminder) ( fig. 1 ), according to a computer-generated ran-
dom allocation sequence. A laboratory technician, who was not 
directly involved with the study, blinded the investigators to the 
study groups to which each patient was randomized and the pa-

Baseline

50 patients

Treatment
without SMS

reminder

25 control

Treatment
with SMS
reminder

25 SMS

Follow-up evaluation

Data

19 completed trial 20 completed trial

  Fig. 1.  Trial profile. 
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tients were not made aware whether other patients would be 
messaged or not. All patients were provided with information 
regarding the mechanisms underlying the symptoms and treat-
ment of AR with intranasal corticosteroids, and demonstrated 
the correct technique for using Rhinocort Aqua Nasal Spray (As-
traZeneca, Shanghai, China). The patients were assessed for se-
verity of symptoms, nasal patency [nasal airway resistance 
(NAR), minimum cross-sectional area (MCA), and total nasal 
cavity volume (NCV)], and exhaled nasal nitric oxide (nNO) 
levels. All patients were provided with intranasal budesonide 
(Rhinocort Aqua Nasal Spray) 256 μg per day, administered as 
two sprays per nostril once daily in the morning, for 30 days, and 
they were instructed to keep a record of adherence to medication 
over the course of treatment. The participants in the SMS group 
additionally received a daily SMS reminder, sent by the techni-
cian at 7 a.m. on Monday to Friday, and at 9 a.m. on Saturday 
and Sunday. The SMS reminder stated, ‘Good morning! 
Budesonide aqueous nasal spray once daily is effective for aller-
gic rhinitis. Please do not forget to take your medication.’ All 
patients were asked to visit the clinic at the end of the 30-day 
treatment and were reassessed for severity of symptoms, nasal 
patency, and exhaled nNO. Data regarding adherence to medi-
cation was collected from each patient, and patients failing to 
attend the clinic were contacted to attend. Self-reported adher-
ence to medication, change in severity of AR, and attendance 
rate were assessed as primary outcome measures, while changes 
in nasal patency and exhaled nNO levels were assessed as sec-
ondary outcome measures.

  The study protocol was approved by the ethics committee of 
Beijing Institute of Otolaryngology, and all patients provided in-
formed consent before participation in the study.

  Adherence to Medication 
 Adherence to medication was assessed based on patients’ self-

reported adherence, which can simply and effectively measure ad-
herence  [8] . The patients were instructed to record the number of 
days they missed to take medication over the 30-day treatment 
period, and this was noted for each patient at the follow-up visit. 
Patients were classified as adherent if they reported that they had 
taken the medication for more than 95% of the study period  [17] . 
The reasons for nonadherence to medication were also recorded 
at follow-up.

  Attendance Rate 
 The attendance rate is the percentage of scheduled appoint-

ments attended on a scheduled date and time  [20] . In our study, 
the patients were considered to have attended posttreatment visit 
if they returned within 1 day before or after the scheduled 30-day 
visit. Patients who failed to return at follow-up were contacted by 
phone and considered as lost to follow-up if they did not return 
despite being contacted.

  Severity of AR 
 The severity of clinical symptoms of AR (rhinorrhea, sneezing, 

nasal itching, and nasal obstruction) was self-assessed by the pa-
tients at baseline and after 30 days of treatment using the visual 
analogue scale (VAS)  [21] . The patients scored their individual 
symptoms on a VAS of 0–10 cm (0 = minimum severity and 10 = 
maximum severity), and the results were expressed as a total score 
for the four symptoms.

  Nasal Patency 
 EcoVision acoustic rhinometry (Hood Labs, Pembroke, Mass., 

USA) was performed to measure the MCA and total NCV in the 
distance of 0–5 cm in the nostril. An ATMO 300 Rhinomanometer 
(ATMOS Medizin Technik GmbH & Co., Feldkirch, Germany) 
was used to measure unilateral NAR at 75 Pa point (R 75 ) by ante-
rior active rhinomanometry. Total NAR, R 75T , was calculated us-
ing the formula: Rt = R l       ·      Rr/R l  + Rr. All measurements were per-
formed in a quiet examination room at 24 ± 1   °   C, and with humid-
ity of 70 ± 1%  [22] .

  Exhaled nNO 
 A nitric oxide analyzer (Niox; Aereocrine, Solna, Sweden) was 

used to measure exhaled nNO. Briefly, NO-free air was aspirated 
through the nasal cavity at a flow rate of 50 ml/s. The patient ex-
haled against resistance resulting in an intraoral pressure of ap-
proximately 10 cm H 2 O to close the velum and prevent mixture 
of oral and nasal gas. Nasal gas from this circuit was continu-
ously routed in part directly into the analyzer for determination 
of nNO, and the level of nNO was calculated from a plateau last-
ing for at least 3 s. The procedure was repeated three times and a 
mean concentration of nNO (ppb) was calculated for the three 
readings.

  Statistical Analysis 
 All statistical analyses were performed using the SPSS version 

11.5 (SPSS Inc., Chicago, Ill., USA) statistical package. Differences 
between the groups were assessed by independent samples t tests 
and Mann-Whitney tests for normally and not normally distrib-
uted data, respectively. Paired samples t tests and Wilcoxon signed-
rank tests were performed to compare baseline and posttreatment 
data within each group, and categorical data were compared using 
χ 2  and Fisher’s exact tests. p < 0.05 was considered to be statisti-
cally significant. 

Table 1.  Baseline characteristics of the randomized study groups

Characteristic Control group
(n = 19)

SMS group
(n = 20)

p

Males 8 (50.0) 12 (60.0) 0.343
Age, years 31.0 ± 10.88 35.7 ± 8.87 0.151
Duration of AR, years 2.07 ± 1.09 1.8 ± 1.41 0.505
Education level

Less than high school 8 (42.1) 11 (55.0) 0.421
More than high school 11 (57.9) 9 (45.0)

Family income per month
<5,000 (RMB) 7 (36.8) 9 (45.0) 0.605
≥5,000 (RMB) 12 (63.2) 11 (55.0)

Health insurance (yes) 14 (73.7) 13 (65.0) 0.557
VAS 23.1 ± 8.4 26.6 ± 6.5 0.155
NAR, Pa∙cm–3∙s–1 0.27 ± 0.22 0.21 ± 0.06 0.302
MCA, cm2 0.85 ± 0.65 1.05 ± 0.33 0.623
NCV, cm3 8.41 ± 1.17 9.44 ± 2.58 0.258
nNO, ppb 208.9 ± 145.6 187.1 ± 76.3 0.559

 Data are means ± SD values or n (%). 
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  Results 

 A total of 39 subjects completed the study (n = 20 for 
the SMS group and n = 19 for the control group), of whom 
28 patients (n = 18 in the SMS group and n = 10 in the 
control group) returned for the scheduled follow-up visit 
on their own and 11 (n = 2 in the SMS group and n = 9 in 
the control group,) returned after being contacted. Over-
all, 2 patients dropped out of the study due to pregnancy, 
3 due to moving to another place, and 6 due to poor ad-
herence. Although there were more females than males, 
the two study groups were not significantly different con-
cerning demographic and clinical characteristics ( table 1 ).

  Primary Outcomes 
 At the end of the treatment period, significantly more 

patients in the SMS intervention group (15/25, 60%) re-
ported >95% adherence to medication than patients in the 
control group (7/25, 28%; OR = 3.85, 95% CI: 1.18–12.61, 
p = 0.02;  fig. 2 a). Similarly, the attendance rate at the fol-

low-up visit was also significantly higher in the SMS group 
(18/25, 72%) than that in the control group (10/25, 40%; 
OR = 3.85, 95%CI: 1.18–12.61, p = 0.02;  fig. 2 b).

  At the end of the 30-day treatment period, the VAS score 
improved significantly in both the control group (23.2 ± 8.4 
vs. 8.74 ± 6.54, p = 0.000) and the SMS group (26.6 ± 6.5 vs. 
4.38 ± 4.38, p = 0.000) from baseline. Moreover, the mean 
VAS score for the SMS group (4.38 ± 4.38) at the end of 
treatment was significantly lower than the mean VAS score 
for the control group (8.74 ± 6.54, p = 0.031;  fig. 3 a). During 
follow-up, 19 (95.0%) of the 20 patients in the SMS group 
reported they would like the SMS program to continue. 

  Assessment of the typical reasons for nonadherence to 
medications was analyzed in the subjects who completed 
the follow-up visit ( table 2 ). The top three reasons cited 
by patients for nonadherence to medication in our study 
were (1) ‘forgot to take the medication’, (2) ‘fear of side 
effects’, and (3) the ‘belief that the medication was no lon-
ger needed’. Overall, 63.2% (12/19) of the patients in the 
control group reported ‘forgot to take the medication’ as 
the main reason for nonadherence to medication, com-
pared to 20% (4/20) of the patients in the SMS group
(OR = 6.85, 95% CI: 1.62–28.91, p = 0.009;  fig. 2 c).

  Secondary Outcomes 
 By the end of treatment, NAR was improved signifi-

cantly in both the control group (0.27 ± 0.22 vs. 0.19 ± 
0.10, p = 0.015) and the SMS group (0.21 ± 0.06 vs. 0.17 
± 0.07, p = 0.033) compared to baseline ( fig. 3 b); however, 
the improvement in NAR was not significantly different 
between the control and SMS groups. Although MCA, 
NCV, and nNO were also improved in both groups by the 
end of treatment, these were not significantly different 
compared to baseline ( fig. 3 c–e).
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  Fig. 2.  Primary outcomes in the two randomization groups:  a  self-reported adherence rate (OR = 3.85, 95% CI: 
1.18–12.61, p = 0.02),  b  attendance rate (OR = 3.85, 95% CI: 1.18–12.61, p = 0.02), and  c  typical reasons for non-
adherence (OR = 6.85, 95% CI: 1.63–28.91, p = 0.009). 

Table 2.  Reasons for medication nonadherence

Control 
group 
(n = 19)

SMS 
group 
(n = 20)

Forgot to take the medication 12 (63.2%) 4 (20%)
Fear of side effects 6 (31.5%) 5 (25%)
Belief that the medication was no longer 

needed 7 (36.8%) 5 (25%)
Belief that the medication was not effective 2 (10.5%) 1 (5%)
Inconvenience 1 (5.26%) 1 (5%)
Other reasons 2 (10.5%) 1 (5%)
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MCA ( c ), total NCV ( d ), and nNO ( e ). 
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  Discussion 

 The findings of this study demonstrated that a daily 
reminder by SMS significantly improved the self-report-
ed adherence to medication in patients with AR and ad-
ditionally improved the clinic attendance rate at the end 
of the treatment period compared to control patients who 
did not receive such reminders by SMS. Furthermore, pa-
tients receiving the SMS reminder reported significantly 
lower severity of their symptoms by the end of the treat-
ment period compared to control patients, with the vast 
majority expressing high levels of satisfaction and want-
ing to continue receiving reminders even after the study 
completed.

  In general, AR is a chronic inflammatory disease and 
accumulating evidence has revealed that a minimal level 
of persistent inflammation may persist in the nasal mu-
cosa, even when symptoms are absent in AR patients 
 [23] . This suggests that therapeutic strategies for AR 
should be revised and aimed at reducing not only the 
symptoms, but also the underlying persistent airway in-
flammation. Thus, it is likely that continuous treatment 
throughout the entire period of allergen exposure, rather 
than just on symptomatic days, is critical for adequate 
clinical control of AR  [24] . Furthermore, improvement 
of the adherence to treatment in AR is essential to achieve 
better disease control  [7] . This is particularly important 
in AR patients, whose perception of ‘normal’ disease 
control is not always the same as therapeutically defined 
disease control, which contributes to poor adherence to 
treatment  [6] .

  Nonintentional and intentional nonadherence often 
coexist in the same individual, and guidelines advise a 
combination of various interventions to achieve and sus-
tain sufficient adherence  [7, 8] . In our study, all patients 
received a thorough briefing and education on the disease, 
including knowledge of the mechanisms underlying dis-
ease, information on the necessity of intranasal corticoste-
roid treatment, the side effects of intranasal corticoste-
roids, and correct inhaler technique. Despite this thorough 
briefing, we found that this initial intervention did not ap-
pear to be sufficient in the control group, suggesting a need 
for a broader approach in improving adherence to treat-
ment. Indeed, our finding of significantly greater rates for 
both adherence to medication and attendance in the SMS 
group compared to the control group suggests that addi-
tional intervention in the form of daily SMS reminders re-
sult in a pronounced improvement in adherence to treat-
ment. Our findings are consistent with those studies evalu-
ating SMS reminders for clinic visits and adherence to 

treatment for patients with other medical conditions  [18, 
25–27] . Based on these findings, it is clear that a daily SMS 
reminder for at least a month is an appropriate strategy to 
enhance adherence to therapy for patients with a chronic 
disease because it is likely to create a higher awareness of 
disease control and treatment in a patient’s daily routine, 
leading to improved patient behavior and attitude towards 
adherence and compliance with therapy  [27] .

  Our findings for the main reasons of nonadherence to 
medication in the present study, which included ‘forgot 
to take the medication’, ‘fear of side effects’, and ‘belief 
that the medication was no longer needed’, were in accor-
dance with the findings of Wagner et al.  [10] . These au-
thors demonstrated that of 5,284 patients with nasal al-
lergy treated with a prescription drug, about 38% indi-
cated they stopped taking their medications when they 
felt better, and 39% indicated they forgot to take their 
medication. We found that more than 60% patients in the 
control group reported ‘forgot to take the medication’ as 
the main reason for nonadherence to medication, which 
was significantly higher than the 20% of patients in the 
SMS group reporting this as the main reason for nonad-
herence to medication. Therefore, it is tempting to specu-
late that the improvement of adherence to medication in 
the SMS group was mainly related to a decrease in forget-
fulness to take the medication as required.

  Despite the VAS score improving significantly from 
baseline in both study groups, the improvement in the 
SMS group was more pronounced than in the control 
group. This suggested that improved adherence to treat-
ment was associated with the improvement of the VAS 
score in the SMS group. Interestingly, although we ob-
served overall improvements in the secondary outcomes 
compared with baseline in both groups, only NAR showed 
statistically significant improvement. Moreover, there 
was no significant difference between the SMS group and 
control group for any of the secondary outcomes, sug-
gesting that the effects of a daily SMS reminder on subjec-
tive symptoms appear to be somewhat larger than the ef-
fects on objective clinical outcomes. To some extent, this 
was to be expected, as modest amounts of nonadherence 
may still leave patients within a ‘well-treated’ therapeutic 
window  [27] . Additionally, some studies have suggested 
there may be no correlation between the VAS estimates 
and objective parameters such as NAR, MCA, NCV, and 
nNO  [28–30] . Nevertheless, about 95.0% of the patients 
in the SMS group indicated that they would like the SMS 
program to continue at the end of study, suggesting that 
a daily SMS reminder was related with the patients’ per-
ception of positive therapeutic effects.
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  Despite the positive findings, the present study is lim-
ited in some aspects. Firstly, some patients indicated that 
the timing for receiving the SMS at 7 a.m. was unsuitable 
as it disrupted daily routines. This suggested that for sim-
ilar studies in the future, the SMS reminders should be 
sent out according to the needs of individual patients. 
Secondly, SMS reminders in the present study were sent 
daily to patients by one-way communication, However, 
two-way interactive communication may be more helpful 
to improve the patients’ adherence and interest, as has 
been suggested by others  [31, 32] . Thirdly, the study had 
a limited sample size and a short follow-up period. Future 
studies with a much larger study cohort and longer fol-
low-up are required to obtain unequivocal conclusions 
and assessment of cost-benefit profiles of such SMS re-
minders for individual patients and society alike, particu-
larly as AR is not only detrimental to health, but also has 
societal costs  [1] .

  In conclusion, the short-term results of our study sug-
gest that a daily SMS reminder may be an effective inter-
vention to improve adherence to medication and treat-
ment outcomes in AR patients.
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