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Abstract
The study aims to undertake a rapid systematic review with meta-analysis of the interventions used to promote adherence to 
asthma medications in adults who have asthma. Three databases (CINAHL, Web of Science, and Medline) were searched 
systematically up to February 2022, to identify the factors behind the non-adherent behavior of young adults with asthma 
using preventer medication. Manual searching was also undertaken to detect additional research. The team screened the 
titles and abstracts to ensure the eligibility of included studies. The full paper was retrieved for further screening and was 
extracted using an extraction tool. The literature search placed nine studies with a total sample number of 74,540 that were 
included in the three meta-analyses. Five studies were identified for inclusion in a meta-analysis conducted to assess the 
effect of the intervention on adherence. The meta-analysis revealed a significant difference in adherence proportion, in favor 
of the intervention. Interventions delivered through technology were found to significantly enhance adults’ adherence to 
asthma medications. This review also revealed that there is an obvious gap in the literature that specifically examined young 
adults aged 18–34 years about asthma medication adherence. This demonstrates the need for robust future research to focus 
on this demographic (18–34 years) to develop recommendations related to enhancing young adults’ adherence to asthma 
inhaler medication.

Keywords Asthma · Adherence · Young adults · Inhaler medications · Medication adherence

Introduction

Adherence is the primary determinant in any treatment plan 
that aims for success. However, a substantial barrier to an 
effective therapeutic plan is the failure to adhere to that 
plan. The World Health Organization (WHO) defines adher-
ence as the degree to which an individual’s performance 
complies with the instructions of the health care provider 
including taking medicine [1]. Adherence to medication can 
be influenced by the type of disease and patients’ health 
beliefs [2, 3]. For example, chronic diseases (e.g., asthma) 
require adherence to long-term therapy, and poor adherence 

Key Messages  
     1. There is an obvious gap in the literature that specifically 
examined young adults aged 18–34 years with regard to asthma 
medication adherence.

2. Future research needs to focus on this demographic 
(18–34 years) to develop recommendations related to enhancing 
young adult’s adherence to asthma inhaler medication.

3. The study presents good evidence for the use of technology-
based interventions to improve adherence of adults with asthma.

4. The use of technology to improve health can be well 
accepted in the young adult demographic as they are usually heavy 
users of technology.
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can potentially undermine the benefits of the treatment 
[4]. Furthermore, patients’ health beliefs are formulated at 
varying ages for each individual [2, 3]. It can positively or 
negatively affect their adherence [5] as it is impacted by the 
health knowledge which is mostly acquired in adulthood and 
beyond.

Asthma is often diagnosed in children and young people 
[6]. Examining the young adults’ population is important as 
this age is the time they are learning health knowledge and 
formulating their health beliefs. They also learn how to be 
responsible for their own health routines over time as they 
develop and mature [5]. Significant emphasis in the literature 
on asthma is placed on how people adhere, do not adhere, or 
partially adhere, to their medication [7, 8]. It is important for 
health care professionals to understand the health beliefs of 
young adults with asthma and how these can be translated to 
improve medication adherence. Better adherence in young 
adults can possibly lead to better long-term asthma man-
agement and a reduction of complications related to poorly 
managed asthma. A review on the most common challenges 
to adherence to asthma medication by George and Bender 
[9] supports this proposition identifying that considering the 
patient’s beliefs when selecting the treatment plan can poten-
tially improve patient’s adherence to their asthma medica-
tion. Therefore, it is important for young adults to acquire 
the right health knowledge and formulate their health belief 
accurately so that the burden of the disease is lessened as 
they grow older [10]. For the purpose of this review, the 
term young adult refers to persons 18–34 years as defined 
by the Australian Bureau of Statistics [11].

Regardless of the effectiveness of the preventer types of 
asthma inhalers, most patients fail to adhere to their treat-
ment plan [4, 12, 13]. The burden placed on healthcare 
systems by non-adherent behaviors is clinically significant 
and creates substantial economic cost to the healthcare 
organization and to the individual suffering [14]. It has been 
acknowledged that a lack of medication adherence for peo-
ple with asthma may lead to disease exacerbation, reduced 
quality of life, lost productivity, increased health care use, 
and even the risk of death [15]. Alarmingly, according to 
the Global Initiative for Asthma GINA [13] report, adher-
ence of adults to asthma preventer medication is commonly 
only achieved in 50% of this population [7, 13]. Clinically, 
this disadvantage would be seen through disease exacerba-
tion and recurrent asthma attacks. Non-adherence may also 
cause some social restrictions for instance, absence from 
social activities further adding to the burden experienced 
by individuals [16].

Research shows that adults with asthma tend to have 
negative attitudes which hamper their adherence to asthma 
medication [17] or a belief the medication is ineffective [18]. 
Smoking, which is considered to be an asthma trigger, is an 
example of adults’ negative behavior [19, 20]. Denial of the 

condition was also a feature in research related to the treat-
ment and management of asthma in adults [21].

Background

Asthma medication has an essential role in relieving and 
preventing asthma disease and symptoms. Adherence to the 
recommended management plan allows people with asthma 
to live a normal life with minimal restrictions from the dis-
ease. There are two main types of medications used to man-
age asthma: preventer medications and symptom reliever 
medications, each designed to meet a specific goal.

Asthma Preventer Medications

Inhaled Corticosteroids (ICS) are an example of asthma 
preventer medication [22] which can be used alone as a pre-
venter or in combination with other long acting broncho-
dilators such as Salmeterol that assists in reducing asthma 
exacerbations [23, 24]. ICS work as an anti-inflammatory 
agent to reduce inflammation, swelling, and mucus produc-
tion in the lungs of asthma patients, providing a clear and 
open airway to reduce the likelihood of having an asthma 
attack [25]. Therefore, people with asthma are required to 
use them regularly regardless of whether they experience 
asthma symptoms or not [26].

Asthma Reliever Medications

Salbutamol (Ventolin) is an example of a rapid asthma 
reliever medication [27] that are available over the counter; 
therefore, patients can buy them without prescription. As 
asthma relievers produce immediate relief from an asthma 
exacerbation [28], they should always be available for the 
person to access in order to quickly relieve asthma symptoms 
[27]. It is well known needing to use a reliever inhaler more 
than twice a week suggests asthma is not being well man-
aged and the person will need to start preventer medication 
if not previously recommended [13, 29].

Preventer and reliever inhalers should be used by follow-
ing the recommended steps to get the maximum benefits of 
treatment. The steps to use inhalers differs depending on 
the device type [30] and methods of inhalation. Notably, 
the selection of the treatment devices (for example, Inhaler, 
Turbuhaler, and Diskus) should be based on person’s age, 
severity of disease, and the person’s functionality [31]. Spe-
cifically, the Turbuhaler device and the Diskus (which are 
used to deliver medicines in a powder form) may be difficult 
for some people to inhale, while inhalers in the form of aero-
sol are easier to be inhaled.

Given age is a consideration with type of asthma medica-
tion and may impact adherence; this review was aimed at 
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examining adherence to asthma medication by young adults 
with asthma. In most cases, people develop asthma in child-
hood [32] with persistent asthma developing into adulthood; 
however, asthma diagnosed in people 20 years and older 
is known as adult asthma. In one study, the prevalence of 
asthma in young adults was estimated at approximately 
6% [33] with only 52% (n = 1521) using medications daily. 
Health behaviors related to prevention and management are 
developed as people mature, making the young adult demo-
graphic an important population to examine to gain further 
insights to inform healthcare professions about strategies to 
promote adherence. The aim of this systematic review with 
meta-analysis was to examine the available evidence related 
to interventions that promote adherence in young adults with 
regard to inhaler medications (preventer) for asthma man-
agement and treatment.

Methods

A rapid systematic review with meta-analysis was under-
taken examining adherence related to asthma medications in 
young adults who have asthma. The study was undertaken in 
accordance with Preferred Reporting Items for Systematic 
Reviews and Meta‐Analyses (PRISMA) checklists [34] and 
has a Prospero ID No. equal to 154,740.

Types of Outcome Measures

The primary outcomes of interest were interventions that 
promoted adherence behaviors to asthma medications in 
young adults.

Types of Papers

Papers were included if they were written in English, report-
ing primary quantitative research, published in scientific 
journals, published up to February 2022, and examining 
asthma medication adherence in adults with asthma. Papers 
excluded included theses, editorials, blogs, grey literature, 
qualitative studies, commentaries, literature reviews, and 
books.

Type of Participants/Population

This review included studies reporting on young adults who 
had a diagnosis of asthma and were receiving asthma medi-
cation treatment.

Search Strategy

In order to do a rapid systematic review, three electronic 
databases (CINAHL, Web of Science, and Medline) were 

searched using the following search terms (Adherence, 
asthma, inhaler, young adults). Two different search strings 
were developed to broaden the search results and retrieve 
the maximum number of articles that discuss the same key 
concepts (see Boxes 1 and 2). Box 1 of the search string 
was assigned for CINAHL and Web of Science databases 
while box 2 was for Medline database. A manual search was 
also undertaken to locate further studies that may meet the 
eligibility criteria.

Box 1: Search string (1)

S1: asthma* OR "asthma* exacerbat*"
S2: inhaler OR ventolin OR inhaled-corticosteroids OR “beta ago-

nist” OR “B agonist”
S3: adher* OR compliance OR concordance
S4: "young adult*" OR "emerging adult*"
S5: S1 AND S2 AND S3 AND S4

Box 2: Search string (2)

S1: asthma* OR "asthma* exacerbat*" OR ''air way inflammation*'' 
OR "chest tightness''

S2: inhaler* OR ventolin OR ‘’inhaled-corticosteroids’’ OR 
''metered-dose inhaler'' OR ''asthma medication*''OR symbicort OR 
neubilis* ‘’B agonist’’ OR ‘’Beta agonist’’

S3: adher* OR compliance OR concordance
S4: "young adult*" OR "emerging adult*"OR'' young people''
S5: S1 AND S2 AND S3 AND S4

Study Selection

The returned abstracts were initially screened by title and 
abstract. Following first tier screening, the remaining arti-
cles were subject to a full text read where the inclusion and 
exclusion criteria were applied and data from the studies that 
met our inclusion criteria were extracted. Consensus was 
sought between the three reviewers with any disagreements 
being discussed.

Data Extraction

Data extraction was completed independently by the 
research team using a standardized data extraction form cre-
ated for the purpose of this project and devised from details 
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in the Critical Appraisal Skills Program [35] checklists. The 
extraction form contained sections for data extraction related 
to the following: publication, title, journal name, inclusion 
criteria, aim of the study, location of the study, description 
of participants and study, type of intervention, blinding, 
comparison, outcomes measured, limitations and strengths 
of the study, and key findings. Data were extracted and the 
final inclusion of articles was determined by inclusion cri-
teria and through discussion and consensus by all reviewers.

Assessment of Methodological Quality

The quality assessment of the research was critiqued using 
the CASP [35] methodological checklists. These checklists 
provide well-accepted standards for research methodological 
quality assessment.

Assessment of Bias in Included Studies

The assessment of risk of bias in the included studies was 
based on the risk of bias principles by Cochrane undertaken 
during the meta-analysis [36]. Bias risks were considered in 
relation to selection, performance, detection, and attrition, 
using the team judgment (see Table 1 below).

Statistical Methods

Comparative meta-analyses were constructed for rand-
omized controlled trials and other comparative studies. 
All comparative meta-analyses derived comprised studies 
with continuous outcome measurements measured on the 
same scale. Hence, in all cases, the unstandardized differ-
ence in means (between intervention and treatment groups) 
was used as a summary statistic. Due to observed levels of 
clinical and content heterogeneity, random effects models 
were derived for all comparative meta-analyses, using the 

method of DerSimonian and Laird [37]. Following standard 
procedures, treatment groups in included studies with 2 or 
more treatment groups were combined to facilitate a single 
pairwise analysis. Sub-group analyses and meta-regressions 
were not planned a priori or subsequently undertaken.

For all meta-analyses, statistical heterogeneity was 
assessed using Cochran’s Q statistic, which approximately 
follows a χ2 distribution on n-1 degrees of freedom. The 
corresponding  I2 statistic and the between-study variance 
of the intervention effect (τ2) were also derived. A Z-test 
for overall effect was also conducted in all cases. Results 
were summarized using forest plots. Funnel plots were not 
constructed due to the limited number of studies included in 
the meta-analyses. All meta-analyses were conducted using 
the Stata statistical software (Version 14 I/C) (33).

Results

There were no studies that separated the age groups to delin-
eate the young adults and therefore, the focus adjusted to 
include all adults and young adults were included within 
these samples.

Records identified through database searching were 
n = 291, and additional records identified through other 
sources were n = 40. Records after removing duplicates 
were n = 299 (see Fig. 1). The titles and abstracts of the 
final number of studies were screened based on the inclusion 
criteria. The number of records excluded were n = 209 due 
to several reasons such as not written in English, could not 
get the full text, and not related to the topic. After screen-
ing, n = 90 papers were eligible for full text screening. After 
screening against the inclusion criteria and eligibility for 
meta-analysis, n = 9 articles were included in the analysis. 
A table with the details of the included articles is provided 
in Table 2.

Table 1  Bias risk table Paper Selection bias Performance 
bias

Detection bias Attrition bias

Bender 2010 X √ X X
Foden 2008 √ X √ √
Garcia-Cardenas 2013 X √ ? √
Giraud 2011 √ X √ √
Guenette 2015 √ √ X √
Petrie 2012 X √ √ X
Strandbygaard 2010 X √ √ √
Vollmer 2011 X √ √ √
Wu 2015 ? ? √ X
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Results of Studies Included in Meta‑analysis

Five studies considered the effect of an intervention to 
improve adherence in randomized controlled trials, measur-
ing adherence based on the proportion of prescribed inhaler 
doses taken over the duration of the study period.

• Bender, Apter [38] tested the effectiveness of a theory-
based interactive voice response in 50 adult patients 
(aged 18 to 65 years) over 10 weeks.

• Foden and Hand [39] tested the effectiveness of the use 
of combination of ICS/LABA inhalers compared with 
ICS inhalers alone in 82 adult patients over 1 year.

• Petrie, Perry [40] tested the effectiveness of a text mes-
saging program on 147 older children and young adult 
(aged 16 to 45 years) patients over 18 weeks.

• Strandbygaard, Thomsen [41] tested the effectiveness of a 
text messaging program on 26 young adult patients (aged 
18 to 45 years) over 60 days (8.5 weeks).

• Vollmer, Feldstein [42] tested the effectiveness of a 
health-information technology-based intervention 
using the speech recognition software on 3171 adult 
patients (aged 18 to 98 years) over 18 months.

Adherence proportions in treatment groups ranged from 40.0 
[42] to 81.5% [41]. Adherence proportions in control groups 
ranged from 38.0 [42] to 70.1% [41]. All studies reported higher 
levels of adherence in their intervention groups.

In this meta-analysis, a random effect was chosen due 
to the assumption that individual effects were uncorrelated 
with the independent variables. A random effects meta-
analysis conducted on study data revealed that the synthe-
sized estimate for the unstandardized difference in means 
between intervention and control groups was 0.14 (95% 
confidence interval 0.04 to 0.24), with the higher estimate 
for intervention groups. A Z-test for overall effect revealed 
evidence that this difference was statistically significant at 
the 5% significance level (Z = 2.64, p = 0.008).

Fig. 1  PRISMA flow chart for 
screening [34]
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Cochran’s Q test revealed strong evidence for statistical 
heterogeneity (χ2

(4) = 26.1; p < 0.001). The  I2 statistic was 
84.7%, indicating substantial statistical heterogeneity. The 

τ2 statistic (between-study variance) was 0.0102. Results 
are summarized in a forest plot (Fig. 2).

Two studies considered the effect of an intervention 
to improve adherence in randomized controlled trials, 

Table 2  Included studies

Abbreviations: HPHC, Harvard Pilgrim Health Care; KPGA, Kaiser Permanente Georgia; KPH, Kaiser Permanente Hawai’i region; KPNC, Kai-
ser Permanente Northern California; KPNW, Kaiser Permanente Northwest region

Study Setting Country Participants Intervention Outcome

Bender 2010 Community Colorado N = 50 Interactive Voice Response 
Intervention

Adherence was higher among 
patients in the IVR group

Foden 2008 Community Norfolk N = 82 combination ICS/LABA Patients on ICS/LABA inhalers 
had significantly greater adher-
ence compared to those on ICS 
inhalers

Garcia-Cardenas 2013 Pharmacy Spain N = 336 Pharmacist-patient intervention Enhanced asthma control and 
improved medication adher-
ence

Giraud 2011 Pharmacy France N = 727 inhaler training by pharmacists The percentage of patients with 
optimal inhaler technique rose 
from 24% before to 79% after 
training

Guenette 2015 Community Canada N = 330 integrated care program Exposed participants showed 
improvement in adherence

Petrie 2012 Community Not specified (website) N = 147 Text message interventions Intervention group significantly 
improved adherence compared 
to control group

Strandbygaard 2010 Community Denmark N = 26 daily SMS reminder A daily SMS reminder increases 
adherence to asthma

Vollmer 2011 Hospital (KPNW) (KPH) N = 3171 speech recognition software ICS adherence increased signifi-
cantly for in intervention group

Wu 2015 Community (HPHC), (KPNC), 
(KPGA), (KPNW)

N = 69,652 Measuring primary and second-
ary to ICSs, LTRAs, and ICS/
LABAs

Subjects prescribed controller 
medicines for the first time did 
not fill their prescriptions

Fig. 2  Forest plot for meta-anal-
ysis of effect of interventions on 
adherence (measured by propor-
tion of inhaler doses taken)

NOTE: Weights are from random effects analysis

Overall  (I-squared = 84.7%, p = 0.000)

Bender 2010

Strandbygaard 2010

Study
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100.00
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%
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0.15 (0.06, 0.25)
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measuring adherence based on the Morisky medication 
adherence scale (MMAS-4) score reported by study partici-
pants; with scores reported objectively rather than converted 
to proportions of patients deemed to be adherent.

• Giraud, Allaert [43] tested the effectiveness of pharma-
cist inhaler training in adult patients (aged 18 to 94 years) 
over 1 month.

• Guenette, Breton [44] tested the effectiveness of an inte-
grated care program in adult and child patients (aged 12 
to 45 years) over 12 months.

A random effects meta-analysis conducted on study data 
revealed that the synthesized estimate for the unstandard-
ized difference in means between intervention and control 
groups was -0.16 (95% confidence interval -0.54 to 0.21). A 
Z-test for overall effect revealed no evidence that this differ-
ence was statistically significant at the 5% significance level 
(Z = 0.86, p = 0.392).

Cochran’s Q test revealed evidence for statistical hetero-
geneity (χ2

(1) = 5.48; p = 0.019). The  I2 statistic was 81.8%, 
indicating high statistical heterogeneity. The τ2 statistic 
(between-study variance) was 0.059. Results are summa-
rized in a forest plot (Fig. 3).

Two studies considered the effect of an intervention to 
improve adherence in randomized controlled trials, measur-
ing adherence based on the proportion of patients deemed 
to be adherent.

• Garcia-Cardenas, Sabater-Hernandez [45] tested the 
effectiveness of a protocol-based intervention in 336 
adult patients (aged 18 to 78 + years) over 6 months; 

reporting the proportion of patients considered adherent 
according to the MMAS-4 scale.

• Wu, Butler [46] tested the effectiveness of controller 
medications in 69,652 adult and child patients (aged 0 to 
65 + years); reporting the proportion of patients consid-
ered “primary adherent” according to whether the first 
prescription was filled within 30 days.

A random effect meta-analyses conducted on study data 
revealed that the synthesized estimate for the unstandard-
ized difference in means between intervention and control 
groups was 0.15 (95% confidence interval − 0.06 to 0.36), 
with the higher estimate for intervention groups. A Z-test for 
overall effect revealed no evidence that this difference was 
statistically significant at the 5% significance level (Z = 1.39, 
p = 0.164).

Cochran’s Q test revealed strong evidence for statistical 
heterogeneity (χ2

(1) = 17.5; p < 0.001). The  I2 statistic was 
94.3%, indicating substantial statistical heterogeneity. The 
τ2 statistic (between-study variance) was calculated to be 
0.0222, reflecting a high proportion of variance between 
studies compared to within studies. Results are summarized 
in a forest plot (Fig. 4).

Discussion

This systematic review included three meta-analyses with 
a total combined sample of n = 74,540. We are presuming 
that our target population was represented in the samples of 
the included studies; however, the papers did not differenti-
ate between age categories. Due to this low specificity, the 
results will be discussed as an adult demographic rather than 

Fig. 3  Forest plot for meta-
analysis of effect of interven-
tions on adherence (measured 
by MMAS-4 score)

NOTE: Weights are from random effects analysis

Overall  (I-squared = 81.8%, p = 0.019)

Giraud 2011
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Guenette 2015
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100.00

%
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Weight

49.30

-0.16 (-0.54, 0.21)

-0.35 (-0.57, -0.13)
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0.03 (-0.20, 0.26)

100.00

%
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49.30

Difference in MMAS-4 score (intervention - control)
0.0-0.6 -0.4 -0.2 0.2 0.4
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young adults 18–34 years old. Also, due to heterogeneity 
among studies, caution is recommended with interpreting 
the results. The results of the meta-analysis provide evidence 
regarding the improvements to adherence through various 
interventions. Specifically, the first meta-analysis (see Fig. 2) 
revealed statistical significance in five studies [38–42]. 
These studies examined the effect of two different types of 
interventions (health technologies and medications) used to 
improve adherence to asthma inhaler medication. Four of 
these studies used various health technologies to improve 
adherence to adult patients with asthma [38, 40–42]. These 
interventions included a theory-based interactive voice 
response, a text messaging program, and health information 
technology. Most interventions permitted individuals to self-
monitor medication use and encouraged adherence behavior. 
Participants involved in studies with the health technological 
intervention [38, 40–42] had significantly higher adherence 
compared with the control groups. One study, Foden and 
Hand [39], used medications as an intervention and tested 
the effectiveness of the use of the combination of inhaled 
Corticosteroids/Long Acting Beta 2 agonist (ICS/LABA) 
inhalers compared with inhaled Corticosteroids (ICS) inhal-
ers alone.

The studies in the first analysis (see Fig. 2) that used 
health technologies as an intervention to improve adher-
ence in adults with asthma were found to be significant. 
Bender, Apter [38] examined the efficacy of theory-based 
interactive voice response (IVR) in 50 adult patients using 
asthma preventer medication over 10  weeks. The IVR 

system comprised of multiple technologies working as one 
system to plan, make, collect, and record programmed phone 
calls. The system could also make and receive phone calls, 
ask participants questions, and provide information based 
on each individual query. The IVR intervention was based 
on the benefit-risk model of health behavior that considers 
it is essential to address the patient’s belief related to the 
benefits of asthma preventer inhaler before any alteration 
in adherence behavior occurs. Hence, to change patient’s 
beliefs about why asthma preventer medication is ben-
eficial, content within IVR intervention was developed to 
deliver educational messages. Adherence was higher among 
patients in the IVR group. Likewise, Vollmer, Feldstein [42] 
tested the effectiveness of a health-information technology-
based intervention using phone messages, specifically, the 
speech recognition software in 3171 adult patients (aged 18 
to 98 years) over 18 months. Interactive voice recognition 
(IVR) was used to enhance medication top-ups and improve 
ICS adherence. It included three types of IVR calls that were 
about 2–3 min in duration. Each call planned to be either a 
reminder or delayed refill or initiator. Scanning the elec-
tronic medical record (EMR) monthly allowed the research-
ers to ascertain which participant needed which type of IVR 
calls. For example, the refill reminder went to the partici-
pant who ran out of stock of ICS by calculating the number 
of doses the participant had been supplied divided by the 
number of days needed to finish the doses assuming that the 
patient was using the medication appropriately. Using this 
intervention, ICS adherence increased significantly for the 

Fig. 4  Forest plot for meta-anal-
ysis of effect of interventions on 
adherence (measured by propor-
tion of patients deemed to have 
achieved adherence)

NOTE: Weights are from random effects analysis

Overall  (I-squared = 94.3%, p = 0.000)
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intervention group. Adherence interventions based on health 
information technology demonstrate substantial support for 
medication adherence predominantly in chronic diseases 
such as asthma. Additionally, the successful application of 
technology-based interventions endorses further function-
ing of individuals’ self-management and accordingly better 
control of the disease.

Petrie, Perry [40] tested the effectiveness of a text mes-
saging program as an intervention to improve adherence in 
147 older children and adults (aged 16 to 45 years) patients 
over 18 weeks. In their study, participants received a per-
sonalized text message that was tailored to their previous 
disease and medication beliefs. A bank of 166 messages 
was created and participants’ beliefs were assessed at the 
beginning of the study while the adherence rate was at 6, 12, 
and 18 weeks as well as after 6 and 9 months. Participants 
received text message twice a day for the first 6 weeks and 
one text message for the next 6 weeks. While from week 
13 to 18, the participants received text message three times 
a week. At the end of week 18, intervention group sig-
nificantly improved adherence compared to control group. 
Strandbygaard, Thomsen [41] also tested the effectiveness 
of text messaging reminders to take medication in n = 26 
adult patients (aged 18 to 45 years) over 60 days. Adher-
ence improved among the intervention group with an abso-
lute difference between the two groups. The technology 
field has been developed significantly to become a tool for 
improving adherence to long-term treatment regimens. For 
future research, it is recommended to focus on improving 
the adherence using technology devices that proved to be 
effective and accepted by most people.

Foden and Hand [39] tested the effectiveness of the use 
of a combination of ICS/LABA inhalers compared with ICS 
inhalers alone in 82 adult patients over 1 year. The partici-
pants had either ICS or combination ICS/LABA and were 
within the age group of 18–45 years. The study was retro-
spective so participants’ data about the number of inhalers 
during the last year was extracted from their medical records. 
The number of inhalations taken per year was divided by the 
yearly number of prescribed inhalations and multiplied by 
100 to calculate the adherence as a percentage. Their results 
showed participants with a combination of ICS/LABA had 
substantially higher adherence scores in comparison to those 
on ICS alone.

Interventions like a theory-based interactive voice 
response, a text messaging program, and health informa-
tion technology delivered through technology were found 
to be effective in enhancing medication adherence in adults 
with asthma. The first meta-analysis provided some evidence 
that health technology was a good intervention for the adult 
demographic and could help improve adherence with asthma 
inhaler medication.

The second meta-analysis only included two studies (see 
Fig. 3) where the researchers measured adherence using the 
Morisky medication adherence scale. Although meta-anal-
ysis was undertaken, there were differences in the studies 
that could account for a lack of statistical significance in the 
analysis. Specifically, Guenette, Breton [44] conducted the 
study over a period of 12 months while the duration of the 
study of Giraud, Allaert [43] was only for 1 month. In addi-
tion, adherence was measured using 2 measures in Guenette 
et al. study (Morisky & medication possession ratio) while 
in Giraud, Allaert [43] study, adherence was measured by 
Morisky scale only. Therefore, these differences between 
the two studies imply that the second meta-analysis did not 
present any significant evidence.

Two studies [45, 46] in the third meta-analysis considered 
the effect of an intervention to improve adherence by meas-
uring adherence based on the proportion of patients deemed 
to be adherent. Since only 2 studies measured adherence 
grounded in this concept, the meta-analysis (see Fig. 4) did 
not produce a significant result. Garcia-Cardenas, Sabater-
Hernandez [45] conducted a randomized control trial to 
examine the effectiveness of a protocol-based intervention 
in n = 336 adult patients (aged 18 to 78 + years) divided into 
two groups (control and intervention). The study used one 
type of preventer medication Symbicort which is a combi-
nation of Budesonide (ICS) and Formoterol (LABA) over 
6 months; reporting the proportion of patients considered 
adherent according to Morisky scale which classifies patient 
as adherent or non-adherent [45]. In contrast, the interven-
tion in the Wu, Butler [46] study was educational, as it 
aimed to educate patients with asthma on how to use their 
inhaler with different strategies based on the type of non-
adherence. Education about inhaler technique was provided 
through verbal and written as well as a physical demonstra-
tion. Wu, Butler [46] tested the effectiveness of 3 types of 
controller medications (ICS, Leukotriene antagonists (LA), 
ICS/LABA) in n = 69,652 adult and pediatric patients (aged 
0 to 65 + years) over 12 months; reporting the proportion of 
patients considered “primary adherent” according to whether 
the first prescription was filled within 30 days. However, the 
meta-analysis of the combination of these two studies did 
not offer any significant results.

Clinical Implications

The results of the meta-analyses in this review provides 
evidence for the use of technology-based interventions to 
improve adult’s adherence with asthma medications. In the 
health technology space, other authors have found similar 
types of technologies such as mobile and internet-based 
initiatives, which have worked with adults with regards to 
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smoking cessation, adherence to antiretroviral medications, 
and promoting mental health [47–49] demonstrating the broad 
efficacy of this type of intervention. The use of technology to 
improve health could extend to the young adult demographic 
as they are known heavy users of technology, especially for 
entertainment, connecting with friends, and in searching for 
information related to their health [47]. Drawing on previous 
examples of using technology for health with success, and in 
light of our results of this systematic review, using technology 
to promote asthma medication adherence is recommended to 
improve management of this chronic condition.

Limitation of the Systematic Review 
and Meta‑analysis

The systematic review with meta-analysis has several limita-
tions. First, the inclusion criteria were limited to studies writ-
ten in English potentially reducing the returned articles from 
the search. Secondly, since meta-analysis was undertaken, 
some articles were excluded on the basis of being unsuitable/
not comparable for the purposes of meta-analysis. Another 
important limitation was the low specificity in the returned 
studies which did not delineate in age categories that directed 
us to discuss the results as an adult demographic rather than 
young adults (18–34 years). However, this limitation also 
presents as a gap in the evidence base related to the young 
adult demographic and asthma medication adherence.

Conclusions

This systematic review identified an obvious gap in the lit-
erature; that there are no studies that specifically examined 
young adults aged 18–34 years regarding asthma medica-
tion adherence. This demonstrates that future research needs 
to focus on this demographic to develop recommendations 
related to enhancing young adult’s adherence to asthma 
inhaler medication. Also, the findings of the meta-analysis 
provide some evidence that technological interventions could 
enhance the adherence of adults to asthma medication. How-
ever, there appeared an obvious gap in the evidence related 
to young adults and adherence to asthma medication where 
future research addressing the causes of non-adherence 
in this demographic could open new insights into how to 
develop effective interventions accepted by this demographic.
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