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ABSTRACT

Objective: To evaluate clinical and economic burden associated with respiratory tract infec-
tion (RTl)-induced asthma exacerbations and to identify risk factors associated with these
exacerbations. Factors associated with these exacerbations are understudied and little infor-
mation is available about consequent expenditures. Methods: In this retrospective case-con-
trol study, medical records and pharmacy data in King Abdullah University Hospital in
Northern Jordan were reviewed for adults with asthma aged 40years and older, over the
period 2013-2016. Cases of RTl-induced asthma exacerbations were identified, and controls
were selected randomly from asthmatic adults who did not experience any RTl-induced
asthma exacerbation during the same period. Independent-samples t-tests and chi-square
tests were conducted to compare patient characteristics of cases and controls. Predictors of
RTl-induced asthma exacerbations and the resultant complications were evaluated using
multivariable logistic regression. Multivariable regression on log-transformed charges was
used to predict expenditures of these exacerbations. Results: A total of 137 cases and 548
controls were identified. Using inhaled corticosteroid + long-acting beta-agonists
(ICS+LABA) was significantly associated with lower odds of RTl-induced asthma exacerba-
tions (OR = 0.4; 95% Cl, 0.21-0.77; p =0.006), and lower odds of resultant serious complica-
tions (OR = 0.23; 95% Cl, 0.07-0.69; p=0.009), compared to being untreated with any
asthma maintenance treatment. Asthma severity and co-morbidities were associated with
increased susceptibility to these exacerbations. The average charges of RTl-induced asthma
admissions and outpatient exacerbations were 1042.9 JD ($1471.0) and 81.1 JD ($114.4),
respectively. Conclusions: ICS + LABA, asthma severity and co-morbidities appeared to affect
the clinical and economic burden associated with RTl-induced asthma exacerbations. Efforts
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to prevent these exacerbations in patients with risk factors are warranted.

Introduction

Asthma is a chronic disease with significant clinical and
economic burden [1-3]. The global prevalence of
asthma was estimated to be 4.5%, and has increased in
recent years among adults [4]. In 2015, asthma was
ranked among the top 20 diseases causing disability glo-
bally, and the 23rd in causing morbidity as measured by
disability-adjusted life years (DALYs) [3]. According to
the Centers for Disease Control and Prevention (CDC),
morbidity and mortality are increasing in middle-aged
and older adults with asthma [5]. Emergency care, hos-
pitalization, permanent disability, marked limitations of
life, and even premature death have all been associated
with uncontrolled asthma [6-8]. Similarly in Jordan, the

World Health Organization (WHO) reported that
asthma was among the most common health problems
treated at hospitals [9] and asthma has been reported to
affect approximately 10% of older adults in Jordan [10].
However, the exact burden of asthma in Jordanian
adults is still understudied [11].

Even though asthma is often considered a disease of
younger patients, recent morbidity and mortality statistics
showed that the majority of asthma-related deaths were
among those aged over 55years old [12,13]. Medical
expenditures attributable to asthma are especially high in
older adults with uncontrolled asthma [14,15].

To prevent asthma-related morbidity and mortality,
the primary goal of asthma management is to prevent
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acute exacerbations and minimize asthma symptoms
[16]. Respiratory tract infections (RTIs) are common
precipitants of acute asthma exacerbations in adults,
playing a role in an estimated 45% to 80% of exacer-
bations [17,18]. Adults with asthma were found to
have increased frequency, duration and severity of
RTIs compared to adults without asthma [19]. Certain
comorbid conditions, such as heart failure (HF) and
chronic obstructive pulmonary diseases (COPD) have
been suggested in previous literature to complicate
asthma control [20-22]. However, their influence on
susceptibility and response to RTI, and the resultant
asthma exacerbations, are still unclear [23]. Although
RTIs are major contributors to asthma exacerbations,
little information is available on the cost of RTIs in
adults with asthma. Host factors associated with the
susceptibility of an adult with asthma to infection-
induced asthma exacerbations are still understudied
[23]. Clearly, preventing RTIs in patients at risk is
essential to decrease asthma exacerbations and result-
ing morbidity and mortality in adults with asthma
[12]. The purpose of this study was to evaluate clinical
and economic burden associated with RTI-induced
asthma exacerbations, and to identify risk factors asso-
ciated with these exacerbations in adults with asthma.

Method
Study design and population

In this retrospective case-control study, cases were
defined as adults with asthma who had at least one
asthma exacerbation induced by RTIs as documented
in physician notes during the period of January 2014
to December 2016. When more than one RTI-induced
asthma exacerbation was identified in this time frame
for the same patient, the most recent exacerbation was
selected as the index case. All time-dependent varia-
bles were obtained from the year prior to the index
asthma exacerbation (e.g., for index cases identified in
2014, 2013 data were used). Controls were defined as
adults with asthma who did not experience any RTI-
induced asthma exacerbation during the pre-specified
study period (2013-2016).

Medical records and pharmacy data of patients
attending King Abdullah  University = Hospital
(KAUH), Northern Jordan, during the vyears of
2013-2016 were used to identify eligibe patients and
all relavent data. The computerized medical records at
KAUH were searched by a specialized information
technology personnel to identify all patients with
asthma diagnosis, as detected in their medical records,
and aged 40years and older. Medical records for all

identified patients were then reviewed manually by
the research team to confirm asthma diagnosis and to
evaluate for study eligibility. Patients were excluded if
they had any of the following conditions: other
respiratory problems such as lung bronchiectasis and
cystic fibrosis, psychiatric disorders, end stage organ
damage, autoimmune diseases, anatomical heart disor-
ders, cancer, Alzheimer’s disease, or respiratory failure
preceding the occurrence of the index RTI induced
asthma exacerbation. Control patients were excluded
if they died before the end of the study period.
Accordingly, all included patients had the full chance
of having RTI-induced asthma exacerbation.

Among the eligible controls, an exact number of
four times the cases were randomly selected [24].
Patient flow through the selection criteria is docu-
mented in Figure 1.

This research was approved by the Institutional
Review Board (IRB) Committee at KAUH (Ref num-
ber: 7/101/2016).

Study outcomes

RTl-induced asthma exacerbations

Inpatient asthma hospitalizations were first identified
with ICD10 codes related to RTIs and asthma exacer-
bations (J00-J22 and J40-J47). Medical records were
then reviewed to confirm the presence of RTI-induced
asthma exacerbations. RTI-induced asthma exacerba-
tions that were treated in the outpatient setting (out-

patient clinic or emergency department) were
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Figure 1. Sample selection flowchart.



identified by reviewing patient medical records for all
eligible patients.

Complications of RTl-induced asthma exacerbations
Complications of RTI-induced asthma exacerbations
including death, respiratory failure, intensive care unit
admission, and mechanical ventilation were identified
using patient medical records.

Length of hospital stay for RTIl-induced
hospitalizations

Length of hospital stay for RTI-induced hospitaliza-
tions was calculated (in days) as the time from the
admission date to the discharge date.

Inpatient and outpatient charges

The billing system at KAUH was used to extract hos-
pitalization charges in total and by service compo-
nents. For each inpatient admission, charge per day
was calculated by dividing total charge by the length
of hospital stay in days. Charges of RTI-induced
asthma exacerbations treated in the outpatient setting
were also extracted.

Covariates

Medical records were used to capture patient informa-
tion, including demographics (age, gender, weight,
and height), co-morbidities, smoking status, and
asthma maintenance treatments. All chronic co-mor-
bid conditions were extracted, including COPD, car-
diovascular conditions (HF, ischemic heart disease
(IHD), hypertension, and arrhythmia), and others.
Asthma maintenance treatments included inhaled cor-
ticosteroids (ICSs), long-acting beta-adrenoreceptor
agonists (LABAs), and long acting anti-cholinergic
agents, and were categorized as none, ICS+LABA
combinations, and others (long acting anti-cholinergic,
ICS, or LABA monotherapies).

Forced expiratory volume in one second (FEV1)%
was used to categorize the severity of lung function
impairment as normal (FEV1>80%), mild to moder-
ately severe (FEV1 50-79%) and severe to very severe
(FEV1 < 50%) [25]. An indicator of asthma severity/
control was categorized as the following: Severe
asthma if FEV1<50% or if the patient had one or
more asthma exacerbation in the year before the index
case and the FEV1 value is missing, and mild-moder-
ate asthma if the FEV1 >50% or if the patient had no
asthma exacerbations in the year before the index case
and the FEV1 value is missing.
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Secondary analysis

Factors associated with receiving asthma maintenance
treatments (ICS, LABA, and/or long acting anti-cho-
linergic) versus not receiving any of the maintenance
treatments were evaluated, regardless of the initiation
time of these medications.

Statistical analysis
Simple descriptive statistics, such as percentages and
arithmetic means with standard deviations, were cal-
culated to describe patient characteristics for the total
sample and by case-control status. Patient characteris-
tics of the cases and controls were compared using
unadjusted bivariable tests (chi-square for categorical
variables, t-test for continuous variables). All reported
p values were 2-sided with a 0.05 significance level.
Multivariable logistic regression models were per-
formed to identify risk factors associated with RTI-
induced asthma exacerbations and complications
among cases. Odds ratios (ORs) with 95% confidence
intervals were estimated, adjusting for demographics
and clinical characteristics. Multivariable linear regres-
sion was performed to identify predictors of hospital
length of stay (in days; from the admission day to the
discharge day). Charges related to RTI-induced
asthma exacerbations (in total and per inpatient day)
were summarized using descriptive statistics. Total
charges were aggregated by services provided and cal-
culated as percentages of the total amount of all
admission charges. To evaluate the association
between inpatient per day charges and patient charac-
teristics, charge amounts were log-transformed and
analyzed using multivariable regression. Factors asso-
ciated with receiving asthma maintenance treatments
were evaluated using multivariable logistic regression.
Variables included in all of the mentioned regres-
sion models were selected using backward stepwise
process, and included if p < 0.2. All reported p values
in final models were 2-sided with a 0.05 significance
level. All data analyses were conducted using STATA
version 14 (StataCorp. 2015. Stata. Statistical Software:
Release 14. College Station, TX: StataCorp LP.).

Results
Patient characteristics

In total, 685 adults with asthma were included in this
study, including 137 index cases (97 inpatient and 40
outpatient exacerbations) and 548 controls. Table 1
describes characteristics of study sample in total and
by case-control status. For the total sample, average
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Table 1. Demographics and clinical characteristics in adults with asthma who experienced RTI_induced asthma exacerbations
(cases) versus those without RTI_induced asthma exacerbations (controls).

Total Cases Controls
Variable n=685 n=137 n=>548 p value?
Age, y
40-64 467 (68.2) 87 (63.5) 380 (69.3) 0.189
>65 218 (31.8) 50 (36.5) 168 (30.7)
Gender
Male 234 (34.2) 42 (30.7) 192 (35.0) 0.334
Female 451 (65.8) 95 (69.3) 356 (65.0)
BMI
<25 88 (14.9) 18 (14.3) 70 (15.0) 0.602
25-29.9 198 (33.5) 38 (30.2) 160 (34.3)
>30 306 (51.7) 70 (55.6) 236 (50.6)
Smoking status
Smoker or ex-smoker 158 (24.7) 42 (30.7) 116 (23.0) 0.066
Non-smoker 483 (75.4) 95 (69.3) 388 (77.0)
Number of comorbidities 15+ 14° 19 £15° 14+14° 0.003
COPD 37 (5.4) 12 (8.9) 25 (4.6) 0.047
HF 31 (4.5) 13 (9.5) 18 (3.3) 0.002
DM 230 (33.6) 57 (41.9) 173 (31.6) 0.022
Cardiovascular comorbidities® 382 (55.9) 87 (64.0) 295 (53.8) 0.033
FEV1 %
>80 166 (53.9) 20 (38.5) 146 (57.0) 0.002
50-79 103 (33.4) 18 (34.6) 85 (33.2)
<50 39 (12.7) 14 (26.9) 25 (9.8)
Asthma maintenance treatments used
No maintenance treatments 84 (12.3) 14 (22.6) 53 (9.7) <0.001
ICS+LABA 558 (81.5) 97 (70.8) 461 (84.1)
Other maintenance treatments (Anticholinergic, ICS or LABA) 43 (6.3) 9 (6.6) 34 (6.2)
Statin use 282 (42.2) 64 (47.1) 218 (40.9) 0.194
NSAID use 139 (20.8) 24 (17.7) 115 (21.6) 0.313
Theophylline use 47 (7.2) 17 (12.7) 30 (5.8) 0.006

Abbreviations: BMI: body mass index; COPD: chronic obstructive pulmonary disease; DM: diabetes mellitus; FEV1: forced expiratory volume in one second;
HF: heart failure; ICS: inhaled corticosteroid; LABA: long-acting beta-adrenoreceptor agonist; NSAID: nonsteroidal anti-inflammatory drug; RTI: respiratory

tract infection.
Data are presented as n (%) unless otherwise indicated.

2Statistical significance was set at a 2-sided p < 0.05. Bivariable analyses (two-sample t-tests and Wald chi-square tests) were used.

PData are presented as mean + standard deviation.

‘CV comorbidities include: ischemic heart disease, hypertension, heart failure, and arrhythmia.

age was 59+ 12.5years old, 65.8% were females and
51.7% were obese. Cases had significantly greater
number of comorbidities compared to controls
(1915 wversus 14x14, p values= 0.003).
Specifically, compared to controls, cases had higher
prevalence of the following comorbidities: COPD
(8.9% versus 4.6%, p values = 0.047), DM (41.9% ver-
sus 31.6%, p values = 0.022) and HF (9.5% versus
3.3%, p values = 0.002). The number of patients with
severe lung function impairment were significantly
higher in cases compared to controls (26.9% versus
9.8%, p values = 0.002). Interestingly, compared to
9.7% in controls, 22.6% of cases were not receiving
any asthma maintenance treatment. Finally, 73% of
cases were lower RTIs.

Predictors of RTI-induced asthma exacerbations

Using ICS+ LABA was significantly associated with
lower odds of RTI-induced asthma exacerbations
compared to being untreated with any asthma main-
tenance treatments (OR = 0.40; 95% CI, 0.21-0.77; p
values = 0.006). Each additional comorbid condition

was associated with 23% higher odds of RTI-induced
asthma exacerbations, adjusting for other potential
confounders (OR = 1.23; 95% CI, 1.03-1.47; p values
= 0.024). In addition, having severe asthma (ie,
FEV1 <50% or one or more asthma exacerbation in
the prior year) increased the odds of RTI-induced
asthma exacerbations by 5.20 times compared to hav-
ing mild to moderate asthma (OR = 5.20; 95% ClI,
2.85-9.35; p values < 0.001; Table 2).

Complications of RTI-induced asthma
exacerbations

Out of 137 cases, around 15% had complications
including death, respiratory failure, ICU admission,
and/or mechanical ventilation. Although the overall
occurrence of complications as a group was not sig-
nificantly different by age group, all inpatient deaths
were among older adults (five inpatient deaths; 10%
case fatality risk for older adult cases and 12.2% for
older adult inpatient cases). The number of inpatient
asthma exacerbations in the previous year was a sig-
nificant predictor of complications (OR = 1.60; 95%
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Table 2. Predictors of RTl-induced asthma exacerbations in adults with asthma.

Variable 0dds ratio Cl (95%) p value®
Age > 65 0.99 (0.57-1.73) 0.983
Male gender 0.64 (0.38-1.07) 0.094
HF 1.88 (0.67-5.28) 0.228
Number of comorbidities 1.23 (1.03-1.47) 0.024
Smoking status 1.60 (0.92-2.78) 0.095
Indicator of severe asthma® 5.20 (2.85-9.35) <0.001
Asthma maintenance treatments used

ICS+LABA 0.40 (0.21-0.77) 0.006

Other maintenance treatments (Anticholinergic, ICS, or LABA) 0.67 (0.22-2.02) 0.473

Abbreviations: Cl: confidence interval; HF: heart failure; ICS: inhaled corticosteroid; LABA: long-acting beta-

adrenoreceptor agonist; RTI: respiratory tract infection.

Odds ratios were estimated using multivariable logistic regression. Variables included in the model were
selected using backward stepwise process with p values < 0.2. In addition, age was added to the model

because of its clinical importance.

“Statistical significance was set at a 2-sided p < 0.05.

PHaving FEV1% <50 or if the patient had one or more asthma exacerbation in the year before the

index case.

CI, 1.02-2.5; p values = 0.043). In addition, receiving
ICS+LABA maintenance treatment was associated
with lower odds of complications (OR = 0.23; 95% CI,
0.07-0.69; p values = 0.009).

Among the 97 inpatients with RTI-induced asthma
exacerbations, the presence of HF and having one
more inpatient asthma exacerbation in the year before
were associated with increased hospital stay by 3.91
and 0.83 days, respectively (Table 3).

Charges related to RTI-induced hospital
admissions and outpatient exacerbations

A total of 140 RTI-induced hospital admissions and
68 outpatient exacerbations were identified during the
study period. The average of total admission charges
was 1,042.9 JD ($1471.0) [median = 668.0 JD, inter-
(IQR) = 438.0-1126.0 JD] with
6.4+ 4.8days average length of stay per admission.
Average charge per inpatient day was 160.0 JD
($225.7) [median = 132.0 JD, IQR = 109.0-168.0].
The average of total visit charges was 81.1 JD ($114.4)
[median = 62.4 JD, interquartile range (IQR) =
35.2-107.8 JDJ.

Geometric mean charge per inpatient day was
higher for older adults versus younger adults (a ratio
of 1.30; 95% CI, 1.12-1.51; p values = 0.001). The
ratios of the geometric means were also statistically
significant for patients with COPD and for obese
patients over non-COPD and normal weight patients,
respectively and adjusting for other potential con-
founders (Table 4). In total, laboratory services and
drugs contributed to 26.5% and 23.5% of the total of
admission charges, respectively (Figure 2). Both older
age and COPD were also significant predictors of out-
patient exacerbation charges (Table 4). Drugs

quartile range

contributed to around 70% of the total of outpatient
exacerbation charges.

Predictors of receiving asthma
maintenance treatments

Having CV co-morbidities including ischemic heart
disease, hypertension, heart failure, and arrhythmia
was associated with lower odds of receiving mainten-
ance asthma treatments (OR of 0.38; 95% CI,
0.19-0.76; p values = 0.006). Being a smoker or ex-
smoker was associated with lower likelihood of receiv-
ing asthma maintenance treatments (OR was 0.44;
95% CI, 0.22-0.87; p values= 0.021), Table 5.

Discussion

This study evaluated predictors of RTI-induced
asthma exacerbations and their clinical and economic
burden. Our results suggest several key findings
regarding RTI-induced asthma exacerbations. First,
the use of ICS+LABA controllers, having severe
asthma, and the presence of comorbid conditions,
especially HF, appeared to affect the clinical burden
associated with these exacerbations. Second, RTI-
induced asthma exacerbations were associated with
considerable economic burden. Older age, obesity, and
COPD comorbidity were the major predictors of
inpatient economic burden associated with these exac-
erbations. Laboratory services and drugs contributed
to around half of inpatient total charges.

Asthma maintenance treatment (ICS+ LABA) was
associated with decreased likelihood of RTI-induced
asthma exacerbations and serious complications, com-
pared to not using any maintenance treatment. On
the other hand, no superior effect was shown with
using any of the ICS, LABA, or long acting
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Table 3. Predictors of complications/length of hospital stay in RTI-induced asthma exacerbations.

Complications 0Odds ratio (Cl) 95% p value?
Age > 65 1.60 (0.57-4.60) 0.354
HF 1.90 (0.46-8.30) 0.360
Number of inpatient exacerbations in the year before Asthma maintenance treatments used 1.60 (1.02-2.50) 0.043
ICS+LABA 0.23 (0.07-0.69) 0.009
Other maintenance treatments (Anticholinergic, ICS, or LABA) 0.31 (0.03-2.90) 0.309
Length of hospital stay Coefficient (1) 95% p value?
Age > 65 1.30 (—0.53-3.07) 0.156
HF 391 (1.26-6.70) 0.005
Number of inpatient exacerbations in the year before 0.83 (0.05-1.60) 0.038
Number of comorbidities 0.47 (—0.12-1.07) 0.116

Odds ratios were estimated using multivariable logistic regression. Variables were selected by backward stepwise process with p < 0.2.
Coefficients were estimated using multivariable linear regression. Variables were selected by backward stepwise process with p <0.2.
FEV1% variable was not included in the stepwise model due to high number of missing values. Instead, number of asthma inpatient exacerbations in the

prior year was used as an indicator of asthma severity.

Abbreviations: Cl: confidence interval; COPD: chronic obstructive pulmonary disease; HF: heart failure; ICS: inhaled corticosteroid; LABA: long-acting beta-

adrenoreceptor agonist; RTI: respiratory tract infection.
“Statistical significance was set at a 2-sided p < 0.05.

Table 4. Predictors of charges associated with RTl-induced asthma exacerbations.

Variable Coefficients Exp (coefficients) p value®
Inpatient charges per day
Asthma maintenance treatments used
ICS+LABA —0.07 0.93 0.458
Other maintenance treatments (Anticholinergic, ICS or LABA) —0.01 0.99 0.963
COPD 0.27 1.30 0.030
HF 0.18 1.20 0.168
BMI
25-29.9 0.10 1.12 0.438
>30 0.26 1.29 0.038
Age > 65 0.26 1.30 0.001
Outpatient charges
Age > 65 0.58 1.79 0.030
COPD 0.76 2.14 0.017

Abbreviations: BMI: body mass index; COPD: chronic obstructive pulmonary disease; HF: heart failure process; RTI:

respiratory tract infection.

Multivariable regression on log transformed charges. Variables were selected by backward stepwise.
FEV1% variable was not included in the stepwise process because of between-term co-linearity with HF for

this sample.
*Statistical significance was set at a 2-sided p < 0.05.

anticholinergic monotherapies. Consistent with our
results, Lee et al. found that using ICS+ LABA was
significantly associated with a decreased risk of pneu-
monia-related hospital admissions or emergency room
visits among adults with asthma (OR = 0.63) [26].
Prazma et al. found that fewer upper RTI-induced
asthma exacerbations were reported by adults with
asthma treated with fluticasone propionate plus salme-
terol compared to those treated with fluticasone pro-
pionate only (12.4% versus 8.3% respectively,
p=0.006) [27]. LABA and ICS have been suggested to
act synergistically to prevent and mitigate the damage
associated with the inflammatory process in asthma;
this effect is primarily through protection against the
disruption of epithelial integrity and reduction in cil-
iary beat function induced by RTIs [28-32].

Asthma severity, as indicated by lower FEV1 scores
and previous exacerbations, was associated with the

occurrence of RTI-induced exacerbations as well as
complications and prolonged hospital stays. Asthma
severity was consistently shown to be associated with
asthma exacerbations in previous literature [33,34].
Among all asthma exacerbations, RTIs were shown to
account for up to 80% of asthma exacerbations
[17,18]. Reddel et al. suggested that, even in the pres-
ence of controlled asthma, adults with asthma are still
vulnerable to asthma exacerbations in association with
RTIs [35]. In comparison, findings of the current
study emphasize the importance of asthma control in
preventing RTI-induced exacerbations. Accordingly,
patients with severe or uncontrolled asthma are at
high risk for RTI-induced asthma exacerbations and
should be targeted in terms of protective strategies as
well as asthma progression amelioration strategies.
Beside asthma control and severity, the presence of
comorbidities was associated with higher susceptibility
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Figure 2. Contribution of inpatient services to the total of admission charges. Charges were aggregated by inpatient services for
all admissions and then calculated as percentages of the total of admission charges.

Table 5. Potential factors associated with receiving asthma
maintenance treatments (ICS-+LABA, anticholinergic, ICS,

or LABA).

Variable 0Odds Ratio (C1) 95% p value?
Age > 65 0.91 (0.47-1.77) 0.786
Male gender 1.94 (0.94-4.00) 0.074
Smoker or ex-smoker 0.44 (0.22-0.87) 0.021
Cardiovascular comorbidities® 0.38 (0.19-0.76) 0.006
Indicator of severe asthma® 0.98 (0.46-2.12) 0.975
COPD 1.12 (0.33-3.79) 0.860

Abbreviations: COPD: chronic obstructive pulmonary disease; FEV1: forced
expiratory volume per second; HF: heart failure; ICS: inhaled corticoster-
oid; LABA: long-acting beta-adrenoreceptor agonist.

*Statistical significance was set at a 2-sided p < 0.05; Multivariable logistic
regression. In addition to variables selected by backward stepwise pro-
cess, asthma severity, age, and COPD were included.

bCV comorbidities include: Ischemic heart disease, hypertension, heart fail-
ure, and arrhythmia.

‘Having FEV1% <50 or if the patient had one or more asthma exacerba-
tion in the year before the index case.

to RTI-induced asthma exacerbations, and resultant
severe complications in adults with asthma. In agree-
ment with our findings, Perez et al. found that adults
with asthma with three or more comorbid conditions
were significantly prone to uncontrolled asthma
(p=0.01) [36]. Furthermore, a study showed that the
risk of asthma in-hospital mortality was significantly
associated with patient comorbidity [37]. Disease
management education and ongoing follow-up could
be helpful in decreasing the clinical burden in patients
with multiple comorbidities.

Even though older adults and COPD patients did
not exhibit higher frequency of RTI-induced asthma
exacerbations in this study, they did demonstrate
higher economic burden associated with these exacer-
bations compared to younger patients and non-COPD
patients, respectively. In fact, expenditures were higher
in both inpatient and outpatient exacerbations.
Inpatient expenditures were higher for older adults
and COPD patients after adjusting to inpatient days,
indicating the need to a more intensive care in these

patients. In prior research, older adults with asthma
were consistently shown to have higher asthma related
expenditures compared to younger patients [15,38,39].
Similarly, patients with concomitant asthma and
COPD incurred increased medical costs compared to
patients with asthma alone [40]. Our results suggest
that greater attention to preventing RTIs in these
patients is warranted and can be valuable in term of
cost saving. As per our results, the contribution of
drug costs to total expenses was substantial.
Accordingly, looking further into the cost effectiveness
of treatment strategies applied in RTI-induced exacer-
bations is highly recommended, especially concerning
the heavy use of antibiotics in these exacerbations.

Body mass index (BMI) equal to 30 kg/m2 or more
was also associated with high inpatient charges in this
study. Similarly, Shah et al. found that obesity was a
significant predictor of asthma-related costs and total
healthcare cost among older adults with asthma
adjusting for socio-demographics and comorbidities
[41]. In fact, increased body weight was suggested to
alter the immune system and to increase inflammation
in the body, which in turn can affect asthma severity
and response to infections [42,43].

Our study findings further support the previous
evidence that undertreatment of asthma is a signifi-
cant problem that needs further attention [44]. For
patients with CV comorbid conditions, the tendency
to not receiving asthma maintenance treatments could
be explained by intolerability due to the pathophysio-
logic interaction between asthma medications and CV
diseases [45-47]. Intolerability of asthma treatments
in patients with CV comorbidities is an issue that
needs further evaluation in light of benefits and risks
in this population. Smoking status was another factor
that was associated with asthma under-treatment in
the current study. Consistent with our results, previ-
ous research showed that asthma subjects with
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persistent symptoms who reported cigarette smoking
were at least twice as likely to have undertreated
asthma [48]. Patients’ perceptions of their overall
asthma control could largely be affected by their
acceptability of symptoms. Adults with asthma who
smoke have been shown to overlook or neglect asthma
symptoms, resulting in being undertreated [49].

Limitations

Our study has some limitations, most of them inher-
ent to the retrospective study design. First, patients’
information was obtained from medical records and
pharmacy data. Accordingly, we were challenged by
some missing information, mainly the FEV1 values
for a considerable portion of patients. Consequently,
potential confounding by asthma severity was our
major limitation. However, extensive efforts were
taken to capture all available pulmonary function tests
and to compensate for missing values with other
asthma severity indicators, such as asthma exacerba-
tions in the year before the index exacerbation.
Employing the presence of asthma exacerbation(s)
over a one year period to determine asthma severity
using retrospective data has been validated in previous
literature [50,51]. In addition, insufficient information
about educational level was found in medical records.
Second, misdiagnosis of asthma and COPD is a con-
cern especially in older adults [52]. Therefore, we
were only as accurate as the documented physician
notes in medical records. Third, receiving treatment
in unaffiliated institutions could not be completely
ruled out, an issue that may have affected the accur-
acy with which we measured asthma treatment in this
study. In addressing this limitation, we have checked
medication received not only using pharmacy pre-
scription data at KAUH, but also by searching
patients’ medical notes to verify the treatment
received as taken in their medical history. Fourth, we
were limited by a relatively small number of identified
cases, that may have limited statistical power in
detecting the effect of age and other factors on com-
plications and hospital stays (as only cases were
included in these analyses). Future research to identify
cases prospectively may capture potential cases more
effectively. Finally, we were not able to evaluate the
etiology of these exacerbations or the appropriateness
of treatment strategies used in the cases identified in
the current study due to its retrospective nature.
Accordingly, future prospective research is needed to
reliably investigate the etiology and treatment strat-
egies of RTI-induced asthma exacerbations in both

inpatient and outpatient settings. Specifically, research
in which adults with asthma are recruited and fol-
lowed over a reasonable period of time prospectively
is needed to effectively capture all subsequent asthma
related exacerbations, whether due to RTIs or not.
This would be valuable to characterize predictors as
well as the relative burden associated with exacerba-
tions due to RTIs, compared to other reasons in
patients whose asthma is poorly controlled. In add-
ition to enhancing the completeness of data collected,
a prospective design would be employed to apply a
true time event history model with a pre-specified
time origin to better describe how aging, changes in
health status, and changes in asthma controller use
dynamically affect the risk of exacerbations.

Conclusion

Overall, findings from this study shed light on which
adults with asthma are at higher risk of developing
RTI-induced asthma exacerbations and the associated
clinical and economic burden. Targeting undertreated
patients, and those with obesity and comorbid condi-
tions, is warranted to prevent and mitigate the impact
of these exacerbations. Therefore, by identifying these
patients, this study sets the stage for future research
and efforts to reduce risks and to optimize preventive

and treatment strategies efficiently for patients
with asthma.
Acknowledgements

Dr. Carolyn Thorpe, an associate professor in the Division
of Pharmaceutical Outcomes and Policy at the UNC
Eshelman School of Pharmacy, is acknowledged for copy
editing the revised manuscript.

Funding

This study was supported by the Deanship of Scientific
Research at Jordan University of Science and Technology
(grant number 41/2017).

Declaration of interest

The authors report no conflicts of interest. The authors alone
are responsible for the content and writing of the paper.

References

1. Loftus PA, Wise SK. Epidemiology and economic
burden of asthma. Int Forum Allergy Rhinol 2015;5:
§7-S10.

2. Bahadori K, Doyle-Waters MM, Marra C, Lynd L,
Alasaly K, Swiston J, FitzGerald JM, et al. Economic



10.

11.

12.

13.

14.

15.

16.

burden of asthma: a systematic review. BMC Pulm
Med. 2009;9:24.

Collaborators GDallaP. Global, regional, and national
incidence, prevalence, and years lived with disability
for 310 diseases and injuries, 1990-2015: a systematic
analysis for the Global Burden of Disease Study 2015.
Lancet. 2016;388:1545-1602. doi:10.1016/S0140-
6736(16)31678-6.

To T, Stanojevic S, Moores G, Gershon AS, Bateman
ED, Cruz AA, Boulet L-P. Global asthma prevalence
in adults: findings from the cross-sectional world
health survey. BMC Public Health. 2012;12:204.
American Lung Association. Trends in asthma mor-
bidity and mortality. American Lung Association.
Epidemiology and Statistics. 2012 [accessed 3 Nov
2017]. Available from: https://www.lung.org/assets/
documents/research/asthma-trend-report.pdf.

Global Initiative for Asthma. Global Strategy for
Asthma Management and Prevention, 2016. [accessed
30 October 2017]. Available from: http://www.
ginasthma.org.

Masoli M, Fabian D, Holt S, Beasley R, Global
Initiative for Asthma Program. The global burden of
asthma:  executive summary of the GINA
Dissemination Committee report. Allergy 2004;59:
469-478. doi:10.1111/§.1398-9995.2004.00526.x.
Sullivan PW, Slejko JF, Ghushchyan VH, Sucher B,
Globe DR, Lin S-L, Globe G, et al. The relationship
between asthma, asthma control and economic out-
comes in the United States. ] Asthma 2014;51:
769-778.

Jordan Health Systems Profile. Regional Health
Systems Observatory-EMRO; 2006. Available from:
http://apps.who.int/medicinedocs/documents/s17296e/
§17296e.pdf (last accessed 10 Feb 2018).

The National Strategy for Health Sector in Jordan
2015-2019. Available from: http://www.hhc.gov.jo/
uploadedimages/The National Strategy for Health
Sector in Jordan 2015-2019.pdf (accessed 21 Apr
2018).

Masjedi M, Ainy E, Zayeri F, Paydar R. Assessing the
prevalence and incidence of asthma and chronic
obstructive pulmonary disease in the Eastern
Mediterranean Region. Turk Thorac J. 2018;19:56-60.
doi:10.5152/TurkThorac].2018.17051.

Enright PL, McClelland RL, Newman AB, Gottlieb
DJ, Lebowitz MD. Underdiagnosis and undertreat-
ment of asthma in the elderly. Cardiovascular Health
Study Research Group. Chest 1999;116:603-613.
Gillman A, Douglass JA. Asthma in the elderly. Asia
Pac Allerg. 2012;2:101-108.

Bousquet J, Bousquet PJ, Godard P, Daures JP. The
public health implications of asthma. Bull World
Health Organ. 2005;83:548-554.

Plaza V, Serra-Batlles J, Ferrer M, Morejon E. Quality
of life and economic features in elderly asthmatics.
Respiration 2000;67:65-70.

Treitel M, Marbury T, Preston RA, Triantafyllou I,
Feely W, O’Mara E, Kasserra C, et al. Single-dose
pharmacokinetics of boceprevir in subjects with
impaired  hepatic or renal function. Clin
Pharmacokinet. 2012;51:619-628.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

JOURNAL OF ASTHMA 9

Atmar RL, Guy E, Guntupalli KK, Zimmerman JL,
Bandi VD, Baxter BD, Greenberg SB, et al
Respiratory tract viral infections in inner-city asth-
matic adults. Arch Int Med. 1998;158:2453-2459.
Nicholson KG, Kent J, Ireland DC. Respiratory
viruses and exacerbations of asthma in adults. BM]J
1993;307:982-986.

Corne JM, Marshall C, Smith S, Schreiber J,
Sanderson G, Holgate ST, Johnston SL, et al
Frequency, severity, and duration of rhinovirus infec-
tions in asthmatic and non-asthmatic individuals: a
longitudinal cohort study. Lancet 2002;359:831-834.
Ban GY, Trinh TH, Ye YM, Park HS. Predictors of
asthma control in elderly patients. Curr Opin Allergy
Clin Immunol. 2016;16:237-243.

Lainscak M, Anker SD. Heart failure, chronic
obstructive pulmonary disease, and asthma: numbers,
facts, and challenges. ESC Heart Fail. 2015;2:103-107.
doi:10.1002/ehf2.12055.

Boulet LP. Influence of comorbid conditions on
asthma. Eur Respir J. 2009;33:897-906.

Darveaux JI, Lemanske RF. Jr. Infection-related
asthma. ] Allergy Clin Immunol Pract. 2014;2:
658-663.

Raina SK. Ratio of controls to cases: a design deci-
sion. J Postgrad Med. 2014;60:414.

Pellegrino R, Viegi G, Brusasco V, Crapo RO, Burgos
F, Casaburi R, Coates A, et al. Interpretative strategies
for lung function tests. Eur Respir J. 2005;26:948-968.
Lee CH, Jang EJ, Hyun MK, Lee NR, Kim K, Yim JJ.
Risk of hospital admission or emergency room visit
for pneumonia in patients using respiratory inhalers:
a  case-crossover study. Respirology  2013;18:
1116-1127.

Prazma CM, Kral KM, Gul N, Yancey SW, Stempel
DA. Controller medications and their effects on
asthma exacerbations temporally associated with
upper respiratory infections. Respir Med. 2010;104:
780-787.

Coraux C, Kileztky C, Polette M, Hinnrasky ], Zahm
J-M, Devillier P, de Bentzmann S, et al. Airway epi-
thelial integrity is protected by a long-acting beta2-
adrenergic receptor agonist. Am J Respir Cell Mol
Biol. 2004;30:605-612. doi:10.1165/rcmb.2003-
00560C.

Dowling RB, Johnson M, Cole PJ, Wilson R. Effect of
salmeterol on Haemophilus influenzae infection of
respiratory mucosa in vitro. Eur Respir ]J. 1998;11:
86-90. doi:10.1183/09031936.98.11010086.

Dowling RB, Johnson M, Cole PJ, Wilson R. Effect of
fluticasone  propionate  and  salmeterol  on
Pseudomonas aeruginosa infection of the respiratory
mucosa in vitro. Eur Respir J. 1999;14:363-369.
Kanthakumar K, Cundell DR, Johnson M, Wills PJ,
Taylor GW, Cole PJ, Wilson R, et al. Effect of salme-
terol on human nasal epithelial cell ciliary beating:
inhibition of the ciliotoxin, pyocyanin. Br ]
Pharmacol. 1994;112:493-498.

Winter MC, Shasby SS, Ries DR, Shasby DM. PAR2
activation interrupts E-cadherin adhesion and com-
promises the airway epithelial barrier: protective effect


https://doi.org/10.1016/S0140-6736(16)31678-6
https://doi.org/10.1016/S0140-6736(16)31678-6
https://www.lung.org/assets/documents/research/asthma-trend-report.pdf
https://www.lung.org/assets/documents/research/asthma-trend-report.pdf
http://www.ginasthma.org
http://www.ginasthma.org
https://doi.org/10.1111/j.1398-9995.2004.00526.x
http://apps.who.int/medicinedocs/documents/s17296e/s17296e.pdf
http://apps.who.int/medicinedocs/documents/s17296e/s17296e.pdf
http://www.hhc.gov.jo/uploadedimages/The National Strategy for Health Sector in Jordan 2015-2019.pdf
http://www.hhc.gov.jo/uploadedimages/The National Strategy for Health Sector in Jordan 2015-2019.pdf
http://www.hhc.gov.jo/uploadedimages/The National Strategy for Health Sector in Jordan 2015-2019.pdf
https://doi.org/10.5152/TurkThoracJ.2018.17051
https://doi.org/10.1002/ehf2.12055
https://doi.org/10.1165/rcmb.2003-0056OC
https://doi.org/10.1165/rcmb.2003-0056OC
https://doi.org/10.1183/09031936.98.11010086

10 (&) S. M. ALTAWALBEH ET AL.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

of beta-agonists. Am ] Physiol Lung Cell Mol Physiol.
2006;291:L628-L635.

Eisner MD, Yegin A, Trzaskoma B. Severity of asthma
score predicts clinical outcomes in patients with mod-
erate to severe persistent asthma. Chest 2012;141:
58-65.

Hermosa JL, Sanchez CB, Rubio MC, Minguez MM,
Walther JL. Factors associated with the control of
severe asthma. J Asthma 2010;47:124-130.

Reddel H, Ware S, Marks G, Salome C, Jenkins C,
Woolcock A. Differences between asthma exacerba-
tions and poor asthma control. Lancet 1999;353:
364-369.

Perez De Llano LA, Gonzalez FC, Anon OC, Perea
MP, Caruncho MV, Villar AB. Relationship between
comorbidity and asthma control. Arch Bronconeumol.
2010;46:508-513.

Hsiao H-J, Wang L-C, Yang Y-H, Lee J-H, Yu H-H,
Lin Y-T, Chiang B-L. A nationwide survey of the
severity, comorbidity, and mortality of hospitalized
patients with asthma in Taiwan. Pediatr Neonatol.
2013;54:254-260. doi:10.1016/j.pedneo.2013.01.017.
Piecoro LT, Potoski M, Talbert JC, Doherty DE.
Asthma prevalence, cost and adherence with expert
guidelines on the utilization of health care services
and costs in a state Medicaid population. Health Serv
Res. 2001;36:357-372.

Szucs TD, Anderhub H, Rutishauser M. The eco-
nomic burden of asthma: direct and indirect costs in
Switzerland. Eur Respir J. 1999;13:281-286.

Shaya FT, Dongyi D, Akazawa MO, Blanchette CM,
Wang J, Mapel DW, Dalal A, et al. Burden of con-
comitant asthma and COPD in a Medicaid popula-
tion. Chest 2008;134:14-19.

Shah R, Yang Y. Health and economic burden of
obesity in elderly individuals with asthma in the
United States. Popul Health Manage. 2015;18:
186-191.

National Asthma Education and Prevention Program,
Third Expert Panel on the Management of Asthma,
National Center for Biotechnology I. Expert Panel
report 3: guidelines for the diagnosis and manage-
ment of asthma. Bethesda, MD: U.S. Dept. of Health

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

and Human Services, National Institutes of Health,
National Heart, Lung, and Blood Institute; 2007.
http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.
pdf.

Pradeepan S, Garrison G, Dixon AE. Obesity in
asthma: approaches to treatment. Curr Allerg Asthma
Rep. 2013;13:434-442.

Vaidya V, Holiday-Goodman M, Pinto S.
Demographic disparities in patient-reported use of
inhaled corticosteroids among patients with persistent
asthma. ] Asthma Allerg. 2010;3:101-106.

Guhan AR, Cooper S, Oborne J, Lewis S, Bennett J,
Tattersfield AE. Systemic effects of formoterol and
salmeterol: a dose-response comparison in healthy
subjects. Thorax 2000;55:650-656.

Palatini P, Casiglia E, Julius S, Pessina AC. High heart
rate: a risk factor for cardiovascular death in elderly
men. Arch Int Med. 1999;159:585-592.

Salpeter SR, Ormiston TM, Salpeter EE.
Cardiovascular effects of beta-agonists in patients
with asthma and COPD: a meta-analysis. Chest 2004;
125:2309-2321.

Ofoma UR, Lehman E, Sciamanna C. Undertreated and
uncontrolled asthma among US adults: findings from a
national sample. D34 ASTHMA EPIDEMIOLOGY. p.
A5690-A. Available from: https://www.atsjournals.org/
action/showCitFormats?doi=10.1164%2Fajrccmconference.
2012.185.1_MeetingAbstracts.A5690

Nolte H, Nepper-Christensen S, Backer V.
Unawareness and undertreatment of asthma and aller-
gic rhinitis in a general population. Respir Med. 2006;
100:354-362. doi:10.1016/j.rmed.2005.05.012.

Firoozi F, Lemiere C, Beauchesne MF, Forget A, Blais
L. Development and validation of database indexes of
asthma severity and control. Thorax 2007;62:581-587.
Jacob C, Haas JS, Bechtel B, Kardos P, Braun S.
Assessing asthma severity based on claims data: a sys-
tematic review. Eur J Health Econ. 2017;18:227-241.
doi:10.1007/s10198-016-0769-2.

Bellia V, Battaglia S, Catalano F, Scichilone N, Incalzi
RA, Imperiale C, Rengo F, et al. Aging and disability
affect misdiagnosis of COPD in elderly asthmatics:
the SARA study. Chest 2003;123:1066-1072.


https://doi.org/10.1016/j.pedneo.2013.01.017
http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.pdf
http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.pdf
https://www.atsjournals.org/action/showCitFormats?doi=10.1164%2Fajrccmconference.2012.185.1_MeetingAbstracts.A5690
https://www.atsjournals.org/action/showCitFormats?doi=10.1164%2Fajrccmconference.2012.185.1_MeetingAbstracts.A5690
https://www.atsjournals.org/action/showCitFormats?doi=10.1164%2Fajrccmconference.2012.185.1_MeetingAbstracts.A5690
https://doi.org/10.1016/j.rmed.2005.05.012
https://doi.org/10.1007/s10198-016-0769-2

	Abstract
	Introduction
	Method
	Study design and population
	Study outcomes
	RTI-induced asthma exacerbations
	Complications of RTI-induced asthma exacerbations
	Length of hospital stay for RTI-induced hospitalizations
	Inpatient and outpatient charges

	Covariates
	Secondary analysis
	Statistical analysis


	Results
	Patient characteristics
	Predictors of RTI-induced asthma exacerbations
	Complications of RTI-induced asthma exacerbations
	Charges related to RTI-induced hospital admissions and outpatient exacerbations
	Predictors of receiving asthma maintenance treatments

	Discussion
	Limitations
	Conclusion
	Acknowledgements
	Funding
	Declaration of interest
	References


