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BACKGROUND: Signs and symptoms of asthma are well established; however, no study has been
performed to rank them. Therefore, we performed this systematic review and meta-analysis to
determine the pooled frequencies of different signs and symptoms of asthma in subjects age > 14 y
to develop a patient-specific questionnaire. METHODS: Specific search queries were developed to
include records published in Embase, PubMed, Cochrane Library, and Google Scholar, until
November 2016. We planned to include randomized controlled trials (RCTs) and observational
studies for determining the pooled proportions of signs and symptoms and association between
combination of symptoms and asthma severity in subjects age > 14 y. The quality assessment was
performed using 3 parameters: reported number or percentage of subjects with asthma symptoms,
respiratory disorder history, and method for data collection. RESULTS: Of the 4,939 records
retrieved, 67 observational studies (N � 57,033 subjects; age > 14 y) were considered eligible for
inclusion in the analysis. A total of 10 symptoms were reported across the studies, with pooled
proportions of nasal congestion, sleep disturbances, breathlessness, chest tightness, and wheezing
being 61.57%, 56.56%, 50.31%, 50.41%, and 46.97%, respectively. In records of medical history,
the pooled proportion of rhinitis was 76.37%, followed by allergy/atopy at 63.53%. The pooled
proportion of asthma medication use was 83.27%. In terms of the symptom combinations, the
combination of wheezing, breathlessness, chest tightness, and cough was reported in 71.26% of
subjects from 4 studies (n � 12,014 subjects). Nasal congestion, sleep disturbance, and chest
tightness were the most common symptoms of asthma, followed by wheezing and breathlessness
with a combination of symptoms (ie, wheezing, breathlessness, chest tightness, and cough) affecting
the highest proportion of subjects. CONCLUSION: Asthma severity was dependent on variety of
symptoms, consisting mostly of wheezing, breathlessness, chest tightness, and cough. On the basis
of our analysis, we recommend a combination of symptoms be included in diagnostic-based ques-
tionnaires to aid early diagnosis. Key words: asthma; history; meta-analysis; sign; symptom; question-
naire. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Asthma is a chronic inflammatory airway disease that is
characterized by airway obstruction and bronchial hyper-

responsiveness.1 According to the 2018 Global Asthma
Report (http://www.globalasthmareport.org/Global%20
Asthma%20Report%202018.pdf, Accessed December 12,
2018), nearly 339 million people are affected by asthma
worldwide, and the 2016 Global Burden of Disease col-
laboration reported 420,000 asthma-related deaths per year.

According to the previous Global Asthma Report, pub-
lished in 2014 (http://www.globalasthmareport.org/2014/

Dr He is affiliated with the Respiratory Center of Suining Central Hos-
pital, Sichuan, China. Dr Feng is affiliated with the Respiratory Medi-
cine, Xiangya Hospital, Central South University, Hunan, China. Dr Xia
is affiliated with Respiratory Medicine, Hangzhou 1st People’s Hospital
affiliated with Zhejiang University School of Medicine, Hangzhou, Zhe-
jiang, China. Dr Wu is affiliated with Respiratory Medicine, Zhejiang
Traditional Chinese Medicine University 2nd Affiliated Hospital, Hang-
zhou, Zhejiang, China. Dr Yang is affiliated with Respiratory Medicine,
Huangdao District Traditional Chinese Medicine Hospital, Shandong,
China. Dr Ma is affiliated with the Institution of Respiratory Disease,
Xinqiao Hospital of 3rd Military Medical University, Chongqing, China.

The authors were supported in part by AstraZeneca. The authors have
disclosed no other conflicts of interest.

Supplementary material related to this paper is available at http://
www.rcjournal.com.

RESPIRATORY CARE • ● ● VOL ● NO ● 1

RESPIRATORY CARE Paper in Press. Published on “October 29, 2019 as DOI: 10.4187/respcare.06714

Copyright (C) 2019 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE

http://www.globalasthmareport.org/Global%20Asthma%20Report%202018.pdf
http://www.globalasthmareport.org/Global%20Asthma%20Report%202018.pdf
http://www.globalasthmareport.org/2014/resources/Global_Asthma_Report_2014.pdf
http://www.rcjournal.com
http://www.rcjournal.com


resources/Global_Asthma_Report_2014.pdf, Accessed
April 14, 2017), the total global asthma population is ex-
pected to exceed 400 million by 2025. The burden of
asthma by age as estimated by disability-adjusted life years
has shown a peak distribution between the ages of 10–14 y
and 75–79 y and the lowest disease burden was at an age
of 30–34 y.

In China, although a high prevalence of asthma is re-
ported in children � 14 y old, only 67% of children have
physician-diagnosed asthma.2 Further, there is a huge eco-
nomic burden associated with asthma in developing coun-
tries,2 which tends to increase with a greater severity and
inadequate control of the disease.3 The evolution of asthma
pathophysiology, treatments, treatment recommendations,
and the adoption of a patient-centered approach makes
possible early diagnosis for effective asthma manage-
ment.4-6 Therefore, early identification of asthma symp-
toms is key to early asthma diagnosis, its control, and
saving the patient (and society) from high treatment costs.

However, despite asthma management guidelines focus-
ing on improving asthma diagnosis, multiple studies have
reported misdiagnosis or overdiagnosis of asthma.7-9

Asthma is overdiagnosed in developed countries, and obe-
sity is one of the potential causes of overdiagnosis. In
obesity, there is reduced chest wall compliance, thereby
leading to reduced lung volumes and increased breathless-
ness, and thus patients with obesity are more likely to be
misdiagnosed as having asthma.8 Misdiagnosis is the ma-
jor reason for undertreatment or unwanted treatment of
asthma symptoms, which may result in aggravation of
symptoms or unwanted exposure to drugs, respectively,
and may lead to adverse consequences.10-13 Therefore, this
systematic review and meta-analysis was performed to col-
lect the reported signs and symptoms and clinical/medical
history of subjects with asthma, and to collate related fre-
quencies to quantify the most frequent parameters in a
large patient population. We believe that the quantification
of the signs and symptoms and clinical/medical history of
asthma will help health care practitioners better diagnose
asthma and provide optimized treatment.

Methods

This systematic review and meta-analysis was conducted
in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines
and is registered in PROSPERO (CRD42016054026).

Funding

The study was funded by AstraZeneca China. The fund-
ing body approved the study design, data collection, data
analysis, data interpretation, and writing of the manuscript.
The writing committee had full access to all data and had
the final responsibility for the decision to submit the man-
uscript for publication.

Search Strategy

We performed a search of published clinical literature in
English-language biomedical literature databases includ-
ing PubMed, Google Scholar, Cochrane, and Embase us-
ing specific search strings: (asthma OR ‘asthma’ OR
‘asthma, bronchial’) AND (predictive OR prediction) AND
([symptoms] OR [medical history OR comorbidity] OR
[diagnosis OR diagnoses]). Articles from database incep-
tion to November 2016 were searched without any other
date restriction. See the supplementary materials at http://
www.rcjournal.com for a detailed search strategy.

Study Selection and Quality Assessment

We planned to include all original research articles (ret-
rospective or prospective), surveys, observational studies,
case-control studies, cohort studies, and randomized con-
trolled trials (RCTs) that reported, determined, or discussed
the frequency of asthma symptoms along with the medical
history and comorbidities at the time of enrollment in the
study. The studies were considered relevant for inclusion
if they had enrolled asthma subjects age � 14 y, were
published in English, and described the signs and clinical
history of asthma at baseline. The initial screening in-
cluded selection of articles based on the title and abstract,
which was followed by another step of evaluation using
the full text. Studies were excluded if they had designs
other than those mentioned in the inclusion criteria (eg,
case reports, preclinical evaluations, pharmacokinetic stud-
ies, systematic reviews, and meta-analyses) or did not in-
clude adequate presentation or discussion of the clinical
symptoms of asthma.

Prior to screening, all duplicate records were deleted.
The remaining articles were screened independently by
2 researchers (JF and JX), with one of the reviewers being
a senior academic. Completely nonrelevant articles were
excluded by evaluating the titles and abstracts. The 2 re-
viewers assessed the eligibility of the remaining articles
using full text. Any disagreement regarding the inclusion
of any study was resolved after discussion or intervention
by a third reviewer (QM) if consensus was not reached
after discussion.

Eligible studies were subjected to quality assessment to
avoid any potential publication bias. Due to inclusion of
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multiple study types, we planned to perform the quality
assessment using the Cochrane risk bias tool for RCTs
(http://handbook.cochrane.org/chapter_8/table_8_5_a_
the_cochrane_collaborations_tool_for_assessing.htm, Ac-
cessed April 14, 2017), and checklists or scales for
non-randomized/observational studies developed by
the Newcastle-Ottawa Scale (http://www.ohri.ca/programs/
clinical_epidemiology/oxford.asp, Accessed April 14, 2017),
the Meta-Analysis of Observational Studies in Epide-
miology,14 and Strengthening the Reporting of Obser-
vational Studies in Epidemiology.15 For observational
studies, the quality of articles was assessed based on
3 parameters: (i) reported number/percentage of sub-
jects with asthma symptoms; (ii) respiratory disorder
history; and (iii) standardized method for data collec-
tion (eg, standardized case report form/questionnaire/
medical records). The quality of observational studies
was considered acceptable when 2 of the 3 aforemen-
tioned criteria were met. The reasons for exclusion of
articles are listed in Figure 1.

Data Extraction

Extracted data were entered in a spreadsheet template
and categorized as baseline information (eg, study dura-
tion, study design, recruitment methods, sample size),

symptoms, clinical history, asthma severity, and drug uti-
lization history. Any data not reported in the paper were
considered as missing.

Statistical Analysis

We computed descriptive statistics for the baseline vari-
ables. All continuous variables were presented with means
with standard deviations (SD) or medians with interquar-
tile ranges (IQR) as appropriate. All categorical variables
were presented as percentages or frequencies. Simple fre-
quency (%) and 95% CIs of different symptoms and clin-
ical or medical history in the individual studies were de-
termined and pooled to give a pooled proportion with a
95% CI. The pooled proportion for a combination of symp-
toms and the association between combinations and asthma
severity were determined using relative risk and 95% CI.
Statistical heterogeneity was determined using I2 statistics
and was important when I2 exceeded 50%. Therefore, de-
pending on the heterogeneity among the included studies,
a fixed-effects model (I2 � 50%) or a random-effects model
(I2 � 50%) was used to evaluate the outcomes. All the
statistical analyses were performed with R 3.3.2 (http://
personality-project.org/r/book/R.short.course.pdf, Ac-
cessed April 14, 2017). No subgroup/sensitivity analysis
was performed despite the inclusion of heterogeneous study
types because the baseline data collected for analysis would
not be influenced by study design.

Results

Search Results and Study Characteristics

A total of 4,939 studies were retrieved after thorough
manual and electronic searches in all the databases and
removing the duplicates. Two independent reviewers
checked the abstracts for relevancy, resulting in 134 arti-
cles selected for full-text evaluation. Of these 134 articles,
67 were included and analyzed in our meta-analysis based
on our inclusion and exclusion criteria. The reasons for
exclusion of 67 articles are presented along with a detailed
study flow in Figure 1. The included 67 studies (63 pro-
spective observational studies, 4 retrospective studies) en-
rolled 57,033 subjects age � 14 y with asthma symp-
toms.16-82 The characteristics of included studies are
presented in Table 1.

Pooled Frequencies

Signs and Symptoms

Overall, 9 major signs and symptoms were reported in
the included 67 studies, with each study reporting � 1 symp-
tom; a total of 7 symptoms was the maximum in any one

Embase: 3,423
PubMed: 2,611
Cochrane Library: 143
Google Scholar: 300

Records found
6,477

Insufficient data: 27
Inaccessable: 10
Did not meet quality 
parameters: 7
<100 subjects: 23

Excluded
67

Duplicates removed
1,538

Excluded
4,805

Records screened
4,939

Full text analyzed
134

Included in analysis
67

Fig. 1. Flow chart.
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Table 1. Characteristics of Included Studies

Study Year Location Study Design Sample Size, n Mean (SD)
Age, y Data Collection Method or Source

Kilpelainen et al16 2001 Finland Prospective observational 150 21.5* Questionnaire/survey
Sistek et al17 2001 Switzerland Prospective observational 225 (9,651 total) 18–60 Questionnaire/survey
Agarwal et al18 2010 India Prospective cross-sectional 417 34 (12.2) Chest clinic of the institute
Amorim et al19 2010 Brazil Prospective cross-sectional 140 46.8 (13.1) Diary card review at inclusion visit
Bildstrup et al20 2015 Denmark Prospective observational 516 29.1* Questionnaire/survey
Campbell et al21 1994 Australia Retrospective observational 234 � 18 Chart review
Panhuysen et al22 1997 USA Retrospective observational 181 24 Retrospective analysis
Casciano et al23 2016 USA Retrospective observational 1,144 � 14 Electronic medical record claims and database
Choi et al24 2007 Korea Prospective case-control 210 46.8 (16.8) Visit
Chowgule et al25 1998 India Prospective observational 2,213 37* Electoral rolls
Tan et al26 2015 Multinational Prospective case-control 939 � 18 Retrospective database
de Marco et al27 2006 Multinational Prospective cohort 856 34* Patients eligible in ECRHS I
Li et al28 1995 USA Prospective observational 310 38.4* Hospitalized patients
Desalu et al29 2012 Nigeria Prospective cross-sectional 124 42.5 (14.9) 2 tertiary care hospitals
Haselkorn et al30 2009 USA Prospective 725 47.85* Interview
Hesselink et al31 2006 Netherland Prospective cohort 380 45.0* Interview/questionnaire
Jamrozik et al32 2009 Australia Prospective longitudinal 135 46* Questionnaire/survey
Bai et al33 1998 United Kingdom Prospective observational 1,527 18–55† Questionnaire/survey
Kannan et al34 2015 USA Prospective cohort 164 73 (6.3) Telephone survey
Kolnaar et al35 1995 Netherland Prospective cross-sectional 551 10–23‡ Questionnaire/survey
Langley et al36 2003 England Prospective cross-sectional 392 41.5* Visit/follow-up
Miedinger et al37 2009 Switzerland Prospective observational 42 20 (1) Questionnaire/survey
Osman et al38 2000 United Kingdom Prospective observational 396 32* Computerized patient records
Nathell et al39 2002 Sweden Prospective observational 215 39.8* Questionnaire/survey
Moore et al40 2007 USA Prospective observational 438 36.66* Questionnaire/survey
Miller et al41 2007 USA Prospective observational 2,780 12 to � 55‡ Interview
Laerum et al42 2004 Norway Retrospective observational 1,683 � 18 Data from ECRHS
Song et al43 2015 Korea Prospective observational 100 53.7 (14.3) Questionnaire/survey
Soriano et al44 2003 Multinational Prospective observational 2,050 42.7* Survey
Stucky et al45 2015 USA Prospective observational 2,032 43* Survey (Internet-based)
Tierney et al46 2004 USA Prospective observational 660 45 (15) Questionnaire
Vandenplas et al47 2005 Belgium Prospective observational 212 38.8 (10.7) Questionnaire/survey
Wang et al48 2011 Taiwan Prospective case-control 384 50 (14.07) Visit/follow-up
Schneider et al49 2015 Germany Prospective observational 229 39.6* Visit/follow-up
Sippel et al50 2000 USA Prospective cross-sectional 100 41.8 (18) Questionnaire/survey
Sistek et al51 2006 New Zealand Retrospective observational 784 34.6* Questionnaire/survey
Mascia et al52 2005 USA Prospective observational 3,307 49.85* Questionnaire/survey
Schatz et al53 2003 USA Prospective cohort 1,739 24.03* Visit/follow-up
Backer et al54 2002 Denmark Prospective observational 103 23.45* Questionnaire and interview
Balder et al55 1998 Sweden Prospective observational 332 34.4* Questionnaire/survey
Ehrlich et al56 2005 South Africa Prospective cross-sectional 523 15 to � 44† Survey
Eriksson et al57 1990 Sweden Prospective observational 109 33.5* Questionnaire/survey
Fonseca et al58 2004 Portugal Prospective observational 176 29* Questionnaire/survey
Grassi et al59 2006 Italy Prospective observational 1,103 20–44† Survey
Guerra et al60 2002 USA Prospective case-control 173 50.81 (19.3) Tucson epidemiologic study
Wijnhoven et al61 2001 Netherland Prospective cross-sectional 837 45* Visit/follow-up
Hasan et al62 2006 USA Prospective observational 109 14.7 (1.6) Questionnaire/survey
Leander et al63 2009 Sweden Prospective cross-sectional 268 16–69† Questionnaire/survey
Lévesque et al64 2010 Canada Prospective observational 400 50.4 (15.1) Questionnaire/survey
Lim et al65 2014 Korea Prospective observational 164 43* Questionnaire/survey
Lukrafka et al66 2010 Brazil Prospective cross-sectional 575 16* Questionnaire/survey
Malinovschi et al67 2016 Sweden Prospective observational 406 20.57* Questionnaire/survey
Malmberg et al68 2005 Finland Prospective observational 132 41* Questionnaire/survey
Malo et al69 1991 Canada Prospective observational 162 39.6 (11.8) Questionnaire/survey
Marincu et al70 2015 Romania Retrospective observational 126 � 65 Medical record review
Pekkanen et al71 2005 Multinational Prospective cross-sectional 11,297 20–44† Questionnaire/survey
Pesola et al72 2004 USA Prospective observational 237 40.4 (13.2) Visit/follow-up
Ponte et al73 2014 Brazil Prospective observational 401 � 55 to � 55† Visit/follow-up
Raherison et al74 2004 France Prospective observational 124 40* Questionnaire/survey
Real et al75 2007 Multinational Prospective cross-sectional 1,623 37.1* Survey
Ricciardolo et al76 2016 Italy Prospective cross-sectional 363 46.28 (17.11) Clinical exam/visit/questionnaire
Richardson et al77 2006 USA Prospective observational 767 14.1* Telephone survey

(continued)
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study (Fig. 2). Figure 2 does not present whether symp-
toms were reported during the day or the night. Heteroge-
neity among the studies included for evaluating individual
parameters was high (I2 � 95–99%), so the meta-analysis
for all the individual parameters was performed using a
random-effects model.

Pooled proportions of the signs and symptoms exceed-
ing 40% included nasal congestion (61.57% [95% CI
61.09–62.09] in 4 studies), sleep disturbance (56.56%
[95% CI 56.27–56.85] in 11 studies), chest tightness
(50.41% [95% CI 50.18–50.64] in 18 studies), breathless-
ness (50.31% [95% CI 50.11–50.51] in 25 studies), wheez-
ing (46.97% [95% CI 46.80–47.14] in 33 studies), and
bronchial hyper-responsiveness (43.22% [95% CI 42.90–
43.54] in 9 studies) (Fig. 2). Symptoms were also catego-
rized by time of occurrence, with a pooled frequency of
38.8% for daytime (7 studies) and 32.3% at night (11 stud-
ies). The signs and symptoms with the 5 greatest pooled
frequencies are listed in Table 2.

Medical and Drug Utilization History

Figure 3 presents the pooled proportions of clinical or
medical history parameters reported in the studies. Similar

to signs and symptoms, the proportion of subjects with a
specific history were recorded, and pooled proportions were
calculated by means of a random-effects model (I2 � 98.80–
99.80%). The most prevalent clinical history parameters
reported were rhinitis (76.37% [95% CI 76.17–76.57]) in
18 studies, allergy/atopy (63.53% [95% CI 63.37–63.39])
in 33 studies, hospitalization due to asthma (57.87% [57.65–
58.13]) in 16 studies, and sinusitis (51.10% [50.61–51.59])
in 4 studies. Other relevant medical histories included smok-
ing, family history, and preexisting respiratory indications.

Figure 4 presents the utilization of anti-asthma drugs
administered in the included study population. Overall,
83.27% (95% CI 83.12–83.42) of subjects had a history of
taking asthma medications (24 studies; however, no seg-

Table 1. Continued

Study Year Location Study Design Sample Size, n Mean (SD)
Age, y Data Collection Method or Source

Wood et al78 2007 USA Prospective observational 383 42.8* Questionnaire/survey
Blanc et al79 2001 USA Prospective observational 125 35 (9) Telephone survey
Deng et al80 2010 China Prospective cohort 106 51.70 (8.69) Visit/follow-up
Diette et al81 2002 USA Prospective observational 6,590 18 to � 65† Survey
Sunyer et al82 2007 Spain Retrospective observational 635 20–44† Data from ECRHS II

* Only mean age provided.
† Age range.
‡ Age range including subjects � 14 y (articles included because the majority of subjects were � 14 y old).
ECRHS � European Community Respiratory Health Survey

Symptom No. of Studies 95% CIPooled Proportion 95% CI

Proportion (%)
0 10 20 30 40 50 60 70

n/N

Wheezing

Breathlessness/shortness of breath

Chest tightness

Cough

Sneezing

Runny nose

Nasal congestion

Exercise-induced bronchoconstriction

Sleep disturbances

Bronchial hyperresponsiveness

10,315/34,498

8,053/31,675

5,614/18,977

5,581/19,854

1,843/7,818

2,132/7,833

653/1,243

1,374/5,776

47,46/13,555

8,289/21,988

33

25

18

27

5

5

4

12

11

9

46.97

50.31

50.41

39.32

25.29

29.68

61.57

38.26

56.56

43.22

(46.8–47.14)

(50.11–50.51)

(50.18–50.64)

(39.14–39.5)

(24.91–25.67)

(29.28–30.08)

(61.09–62.05)

(37.99–38.53)

(56.27–56.85)

(42.9–43.54)

Fig. 2. Frequency of all signs and symptoms.

Table 2. Five Most Frequent Signs and Symptoms

Signs and Symptoms Pooled Proportion (95% CI)

Nasal congestion 61.57 (61.09–62.05)
Sleep disturbance 56.56 (56.27–56.85)
Chest tightness 50.41 (50.18–50.64)
Breathlessness 50.31 (50.11–50.51)
Wheezing 46.97 (46.80–47.14)
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regation was reported). Further, the combined utilization
of inhaled and oral corticosteroids was 49.75% (95% CI
49.53–49.97) in 19 studies. Short- and long-acting � ago-
nists were administered to a pooled population of 63.32%
(95% CI 62.99–63.35) and 64.79% (95% CI 64.32–65.26)
in 8 and 4 studies, respectively.

Severity of Symptoms or Disease

Figure 5 presents the severity of asthma in the subjects
included in our analysis. The highest proportion of sub-
jects in our analysis were reported to have moderate to
severe asthma (62.42% [95% CI 38.78–80.13%]), which
was reported in 6 studies. Twelve studies included sub-
jects with severe asthma, for which the pooled proportion
was 26.17% (95% CI 16.55–37.11%). The pooled propor-
tion of moderate and mild asthma were 20.64% (95% CI
10.62–32.95%) and 23.70% (95% CI 15.32–33.25%), re-
spectively. In addition, some of the studies included in the
analysis enrolled subjects with only moderate to severe
asthma, so these results should be interpreted with caution.

Combination of Symptoms and Asthma Severity

Symptoms reported within a single study were presented
as combinations. A total of 37 symptom combinations

(defined as symptoms that exist concurrently in a subject)
were reported in the included 67 studies (see the supple-
mentary materials at http://www.rcjournal.com). We also
calculated the average proportion of subjects affected by
the different combinations of symptoms, the number of
studies reporting the combination of symptoms, and the
frequency of subjects with different severity of asthma
(see the supplementary materials at http://www.rcjournal-
.com). In terms of prevalence, concurrent symptoms in-
cluding wheezing, breathlessness, and bronchial hyper-re-
sponsiveness (combination 35) affected the highest number
of subjects (n � 11,297), followed by combination 17, in
which subjects were affected by symptoms of wheezing,
breathlessness, chest tightness, cough, sneezing, runny
nose/rhinorrhea, sleep disturbances, bronchial hyper-
responsiveness, and sinusitis (n � 6,590). The least prev-
alent symptom combination was combination 20 (13.36%),
which was a concurrent existence of wheezing, breathless-
ness, chest tightness, cough, exercise-induced bronchoc-
onstriction, sleep disturbances, asthma exacerbations, and
bronchial hyper-responsiveness.

A random-effects model (heterogeneity 100%, �2 0.6047,
P � 0.004) was used to determine the association between
the combination of symptoms and the risk of asthma (Fig.
6). The risk of mild asthma was 0.78 (95% CI 0.57–1.08),

History n/N

Allergy/atopy

Rhinitis

Smoking

Family history

Past repiratory illness (other than asthma)

Hospitilzation (due to asthma)

Absence from work/school due to respiratory systems

Occupational exposure

Sinusitis

16,756/38,196

7,078/10,076

8,844/27,472

250/4,092

4,969/13,458

3,263/16,094

394/1,590

1,234/5,651

4,454/8,930

33

18

45

7

9

16

3

9

4

(63.37–63.69)

(76.17–76.57)

(44.96–45.26)

(25.4–26.04)

(42.55–43.19)

(57.65–58.13)

(35.12–36.2)

(37.59–38.23)

(50.61–51.59)

63.53

76.37

45.11

25.72

42.87

57.89

35.66

37.91

51.1

No. of Studies Pooled Proportion 95% CI

Proportion (%)
0 20 40 60 80 100

Fig. 3. Medical history.

Study

Total asthma medications

Corticosteroids

Short-acting beta agonist

Long-acting beta agonist

Others/unspecified

8,602/16,248

5,475/16,950

1,461/4,302

802/1,892

6,199/15,983

24

19

8

4

19

83.27

49.75

63.32

64.79

81.47

(83.12–83.42)

(49.53–49.97)

(62.99–63.65)

(64.32–65.26)

(81.3–81.64)

n/N No. of Studies Pooled Proportion 95% CI

Proportion (%)
0 20 40 80 10060

Fig. 4. Drug utilization history.
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which occurred with combinations 1 (wheezing, breath-
lessness, chest tightness, and cough), 2 (bronchial hyper-
responsiveness), 3 (wheezing), 5 (wheezing, breathless-
ness, cough), 7 (wheezing, breathlessness, chest tightness,
cough, and bronchial hyper-responsiveness), 9 (cough),
13 (runny nose/rhinorrhea, nasal congestion), 18 (wheez-
ing, breathlessness, exercise-induced bronchoconstriction,
sleep disturbances, asthma exacerbation), 25 (asthma ex-
acerbation, sinusitis), and 30 (wheezing, breathlessness,
chest tightness, cough, exercise-induced bronchoconstric-
tion).

A relative risk of 0.62 (95% CI 0.24–1.57) was reported
for mild to moderate asthma due to the symptoms in com-
binations 34 (wheezing, cough), 33 (wheezing, breathless-
ness, cough, exercise-induced bronchoconstriction), and
37 (wheezing, breathlessness, chest tightness, cough, sneez-
ing, runny nose/rhinorrhea, nasal congestion, sleep distur-
bances). Presence of asthma symptoms in combinations 1,
2, 4, 5, 7, 9, 13, 18, 25, 30, and 37 were observed to be
associated with a severe asthma risk (relative risk 0.16,
95% CI 0.11–0.24). The evidence from Figure 6 showed
that multiple combinations of symptoms resulted in dif-
ferent severities of asthma, showing that all symptoms are
important in the diagnosis of asthma severity. All of the
symptom combinations showed a significant difference
from each other in terms of severity of asthma (P � .001
for all), indicating that the presence of symptoms is a
significant contributor in the diagnosis of disease and its
severity. A scattered funnel plot confirmed the high degree
of heterogeneity among the combination of symptoms re-
ported in the studies (see the supplementary materials at
http://www.rcjournal.com).

Discussion

This meta-analysis screened a multitude of articles and
revealed 10 major signs and symptoms for the diagnosis of
asthma in subjects age � 14 y. Although the signs and

symptoms of asthma are well documented, there is a lack
of quantitative data on the frequency of most of the symp-
toms. Although the Global Initiative for Asthma (GINA)
dissemination committee report determined the prevalence
of symptoms, it was based on a country-wise approach and
did not list the frequency of each symptom of asthma.83 To
our knowledge, this meta-analysis is the first to evaluate
the frequencies of major signs and symptoms in such a
large population of asthmatics (N � 57,033), determining
concurrent symptoms (defined as combinations) in sub-
jects and identifying the relationship between the combi-
nation of symptoms and asthma severity. Although ques-
tionnaires are used for the diagnostic evaluation of adult
asthma, they have their own limitations.84 In adults, asth-
ma-screening questionnaires were developed for predict-
ing disease in studies with either a small sample size
(n � 2585 and n � 7886) or with short-term reproducibility
of � 73% for � 3 symptoms.86 Thus, use of question-
naires did not generate a sufficient amount of evidence for
asthma diagnosis.87 However, the reproducibility of the
asthma symptom questionnaire needs to be improved fur-
ther for a higher number of symptoms.88 Due to these
limitations, we planned to generate a new Chinese ques-
tionnaire to cover all aspects. The determination of fre-
quencies of asthma symptoms in this meta-analysis, in a
pooled population of � 50,000 subjects with asthma from
multiple studies, will be useful in developing a question-
naire-based diagnostic tool that will allow better diagnosis
of asthma in subjects age �14 y.

Multiple guidelines, including GINA (http://ginasthma.
org/2017-pocket-guide-for-asthma-management-and-
prevention, Accessed August 14, 2017), National Heart, Lung
and Blood Institute Guidelines for the Diagnosis and
Management of Asthma (https://www.nhlbi.nih.gov/health-
pro/guidelines/current/asthma-guidelines/summary-report-
2007, Accessed August 14, 2017), and the British Guide-
line on the Management of Asthma (http://sign.ac.uk/
guidelines/fulltext/153/index.html, Accessed August 14,

Asthma Severity
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Fig. 5. Severity of symptoms.
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Fig. 6. Risk of different asthma severities with different combinations of symptoms.
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2017) define asthma as the presence of symptoms includ-
ing wheezing, breathlessness, chest tightness, cough, and
air-flow obstruction. Of these, patients might experience
one or more symptoms or multiple combinations. Further,
hyper-responsiveness and underlying airway inflammation
are also described as perpetrators of airway obstruction,
and they can lead to the development of clinical symp-
toms. Although guidelines and previous studies have de-
fined asthma as the presence of symptoms, we found no
lists of the most frequently reported or experienced symp-
toms. This systematic review and meta-analysis of the
published literature attempted to list the most frequently
occurring individual symptoms and the most frequently
reported combinations of symptoms in subjects with
asthma. The presence of symptoms is the first presenting
criteria for asthma for making a correct diagnosis before
administering spirometry, peak flow measurements, and
provocative challenges.89 Therefore, control of asthma
also depends on controlling the symptoms. The question-
naire-based approach for determining control of asthma
symptoms is also discussed in the GINA guidelines. The
Asthma Control Questionnaire (http://www.thoracic.org/
members/assemblies/assemblies/srn/questionaires/ac-
q.php, Accessed April 14, 2017) and the Asthma Control
test (http://www.thoracic.org/members/assemblies/assem-
blies/srn/questionaires/act.php, Accessed April 14, 2017)
are standardized tools for determining the control of symp-
toms at regular intervals.

Results of our analysis showed that multiple symptoms
coexisted in subjects at the time of diagnosis, which is in
accordance with the definition from the guidelines. Addi-
tionally, except sneezing and runny nose, all of the symp-
toms were reported in � 38% of the subjects, making
sneezing and runny nose the least frequently reported symp-
toms. The findings of our study also agree with individual
studies reporting wheezing, coughing, dyspnea, and chest
tightness among the most commonly reported symp-
toms.16,17,90 Rhinitis, allergy/atopy, and smoking were the
most common factors in clinical or medical history eval-
uation. Further, 42.8% of subjects had a history of hospi-
talization due to respiratory symptoms, and 37.91% were
exposed to risk factors at work. The factors assessed were
in the scope of medical history assessment as described in
the literature.91

Despite the fact that asthma is highly prevalent, it is still
underdiagnosed.92 Studies have reported that physicians
may not be completely able to diagnose asthma,93-95 which
may be due to multiple reasons, including underreporting
of symptoms by the subjects to health care practitioners94

or the moderate ability of the health care practitioners to
interpret the findings of laboratory evaluations.91 A study
conducted in China also reported a very low rate of phy-
sician-diagnosed asthma (1.4%),96 with another study re-
porting a decrease in trends of asthma diagnosis in Taiwan

from 2000 to 2011. Another global cross-sectional study
reported the prevalence of physician-diagnosed asthma at
0.19%, which was much lower than the reported global
prevalence of 4.27%.97

Commonly Reported Symptoms in Asthmatics

Because symptoms and history are important aspects of
asthma diagnosis, the role and responsibility of health care
practitioners in diagnosing asthma at the earliest stages are
significant. In our study, symptom combinations were found
to be associated with the severity of asthma. However,
only one symptom combination (combination 8) was spe-
cifically reported with moderate to severe asthma, with
other symptom combinations reported consistently in all
types of asthma. This was of particular interest because,
although we saw a higher incidence of a few symptoms,
their specificity with severity was poor, especially rhinitis,
sneezing, and cough. Symptoms like wheezing, breathless-
ness, and chest tightness are commonly reported in all
patients with asthma, regardless of the severity of the dis-
ease. Thus, the onset of these symptom combinations may
help diagnose asthma earlier in the disease process and
with a greater efficiency.

Our findings also support the results of a recently con-
cluded clinical study, which reported that the frequency of
respiratory symptoms is significantly associated with dis-
ease severity and usage of anti-asthma treatment.98 The
results also highlight the importance of various combina-
tions of symptoms reported in patients with asthma, and
further research is warranted on the treatment aspect of
asthma, including therapy initiation based on different
symptom combinations. Thus, the correct evaluation of
signs and symptoms of asthma at an early stage might
have a clinical importance in application of effective treat-
ment strategies and potentially better prognosis in subjects
with asthma.89 Further, accurate diagnosis will also reduce
concerns about overdiagnosis and underdiagnosis.99 We
believe that the early diagnostic and clinical improvement
in patients with asthma will translate into a reduction in
economic burden, as demonstrated by Nunes et al2 From
the perspective of clinicians, we believe support in accu-
rate and early diagnosis will help standardize the practices
followed for asthma diagnosis.

In the studies included in our meta-analysis, we reported
asthma symptoms categorized as occurring during the day
in 7 studies (38.81% of subjects) and occurring at night in
11 studies (32.26% of subjects). This might not be a cor-
rect representation of the timing of the symptoms because
some studies did not report the frequency of symptoms
based on time of day. However, evidence from the litera-
ture suggests that subjects with asthma experience symp-
toms throughout the day, with the frequency and severity
of symptoms worsening with disease progression.100 The
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reason for a greater risk at night is due to different phys-
iological changes in the body and comorbid diseases, which
make asthmatics more susceptible to an exacerbation and
poorer asthma control, quality of life, and sleep.101,102

Symptoms including wheezing, coughing, and chest dis-
comfort have been reported to be more severe at night
compared to during the day. Similarly, in terms of fre-
quency of symptoms, wheezing, coughing, upper airway
obstruction, and allergic symptoms were observed more
frequently at night than during the day.103 It should be
further noted that self-reported symptoms are more accu-
rate and less susceptible to recall bias than symptoms re-
ported by a parent or caregiver, which may aid clinicians
in initiating early therapy and hence better outcomes.

Strengths and Limitations of the Analysis

Our study had several strengths. First, this comprehen-
sive meta-analysis presented the symptoms and clinical
history of asthma in � 55,000 subjects with asthma (age
� 14 y) from 67 studies performed in countries around the
world. Second, the methodology we followed was com-
pliant with the PRISMA guidelines for systematic reviews.
Third, with the limitations of existing questionnaires, new
instruments developed using the metadata of a large pop-
ulation should be more robust for the diagnosis of asthma.

Our study also had several limitations. First, we only
included observational studies, but this would not affect
the results because we considered only the baseline criteria
for analysis; this was also the reason for not performing a
subgroup or sensitivity analysis. Second, we could only
identify respiratory medical history from the literature,
and, therefore, classification of history according to sys-
tem organ class was not possible. Third, there was a high
degree of heterogeneity among the included studies, which
required the use of a random-effects model. Finally, we
considered all of the variants of asthma together and not as
different entities. Due to these limitations, the results must
be interpreted with caution.

Conclusion

From our analysis, it was evident that subjects with
asthma largely present with a combination of symptoms,
with nasal congestion, wheezing, chest tightness, sleep
disturbances, and breathlessness being the most prevalent
symptoms, affecting � 45% of the sample. Further, we
also observed that most of the subjects with asthma had a
history of rhinitis and allergy, and the majority were di-
agnosed with moderate to severe asthma. On the basis of
our analysis, we conclude that the ranking of these symp-
toms and history can aid in improving diagnosis and in
providing more appropriate asthma management and con-
trol. Again, based on the combination of symptoms re-

ported, we suggest including commonly observed com-
bined symptoms of wheezing, breathlessness, chest
tightness, cough, sleep disturbances, and bronchial hyper-
responsiveness, among others, during the development of
a diagnostic-based questionnaire that will aid in an earlier
diagnosis and prompt treatment.
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93. de São José BP, Camargos P a. M, Bateman ED, Botelho CM, de
Seixas Maciel JG, Mancuzo EV, et al. Primary care physicians’
ability to diagnose the most prevalent respiratory diseases. Int J
Tuberc Lung Dis 2016;20(10):1392-1398.

94. van Schayck CP, van Der Heijden FM, van Den Boom G, Tiri-
manna PR, van Herwaarden CL. Underdiagnosis of asthma: is the
doctor or the patient to blame? The DIMCA project. Thorax 2000;
55(7):562-565.

95. van Huisstede A, Castro Cabezas M, van de Geijn G-JM, Mannaerts
GH, Njo TL, Taube C, et al. Underdiagnosis and overdiagnosis of
asthma in the morbidly obese. Respir Med 2013;107(9):1356-1364.

96. Zhang F, Hang J, Zheng B, Su L, Christiani DC. The changing epi-
demiology of asthma in Shanghai, China. J Asthma 2015;52(5):465-470.

97. To T, Stanojevic S, Moores G, Gershon AS, Bateman ED, Cruz
AA, et al. Global asthma prevalence in adults: findings from the
cross-sectional world health survey. BMC Public Health 2012;12:
204.

98. Calciano L, Corsico AG, Pirina P, Trucco G, Jarvis D, Janson C,
et al. Assessment of asthma severity in adults with ever asthma: a
continuous score. PloS One. 2017;12(5):e0177538.

99. Gillis RME, van Litsenburg W, van Balkom RH, Muris JW,
Smeenk FW. The contribution of an asthma diagnostic consul-
tation service in obtaining an accurate asthma diagnosis for pri-
mary care patients: results of a real-life study. NPJ Prim Care
Respir Med 2017;27(1):35.

100. D’Alonzo GE, Ciccolella DE. Nocturnal asthma: physiologic de-
terminants and current therapeutic approaches. Curr Opin Pulm
Med 1996;2(1):48-59.

101. Greenberg H, Cohen RI. Nocturnal asthma. Curr Opin Pulm Med
2012;18(1):57-62.

102. Soler-Cataluña JJ, Sauleda J, Valdés L, Marin P, Aguero R, Perez
M, et al. Prevalence and perception of 24-hour symptom patterns in
patients with stable chronic obstructive pulmonary disease in Spain.
Arch Bronconeumol 2016;52(6):308-315.

103. Globe G, Martin M, Schatz M, Wiklund I, Lin J, von Maltzahn R,
et al. Symptoms and markers of symptom severity in asthma–con-
tent validity of the asthma symptom diary. Health Qual Life Out-
comes 2015;13:21.

SIGNS AND SYMPTOMS IN ADULT ASTHMA

RESPIRATORY CARE • ● ● VOL ● NO ● 13

RESPIRATORY CARE Paper in Press. Published on “October 29, 2019 as DOI: 10.4187/respcare.06714

Copyright (C) 2019 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE




