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Abstract

Background: Although asthma is a common disease accurate diagnosis is missing and it has been reported that often it is over or under-diagnosed.
Aim: To investigate if a physician’s diagnosis of asthma in Cyprus is correct by using a structured algorithm at the outpatient primary care level.

Subjects and Methods: Sixty adults with a self-reported physician diagnosis of asthma, mean age of 47,8 years (29 males and 31 females) were included in the study.
Medical history and physical examination, pre-post bronchodilation spirometry and methacholine bronchial challenge test was used to confirm or rule out the diagnosis
as well as a three months follow-up. In addition, the cost of treatment was estimated.

Results: Sixteen subjects (27%) had a positive pre-post bronchodilation spirometric test and were considered asthmatics. In 9 out of the 44 remaining subjects a
positive Methacholine provocation test confirmed the diagnosis of asthma. The rest of the subjects (n = 35) went into a 3 months observational period during which only
2 showed asthmatic symptoms and were considered asthmatics by a second methacholine test that confirmed the diagnosis. Therefore, a correct asthma diagnosis was
established in only 27(45%) of subjects. The annual average cost of medication for asthma confirmed the group was 313 euro/patient (171-454, 95% Cl) and the average
2-year unnecessary (asthma ruled-out group) cost of treatment was approximately 297 euro/patient. (179-415, 95% Cl).

Conclusions: Physician-diagnosed asthma overestimates the actual prevalence of disease in adults in Cyprus since it was shown that more than half of the
participants did not have Asthma. These individuals consume unneeded medications at a significant cost. Thus, the correct diagnosis of Asthma should be made by using
more specific tests starting at the primary care level.

asthma varies widely around the world, ranging from 0.2% to
21.0% in adults and from 2.8% to 37.6% in 6- to 7-year-old
children [3].

Introduction

Asthma is characterized by chronic airway inflammation
that results in respiratory symptoms of wheeze, dyspnea,
chest tightness, or a cough that varies over time and in
intensity, together with variable expiratory airflow limitation
[1]. It is estimated to affect 30-50 million people in Europe,
approximately 5-10% of all Europeans [2]. The prevalence of

The increase in asthma symptoms and prevalence in
different continents and areas indicate that the global burden of
asthma continues to rise, but the global prevalence differences

are lessening [4-6].
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Asthma is not only associated with patient-specific
impairment, but it also imposes a significant economic
burden on the family and society. Productivity loss is another
underappreciated source of economic loss [7]. The direct cost
of asthma care in Europe is estimated at 17.7 billion Euros per
year [7-9].

The diagnosis of asthma in the community can be difficult
since asthma presents with respiratory symptoms that are
common to a wide range of other diseases thus, more objective
tests can be helpful. Making the distinction between asthma
and “pseudo asthma” is an important issue for any health
system. Instructions for how to establish the correct diagnosis
of asthma had been reported in the GINA 2022 document
suggesting an efficient series of tests to diagnose new asthma,
starting with pre- and post-bronchodilator spirometry, and
if spirometry is inconclusive, further tests should be ordered.
Additional tests include bronchial challenge tests, exercise
testing, monitoring of peak flow rates, assessments of inter-
visit variability in FEV1, or a significant increase in FEV1 after 4
weeks of anti-inflammatory treatment.

If the objective testing does not support a diagnosis of
asthma, repeating the tests at a later date or considering
alternative tests is suggested. The current guidelines
suggest using bronchial provocation testing where asthma is
suspected, and prior investigations have been non-diagnostic
[10]. Methacholine airway responsiveness is one of the most
sensitive and specific asthma diagnostic tests [11]. In the
setting of ongoing clinical symptoms, a negative result to a test
with relatively high sensitivity, such as an MCT (methacholine
challenge test), may be most helpful in making current asthma
unlikely [12].

Despite the above simple algorithms that help the physician
in outpatient clinical practice to establish accurately the
diagnosis of asthma, there is a significant number of studies
demonstrating that asthma is often misdiagnosed (over-
under) even in advanced Health Systems [13].

In Cyprus, the diagnosis of Asthma is usually made by
various Specialists such as General Practitioners, Internists
and Pulmonologists. Thus, there is no information concerning
the accuracy of the Physician’s diagnosis of asthma in Cyprus
especially in the outpatient clinical practice therefore, we
designed the present study with the primary objective to
determine whether the diagnosis of current asthma in the
primary clinical practice could be confirmed or ruled out.

Methods
Study population

The study population consisted of 60 adult subjects with
asthma-like symptoms recruited from a population that
visit a pulmonary physician’s office at an outpatient clinical
practice in Cyprus from 2017 to 2018, (before the Covid-19
pandemic). All subjects had a history of “asthma” based on a
previous physician’s diagnosis and were treated with asthma
medications.

Patients were excluded from the study if they were smokers,
had a respiratory infection in the last four weeks, were using
long-term oral steroids, were pregnant, breastfeeding, unable
to perform spirometry; or if a bronchial challenge test was
contraindicated [14].

Other demographics of the subjects of the study population
are presented in Table 1 (Total Group).

Research protocol

Figure 1 is a flowchart demonstrating the protocol
followed in the study: A detailed medical history with current
and previously referred respiratory symptoms was taken at
visit 1. All the participants were asked to define the physician’s
specialty who made the primary diagnosis, for how long
they had this diagnosis, what asthma medications or other
medications they were using at what dosages, and for how long.
In addition, a physical examination was performed. Thereafter,
they performed pre-bronchodilator spirometry according to
American Thoracic Society standards, instructed by the same
Pulmonologist using the same device Medisoft ExpAir 1,29
(01 #29). Post-bronchodilator spirometry was assessed 15
minutes later after administration of 400 pg salbutamol given
by a pressurized metered dose inhaler with a spacer device.
Patients whose forced expiratory volume in the first second of
expiration (FEV1) improved by at least 12% and at least 200 mL
after bronchodilation was considered to have reversible airflow
obstruction characteristic of current asthma and the diagnosis
was established without further tests.

Patients who did not exhibit reversible airflow obstruction
had a 2 visit, where they had a specific bronchial provocation
test with provocholine (methacholine chloride, Methapharm
Inc). They were asked to withhold inhaled steroids for 15 days,
short-acting B-agonists in conventional inhaled doses of at
least 6h, long-acting B-agonists (e.g., salmeterol) for 36 h,
ultra-long-acting B-agonists (e.g., indacaterol, vilanterol,
olodaterol) 48h, Ipratropium (Atrovent 40 pg) 12h, long-acting
anti-muscarinic agents for >16818h, Oral theophylline12-24 h
[12].

Contraindications for bronchial provocation test were: FEV1
<60% predicted (adults or children) or <1.5 L (adults), inability
to perform acceptable and repeatable spirometry maneuvers
throughout the test procedure, myocardial infarction or stroke
in the last 3 months, uncontrolled hypertension, known aortic
aneurysm, recent eye surgery or intracranial pressure elevation
risk, inability to perform any of the testing maneuvers, such as
inhaling the challenge agent consistently [14].

FEV1 was measured at baseline and after inhalation of
provocholine from 2mg/mL to 16.0mg/mL in normal saline
solution. The various doses were delivered using a Respironics
Philips nebulizer and inhaled by tidal breathing for 2 minutes
with the nose clipped. FEV1 was measured at 30 seconds,
90 seconds, and 120 seconds after each dose. Doubling
concentrations of provocholine were given at 5-minute
intervals until the FEV1 decreased by 20% from baseline or
until a dose of 16 mg/mL had been reached. Individuals with a
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Table 1: Demographics of Individuals Whose Diagnosis of Current Asthma Was Confirmed or Ruled Out (p values are between confirmed and ruled out).

Current Asthma

Age mean (95% Cl) 47.7 (43.7 t0 51.7)

Female (%) 31 (51.7%)

Male (%) 29 (48.3%)
Height (95% Cl) 167 (165 to 170)
Weight (95% CI) 74.8 (70.4 10 79.3)

BMI (95% Cl) 1.67 (1.65t0 1.7)

MEDICAL HISTORY:

Spirometry at an initial

32(53.3%

diagnosis ( )
postnasal drip 30 (50%)
GER 15 (25%)

History of allergies 26 (43.3%)

Symptoms in primary diagnosis:

a. Cough 41 (68.3%)
b. Dyspnea 17 (28.3%)
c. Wheezing 24 (40%)

Specialty who made the primary diagnosis:

a. Pulmonologist 33 (55%)
b. General practitioner 6 (10%)
c. Internist 18 (30%)
d. Other 3(5%)

Normal lung auscultation 47 (78.3%)

47 (78.3%)
16 (26.7%)
33 (55%)

11(18.3%)

Normal spirometry
Positive bronchodilation
Negative MBC
Positive MBC

decrease in FEV1 of 20% or more with 16mg/mL of provocholine
or less, were defined as having airway hyperresponsiveness
characteristic of current asthma.

Follow up

All participants had a follow-up for 3 months and underwent
new spirometry (pre and post) and clinical examination (3rd
study visit). During the follow-up period, we asked all the
participants to record a diary with their everyday symptoms,
peak flow monitoring, use of a reliever medication in case
of symptoms (wheezing or cough night awakening, etc) and
to contact their physician immediately if symptoms start to
worsen.

According to our protocol, all subjects with positive pre-
post bronchodilation and a positive brochoprovocation test
are confirmed as an asthmatic group and continue their
treatment for asthma according to GINA guidelines. In those
with negative MCT, we withheld ICS and LABA or other asthma
medications (eg LTRA). Participants with a negative initial
bronchoprovocation test who presented asthma symptoms

49.5 (43.6 10 55.4) 46.3 (40.5 10 52.2) 0.442
11 (40.7%) 20 (60.6%) 0.070
16 (59.3%) 13 (39.4%) 0.203
167.6 (163.2 to 170.5) 166.8 (163.6 to 173.6) 0.779
78.9 (71.3 10 86.7) 71.4(65.9 t0 76.9) 0.098
1.7(1.6101.7) 1.6 (1.6101.7) 0.779
12 (44.4%) 20 (60.6%) 0.212
6 (22.2%) 24 (72.7%) <0.001*
6 (22.2%) 9 (27.2%) 0.653
9 (33.3%) 17 (51.5%) 0.157
15 (55.6%) 26 (78.8%) 0.054
10 (37.0%) 7(21.2%) 0.176
14 (51.9%) 10 (30.3%) 0.090
14 (51.9%) 19 (57.6%) 0.658
2 (7.4%) 4(12.1%) 0.545
10 (37.0%) 8 (24.2%) 0.282
1(3.7%) 2(6.1%) 0.677
STUDY:
15 (55.5%) 32 (96.9%) <0.007*
16 (59.3%) 31(93.9%) <0.007*
16 (59.3%) 0 <0.001*
0 33 (100%) <0.001*
11(40.7%) 0 <0.001*

during the follow-up period repeated the methacholine
challenge test.

Statistical analysis

Data were analyzed statistically using IBM SPSS Statistics
for Windows, Version 22.0. Armonk, NY: IBM Corp. For all
statistical analyses, a two-sided p - value less than 0.05 was
considered significant. Descriptive statistical analysis was
performed for demographics and clinical characteristics.
Frequencies were calculated for categorical variables and
presented as percentages. Mean and confidence interval was
constructed for continuous variables.

Results

Table 1 shows the demographics, medical history main
symptoms, and spirometric and methacholine test results of
the three groups (Total number, confirmed, and Ruled-out).
The mean age of the subjects was 47,8 (SD15,8) years, 29 were
men (48,3%) and 31 were females (51,7%). All subjects were
non-smokers according to the protocol. Of the 60 participants,
27 (45%) were confirmed to have asthma during the diagnostic
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1st Spirometry before and after | (60)
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(N=27, 45%)

Figure 1: Flowchart of the diagnostic serial testing to confirm or rule out the

diagnosis of Asthma. Numbers in parentheses are the number of subjects at each
level (thick arrows are the confirmed).

assessment period. The diagnosis was confirmed in 16
(26.6%), by the reversibility test in pre and post-spirometry
after salbutamol administration at the 1% visit. At the second
visit 9(15%) subjects were confirmed as asthmatics by
demonstrating bronchial hyperresponsiveness via bronchial
challenge testing. At the 3rd study visit (after the follow-up
period of the 3 months ) two additional subjects (3.3%) who
had the first MCT negative, during the 3 months follow-up
period developed asthma symptoms. These two participants
had a negative pre and post-bronchodilation test but a second
bronchial challenge test was positive.. Thus, 33 (55%) subjects
showed no evidence of reversibility airflow obstruction,
bronchial hyperresponsiveness, or worsening of asthmatic
symptoms (after discontinuation of asthma treatment with
inhaled steroids and other asthma medications) during the 3
months observational period and were considered finally as
non-asthmatics (ruled-out).

No statistically significant difference was found between
confirmed and ruled-out groups concerning the demographics
or the doctor’s specialty that made the initial diagnosis (Table

1).

In the ruled-out subjects of the study previously diagnosed
as asthmatics, other clinical diagnoses were possible based
on the history of their symptoms - like upper airway cough
syndrome, allergic rhinitis, or gastroesophageal regurgitation
(GER).

The total number of months that the participants received
asthma treatment before the study, was estimated, multiplied
by the number of devices that they used every month and their
price to find the average annual total cost. .Furthermore. The
cost of treatment in asthma ruled out the group was found
approximately 297 euro/patient/year (179-415, 95% CI) and for
asthma confirmed the group was 313 (171-454, 95% CI) euro/
patient/year.

Discussion

The main finding of the study was that 33 out of 60 adult
participants (55.1%), who had been previously diagnosed
with asthma by physicians in Cyprus at outpatients private
clinical practice and who had been under treatment with
asthma medications ( inhaled steroids, LABA, LTRA, etc.) had
no evidence of current asthma, when they were prospectively
evaluated with a long term follow-up with serial assessments
of respiratory symptoms and with specific lung function tests
as pre and post bronchodilation test and specific bronchial
provocation tests according to those suggested at current
guidelines for asthma diagnosis

Our results might indicate overdiagnosis of asthma in our
community at the outpatient clinical practice in Cyprus that
needs to be taken into account for further better educational
courses to highlight the need for the use of other more specific
tests for diagnosis of asthma as is lung function tests -
baseline spirometry with pre and post bronchodilatation but
also with another specific test like bronchial provocation test.
The spontaneous remission of previously active asthma during
the study period (within the 3 months follow-up) according to
our protocol is unlikely since the follow-up period was not in
or out of season and was considered a relevant time for clinical
follow-up that can be realistic at common clinical primary care
practice in order to identify a relapse in subjects withholding
asthma treatment.

Therefore, we may assume that over-diagnosis of asthma
occurs in Cyprus in primary care at the outpatient clinical
practical care level. In agreement with our results is the study
that was published recently by Aaron, et al [15]. They reported
that Asthma was ruled out in 33% of participants and after
12 months 30% remained without asthma medication. In
that study of 613 participants, meth choline provocation was
performed on all the participants. In our study, we repeated
MCT only to the subjects that continued to exhibit asthma-like
symptoms during the follow-up period and this is one of our
study limitations.

Joyce, et al. [16] examined a heterogeneous referred sample
of patients sent to pulmonologists for further evaluation by
MCT. They reported that of the 175 patients with a negative
Methacholine Challenge test defined as a PC20 of greater than
8.0 mg/mL, 74% had been previously labeled as asthmatics
by their primary care physician. This study was similar to
our study in that their sample was a referred population to
pulmonologists for further evaluation.

Pratter, etal. [17] examined 34 patients referred with wheeze
and found that a prior diagnosis of asthma was predictive of
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having asthma in only 62% of the sample. The similarity in
methodology and design of this study with our study is that it
investigates a population of patients who had been referred to
a specialist (pulmonologist), in order to investigate the extent
of possible over-diagnosis of asthma.

In addition, Linden, et al. [18] showed that 41% of a sample
of physicians labeled asthmatics showed no evidence of
reversible airflow obstruction and had a negative methacholine
challenge. In that study they found that only 52.2% of the
subjects reported that they had ever undergone pulmonary
function testing, similarly, we found a respective 46,6%.

Therefore, most of the studies with similar protocols to
ours had shown results indicating an overdiagnosis of asthma.

Among the physicians that initially made the asthma
misdiagnosis 57.6% of the cases were pulmonologists, 24.2%
were internists and 12.1% were general practitioners.

According to our study, there may be consequences
associated with over-treating asthma in a significant number
of the ruled - out subjects (55%) Although inhaled steroids as
medications for asthma treatment are generally safe, the use of
any asthma medication among overdiagnosed patients without
asthmais not needed and indicates the need for better evaluation
of patients with respiratory symptoms to define asthma or
another diagnosis that may mimic asthma symptoms and
chose the proper treatment [19] as “wheezing “or “coughing”
is not always asthma. Consequences also include the patient’s
potential exposure to the adverse effects of asthma medications
[20-21] and the costs of asthma medications. These patients
are also incurring additional healthcare expenditures without
therapeutic benefit.

The average cost of asthma medication for both groups was
304 euros/patient (216-393, 95% CI) for the period of 2 years
before the study. This was similar to the 207,97 euros of the
annual cost for asthma medications reported by Zannetos S,
et al. [22]. Furthermore, the participants of the “asthma ruled
out group” may have scheduled a similar number of annual
primary care or specialist care visits for routine monitoring of
“asthma” activity or to fill new prescriptions. If other health
conditions were responsible for the over-diagnosis of asthma,
the costs may be different and the proper management of the
underlying condition could confer further cost benefits.

Our results suggest that additional screening to correct
an overdiagnosis of asthma would save asthma-related costs
from the first time of diagnosis, with savings compounding
in subsequent years. Savings could be reallocated to the
management of individuals with a confirmed diagnosis of
asthma, especially those with severe asthma who could pursue
novel but expensive treatments or identify and treat the
underlying diseases of over - diagnosed patients [23,24].

Based on clinical history we could better identify common
alternative diagnoses such as upper airway cough syndrome,
allergic rhinitis and gastroesophageal regurgitation.

One of the strengths of this study is that we used a

population-based sample of patients with a physician diagnosis
of asthma, including pulmonologists in the sample physicians
meaning that our results are likely to be representative of
routine healthcare use at the outpatients’ primary care clinic
treating patients with asthma-like symptoms. Our study shows
that even pulmonologists that didn’t follow the diagnostic
algorithm (history, spirometry pre and post-bronchodilation,
bronchial Challenge test) had a 57.6% false asthma diagnosis.

Our study has several limitations. Our estimates of
overdiagnosis may be conservative due to the likelihood of
false positive methacholine challenge tests [25]; this in turn
may have resulted in an underestimation of cost. On the other
side, our study cut point for positive MBC was PC20 16 < mg/
ml, and in most studies was PC20 < 8 mg/ml. That difference
means that the percentage of asthma ruled out by the group
in our study could have been even higher if we had used the
PC20 of 8mg/ml. ATS guidelines suggest a PC20 between 4mg/
mL and 16mg/ml. There is a possibility that subjects with a
negative PC20 would have subsequently had a positive PC20
if the 16mg/mL threshold was used for all subjects [26]. The
reason that we decided to use the cut-off of 16mg/mL for PC20
is to reduce to a minimum the “’false’’ negative diagnoses.

We excluded participants in whom an objective diagnostic
test was contraindicated due to asthma - related reasons,
which may have resulted in a lower representation of
participants with more severe disease and therefore higher
resource utilization. The sensitivity of bronchial challenge tests
to detect asthma is 98%, meaning that a very small number
of individuals with current asthma may have been missed
by the study testing algorithm. Conversely, the specificity of
bronchial challenge tests is less than 80% and is well known
that the test can be positive in patients with allergic rhinitis or
might be influenced by smoking status. This is not the case in
our study as we included only non -smokers. Allergic rhinitis
might co-exist with asthma and might also affect the bronchial
provocation test. Patients with allergic rhinitis may also have
presented with asthma - like symptoms - most commonly
with cough -thus further careful evaluation of these subjects
is necessary to better define the right diagnosis and choose the
right treatment and not to simplify the approach of the disease
based only on clinical symptoms.

Furthermore, in our study, we did a simple estimation of
the medication’s asthma - related costs as an indication of
the possible cost of asthma treatment in our population but
of course, this is only an indication. Since Cyprus is a small
country (1.2 million population) the sample size was calculated
in accordance with the current literature [16,17]. However
further studies in a larger group of subjects with a more specific
detailed protocol need to be designed in the future for a proper
assessment of the health care cost of a common respiratory
disease -such as asthma and the relevant treatment.

Conclusions

This study was performed for the first time in Cyprus to
define the diagnostic approach to asthma at an outpatient
primary care practice level in the country.
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Our study has shown that more than the 50% of patients
diagnosed as asthmatics at primary care outpatient clinical
practice, were ruled out of the diagnosis after objective
diagnostic testing with specific lung function tests and a
proper close 3months clinical follow-up. These results indicate
an over-diagnosis of asthma in Cyprus and a consequent over
- treatment with asthma medication. Our results suggest
that whenever possible, physicians should order objective
tests, such as pre - bronchodilator and post - bronchodilator
spirometry, or bronchial challenge tests, to confirm asthma at
the time of initial diagnosis.

According to this study, doctors have not to oversimplify the
diagnosis of asthma, but to approach carefully the diagnosis of
the disease according to international guidelines and have to
use more specific tests for a better evaluation of the disease.
Lung function with pre and post - spirometry but also other
specific tests - like bronchial challenge test - are helpful in
order to make a clear and proper diagnosis of the disease and
prescribe the right treatment.

In addition, the benefits for the health care systems
when asthma diagnosis is better confirmed - based on serial
diagnostic algorithms - as is suggested by all the international
guidelines-need to be further evaluated in the future for Cyprus
after advanced educational programs in order to reduce the
health cost of a common respiratory disease-as asthma with
the relevant increased cost of treatment.
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