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Objective: This study was designed to describe the impact of a trained pharmacist 
in performing quality spirometry testing within a community family health 
center. Methods: This was a retrospective, cohort study of 150 physician-referred 
patients who attended their scheduled spirometry office appointment between 
November 2008 and December 2013. Information obtained included type of the 
disease (patients with obstructive or restrictive pulmonary disease), calculated lung 
age decline due to smoking history, quality of spirometry testing, and percentage 
of patients requiring pulmonary drug regimen alterations due to spirometry 
results. Pearson correlation and descriptive statistics were used to address study 
objectives. Findings: Spirometry testing performed by a pharmacist resulted 
in 87% of tests meeting guidelines for quality. Testing identified patients with 
reversible airway disease (39%), chronic obstructive pulmonary disease (21%), 
restrictive (11%), and mixed obstructive/restrictive (11%) lung defect. Patients 
with abnormal spirometry demonstrated a greater smoking pack-year history and 
calculated lung age than patients with normal spirometry (29.1 pack-years vs. 
17 pack-years; P = 0.024 and 76.3 years vs. 54.6 years; P < 0.001, respectively). 
A weak correlation was found between a 29.1 smoking pack-year history 
and forced vital capacity (r = −0.3593, P = 0.018). The pharmacist assisted in 
modifying pulmonary drug regimens in 69% of patients based on evidence-based 
guidelines. Conclusion: A pharmacist-driven spirometry service was associated 
with quality testing results, identified respiratory disease abnormalities, and helped 
modifications of pulmonary drug regimens based on evidence-based guidelines. 
Future direction of this service may include collaborative practice agreements with 
physicians to expand services of pharmacists to include spirometry testing.
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Spirometry has evolved from testing performed in a 
pulmonary function laboratory under the direction of a 
pulmonologist to testing performed in primary care or 
outpatient settings including community pharmacies.[6,7] 
This paradigm shift in outpatient testing has primarily 
occurred due to advances in spirometry technology. 
Spirometry technology has advanced to include portable 
handheld devices requiring minimal calibration or 

Original Article

IntroductIon

S pirometry is a pulmonary function test that requires 
the patient to maximally inhale and then forcefully 

exhale into a handheld monitoring device. The testing is 
invaluable for clinicians and indicated for diagnosis and 
monitoring of respiratory diseases, disability/impairment 
evaluations, and public health epidemiological survey 
evaluations.[1-4] However, its use in asymptomatic 
patients is not advised since it may potentially lead to 
unnecessary testing, increased costs, resource utilization, 
and unnecessary disease labeling.[5]
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quality control to perform accurate testing. Due to 
these advances, a major concern is that the quality 
of testing performed outside of a pulmonary function 
laboratory may be substandard and not meet rigorous 
standards set forth by international clinical practice 
guidelines.[5] Traditionally, primary care physicians utilize 
office staff including medical assistants or registered 
nurses to perform office testing.[8] Inadequate training 
or limited time in performing testing by the office staff 
may result in suboptimal quality testing. Testing of 
poor quality can lead to false-positive interpretations 
and prescription of unnecessary respiratory medications, 
which may lead to serious adverse effects.[9]

The practice and scope of pharmacy services may vary 
internationally. In the United States, the scope of practice 
is established by state legislatures and regulated by each 
state board of pharmacy. At present, 47 states and the 
District of Columbia (Washigton, D.C.), pharmacists are 
authorized into collaborative practice agreements with a 
physician or designated prescriber, which results in the 
expanding of clinical services. However, since there are no 
restrictions on who can perform spirometry, pharmacists 
have an opportunity to expand this service and incorporate 
this into collaborative practice agreements with physicians.

Pharmacists have demonstrated their value in optimizing 
pharmaceutical care for patients with respiratory diseases 
including chronic obstructive pulmonary disease (COPD) 
and asthma. Data have shown that pharmacists improve 
medication adherence, knowledge of disease, and 
reduction in hospital admission rates, and patients were 
more satisfied with the quality of their care.[10-12] In 
addition, pharmacists have also introduced spirometry 
testing as a service in a limited number of clinical studies 
in the care of COPD and asthma patients.[13-21] Pharmacists 
trained in performing quality spirometry can offer a 
number of advantages including better convenience for the 
patient, early identification of airflow limitations, expedite 
physician prescribing inhaled respiratory medications, and 
teaching patients the proper use of respiratory delivery 
devices.[13] Pharmacists working in collaboration with 
the prescribing physician can perform spirometry testing 
within the community pharmacy or within the physician’s 
office.[14] Due to the novelty of these services, pharmacists 
may not be aware of the potential opportunity to provide 
physicians’ another option in spirometry testing or training 
opportunities to gain the skills necessary to offer a quality 
service. A more comprehensive description of the use of 
spirometry by pharmacists to expand direct patient care 
services is beyond the scope of this article but can be 
found elsewhere.[22]

The objective of this study was to describe the impact 
of a trained pharmacist in performing quality spirometry 

testing within a community family health center including 
identification of obstructive or restrictive lung defects, 
calculated lung age decline due to smoking history, and 
pulmonary drug regimen modifications.

Methods

This retrospective cohort study was an analysis of patients 
who attended the spirometry clinic within the community 
family health center from November 2008 to December 
2013 incorporating 150 patients. The study was approved 
as exempt by the University of the Sciences and 
Crozer-Keystone Health System’s Institutional Review 
Boards. The requirements for written informed consent 
were waived due to the retrospective nature of the study.

The electronic medical records of all patients who 
received spirometry testing were evaluated. Demographic 
and clinical data including age, gender, height, weight, 
body mass index, lung age, and smoking pack-year 
history were recorded for all patients. Inclusion criteria 
for study participants included all patients >18 years 
of age with pulmonary symptoms including history 
of chronic cough, shortness of breath, pleuritic chest 
pain or previous diagnosis of asthma, COPD, or other 
pulmonary disease warranting spirometry testing. 
Patients were excluded who had contraindications for 
performing testing including elevated blood pressure 
(systolic >200 mmHg or diastolic >110 mmHg), recent 
myocardial infarction or stroke (within 3 months), recent 
cataract or increased ophthalmic pressure, chest or 
abdominal surgery (within 3 weeks), history of angina, 
hemoptysis, pneumothorax, nausea and vomiting, and 
thoracic or abdominal or cerebral aneurysms.[23] In 
addition, patients were excluded if they self-administered 
prescribed respiratory medications (short- and 
long-acting beta-agonists, anticholinergic agents, 
corticosteroids, leukotriene modifiers, or theophylline) 
<24 h before the scheduled spirometry testing procedure 
to maintain baseline pulmonary function values not 
influenced by respiratory medications.

Before patient testing, the spirometer and flow 
transducer were checked and calibrated at the beginning 
of each day utilizing a 3 L single stroke calibrated 
syringe. Both devices were to meet the American 
Thoracic Society/European Respiratory Society 
(ATS/ERS) reproducibility for syringe volume which 
was defined as maintaining a calculated syringe volume 
reproducibility <3% of predicted values. ATS/ERS 
reproducibility criteria were based on the 1998 National 
Health and Nutrition Examination Survey-III criteria for 
patient age, sex, race, height, and weight. Calculated lung 
age was also determined by calculation from Fletcher 
and Peto.[24] Calculated lung age uses linear regression 
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equations to calculate how smoking accelerates 
age-related decline in lung function.

Initiation of spirometry testing included the pharmacist 
explaining and demonstrating the procedure to the 
patient. The patient was instructed to perform a minimum 
of three pre- and three postbronchodilator maneuvers. 
Prebronchodilator testing continued until the patient 
achieved the ATS/ERS guidelines of a forced vital 
capacity (FVC) in liters or forced expiratory volume in 
one second (FEV1) in liters until the value was within 
0.150 L or 150 ml of the next largest value.[1] A maximum 
of eight efforts would be attempted. If the patient was 
not able to achieve adequate quality for either the pre- or 
postbronchodilator test, further testing was terminated. 
Once a prebronchodilator test was of adequate quality, 
the pharmacist would administer a bronchodilator 
(2.5 mg albuterol sulfate [synonym: salbutamol]) through 
nebulizer. 15–20 min after bronchodilator administration, 
the patient would then perform three postbronchodilator 
maneuvers. Once testing was complete and of adequate 
quality (both three pre- and three postmaneuvers), the 
pharmacist would proceed to discuss the quality of the 
test, interpretation of test results, and pharmacological 
intervention (if warranted) with the physician. After a 
therapeutic plan was agreed to between the physician 
and pharmacist, the pharmacist would then educate the 
patient on the prescribed drug, drug dosing, respiratory 
delivery device operation, and other education 
initiatives (i.e., smoking cessation) if warranted.

Data relevant for assessment included patient 
demographics, results of pulmonary function 
testing including FVC, FEV1, FEV1/FVC (%), 
forced expiratory flow 25%–75% (FEF25%–75%) in 
liters/second, and peak expiratory flow rate (PEFR) in 
liters/second. In addition, other information evaluated 
included respiratory medication changes including 
discontinuation, addition, or dose adjustments; 
new or supporting diagnosis of reversible airway 
disease, COPD, restrictive lung defect, or mixed 
obstructive/restrictive lung defect; number of patients 
requiring specialty physician referral (i.e., pulmonary, 
cardiologist, and allergy/immunologist) or required 
further diagnostic testing (i.e., chest radiograph and 
cardiac echocardiogram); and number of patients who 
achieved ATS/ERS guidelines for quality of spirometry 
testing. A positive postbronchodilator response indicative 
of reversible airway disease was determined if >12% 
increase in FEV1 and 200 ml increase in FVC or FEV1 or 
15%–25% increase in FEF25%–75% was obtained.[23]

Statistical analysis was performed using SPSS software, 
version 18.0 for Windows (SPSS Inc., Chicago, 
IL, USA). Descriptive statistics were done for all 

variables. Results were presented as standard deviation, 
mean, and percentage. The Student’s t-test, Chi-square 
test, and Pearson’s correlation coefficient were used 
to analyze the differences and the correlation between 
groups. Statistical significance was assumed at P < 0.05.

results

One hundred and fifty patients attended their scheduled 
office spirometry appointments. Thirty-one patients were 
excluded from the study due to age <18 years, inability to 
perform spirometry testing to meet acceptable ATS/ERS 
guidelines or administering respiratory medication <24 h 
before scheduled spirometry testing. One hundred and 
nineteen patients (57 displayed normal spirometry and 
62 displayed abnormal spirometry) completed their 
scheduled appointments and met the inclusion criteria 
for study evaluation. Seventy-eight percent (n = 93) were 
Caucasian, 19% (n = 23) African-American, 1% (n = 1) 
Asian, and 1% (n = 2) Hispanic [Table 1]. Thirty-seven 
percent (44 male) completed spirometry testing.

The pharmacist achieved ATS/ERS guidelines of a FVC 
or FEV1 within 0.150 L or 150 ml of the next largest 
value in 104/119 (87%) patients tested. A minimum of 
714 spirometry tests were completed which included 
119 patients performing both three prebronchodilator 
and three postbronchodilator spirometry maneuvers. 
The pharmacist assisted in identifying reversible airway 
disease in 39%, COPD in 21%, restrictive pulmonary 
defect in 11%, and mixed obstructive/restrictive 
pulmonary defect in 11% of patients. Patients with 
abnormal spirometry demonstrated a greater smoking 
pack-year history and calculated lung age than patients 

Table 1: Demographic and clinical characteristics of the 
study patients
Characteristics Normal 

spirometry 
(n=57)

Abnormal 
spirometry 

(n=62)

P

Age (years), mean (SD) 42.1 (17) 50.7 (3) 0.003
Height, mean (SD) 65 (7.5) 66.8 (2) 0.016
Weight (lbs/kg), mean (SD) 189/85.7 

(3/1.3)
206.6/93.71 

(20/9.1)
0.080

BMI (kg/m2), mean (SD) 31.5 (9.5) 32.8 (2) 0.399
Lung age (years), mean (SD) 54.6 (6.5) 76.3 (4) <0.001
Smoking pack (years), 
mean (SD)

17 (0) 29.1 (5) 0.024

Race, n (percentage of 
patients)

Caucasian 41 (72) 51 (82.2) 0.52
Black 13 (22.8) 10 (16.1) 0.47
Asian 1 (1.7) 0 (0) N/A
Hispanic 1 (1.7) 1 (1.6) N/A

The P value was based on a t-test or χ2, N/A=Not applicable, 
BMI=Body mass index, SD=Standard deviation
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Physician consult referral or further diagnostic 
testing was required in 20% of patients which 
included pulmonary (9%), allergy (6%), immunology, 
otolaryngology, or cardiology (5%). Spirometry testing 
supported the need to perform other testing to differentiate 
a diagnosis. Spirometry testing identified three patients 

with normal spirometry (29.1 pack-years vs. 17 
pack-years; P = 0.024 and 76.3 years vs. 54.6 years; 
P < 0.001, respectively) [Table 1]. Differences 
between pre- and postbronchodilator results of 
patients with normal and abnormal spirometry were 
also determined [Table 2]. In addition, patients with 
abnormal spirometry demonstrated a greater response 
to bronchodilator in percentage change in FEV1 than 
patients with normal spirometry (11.69 L vs. 2.37 L; 
P < 0.001) [Table 3]. Correlations between smoking 
pack-year history and FVC were evaluated. Patients with 
at least a 29.1 smoking pack-year history demonstrated a 
worsening FVC and weak correlation based on Pearson’s 
correlation coefficient (r = −0.3593, P = 0.018). 
Worsening of other pulmonary function parameters 
also demonstrated a weak correlation with smoking 
pack history. No statistical significance was identified 
FEV1 (r = −0.2689, P = 0.082), FEF25%–75% (r = −0.0947, 
P = 0.548), and PEFR (r = −0.080, P = 0.619).

Respiratory medications required modifications 
after spirometry testing. The pharmacist assisted in 
modifying pulmonary drug regimens in 69% of patients 
based on evidence-based guidelines. Thirty-one out 
of 119 patients (26%) necessitated discontinuation of 
respiratory medications and 65/119 (55%) required 
additional therapy due to uncontrolled symptoms and/
or based on classification of disease (i.e., asthma or 
COPD). Beta-agonists were discontinued more than any 
other therapeutic drug class when previously prescribed 
for “as needed” use. The discontinuation of beta-agonists 
was primarily based on the patient’s medical history, 
physical examination, symptoms, and negative response 
to postbronchodilator in not achieving a >12% increase 
in FEV1 and 200 mL increase in FVC or FEV1, or 15%–
25% increase in FEF25%–75%. Inhaled corticosteroids and 
beta-agonist/corticosteroid combinations were added 
in patients who demonstrated a postbronchodilator 
response indicative of a reactive airway component, 
however, finding unsatisfactory response to treatment 
with a beta-agonist alone. Anticholinergic agents were 
initiated in patients with a diagnosis of COPD, and 
leukotriene antagonists were prescribed for patients with 
an allergenic respiratory component during the summer 
months (May–July) when environmental pollen counts 
were seasonably high. All patients received counseling 
on pulmonary drug therapy including demonstration and 
use of a prescribed respiratory delivery device. Patients 
were required to self-demonstrate efficient use of the 
prescribed device with 100% accuracy before leaving 
the spirometry clinic. Smoking cessation counseling 
in the form of health-care pamphlets and brochures on 
the harmful effects of smoking was also provided, if 
warranted.

Table 2: Spirometry results
Characteristic Normal spirometry (n=57) P

PrebronchodilatorPostbronchodilator
FVC (L), 
mean (SD)

3.4 (2.5) 3.4 (1.8) 0.80

FEV1 (L), 
mean (SD)

2.8 (1.7) 2.9 (1.5) 0.50

FEV1/FVC (%), 
mean (SD)

82.6 (15.5) 84.1 (3.5) 0.27

FEF25%-75% (L/s), 
mean (SD)

2.9 (0.7) 3.2 (1.7) 0.14

PEFR (L/s), 
mean (SD)

6.4 (2.4) 6.4 (1.6) 0.96

Characteristic Abnormal spirometry (n=62) P
PrebronchodilatorPostbronchodilator

FVC (L), 
mean (SD)

3.0 (0.6) 3.1 (0.7) 0.38

FEV1 (L), 
mean (SD)

2.0 (0.3) 2.2 (0.4) 0.15

FEV1/FVC (%), 
mean (SD)

69.6 (2.8) 72.2 (2.8) 0.17

FEF25%-75% (L/s), 
mean (SD)

1.5 (0.1) 1.8 (0.2) 0.13

PEFR (L/s), 
mean (SD)

5.4 (1.8) 5.8 (0.1) 0.37

The P value was based on a t-test. FVC=Forced vital capacity, 
FEV1=Forced expiratory volume in 1 second, FEF25%-75%=Forced 
expiratory flow, PEFR=Peak expiratory flow rate, SD=Standard 
deviation

Table 3: Spirometry results postbronchodilator
Characteristic Normal 

spirometry 
(n=57)

Abnormal 
spirometry 

(n=62)

P

Percentage change FEV1 (L) 
(postbronchodilator), 
mean (SD)

2.37 (11.31) 11.69 (6.3) <0.001

Percentage change 
FEF25%-75% (L/s) 
(postbronchodilator), 
mean (SD)

11.62 (35.5) 21.9 (8.4) 0.09

Positive bronchodilator 
response, n 
(percentage of patients)

FEV1>12% and 200 mL 
increase in FVC or FEV1 or 
FEF25%-75%>15%

25 (43.8) 41 (66.1) 0.43

The P value was based on a t-test or χ2. FVC=Forced vital capacity, 
FEV1=Forced expiratory volume in 1 second, FEF25%-75%=Forced 
expiratory flow, SD=Standard deviation
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with vocal cord anomalies based on flow volume loop 
inspiratory tracing results. The results were confirmed 
with performing a nasopharyngeal laparoscopy.

dIscussIon

Pharmacists have proven themselves medication 
experts throughout the literature; however, they have 
also expanded technical skill-based services including 
anticoagulation monitoring, smoking cessation, asthma 
management, lipid control, diabetes management 
nutritional support, and immunization administration 
services.[25] Spirometry testing is another opportunity 
for pharmacists to expand patient services and improve 
the quality of patient care. Results of this study are 
similar to previously published data of 51 patients 
tested resulting in 75% of patients achieving 
acceptable spirometry quality, 80% of patients required 
altering respiratory drug regimens, and 27.4% of 
patients needing a physician referral or the need for 
greater diagnostic testing.[14] ATS/ERS has set that a 
performance threshold of >90% of patients can meet 
ATS/ERS benchmarks for spirometry quality if coached 
by a trained technician.[1] Technical adequacy of 
spirometry testing in >12,000 tests completed by trained 
nurses, pediatricians, and research personnel achieved 
71%–92% adequacy.[26-30] Personnel received training 
including practice theory on performing spirometry, 
operation of spirometry device, interpretation of results, 
and criteria for diagnosis based on ATS/ERS guidelines. 
All testing results were evaluated for quality including 
acceptability and repeatability based on ATS/ERS 
guidelines. Collectively, these results determined that 
an achievable target range of 75%–90% is technically 
adequate for achieving quality spirometry in primary 
care testing.[20] Furthermore, Cawley and Warning 
performed a systematic review of the evidence of 
pharmacists performing quality spirometry testing. The 
testing included eight clinical studies in a variety of 
outpatient settings. Specially trained pharmacists tested 
approximately 4000 patients resulting in 66%–99% of 
the tests achieved ATS/ERS benchmarks for quality.[13] 
Our study results of 87% of tests meeting ATS/ERS 
quality equaled or exceeded these data.

Based on this comprehensive data, pharmacists can 
be trained to accurately perform quality spirometry 
testing. Pharmacists can receive training certificates in 
spirometry testing through workshops or from national 
sponsored programs.[31,32] Programs typically require 
1–2 days of training. After training is complete, trainees 
may require further periodic training or online refresher 
courses to maintain testing competence. Properly trained 
pharmacist can provide quality spirometry testing and 

be an invaluable resource in the care of the pulmonary 
patient.

Smoking history has shown to directly impact the quality 
of spirometry results. The authors of this study identified 
that the abnormal spirometry results associated with a 
smoking pack-year history of 29.1 years are similar to 
previously published data. Data have shown that patients 
with a history of chronic heavy smoking >19 smoking 
pack-years were associated with significantly decreased 
values of FVC, FEV1, FEV1/FVC, and PEFR and that 
pulmonary function parameters tended to decrease as the 
cigarette burden increased.[33-35] Furthermore, the results 
of this study are similar to other published data including 
a negative correlation between smoking pack-years 
and FVC (r = −0.3593, P = 0.018) and (r = −0.072, 
P = 0.078), respectively.[35]

This study did have multiple limitations. The study was 
a retrospective, single-center study, which has inherent 
design bias. The patient population included almost 
80% of Caucasian with very limited addition of minority 
groups, which may not be a fair representation of the 
general population. Physician prescribing of respiratory 
pharmaceuticals may have been biased due to familiarity 
and repeated prescribing of specific medications and 
devices. The diagnosis of abnormal or normal spirometry 
was primary determined by the attending physician. 
Although the physician had extensive experience in 
reviewing pulmonary function testing data, he was 
not specialized in pulmonary medicine. A review by a 
board-certified pulmonologist of spirometry testing would 
have provided greater validity to the results. Respiratory 
quality of life symptoms (i.e., St. George’s Respiratory 
Questionnaire) could have been assessed; however, 
patient follow-up was inconsistent primarily due to 
patient noncompliance with scheduled appointments.

The authors believe that the knowledge gained in this 
study has demonstrated the impact of a pharmacist 
trained in spirometry testing. Pharmacists should 
consider the many benefits of this service and consider 
this an option to incorporate into clinical practice to 
improve the quality of care for patients with pulmonary 
disease. Further research is needed on the impact of 
a pharmacist-driven spirometry service on economic 
and health-care outcomes of patients with respiratory 
disease including cost justification of this service, patient 
satisfaction surveys, physician office visit frequency, 
and emergency department or hospital admission rate 
avoidance due to exacerbation of respiratory illness.

A pharmacist-driven spirometry service was associated 
with providing quality spirometry testing results, 
identifying patients with obstructive and restrictive lung 
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defect, decline in lung function due to smoking exposure, 
and assisting the prescribing physician in modifying 
pulmonary drug regimens based on evidence-based 
guidelines. Pharmacists trained in performing quality 
spirometry testing can be an invaluable asset to physicians 
in the care of patients with respiratory disease. The 
future direction of this service may include collaborative 
practice agreements with physicians to expand services 
of pharmacists to include spirometry testing.

Authors’ contrIbutIon

MJC and WJW contributed to the project idea, designed, 
and analyzed the data and manuscript preparation. Both 
authors had complete access to all study data that support 
this publication.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

references
1. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, 

Coates A, et al. Standardisation of spirometry. Eur Respir J 
2005;26:319-38.

2. U.S. Preventive Services Task Force. Screening for chronic 
obstructive pulmonary disease using spirometry: U.S. Preventive 
services task force recommendation statement. Ann Intern Med 
2008;148:529-34.

3. Global Initiative for Chronic Obstructive Lung 
Disease. GOLD 2017 Global Strategy for the 
Diagnosis, Management, and Prevention of Chronic 
Obstructive Pulmonary Disease. Available from: http://
www.goldcopd.org/gold-2017-global-strategy-diagnosis- 
management-prevention-copd/. [Last accessed on 2018 Jan 15].

4. National Heart, Lung and Blood Institute. Expert Panel Report 3: 
Guidelines for the Diagnosis and Management of Asthma; 2007. 
Available from: http://www.nhlbi.nih.gov/files/docs/guidelines/
asthgdln.pdf. [Last accessed on 2018 Jan 12].

5. Qaseem A, Wilt TJ, Weinberger SE, Hanania NA, Criner G, 
van der Molen T, et al. Diagnosis and management of stable 
chronic obstructive pulmonary disease: A clinical practice 
guideline update from the American College of Physicians, 
American College of Chest Physicians, American Thoracic 
Society, and European Respiratory Society. Ann Intern Med 
2011;155:179-91.

6. Blain EA, Craig TJ. The use of spirometry in a primary care 
setting. Int J Gen Med 2009;2:183-6.

7. Fathima M, Naik-Panvelkar P, Saini B, Armour CL. The role of 
community pharmacists in screening and subsequent management 
of chronic respiratory diseases: A systematic review. Pharm 
Pract (Granada) 2013;11:228-45.

8. Kaminsky DA, Marcy TW, Bachand M, Irvin CG. Knowledge 
and use of office spirometry for the detection of chronic 
obstructive pulmonary disease by primary care physicians. 
Respir Care 2005;50:1639-48.

9. Enright P, Schermer T. Don’t pay for poor quality spirometry 
tests. Prim Care Respir J 2013;22:15-6.

10. Khdour MR, Kidney JC, Smyth BM, McElnay JC. Clinical 

pharmacy-led disease and medicine management programme for 
patients with COPD. Br J Clin Pharmacol 2009;68:588-98.

11. Jarab AS, Alqudah SG, Khdour M, Shamssain M, Mukattash TL. 
Impact of pharmaceutical care on health outcomes in patients 
with COPD. Int J Clin Pharm 2012;34:53-62.

12. Weinberger M, Murray MD, Marrero DG, Brewer N, Lykens M, 
Harris LE, et al. Effectiveness of pharmacist care for patients 
with reactive airways disease: A randomized controlled trial. 
JAMA 2002;288:1594-602.

13. Cawley MJ, Warning WJ. Pharmacists performing quality 
spirometry testing: An evidence based review. Int J Clin Pharm 
2015;37:726-33.

14. Cawley MJ, Pacitti R, Warning W. Assessment of a 
pharmacist-driven point-of-care spirometry clinic within a primary 
care physicians office. Pharm Pract (Granada) 2011;9:221-7.

15. Castillo D, Guayta R, Giner J, Burgos F, Capdevila C, 
Soriano JB, et al. COPD case finding by spirometry in high-risk 
customers of urban community pharmacies: A pilot study. Respir 
Med 2009;103:839-45.

16. Burton MA, Burton DL, Simpson MD, Gissing PM, Bowman SL. 
Respiratory function testing: The impact of respiratory scientists 
on the training and support of primary health care providers. 
Respirology 2004;9:260-4.

17. Armour C, Bosnic-Anticevich S, Brillant M, Burton D, 
Emmerton L, Krass I, et al. Pharmacy Asthma Care 
Program (PACP) improves outcomes for patients in the 
community. Thorax 2007;62:496-502.

18. Lei Burton D, LeMay KS, Saini B, Smith L, Bosnic-Anticevich S, 
Southwell P, et al. The reliability and utility of spirometry 
performed on people with asthma in community pharmacies. 
J Asthma 2015;52:913-9.

19. Fuller L, Conrad WF, Heaton PC, Panos R, Eschenbacher W, 
Frede SM, et al. Pharmacist-managed chronic obstructive 
pulmonary disease screening in a community setting. J Am 
Pharm Assoc (2003) 2012;52:e59-66.

20. Licskai CJ, Sands TW, Paolatto L, Nicoletti I, Ferrone M. 
Spirometry in primary care: An analysis of spirometery test 
quality in a regional primary care asthma program. Can Respir J 
2012;19:249-54.

21. Willey VJ, Simon S, Akkineni S, Reinhold J, Kelly BL, Kim EA. 
Preliminary evaluation of comprehensive pharmacist-led services 
to patients with respiratory diseases within a community-based 
medical home. Value Health 2013;16:A198.

22. Cawley MJ, Moon J, Reinhold J, Willey VJ, Warning Ii WJ. 
Spirometry: Tool for pharmacy practitioners to expand 
direct patient care services. J Am Pharm Assoc (2003) 
2013;53:307-15.

23. Barreiro TJ, Perillo I. An approach to interpreting spirometry. 
Am Fam Physician 2004;69:1107-14.

24. Fletcher C, Peto R. The natural history of chronic airflow 
obstruction. Br Med J 1977;1:1645-8.

25. Stubbings J, Nutescu E, Durley SF, Bauman JL. Payment 
for clinical pharmacy services revisited. Pharmacotherapy 
2011;31:1-8.

26. Yawn BP, Enright PL, Lemanske RF Jr., Israel E, Pace W, 
Wollan P, et al. Spirometry can be done in family physicians’ 
offices and alters clinical decisions in management of asthma 
and COPD. Chest 2007;132:1162-8.

27. Walters JA, Hansen EC, Johns DP, Blizzard EL, Walters EH, 
Wood-Baker R, et al. A mixed methods study to compare 
models of spirometry delivery in primary care for patients at risk 
of COPD. Thorax 2008;63:408-14.

28. Bednarek M, Maciejewski J, Wozniak M, Kuca P, Zielinski J. 



Cawley and Warning II: Pharmacist‑driven spirometry clinic service

94 Journal of Research in Pharmacy Practice ¦ Volume 7 ¦ Issue 2 ¦ April-June 2018

Prevalence, severity and underdiagnosis of COPD in the primary 
care setting. Thorax 2008;63:402-7.

29. Zanconato S, Meneghelli G, Braga R, Zacchello F, Baraldi E. 
Office spirometry in primary care pediatrics: A pilot study. 
Pediatrics 2005;116:e792-7.

30. Enright PL, Linn WS, Avol EL, Margolis HG, Gong H Jr., 
Peters JM, et al. Quality of spirometry test performance in 
children and adolescents: Experience in a large field study. Chest 
2000;118:665-71.

31. American Lung Association. Implementation and Interpretation 
of Spirometry in the Primary Care Practice. Available from: 
http://www.lung.org/local-content/_content-items/our-initiatives/
current-initiatives/spirometry-course.html?referrer. [Last accessed 
on 2018 Jan 19].

32. Centers for Disease Control and Prevention. Spirometry Training 
Program. Available from: http://www.cdc.gov/niosh/topics/
spirometry/training.html. [Last accessed on 2018 Feb 08].

33. Saiyad SS, Vara A, Bhagora S, Parmar D, Dixit R. Evaluation of 
the effect of chronic heavy smoking by pulmonary function tests. 
Int J Basic Appl Physiol 2013;(2):51-6.

34. Shimray JA, Kanan W, Naithok Jamatia SN, Roel S, Kom LB, 
Oumanath F, et al. Gender differences in spirometric lung 
function in chronic obstructive pulmonary disease patients 
attending rims hospital out-patient department. IOSR J Dent Med 
Sci 2014;13:49-51.

35. Zhang J, Lin XF, Bai CX. Comparison of clinical features 
between non-smokers with COPD and smokers with COPD: 
A retrospective observational study. Int J Chron Obstruct Pulmon 
Dis 2014;9:57-63.


