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Abstract

Human immunodeficiency virus (HIV) is associated with increased risk for chronic obstructive
pulmonary disease (COPD); yet substantial under-recognition of COPD exists. We administered a
patient-completed, physician-reviewed COPD screening tool in an outpatient HIV clinic to
determine whether screening is feasible or possible. Patients attending nonacute, routine HIV care
visits were provided a brief COPD screening tool, which included three questions focused on age,
respiratory symptoms, and smoking history. Providers were given completed forms for review and
ordered spirometry at their discretion. Forms and medical records were subsequently reviewed to
determine completion and results of spirometry testing. Of the 1,510 patients screened during the
study period, 968 (64%) forms were completed. After excluding 79 incomplete forms, 889 (92%)
unique patient forms were included in this analysis. Among these, 204 (23%) met criteria for
spirometry referral, among whom physicians ordered spirometry in 64 (31%). At 6 months
following study completion, 19 (30%) of the patients referred for spirometry had the test
completed, with 5 (26%) demonstrating airflow obstruction. Nearly one out of four HIV patients
met indication for screening spirometry and roughly one out of four undergoing spirometry had
COPD. Critical drop-offs in the screening and diagnostic process occurred at questionnaire
completion and spirometry ordering. Interventions tailored to these critical steps could improve the
yield from COPD screening and help to optimize the identification of COPD in high-risk HIV-
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infected populations. COPD screening in a clinic focused on longitudinal HIV care can effectively
identify COPD among those completing the screening continuum.
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Introduction

Methods

Human immunodeficiency virus (HIV) infection is increasingly recognized as a chronic
illness. With HIV-infected patients living longer, there has been a shift in morbidity and
mortality to noninfectious conditions (1, 2). Despite increased longevity among patients
living with HIV (3), accelerated senescence (4) and resultant premature co-morbid diseases
(5) have become of elevated concern both to HIV patients and their care providers.

Guidelines for the care of HIV-infected patients have evolved to include recommendations
regarding screening and managing co-morbid conditions such as dyslipidaemia, insulin
resistance, coronary heart disease, renal disease, and malignancies (6). HIV has been shown
to be an independent risk factor for chronic obstructive pulmonary disease (COPD), yet
screening guidelines for COPD are lacking for this population (7, 8). In contrast, well-
defined, evidence-based guidelines for COPD screening for the general population of
smokers are available as part of the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) strategy for COPD diagnosis (9). In prior studies, we documented that a majority of
HIV-infected participants with obstructive lung disease has not been previously diagnosed
by a provider (8).

Targeted screening among symptomatic smokers is recommended in order to diagnose and
treat COPD and thereby reduce morbidity (4, 10). In order to determine the impact and
feasibility of screening for COPD in an HIV population, we implemented a COPD screening
tool in an urban clinic providing primary care for patients with HIV.

Study population

Participants were drawn from the Johns Hopkins HIV clinic in Baltimore, MD, which
provides longitudinal, primary care for approximately 3,000 patients with HIV. Staffed by
more than 25 providers, the clinic integrates specialty services including sub-specialty care,
pharmacy, nutrition, substance abuse, and adherence support. Multidisciplinary care also
incorporates counseling, case management, and social work. All patients attending
nonurgent, routine HIV care visits between 1 April and 30 June 2013 at the Johns Hopkins
HIV clinic were considered eligible for this study. Repeat visits were excluded. Conduct of
this study was in accordance with the ethical standards of the Helsinki Declaration of 1975,
as revised in 2000, and was approved by the Johns Hopkins Institutional Review Board.
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COPD screener tool design

A COPD screening questionnaire for the HIV population has not been developed; therefore,
our COPD screener tool was designed for use specifically within this study based upon
review of published COPD screening tools for the general population (4, 11-15). Key
overlapping content domains among screening instruments included demographics,
respiratory symptoms, and smoking history. The COPD screener tool was a single-page
questionnaire that included three questions: “Are you 40 years or older?”, “Have you
smoked more than 100 cigarettes (5 packs) in your entire lifetime?”, and “Do you have any
of the following on a regular basis: cough, phlegm or mucous, wheezing, shortness of breath
when walking up a slight hill or hurrying on flat ground?” Participants could record answers
to each question indicated via Yes/No check boxes (Supplementary Figure 1).

COPD screener administration

Providers and staff were educated regarding appropriate questionnaire completion, flow
through the screening process, and anticipated provider involvement during their weekly
clinical case conference and through direct interaction. Patients were provided the
questionnaire in paper form at the time of clinic registration and counseled regarding the
purpose of the questionnaire by the registration staff. Participants completed the
questionnaire independently and returned the questionnaire to their provider during the
clinic visit. Those with impaired vision or reduced health literacy could request assistance
with form completion.

The COPD screener tool advised providers that patients answering “Yes” to all three
questions warranted consideration for spirometry testing to screen for COPD consistent with
current guidelines (4, 10). Providers were provided with five choices to document their
decision: (1) spirometry ordered, (2) spirometry not indicated (i.e., symptoms from another
cause), (3) COPD diagnosis already established, (4) patient testing deferred (with text field
to indicate deferral reason), and (5) patient does not meet all three screening criteria listed.
Referrals or orders of any necessary testing were at the discretion of the provider. No
additional intervention occurred by study staff. At the end of each clinic session, all forms
were reviewed by study staff to determine appropriate completion, with data abstracted and
entered into a database. Six months following study completion, medical records were
accessed to extract documentation of spirometry ordering, scheduling, and measurement
results. COPD was defined as a prebronchodilator [forced expiratory volume in 1 second/
forced vital capacity (FEV1/FVC)] ratio < 0.70.

Statistical analyses

Our primary outcome is the identification of the critical step-offs in the continuum of COPD
screening, which we define as the screening steps required to lead to a diagnosis of COPD.
Descriptive characteristics of the study population at stages in the continuum of COPD
screening and referral are presented as frequencies, means (standard deviation [SD]) when
normally distributed, or medians (interquartile range [IQR]) when the distribution was
skewed. Characteristics were compared using the ¢test, Wilcoxon rank-sum test, or Pearson
;(2, as appropriate. A two-sided p-value < 0.05 was used to define statistical significance.
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Statistical analyses were conducted using Stata version 12.0 (Stata Corporation, College
Station, TX, USA).

Implementation of the COPD screener tool

Study flow from COPD screener tool administration to COPD diagnosis is illustrated in
Figure 1. Between 1 April and 30 June 2013, 1,510 patients were seen in the Johns Hopkins
HIV clinic for nonurgent, routine HIV care. Forms were returned by 968 patients (64% of
the 1,510 seen in clinic). After excluding 79 incomplete forms, a total of 889 initial
screening visits were conducted (92% of the 968 administered forms). Of these, 889 initial
screening visits, 204 patients (23%) met criteria for spirometry to screen for COPD based on
their positive responses to all three questions on the COPD screener tool. Spirometry was
ordered for 64 (31%) of the 204 patients recommended to undergo testing; 19 (30%) of
those patients in whom it was ordered completed spirometry testing. Of the remaining 140
patients who met indications for spirometry yet spirometry was not ordered, the most
common reason for spirometry deferral was left blank (n = 63, 45%). Among those for
whom a deferral reason was listed (n = 77), the most common deferral reasons included a
known diagnosis of COPD (n = 29, 38%), presence of an acute medical issue (n = 13, 17%),
inappropriate testing as per the visit provider (n = 11, 14%), or prior Pulmonary Function
Test (PFT) order or performance (n = 11, 14%). Ultimately, COPD was diagnosed in 5 out
of the 19 patients (26%) undergoing spirometry testing.

Patient characteristics

The mean age of the 889 patients completing initial screening visits was 50 years (SD 11)
(Table 1). The majority were male (65%) and black (80%). Among patients completing
spirometry, the mean age was 54.1 years (SD 6.0); 63% were male and 95% were black.
These characteristics were not statistically different from those patients who did not
complete spirometry. Patients who were diagnosed with COPD on spirometry had similar
mean age (54.8 years versus 53.8 years; p= 0.76), proportion of males (60% versus 64%; p
=0.87), and proportion of blacks (100% versus 92%; p = 0.54) compared to patients who
did not have COPD evident on spirometry.

Spirometric measurements among screened patients

Among the 19 patients completing spirometry, the mean FEV1/FVC ratio was 0.75 (SD
0.08), mean FEV1 was 2.53 L (SD 0.8), and mean FEV1% predicted was 83.7 (SD 17, Table
1); five patients (26%) met spirometric criteria for COPD. The mean FEV/FVC ratio was
0.64 (SD 0.04) and mean FEV was 2.08 L (SD 0.5) among the five patients diagnosed with
COPD through the COPD screener tool. For participants meeting COPD criteria, the degree
of impairment was mild (FEV1% predicted = 80%) in one and moderate (50-80% predicted)
in four. For those undergoing spirometry who were not found to have COPD, the mean
FEV1/FVC ratio was 0.79 (SD 0.05) and mean FEV4 was 2.69 L (SD 0.8).
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Comparison of spirometric measurements between screened and routine care patients

Through review of the Johns Hopkins Hospital Pulmonary Function Laboratory database,
we identified 47 HIV-infected individuals receiving care in the HIV clinic that had
undergone spirometry testing in the 12 months prior to the COPD screening study. Among
these 47 individuals, the majority were male (57%) and black (89%) with a mean age of 52.2
years (SD 8.9). The mean FEV1/FVC ratio was 0.71 (SD 0.10), mean FEV; was 2.37 L (SD
0.8), and mean FEV1% predicted was 80.1 (SD 22); 11 patients (23%) met spirometric
criteria for COPD. For those 11 patients meeting spirometric criteria for COPD, the mean
FEV1/FVC ratio was 0.60 (SD 0.08), mean FEV; was 1.62 L (SD 0.6), and mean FEV1%
predicted was 53.7 (SD 18). Among these 11 patients, the degree of airflow obstruction was
mild in one (FEV1% predicted = 80%), moderate in five (50-79% predicted), severe in four
(30-49% predicted), and very severe in one (<30% predicted). For those undergoing
spirometry who were not found to have COPD, the mean FEV1/FVC ratio was 0.79 (SD
0.05), mean FEV was 2.59 L (SD 0.7), and mean FEV1% predicted was 88.1 (SD 16).
Compared to the 19 individuals completing spirometry prompted by screening, these 47
individuals were of similar age, race, and gender with similar mean spirometric values (p >
0.05 for all comparisons). Defining airflow obstruction using a fixed ratio versus lower limit
of normal definition (16) resulted in a similar classification of 95% of participants
undergoing spirometry.

Continuum of COPD screening and diaghosis

Figure 2 highlights critical step-offs in the COPD screening process by displaying the
percentages of the 1,510 nonacute, routine HIV clinic patients passing through each step of
the COPD screener tool continuum to COPD diagnosis. The first step-off in the continuum
of screening to diagnosis occurred with form completion, which resulted in a loss of 36% of
eligible patients. Another 8% of patients were removed from the continuum of COPD
screening due to incomplete COPD screener tool completion. Although a step-off is noted
between screening questionnaire completed and meeting indication for spirometry, this is
reflective of the patient's response to COPD screening tool questions, not a deviation from
the screening process. The third decrement in flow through the screening to diagnosis
process occurred between meeting an indication for COPD screening spirometry and having
spirometry ordered by the provider. After excluding the 40 individuals with a known COPD
diagnosis or with spirometry previously performed or ordered, 39% of participants meeting
indication for spirometry had spirometry ordered by the provider during the visit.

Discussion

In this study of 1,510 HIV-infected individuals attending nonurgent primary care visits, we
demonstrated that delivery of a simple, patient-completed COPD screening tool can be
effectively deployed in an HIV specialty clinic. While there were substantial barriers in the
steps of the COPD screening to diagnosis continuum, the yield of COPD diagnoses (26%)
among persons completing the screening process was high. We observed that approximately
one out of every four HIV-infected individuals completing the COPD screener tool met
indication for spirometry screening. Among individuals completing screening spirometry,
approximately one out of every four met spirometric criteria for a diagnosis of COPD. Based

COPD. Author manuscript; available in PMC 2016 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lambert et al.

Page 6

on flow through our study, we identified several stages in the continuum of COPD screening
and diagnosis where effectiveness could be improved, namely by targeting at the level of
patients for questionnaire completion and providers for spirometry ordering.

In recent years, screening for a number of treatable non-communicable diseases for which
HIV patients are at increased risk is recommended, but does not yet include chronic lung
disease (17). Current recommended chronic disease screening tests for HIV patients range
from simple blood tests to more involved patient questionnaires (18). Our patient-
administered COPD screening tool provides a simple, brief, three-question instrument that
can be completed by patients in the waiting room in just a couple of minutes. The tool
prompts providers to consider a diagnosis of COPD in a high-risk population for whom
diagnosis would result in timely initiation of COPD therapy, as well as appropriate risk
stratification for COPD-related complications, particularly exacerbation. Based on the
different approaches for managing bacterial pneumonia and acute exacerbations of COPD,
identification of underlying COPD among HIV-infected patients may also improve the
management of acute respiratory symptoms (19).

A validated COPD screening tool within an outpatient population of HIV-infected patients
does not exist. Tools validated in the general population, such as the COPD-Population
Screener (PS) Questionnaire screening questionnaire (13), have low sensitivity (20%) and
specificity (79%) when applied to an HIV population (20), underscoring the need for an
HIV-specific COPD screening tool. Our tool includes factors common to the validated tools
available for COPD screening in the general population and was streamlined to improve
efficiency in a busy clinic providing longitudinal HIV care. Therefore, our findings
identifying the critical step-offs in the COPD screening process represent the utility of our
tool and cannot be applied to other existing tools. Notably, in an observational cohort of
HIV-infected participants, 15% of those with respiratory symptoms had obstructed
spirometry (21) as compared to our finding that 21% of those with symptoms as identified
through our COPD screener tool had obstructed spirometry. This suggests that in an HIV-
infected population, respiratory symptoms may not represent the best screening criteria for
COPD. It is important to note that because our study was designed to determine the critical
step-offs in the COPD screening continuum, we excluded those with a known diagnosis of
COPD or met other provider determined criteria to defer spirometry testing, thereby
reducing the prevalence of disease in our population and the positive predictive value of the
COPD screener tool.

We provided printed questionnaires to patients at the time of check-in to the clinic. However,
with the advancement and widespread uptake of electronic medical record (EMR) systems
and the addition of EMR-based reminder systems, an EMR-based COPD screener tool could
easily be integrated into routine medical care. EMR-based reminder systems have been
shown to increase provider adherence to disease-specific guideline recommendations (22),
as well as ambulatory preventative care guidelines (23). Integration of the COPD screener
tool into an EMR-based reminder system with efficient linkage to provider order sets could
improve timely and appropriate ordering of screening spirometry. The critical drop-offs in
the flow through our screening process occurring at form completion and spirometry
ordering steps could potentially be remedied to some degree through EMR integration.
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Within general U.S. populations, airflow obstruction has been shown to affect approximately
7-14% of patients (24-26). We observed a higher prevalence of airflow obstruction within
our HIV-infected population (26% of those completing spirometry). We have previously
reported that HIV-infected individuals receiving antiretroviral therapy (ART) are susceptible
to unrecognized obstructive lung disease (8). Implementation of a standardized screening
process could enhance recognition of COPD, which carries ramifications beyond COPD
management such as risk stratification for COPD-related complications, including COPD
exacerbation.

Among the patients for whom spirometry was indicated based on the COPD screening tool,
spirometry was ordered for 31%. The reason for deferring spirometry was most commonly
left blank (45%); however, among forms noting a reason for deferral, a known diagnosis of
COPD was the most common reason. Because our study was designed to determine the
feasibility of screening for COPD within a busy HIV clinic, we did not selectively
administer the COPD screening tool as this would require additional steps and greater
complexity. Testing was also appropriately deferred for patients with a preexisting
spirometry order or result (8%). Therefore, when excluding individuals with a known COPD
diagnosis or with spirometry previously performed or ordered, 39% of participants meeting
indication for spirometry had spirometry ordered by the provider during the visit. The
second most common reason for deferring spirometry was the presence of an acute medical
issue (9%), which highlights the challenges of providing primary and longitudinal care for
an urban HIV population. Causes such as a lack of time (3%), a lack of insurance (2%), or
deferred by patient (2%), though much less common, are important factors that may have
greater importance in selected populations. The reasons for not ordering spirometry in
patients who met indication were often blank or nonspecific. Although our form included
several possible reasons for deferral, this represents an area for future study.

Substantial drop-off in screening flow occurred in the administration of the COPD screener
tool with 36% of eligible patients not completing the questionnaire. This completion rate is
similar to other studies administering questionnaires to HIV patients (27, 28). The
proportion of completed questionnaires may have been higher if we provided study staff to
facilitate explanation and completion of the questionnaire; however, this level of
involvement would not have been representative of the real-world screening process we
intended to emulate.

This study had several limitations. Since this study was designed to assess the feasibility of
implementing the COPD screener tool, we did not assess outcomes such as medication
changes following spirometric diagnosis of COPD, a comparison of spirometry findings
among participants who did not meet indications for screening spirometry, or the detection
of known diagnoses. COPD was defined based upon prebronchodilator spirometry and
therefore cannot exclude a diagnosis of asthma. However, our questionnaire was designed to
assess for COPD risk factors including age and smoking history and therefore
bronchodilator reversibility would suggest asthma—COPD overall syndrome, rather than pure
asthma. We lack full sociodemographic and risk behavior characterization of our individual
participants to allow determination of factors that may have been associated with
nonadherence to the screening process. Generalizability of results from single-center studies
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is often limited; however, our HIV clinic provides care for approximately 3,000 HIV patients
with a mix of socioeconomic and risk behavior groups including 26% men who have sex
with men (MSM) and 41% injection drug users (IDU). Our eligibility requirement for
inclusion in the study was based only upon attending a nonurgent clinic visit during the
study time period. Therefore, our findings are likely to accurately represent our clinic
population, and should be generalizable to other urban, academic HIV clinics.

Conclusions

In conclusion, implementation of a simple, COPD screener tool in an urban, HIV clinic
provided high yield of COPD diagnoses among persons completing the screening process.
However, barriers to large-scale and more effective implementation occurred throughout the
screening continuum. Efforts designed to enhance completion of the screening tool by
patients and ordering of spirometry by providers should be evaluated to optimize the
screening process. This study highlights the importance of screening for COPD among
symptomatic, HIV-infected smokers as the first step in improving recognition and
management of COPD in this population. Ultimately, early identification of COPD among
persons aging with HIV infection may potentially improve clinical outcomes and reduce
hospitalization and related costs.
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Figure 1.
Flow diagram of COPD screener tool, from administration to COPD diagnosis. Each box

includes the number of patients completing the specified step in the continuum of COPD
screening and diagnosis. Percentages represent the proportion of patients completing the
preceding step. COPD=chronic obstructive pulmonary disease; MD=medical doctor;
PFTs=pulmonary function tests.
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Percent of Total Clinic Visits

Figure2.
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Critical step-offs in the COPD screening process. Each bar represents the percent of
participants completing the specified step in the continuum of COPD screening out of the
total number of patients screen. COPD=chronic obstructive pulmonary disease.
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Demographic and spirometric characteristics of participants at stages of COPD screening.

Table 1
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Characteristics  Initial screening completed  Spirometry ordered  Spirometry completed COPD absent COPD present
N 889 64 19 14 5
Age, years 50.0 (11.0) 52.7 (6.8) 54.1 (6.0) 53.8 (6.6) 54.8 (4.6)
Male, n (%) 574 (65) 33(52) 12 (63) 9 (64) 3(60)
Black race, n (%) 715 (80) 54 (84) 18 (95) 13(92) 5 (100)
FEV,/FVC 0.75 (0.08) 0.79 (0.05) 0.64 (0.04)
FEV,

Absolute, L 2.53(0.8) 2.69(0.8) 2.08(0.5)

% Predicted 83.7 (17) 88.5 (16) 70.5 (9)
FvC

Absolute, L 3.33(0.9) 3.38(0.9) 3.21(0.8)

% Predicted 89.6 (14) 90.2 (15) 88.1(9)

Values presented as mean (SD) unless indicated otherwise.

COPD = chronic obstructive pulmonary disease; FEV1 = forced expiratory volume in 1 second; FVC = forced vital capacity; L = liter; N = number.
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