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Abstract

Chronic Obstructive Pulmonary Disease (COPD) is a common chronic airway disease

characterized by progressive airway limitation and significant social and economic

burden. Hospitalizations due to COPD account for the greatest portion of the economic

costs for this disease. Unplanned COPD readmissions greatly impact the patient and

healthcare costs and, to some extent, are related to gaps in the healthcare system such

as discharge planning and post-discharge care and follow-up.

Identifying and targeting factors contributing to unplanned rehospitalizations could

reduce healthcare costs and improve COPD patients' health outcomes. We

retrospectively examined the outcome and efficacy of a comprehensive case

management program in reducing the length of stay and hospital readmissions in

patients with COPD across five large hospitals in Vancouver, BC, Canada. A total of

1,564 patients with a clinical diagnosis of COPD were identified from 2,719 hospital

admissions during the 3 years of study. The disease management program reduced

COPD-related hospitalizations by 30% and hospitalizations for all causes by 13.6%.

Similarly, the rate of readmission for all causes showed a significant decline, with hazard

ratios (HRs) of 0.55 (year 1) and 0.51 (year 2) of intervention (P<0.001). In addition,

patients’ mean LOS (days) for COPD-related admissions declined significantly from

10.8 to 6.8 (P<0.05).
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Lay Summary

COPD is a chronic lung disease caused by inflammation and affects many individuals

worldwide. Patients with COPD mainly complain of shortness of breath, cough,

wheezing, and difficulty ambulating and caring for daily activities. Besides aging,

smoking is a significant risk factor for COPD. A large portion of COPD patients tend to

come back to the emergency room after being discharged, and many require

readmission. There are many reasons behind this, including non-adherence to

medications, lack of follow-up, education, and discharge instructions. This study

investigated the efficacy of a comprehensive program designed to provide follow-up and

immediate care for COPD patients after leaving the hospital and assess its effect on the

risk of future readmissions and length of hospital stay.
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CHAPTER 1: INTRODUCTION

Chronic Obstructive Pulmonary Disease (COPD) is a common chronic airway disease

characterized by progressive airway limitation.  Globally, COPD is a growing health

concern and a leading cause of morbidity and mortality. The disease is expected to

become the third leading cause of death worldwide by 2020. Cigarette smoking is the

most commonly encountered and significant risk factor for COPD. Several systematic

reviews and meta-analysis studies revealed a higher prevalence in smokers and

ex-smokers than nonsmokers. Shortness of breath and productive cough are the most

common COPD symptoms. However, many people do not experience symptoms until

the advanced stages of the disease. Over the last decades, several COPD diagnostic

guidelines have been published by different national and international organizations like

the American Thoracic Society (ATS) in 1995, the European Thoracic Society (ETS) in

1995, and the British Thoracic Society (BTS) in 1997. Moreover, the Global Initiative for

Chronic Obstructive Lung Disease (GOLD) was implemented in 1998 as a result of the

cooperation between the National Heart, Lung, and Blood Institute (NIH) and the World

Health Organization (WHO) to increase awareness of the burden of COPD and to

improve prevention and management of the disease. However, despite continued

efforts, diagnosing and differentiating COPD from other chronic airway diseases like

asthma or the newly defined Asthma and COPD Overlap Syndrome (ACOS) remains a

challenge, particularly for primary care and non-pulmonary specialists. A joint project

published by the Science Committees of Global Initiative of Asthma (GINA) and GOLD

ACOS was defined as a syndrome characterized by persistent airflow limitation with
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several features usually associated with asthma and features usually associated with

COPD. Moreover, the document allows clinicians to identify patients with chronic airflow

limitation and distinguish asthma from COPD and ACOS. COPD is associated with

significant social and economic burdens. Hospitalizations due to COPD exacerbations

account for a significant portion of the economic costs of this disease. In a recent report

published by the Canadian Institute for Health Information (CIHI), COPD accounts for

the highest rate of hospital admissions among major chronic diseases. The degree of

health care utilization is directly related to the disease severity. Thus, diagnosing and

managing COPD at its early stages has been the goal of many case management

programs.
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CHAPTER 2: RATIONALE, OBJECTIVES, AND

HYPOTHESES

2.1 Rationale

Chronic obstructive pulmonary disease (COPD) continues to be a serious public health

problem and a leading cause of morbidity and mortality in many countries throughout

the world. The impact of COPD on the economy and society is substantial. The cost of

illness is highly correlated with disease severity and is expected to increase in years.

(1,2) There is no doubt that COPD-related costs need to be contained. However, in

order to achieve such a goal, clinicians need to understand the factors that contribute to

patient decompensation and unplanned readmissions and inform strategies to reduce

readmission rates. Hospitalizations and unplanned readmissions have been identified

as common, costly, and potentially preventable. A number of studies have shown that

inpatient stays account for 52.5 to 82% of the total direct COPD costs. (3-7) In Canada,

those with COPD have the highest number of readmissions and Emergency

Department (ED) visits(8), and in the US, the disease ranks as the third most frequent

cause of readmission to hospitals within 30 days. (9) Furthermore, about 18.8% and

22.6% of COPD patients were readmitted within a month after discharge in Canada and

US, respectively. (8,10)
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2.2 Hypotheses

Clearly, as hospitalization accounts for the most significant cost component, identifying

the reasons for readmissions and developing interventions targeting hospitalization

would have the greatest potential impact on reducing healthcare costs and improving

health outcomes, particularly in advanced cases. Therefore, prevention, early diagnosis,

and improving management are the cornerstone for planning an effective strategy

against COPD.

2.3 Objectives

The current project's goals were to identify potential factors contributing to COPD

exacerbations and unplanned readmissions and examine the effect of a comprehensive

care management program (CCMP) in reducing the length of stay (LOS) and risk of

hospital admissions in patients with COPD.
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CHAPTER 3: REVIEW OF LITERATURE

3.1 Global Epidemiology of COPD, Status in Canada, and
impact on Health and Economy

The World Health Organization (WHO) estimates that 65 million people have moderate

to severe COPD. The prevalence of COPD varies widely across countries due to

geographical, diagnosis, and classification differences. (11-13) Obtaining an accurate

estimate of the actual burden of COPD is challenging, as the disease is usually

asymptomatic until its advanced stages. Self-reports of physicians diagnosed COPD

provide the lowest estimates, while objective methods tend to generate higher

prevalence. National estimates of COPD prevalence in Canada are approximately

4%(11) based on self-reports. However, using objective lung function measures, the

estimated prevalence of Canadians living with COPD ranges between 19 and 21%.

(14,15)

The prevalence and burden of  COPD are projected to increase in the coming decades

due to the increasing prevalence of tobacco smoking, continued exposure to other risk

factors, and the shift in the age structure of the world’s population. COPD is largely

attributable to cigarette smoking which has been estimated to be the principal

underlying cause of death in about 80% of COPD cases. (16) Moreover, the change in

the population's age structure with more individuals over age 65 will likely result in a

sustained increase in mortality. (17) COPD was ranked sixth and fifth among the most

common causes of death in 1990 and 2002, respectively. COPD-related deaths are
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projected to increase by more than 30% over the next 10 years. Accordingly, the

projection for 2030 indicates that COPD will be the third leading cause of death

worldwide.(18,19) In 1950, COPD was responsible for  0.5% of all deaths in Canada. By

2011 the percentage had significantly increased to 4.4% among women and men aged

40 and older. (20)

Figure 3.1.  Deaths from chronic obstructive pulmonary disease as a percentage of all

deaths in Canada, the population aged 40 and older, 1950 to 2011.(20)

The study by Mittmann and colleagues(21) was the first study to prospectively examine

the economic burden of moderate and severe COPD exacerbations from a Canadian

perspective. By using data from the RUSIC study(22), they conservatively estimated the

total cost of COPD exacerbations in Canada between $646 to $736 million a year. They

also reported that the average length of COPD hospitalization is 10 days, costing
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approximately $10,000 per stay. The main element driving the high cost was

hospitalizations, accounting for 73% of the total cost. The costs related to work

absenteeism, early retirements, and impact on health-related quality of life were not

calculated. Similar findings were reported in other studies. (23-25) As part of the

Confronting COPD in North America and Europe study, Chapman and colleagues(24)

assessed the burden of COPD in Canadian patients. The reported non-exacerbation

direct cost was $2000 per COPD patient annually and an estimated overall national

burden of $1.5 billion. More than half of the costs were related to COPD hospitalization.

In the United States, COPD resulted in $32 billion in direct costs and $3.9 billion in total

absenteeism costs. The national medical costs are projected to increase to $49.0 billion

in 2020. Furthermore, 16.4 million days of work were lost because of COPD in 2010.

(26) In the European Union, the annual costs of healthcare and lost productivity due to

COPD are estimated at €48.4 billion, with more than half of the cost related to loss of

productivity. (27)

Among the major health disorders, COPD is the most common reason for ED visits and

hospitalization in Canada, with an average length of stay of 7.7 days. (28) In a study by

the Canadian Institute for Health Information, about one in five patients with an index

condition of COPD was readmitted to acute inpatient care within 30 days. (29)

Unplanned hospital readmission has received growing attention over the last decade.

The U.S.Centers for Medicare and Medicaid Services (CMS) launched the Hospital

Readmissions Reduction Program (HRRP) in 2012 to improve healthcare quality and

reduce costs for Medicare patients by penalizing hospitals with excess 30-day
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readmissions. In October 2014, the program was expanded to include COPD. In light of

the potential financial penalties, hospitals are obligated to implement various strategies

to decrease the rate of readmissions.

3.2 Risk Factors of COPD Rehospitalization

Chronic Obstructive Pulmonary Disease (COPD) is a common preventable and

treatable disease that is characterized by persistent airflow limitation that is usually

progressive. COPD is a leading cause of morbidity and mortality worldwide and is

expected to become the third leading cause of death worldwide by 2020. COPD results

in an economic and social burden that is both substantial and increasing.[30]  Acute

exacerbations of COPD (AECOPD) are a common cause of hospital admission and

readmission and are associated with an impaired health-related quality of life (HRQL),

high healthcare utilization, and worse prognosis.[31-33] Hospitalizations due to COPD

exacerbations, especially those caused by therapeutic failures, account for a major

portion of the economic costs of this disease.[34,35] As a result, preventing AECOPDs

and their associated hospitalizations is an important goal in the management of stable

COPD patients, and identifying the main factors leading to COPD readmission is the

initial step toward achieving this goal.

3.2.1 Prior Hospitalizations

Several studies have reported that a history of previous COPD hospitalizations was

independently associated with increased risk for subsequent COPD re-hospitalizations.

McGhan et al.(36) found prior hospitalizations were an independent predictor of future
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hospitalization and death (HR: 1.23, 95% confidence interval, CI: 1.22–1.24).

Readmission was significantly related to previous hospitalization (p<0.005; odds ratio,

OR: 4.27; 95% CI: 1.51–12.04) in the study by Almagro et al.(37) In a multivariate

model, Garcia-Aymerich et al.(38,39) observed that having had three or more COPD

admissions in the previous year was independently related to a higher risk of

readmission for a COPD exacerbation.  Similar findings were reported in another

retrospective study. Lau et al.(40) found previous hospital admission to be an

independent risk factor for a shorter time to first readmission after discharge.

3.2.2 Depression

Depression was also a factor for COPD readmission.  In a case-control study, Ito et

al.(41) investigated the effect of depression on HRQOL and found exacerbations and

hospitalizations were more frequent among COPD patients with depression than those

with sleep disorders alone or those without depression or sleep disorders. Moreover, the

presence of depressive symptoms was an independent predictor for subsequent COPD

exacerbations and hospitalizations.(42-44) Papaioannou et al.(42) similarly found that

depression in patients referred to early discharge services following AECOPD is an

independent risk factor for hospital readmission. However, three prospective studies

gave contrary results. They observed no significant association between depression

and rehospitalization in COPD patients. (45-57) Ng et al.(45) reported that depressed

patients had a significantly (P = 0.003) greater LOS during their index hospitalization

(5.4 days) than did nondepressed patients (3.9 days) with no difference in the number

of readmission between the two groups.
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3.2.3 Pulmonary Rehabilitation (PR)

Pulmonary Rehabilitation is an intervention that has been shown to be effective in

reducing all-cause readmission. In a case-control study examining the effectiveness of

outpatient post exacerbation pulmonary rehabilitation in COPD patients, Seymour et

al.(48) observed that in the 3 months following discharge, only 7% of patients in the

PEPR group were readmitted because of an exacerbation in comparison to 33% in the

usual care group. Likewise, following PR, a 46% reduction in the number of patients

admitted with a COPD  exacerbation was reported in a prospective study by Cecins et

al.(49) Moreover, Foglio et al.(50) found that hospital admissions and exacerbation

decreased significantly in COPD patients who underwent an outpatients PR program. A

recent systematic review and meta-analysis of 65 randomized controlled trials involving

3822 participants found that pulmonary rehabilitation relieves dyspnoea and fatigue and

improves emotional function, health-related quality of life, and exercise capacity in

COPD patients. (51)

3.2.4 Airway Infection

Wark et al.(52) showed that viral and bacterial coinfection is an independent predictor

for hospital readmission following COPD exacerbation. Renom et al.(53) found that

airway sterility was associated with a significant reduction in the number of hospital

admissions and that airway infection, especially by unusual pathogens, is a risk factor

for frequent hospitalizations. In a multivariate logistic regression of a retrospective study

conducted by Bahadori et al.(54), a history of a lung infection within the previous year

was found to be independently associated with frequent readmissions for an AECOPD.
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3.2.5 Lung Function

Four studies evaluated the effect of impaired lung function and have shown that lower

FEV1 was a risk factor for hospitalization in COPD patients. A lower level of percentage

of predicted FEV 1 has proved to be independently associated with admission for

COPD exacerbation in two studies conducted by Garcia-Aymerich et al.(38,39). A

similar association was also reported in other studies. (33,34,37,52) In contrast, a lack

of associations between predicted FEV1 and COPD exacerbations and admissions

have been reported in a number of studies. (54-56)

3.2.6 Asthma and COPD Overlap Syndrome (ACOS)

ACOS is a common condition that exists in a substantial proportion of subjects with

COPD and represents a distinct clinical phenotype with more frequent exacerbations,

hospitalization, worse health-related quality of life, and higher healthcare costs than

either disease alone.(57) We were able to publish a systematic review of this newly

defined syndrome. More about this subject in the next chapter.

3.2.7 Quality of Life and Physical Activity

Readmission was significantly related to poor health-related quality of life in the study by

Almagro et al.(58) Similarly, Gudmundsson et al.(59) found that the risk of readmission

was higher in COPD patients with low health and the risk significantly increased in the

presence of anxiety. In a prospective study by Garcia-Aymerich et al.(39), the

association between potential risk factors and readmission was examined. They have

found that a higher score of physical quality of life and the highest tertile of physical
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activity was related to a statistically significant reduction in the risk of readmission.

Similar results were observed in the study by Osman et al. (56)

3.2.8 Long Term Oxygen Therapy

LTOT is well established as a treatment that has been shown to improve survival in

COPD patients with hypoxemia. The effect on admission and readmission risk is still

controversial.(38, 54, 60-62) The severity of COPD could be the main factor behind the

differences in readmission rates. However, Turner et al. (61) found that readmission was

more likely in LTOT users (3.18 v 1.67 per patient, p < 0.001) after adjustment for FEV1

and age by multiple regression, indicating that LTOT is an independent predictor for

readmission. Likewise, a higher likelihood of being readmitted to the hospital was

significantly associated (OR 2.55; 95%CI 1.45 to 4.42; P=0.001) with preadmission

home oxygen use in COPD patients as reported by Bahadori et al. (54)

3.2.9 Statins

Findings from published observational studies suggest beneficial effects of statins in

COPD including a decrease in exacerbation, re-hospitalization, and mortality.(63-67)

Yet, results of the Prospective Randomized Placebo-Controlled Trial of Simvastatin in

the Prevention of COPD Exacerbations (STATCOPE)(68) refute the previous findings.

STATCOPE was the largest, prospective, randomized clinical trial designed to assess

the efficacy of simvastatin in preventing COPD exacerbations. Results of the trial

showed no difference in exacerbation rate, time to exacerbation, or mortality between

intervention and placebo groups.
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3.2.10 Hematocrit

A negative association between hematocrit and morbidity and mortality was observed in

the study by Chambellan et al.(69) Multivariate analysis found hematocrit to be an

independent predictor of survival and hospital admission rate and cumulative duration of

hospitalization in patients with severe COPD receiving LTOT.

3.2.11 Early follow-up visit

Sharma et al. (70) reported that an early follow-up visit with a patient's primary care

physician (PCP) significantly reduced the risk of an ER visit (hazard ratio [HR], 0.86;

95% CI, 0.83-0.90) and readmission (HR, 0.91; 95% CI, 0.87-0.96) within 30 days

following acute hospitalization.  a follow-up visit was associated with a protective effect

against emergency readmissions in the study by Sin et al.(71) The study showed that

follow-up visits were associated with a 23% reduction in the risk of emergency

readmissions. On the other hand, lack of follow-up is a significant factor in early

rehospitalization. Jenks et al.(72) found that 75% of patients readmitted within one

month have not seen their primary care provider after discharge.

3.2.12 Muscle Dysfunction

Muscle weakness was significantly associated with both current and past

hospitalizations in the study by Vilaró and colleagues(73). They found that patients with

a history of multiple admissions have increased global muscle weakness that markedly

increased with current acute exacerbations. Moreover, the number of admissions,

hospital days, outpatient visits, and the average daily dose of corticosteroids were
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higher in patients with muscle weakness in the study by Decramer et al. (74). In a

randomized controlled trial by Simpson et al. (75), weightlifting training improved muscle

strength, exercise endurance, dyspnea, and daily living activities. Therefore, it may not

be surprising to observe lower admissions and healthcare utilization in COPD patients

following pulmonary rehabilitation.

3.2.13 Quality of inpatient care

Early readmissions have been proposed as a potential indicator of hospital quality and a

tool for comparing performance across hospitals. Poor quality of inpatient care,

including inadequate discharge planning, were suggested as possible factors

influencing future readmissions. One of the main findings in the study by Bahadori et al.

(54) was that COPD patients readmitted to hospital were more likely to have shorter

LOS. The proposed explanation by the authors is that very short hospital admissions do

not allow for appropriate convalescence and full recovery, and shorter LOS was an

indication of premature discharge. As a result, patients were more likely to return to the

hospital. Moreover, they reported significant variability in the readmission rate among

the three hospitals included in the study that was inversely related to the rate of

systemic corticosteroid administration, and the differences in the standard of care may,

in part, be the explanation. In a case-control study of 2513 patients from 12 Veterans

Affairs hospitals, Ashton and colleagues (76) reported that 1 of 12 readmissions in

patients with obstructive lung disease was attributable to substandard care and that

lower quality of inpatient care increases the risk for unplanned early readmission by

55%. Gaps in the inpatient management of COPD exacerbations are significant and

common.(44, 76-78)
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3.2.14 Disease Management Programs

Although disease management programs incorporating interventions like patient

education, self-management, and follow-up visits have shown favorable and

encouraging results in chronic conditions such as heart failure, rheumatoid arthritis, and

diabetes mellitus(79,80), results of observational studies and RCTs of similar

interventional programs in COPD still indecisive.(80-86) The effect of a COPD-specific

educational intervention on the use of hospital services and health status among

patients with moderate to severe disease was evaluated in an RCT conducted by

Bourbeau and colleagues.(81) In comparison to usual care, disease-specific

self-management intervention was associated with a 39.8% reduction in

hospitalizations, a 57.1% reduction in admissions for other health-related problems, a

41.0% reduction in ED visits, and a 58.9% reduction in unscheduled physician visits in

the intervention group. Likewise, in another RCT by Rice et al.(82), disease

management programs reduced hospitalizations for cardiac or pulmonary conditions

other than COPD by 49%, hospitalizations for all causes by 28%, and ED visits for all

causes by 27% (P < 0.05 for all). In contrast, Fan et al.(83) reported that a

comprehensive care management program in patients with severe COPD had not

decreased COPD-related hospitalizations and was associated with unanticipated higher

mortality in an RCT comparing care management program with guideline-based usual

care. However, the limitations of the study cast some doubt on the results as it was

stopped prematurely and did not include comparative scores for body mass index and

exercise tolerance between the two groups.
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3.2.15 Other Factors

Other factors associated with increased risk of readmission in COPD patients include

coronary artery disease (40, 87), male gender (36, 88), receiving public assistance,

living in nursing homes (40, 88), other chronic respiratory diseases (36,39,54,57,61,62),

pulmonary hypertension (36,40) advanced age (36,34), hypercapnia (40,46),

inhaled/oral corticosteroids (39,40,44,89).
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CHAPTER 4: Asthma and COPD Overlap Syndrome

(ACOS)

4.1 Introduction

Asthma and Chronic Obstructive Pulmonary Disease (COPD) are major public health

problems. Asthma and COPD are typically characterized as different diseases with

unique epidemiological features as well as pathophysiological mechanisms. Asthma is

an allergic disease that often develops during childhood, although it can also be

diagnosed in adult life. It is characterized by airway hyper-responsiveness (AHR) that

leads to intermittent and usually reversible airway obstruction, whereas COPD is a

chronic respiratory disease that is typically linked to smoking tobacco, usually presents

in subjects older than forty years of age, and is characterized by progressive and

irreversible airway obstruction. (90,91) These definitions allow asthma and COPD to be

recognized as distinct disease entities. However, this concept needs to be re-evaluated

as many epidemiological studies have shown that asthma and COPD may coexist, or at

least one condition may evolve into the other, creating a condition commonly described

as Asthma and COPD Overlap Syndrome (ACOS). It is a syndrome in which older

adults with a significant smoking history have features of asthma in addition to their

COPD. (92) However, the exact definition of this syndrome remains ambiguous as it is

characterized by a functional and pathological overlap between asthma and COPD. (93)

In a recent document developed by the scientific committees of both the Global Initiative

for Asthma (GINA) and the Global Initiative for Chronic Obstructive Lung Disease
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(GOLD), ACOS was defined as a syndrome characterized by persistent airflow limitation

with several features usually associated with asthma and several features usually

associated with COPD. (94)This overlap makes the differentiation between COPD and

asthma with persistent airflow limitation difficult, especially in smokers and elderly

people. (92,95,96) The objectives of this systematic review were to evaluate the

prevalence of ACOS in COPD patients, to explore its main characteristics, and to

determine the association between ACOS and the outcomes: exacerbation,

hospitalization, health care utilization, and health-related quality of life.

4.2 Methods

4.2.1 Search Strategy

This systematic review was conducted according to the guidelines of the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement

(Appendix A). (97) A structured and comprehensive search of medical literature indexed

in the electronic PubMed, Embase, and Medline databases was conducted using a

detailed search strategy with a combination of free-text search terms and medical

subject headings. The search strategy was discussed and agreed upon by two authors

(Alshabanat A and JM. FitzGerald). The keywords search was conducted in April 2014

and updated in Feb 2015 (Appendix B).
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4.2.2 Review of studies

To determine study eligibility, the titles and abstracts of all search results were screened

in two stages by two reviewers (Alshabanat A and Albanyan O) using predefined

inclusion and exclusion criteria. Stage 1 involved reviewing all titles and abstracts to

determine whether to include or exclude them, and Stage 2 involved reviewing the full

text of the articles identified in Stage 1 to determine their eligibility for data extraction.

Additional studies were identified by searching reference lists from primary studies and

review articles.

Inclusion Criteria: included all published studies reporting incidence, prevalence, health

care utilization, morbidity, or mortality in COPD and asthma.

Exclusion Criteria: Articles were excluded if they met at least one of the following

exclusion criteria:

● excluded patients with COPD and/or asthma;

● did not report data on incidence, prevalence, health care utilization, morbidity, or

mortality of asthma and COPD;

● were conducted in a specific sub-population with diseases that increased risk of

respiratory disorders;

● were a commentary, an editorial, a case report, a letter.

● there were no published clinical trials in this population, and by default, this type

of study was also excluded;

● was a duplicate of an article that had been previously identified.
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4.2.3 Quality Assessment

Two independent reviewers (Alshabanat A and Dairi M) evaluated the quality of the

studies using the Newcastle-Ottawa scale (NOS). (98) Studies could be awarded a

maximum score of 9 points. Studies with scores of 5 points or more were considered to

be of moderate to good study quality. However, all studies were used for analysis,

irrespective of the NOS score. Any disagreements were resolved by consensus.

4.2.4 Data Extraction

Data extraction was performed independently by two authors (Alshabanat A. and

Albanyan O.) using a pre-standardized data extraction form. For each accepted

study(99-115), the following data, when available, were extracted: author, year of

publication, country, study design, study setting, objectives, sample size, inclusion and

exclusion criteria for participants, age range, and mean age of study subjects, gender,

smoking status (active, ex, and never smokers), diagnostic criteria, pulmonary function

tests, use of medications, health care utilization, and a number of cases (COPD alone,

and overlap). Specific attention was given to the definition of the diagnosis of COPD

and asthma. Any discrepancies were resolved by iteration and consensus. If essential

data were lacking in the original studies, their authors were contacted.

Definition of the outcomes. Since ACOS does not yet have well-defined diagnostic

criteria, we have adopted the definitions used in several epidemiological studies and
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reviews.(94, 96,105,108) We defined the overlap phenotype as any COPD patient with

at least one or more of the following findings:

● Physician diagnosed asthma or self-reported physician diagnosis of asthma

● Reversibility testing (≥ 12% and at least 200ml change in FEV1 from baseline).

● Peak Expiratory Flow (PEF) variability (≥ 20% change in PEF).

● Airway hyper-responsiveness to methacholine or histamine.

However, to avoid overestimation, we deliberately restricted the meta-analysis to

studies where COPD has been defined based on post-bronchodilator (BD) spirometric

criteria.

4.2.5 Statistical analysis

We pooled the prevalence of overlap among COPD patients using random effects

models in the statistical platform R 3.1.0 [REF]. A Forest plot was used to represent the

details of each study. In addition, in separate meta-analyses, we pooled the difference in

the prevalence of overlap in males versus females.

4.3 Results
The search resulted in 8,962 publications derived from PubMed, 4,737 publications from

Embase and Medline, and 4 studies from reference lists. After title and abstract review,

13,170 studies were excluded. Of 533 studies meeting the initial inclusion criteria, 17
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were accepted for data extraction. A detailed diagram of the review process is

presented in Fig 1.

Fig 4.1. Review process (PRISMA Flow Diagram): details of the review process.

4.3.1 Study Characteristics

Of the 17 included studies, 12 were cross-sectional, and 5 were cohort studies. Based

on the study setting, 10 studies were population-based, and the other seven were

hospital-based. The characteristics of the selected studies are summarized in Table 1.
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Table 4.1. Characteristics of included studies.
Study Study

Center
Sample
Size

Age Diagnosis Method Diagnosis Method Result Result NOS
Asthma COPD COPD only ACOS

Shirtcliffe et
al. l (2010)

(99)

New
Zealand

749 25-75 1. Reversibility test (+ve if ≥
12%/200ml change in FEV1), Or
2. Peak Expiratory Flow (PEF)

variability (+ve if ≥ 20% change in
FEV1), Or 3. Physician

Diagnosed Asthma +Current
symptoms, Or 4. Physician

Diagnosed Asthma + inhaler use
in the preceding 12 months

Post bronchodilator
spirometry (FEV1/FVC
<0·70(

51 65 7

Menezes et
al. (2013).

(100)

Brazil, Chile,
Mexico,
Uruguay,

Venezuela
(PLATINO)

5,044 ≤40 1. Wheezing in the last 12
months + post-BD increase in

FEV1 or FVC of 200 ml and 12%,
Or 2. Self-reported prior

diagnosis of asthma.

1.Post bronchodilator
spirometry (FEV1/FVC
<0·70), OR 2. Lower limit
of normality (defined as
the lower 5th percentile
for predicted post-BD
FEV1/FEV and

FEV1/FVC.(

594 89 6

Marsh et al.
(2008) (101)

New
Zealand

469 65.4
)6.3(

1. FEV1 bronchodilator
reversibility ≥15%, Or 2. Had

peak flow variability ≥20%, Or 3.
Had a physician’s diagnosis of
asthma and (current symptoms

and/or inhaler use).

Post bronchodilator
spirometry (FEV1/FVC
<0·70(

43 53 5

Kauppi et al.
(2011) (102)

Finland 1,546 56)12( Based on the British Guidelines
on Asthma Management with one
or more of the following findings:
a post bronchodilator increase in
FEV1 of ≥12%, a bronchodilator

response of ≥15% or diurnal
variation of ≥20% in PEF

recording, moderate to severe
bronchial hyper-reactivity, or a

decrease in FEV1 of ≥15% in the
exercise test.

Post bronchodilator
spirometry (FEV1/FVC <
0.70 OR FEV1/FVC <
88% of predicted
reference value(

237 225 7

Hardin et al.
(2011)(103)

USA 915 45-80 Self Reported Physician
Diagnosis of Asthma prior to the

age of 40

Post bronchodilator
spirometry (FEV1/FVC
< 0.7 and FEV1 < 80%
predicted)

796 119 5

Alonso et al.
(2013) (104)

Spain 331 =<40 Physician Diagnosed Asthma
before age 40

Post bronchodilator
spirometry (FEV1/FVC

<0·70)

291 40 5

Johannesse
n et al. (2005)

(105)

Norway 908 41)15( Self Reported Physician
Diagnosis of Asthma

Post bronchodilator
spirometry (FEV1/FVC

<0·70)

30 10 6

Danielsson
et al. (2010)

(106)

Sweden 548 ≤40 Physician Diagnosed Asthma Post bronchodilator
spirometry (FEV1/FVC

<0·70)

70 16 7
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Study Study
Center

Sample
Size

Age Diagnosis Method Diagnosis Method Result Result NOS
Asthma COPD COPD only ACOS

Methvin et al.
(2008) (107)

USA 508 ≤40 Self Reported Physician
Diagnosis of Asthma

Post bronchodilator
spirometry (FEV1/FVC

<0·70)

72 28 5

Miravitlles et
al. (2013)

(108)

Spain 3,885 40-80 Self Reported Physician
Diagnosis of Asthma

Post bronchodilator
spirometry (FEV1/FVC

<0·70)

318 67 5

Zhou et al.
(2009) (109)

China
(CESCOPD)

20,245 ≤40 Physician Diagnosed Asthma Post bronchodilator
spirometry (FEV1/FVC

<0·70)

1477 191 5

Kotaniem et
al. (2005)

(110)

Finland 683 21-70 Based on the following criteria:
(self-reported asthma or had a

positive skin-prick test) and (had
reported attacks of respiratory

obstruction or wheezing).

Post bronchodilator
spirometry (FEV1/FVC

<0·70)

52 12 6

Fabrri et al.
(2002) (111)

Italy 46 ≤30 Physician Diagnosed Asthma Post bronchodilator
spirometry (FEV1/FVC

<0·70)

27 19 6

Rhee et a.l
(2013) (112)

Korea 185,147 <40 1. ICD-10 codes for asthma
(J45.x- J46), 2. Use of more than

one drug for asthma at least
twice per year (LAMA, LABA,

ICS, ICS+LABA, SAMA, SABA,
theophylline, LTRA, systemic

corticosteroids, or systemic beta
agonist).

1. Age greater than 40
years, 2) ICD-10 codes
for COPD or
emphysema
(J42.x–J44.x, except
J430), 3. Use of more
than one drug for
COPD at least twice
per year (LAMA, LABA,
ICS, LABA+ICS,
SAMA, SABA, or
Theophylline).

84143 101004 6

Blanchette et
al. (2008)

(113)

USA 8,086 ≤40 1. Age greater than 40 years, and
2. Have at least 1 medical claim

with an ICD-9-CM code for
COPD and at least 1 medical

claim for asthma (493.0x, 493.1x,
493.8x, 493.9x) during the

identification period and 3. Either
(at least 1 additional claim with

an ICD-9-CM code for COPD and
asthma (493.2x) OR at least 1

additional medical claim for
COPD and at least 1 additional

claims for asthma within the
observation period).

1.age greater than 40
years, AND 2. ICD-9
codes for COPD (491.xx
for chronic bronchitis,
492.xx for emphysema,
or 496.xx for chronic
airway obstruction not
classified elsewhere),
AND 3. Have at least 1
additional medical claim
with an ICD-9-CM code
for COPD during the
24-month observation
period.

6243 1843 6

De Marco et
al. (2010)

(114)

Italy 8360 20-84 The GEIRD Screening
Questionnaire

(Physician Diagnosed)

The GEIRD Screening
Questionnaire
(Physician Diagnosed(

431 175 5

Shaya et al.
(2008) (115)

USA 9131 ≤40 1. Age 40 to 64 years, AND 2. At
least 1 claim with ICD-9 code for
Asthma (493.xx) in the primary,
secondary, or tertiary diagnosis

field.

1.Age 40 to 64 years,
AND 2. At least 1 claim
with ICD-9 codes for
COPD (491.xx, 492.xx,

496.xx.(

3455 2604 6

Abbreviations and definitions: COPD = chronic obstructive pulmonary disease; FEV1 = forced expiratory volume in 1

second; FVC = forced vital capacity, ICD: International Classification of Diseases.
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4.3.2 Quality Assessment

All included studies were assessed using the adjusted NOS scale. Scores for the

included studies ranged from 5 to 7, with a median of 6 points. Most studies matched or

adjusted for some potential confounders, including age, gender, and smoking status.

4.3.3 Prevalence

Few studies have attempted to quantify the prevalence of ACOS, and prevalence rates

between 15 and 55% have been reported among COPD patients. [92,101-103].

One of the objectives of this study was to estimate the prevalence of this overlap

phenotype in COPD patients. Only 13 studies used post-BD values for COPD

diagnosis. Data from these 13 studies were pooled using a random effects model, Figs

2 and 3. Pooled prevalence of overlap was 27% (95% CI: 0.16-0.38, p<0.0001) and

28% (95% CI: 0.09-0.47, p=0.0032) in population and hospital-based studies

respectively.
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Fig 4.2. Forest Plot: polled prevalence of overlap among COPD patients in
population-based studies. Study 1=Shirtcliffe et al. (99), study 2=Menezes et al. (100),
study 3=Marsh et al. (101), study 4=Johannessen et al. (105), study 5=Danielsson et al.
(106), study 6=Methvin et al. (107), study 7=Miravitlles et al. (108), study 8=Y.
Zhou+CESCOPD et al. (109), study 9=Jyrki-Tapani al. (110)

Fig 4.3. Forest Plot: polled prevalence of overlap among COPD patients in
hospital-based studies. Study 1=Kauppi et al. (102), study 2=Hardin et al. (103), study
3= Alonso JL et al. (104), study 4=Fabbri et al. (111)
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4.3.4 Age and Gender

The age of COPD and ACOS patients was reported in seven studies (100,102,103,108,

111-113). All studies reported that ACOS subjects were younger than patients with only

COPD, and this was statistically significant in five studies. Only two studies reported

that ACOS patients were significantly older than patients with asthma alone, with a

mean (SD) age (in years) of 60.4 (11.3) and 61 (7) Vs. 54.9 (10.9) and 53 (13)

(p<0.001) (100,102).

Five studies reported the gender of ACOS and COPD patients (100,102,103,108,111).

Our subgroup analysis showed that the difference in the prevalence of ACOS among

COPD patients for males versus females was -0.085 (95% CI: -0.178-0.008, p=0.073).

4.3.5 Healthcare Utilization and Cost

Five studies reported that patients with ACOS had more frequent exacerbations,

hospitalizations, and emergency department visits in comparison to patients with COPD

alone.  In a study evaluating the PLATINO population, Menezes et al. (100) reported

that ACOS was associated with higher risks for exacerbations (Prevalence Ratio (PR):

2.11; 95%CI 1.08 - 4.12), hospitalizations (PR 4.11; 95%CI 1.45 - 11.67), worse general

health status (PR 1.47; 95%CI 1.18-1.85), compared to those with COPD alone.

Moreover, Hardin et al. (103) also reported that ACOS patients were more likely to have

had a severe COPD exacerbation in the past year and were more likely to experience

frequent exacerbations (OR 3.55, CI: 2.19 - 5.75, p < 0.0001). Rhee et al. (112) reported

that the percentages of emergency department visits, hospital admissions, and
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intensive care unit admissions were significantly higher among the ACOS patients

compared to the COPD alone group (14.6%, 30.5%, and 0.5%, versus 5.0%, 14.1%,

and 0.2%, p < 0.001). Other studies also observed similar significant findings (107,

112-114]. In contrast, Alonso et al. (104) observed no significant differences between

ACOS and other COPD phenotypes in terms of exacerbations, ED visits, or hospital

admissions. However, the later study divided COPD patients into three different

phenotypes using predefined and modified classification criteria, which could explain the

contrary findings.

Three studies compared the health care cost of ACOS and COPD subjects. The studies

by Rhee et al.[112] and Shaya et al.[115] found that the total cost of all medical

utilization of ACOS patients was 60% higher compared to COPD alone patients (p <

0.001). More importantly, they also reported that ACOS patients had higher costs in

terms of inpatient and outpatient services (p < 0.001). ACOS was also significantly and

independently associated with higher cost and utilization in a multivariate model (112).

In addition, Blanchette et al.[113] reported that ACOS patients had higher adjusted

respiratory-related total health care costs by 37.1% (P < 0.001). In comparison to

patients with asthma alone, Shaya et al.[115] reported that ACOS patients cost five

times (OR, 5.25; 95% CI, 4.59 to 6.02) more for total medical services. However, the

study by Shaya et al.(115) has certain limitations as it was confined to low-income

populations and female subjects.
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4.3.6 Health-Related Quality of Life (HRQoL)

Three studies reported the findings using Airway Questionnaire 20 (AQ20) and St.

George’s Respiratory Questionnaire (SGRQ) (higher score means lower quality of life).

In a logistic regression model, with the asthma group as a reference, Kauppi et al.[102]

reported that both the ACOS and the COPD group had low HRQoL (OR, 1.93; 95% CI:

1.16-3.2; and OR: 1.8; 95% CI: 1.0- 3.2; respectively), but the quality of life of ACOS

subjects was lower than COPD patients as reflected by the significantly higher AQ20

summary score (8.8 at the 1-year follow-up Vs. 7.4, p ≤ 0.05). The studies by Hardin et

al.[103] and Miravitlles et al.[108] have observed similar findings and reported a

significantly lower HRQoL in subjects with ACOS, as measured by SGRQ.

In relation to Body Mass Index (BMI), the previous three studies in addition to Menezes

et al.[100] have reported that patients with overlap had higher mean BMI than patients

with COPD only, and this was statistically significant in two studies[101,108].

4.3.7 Medications Used

Rhee et al. (112) reported that inhaled corticosteroids (ICS), ICS plus long-acting beta-2

agonist (LABA), long-acting muscarinic antagonist (LAMA), leukotriene receptor

antagonists (LTRA), oral corticosteroids (OCS), short-acting muscarinic antagonist

(SAMA), short-acting beta-2 agonist (SABA), SAMA plus SABA, systemic beta agonists

and theophylline were used more frequently in ACOS than in the COPD alone group (p

< 0.001). Likewise, Alonso et al. [104] found that the use of the fixed-dose combination
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of LABA and ICS was significantly higher in ACOS than in the pure  COPD phenotype

(p <0.05).

4.3.8 Smoking status

The smoking status of participants was reported in 5 studies (100,102,103,108,111).

Four studies found no significant differences between the two groups in terms of being

an active, ex, or never smoker. However, subjects with ACOS had fewer pack-years of

smoking, with three studies reporting a significantly (p<0.005) lower lifetime smoking

history in individuals with ACOS (102,103,108).

4.3.9 Pulmonary function, 6-minute walking distance, and imaging

Several studies compared lung function between COPD and ACOS subjects

(101,102,103,108, 111), with pre and post-bronchodilator results included in only 4

studies. There was a wide variation in the lung function results reported. Menezes et

al.(100) and Miravitlles et al.(108) observed that patients with ACOS had the lowest

values for several lung function parameters, while Kauppi et al.(102) and Fabbri et

al.(111) found better pulmonary function in ACOS patients. However, all the reported

differences between the two groups were not statistically significant.
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The 6mWD of ACOS subjects was reported in two studies (103, 108) and compared the

walk distance of COPD and ACOS subjects but did not find any significant difference

between the two groups.

Only two studies reported CT findings of overlap patients. Hardin et al.(103) reported

that subjects with asthma and ACOS demonstrated greater gas trapping on chest CT

compared to patients with only COPD with no difference in CT measurements of

emphysema or airway wall thickness. Fabbri et al. (111) observed higher diffusing

capacity, PaO2, and lower emphysema score in asthmatics with fixed airflow

obstruction. Both studies suggest that airway inflammation rather than parenchymal

destruction is the major determinant in the decrease in pulmonary function in subjects

with overlap.

4.4 Discussion

The present systematic review provides the first quantitative summary of the world

literature on ACOS. The aim of this review was to expand the understanding of the

overlap between asthma and COPD by quantifying the prevalence and exploring the

main characteristics of this overlap.

Subjects with ACOS represent a large proportion of COPD patients (~27%), and they

form a distinct clinical phenotype with unique characteristics in comparison to patients

with only COPD. These subjects are more likely to be younger, have less smoking
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history, with a high BMI, but exhibit a similar degree of severity in terms of spirometry

and the 6-minute walking distance. In addition, subjects with ACOS were more likely to

have frequent and severe respiratory exacerbations than those with either disease

alone. However, the clinical distinction between the two obstructive diseases was not

always clear.

The results of our review and meta-analysis confirm and extend this syndrome's

complexity as it proves that patients with ACOS share the same demographic features

and exhibit similar patterns on pulmonary function tests as patients with only COPD.

More importantly, it indicates that the distinction between these two diseases cannot be

based simply on spirometry testing, with or without bronchodilator response. As a result,

GINA and GOLD, in a combined statement, have recently published guidelines to assist

clinicians in identifying patients with chronic airflow limitations, distinguishing subjects

with asthma from COPD and ACOS, and deciding on initial treatment and/or need for

referral. (104) In the absence of controlled trials, recommendations can only be based

on consensus, but it's clear that subjects with an asthma component should not be

treated without inhaled corticosteroids.

ACOS appears to share many of the same disease risk factors as that of COPD. These

risk factors include smoking, advancing age, and a history of asthma. The study by de

Marco et al.(114) found that the prevalence of ACOS significantly increased with age

(p<0.001). Similarly, in a logistic regression model of ACOS, Fu et al. (116) found that

age was significantly associated with this specific phenotype (p=0.012).

Several studies reported that asthma is a significant risk factor for the future

development of COPD (99,109,117,118-124), of which three studies investigated risks in
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non-smoking COPD patients and found that asthma was an independent risk factor

(120-122).

Data on the association of asthma duration and activity with the risk of COPD have

been reported in many studies. Compared with those with a prior history of asthma,

Gershon et al.(123) found that subjects with current asthma were more likely to have

COPD (p<0.001). The study by Shahab et al. (118) and Bridevaux et al.(119) reported

the more severe the COPD, the more likely people were to volunteer a diagnosis of

asthma (p<0.02). Moreover, Shirtcliffe et al.(99) reported that childhood asthma was the

strongest predictor of GOLD-defined COPD, with a comparison of odds ratios showing

that this was equivalent to adding about 20 years to lung age or about 60 pack years of

smoking.

The increase in exacerbation and hospitalization rates and the poor quality of life could

be explained by the presence of more co-morbidities in ACOS patients. Many studies

have found that ACOS patients were more likely to have more comorbidities in

comparison to patients with only COPD. The studies by Miravitlles et al. (108) and

Blanchette et al.(113) reported a significantly higher mean Charlson Comorbidity Index

(CCI) (p<0.001). Similarly, increased comorbidity was more frequently seen in the group

with ACOS, as reported by Rhee et al.(112). In contrast, Kauppi et al.(102) and

Andersén et al.(125) did not report more comorbidity in overlap patients, despite having

a lower quality of life and higher hospitalization rate than patients with only COPD.

Previous studies have shown that individuals with concomitant diagnoses of COPD and

asthma incur higher health care costs and utilize more health care services, and
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postulated that increased morbidity may have contributed to the greater utilization of the

medical services in overlap patients (112, 114, 115).

Considering their clinical characteristics, finding increased mortality in patients with

ACOS may not be surprising. However, we found contradictory results with regard to

mortality in ACOS. Diaz-Guzman et al.(126) reported that patients with ACOS had a

higher risk of death during follow-up (adjusted Hazard Ratio [HR] 1.45, 95% CI 1.06,

1.98). Meyer et al.(127) found adults dying with COPD were more likely than those

dying without COPD to have a history of asthma (OR, 5.0; 95% CI, 3.2 to 7.8).

Furthermore, Panizza et al.(128) reported chronic airflow obstruction in asthmatics is

associated with an increased risk of mortality. On the other hand, several studies have

found that a concomitant diagnosis of asthma had a protective mortality effect among

patients with COPD. Lundbäck et al. (129) reported a longitudinal study of patients with

COPD and found the mortality among subjects with concomitant asthma was

significantly lower over 20 years of follow-up. The study by Mapel et al.(130) used

longitudinally collected data to examine the relationship between two different

pharmacological regimens and survival in COPD patients. They reported that a history

of asthma was associated with reduced mortality. In addition, Soriano et al.(131)

described greater survival rates in the subgroups of COPD patients with concomitant

asthma. However, the latter study has certain limitations as it had short follow-up period

(3 years).

Alonso et al.(104) and Rhee et al.(112) were the first studies to compare medication

patterns between COPD and ACOS subjects. They reported that ICS+LABA and LTRA

were used much more frequently in the ACOS subjects. The prescription pattern
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observed in the overlap syndrome was not surprising for two reasons. Firstly, especially

in primary care, the differentiation between COPD and ACOS will not be easy, and

many patients with a suggestion of asthma in the past will have a tendency to have

asthma-like therapy. Secondly, patients with overlap syndrome have more severe

disease, as evidenced by greater health care utilization, which would cause physicians

to incrementally increase the intensity of treatment.

Currently, there are no randomized clinical trial data to help guide therapeutic

interventions in ACOS. This can be attributed to the fact that concomitant diagnosis of

asthma and COPD is an exclusionary criterion in most if not all clinical trials. However,

several studies have proposed management suggestions. Martinez et al.(132) has

recommended treatment with a combination of ICS/LABA, with or without a long-acting

anticholinergic agent. A similar suggestion was also proposed by Miravitlles et al.(133).

They reported that the overlap COPD-asthma phenotype is associated with enhanced

response to inhaled corticosteroids due to the predominance of eosinophilic bronchial

inflammation. Therefore, they suggest the prescription of inhaled corticosteroids

together with long-acting bronchodilators irrespective of the severity of the airflow

obstruction. Moreover, the GINA/GOLD joint document (94) recommends that if the

syndromic assessment suggests asthma or ACOS, or there is significant uncertainty

about the diagnosis of COPD, it is prudent to start treatment as for asthma until further

investigation has been performed to confirm or refute this initial assessment, and the

treatment regimen should be a combination of ICS and LABA. Surprisingly, only one

study aimed at establishing the efficacy of ICS treatment in the overlap phenotype. The

findings by Lim et al.(134) contradict the current recommendations. They observed no

35



beneficial effect of ICS on the annual rate of decline in FEV1, incidence rates of severe

exacerbation, or overall mortality in ACOS patients. There are, however, some

limitations to the previous study as it was a retrospective observational study with small

sample size.

In another treatment study, Magnussen et al.(135) conducted a randomized,

double-blind, placebo-controlled parallel group study with tiotropium for 12 weeks in

patients with ACOS, and significant differences were observed. At 12th week, tiotropium

improved the primary endpoint FEV1 area under the curve (AUC) from 0 to 6 h

(difference = 186 ± 24 ml, p<0.001) and for morning pre-dose FEV1 (difference = 987 ±

23 ml, p<0.001). Moreover, the mean weekly number of daily puffs of PRN salbutamol

was reduced by 0.50 ± 0.12 puffs/day in the tiotropium group (p<0.05). Given the now

clear evidence for the efficacy of tiotropium in both asthma and COPD, these results are

not surprising.

4.4.1 Strengths and limitations

There are certain limitations in our study. Firstly, although clinicians evaluated disease

status in the majority of studies, objective measures and the absence of standardized

diagnostic criteria for asthma diagnosis cast some doubt on the validity of the diagnosis.

Secondly, we included studies that used different diagnostic criteria for ACOS. However,

we believe it is defendable since there are no universally recognized criteria for
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diagnosing this syndrome. The strength of this study is that we have comprehensively

collated the currently available literature on this rapidly emerging issue of major

importance in the management of airways diseases.

4.5 Conclusion

In summary, the findings of our review demonstrate the significant clinical impact and

economic burden posed by ACOS and emphasize the need for clear diagnostic criteria

and prospective validation within parallel studies to define the optimal and cost-effective

management strategies for subjects with ACOS.
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CHAPTER 5: Impact of a Chronic Obstructive Lung

Disease (COPD) Comprehensive Case Program on

Hospital Readmission Rates

5.1 Introduction

COPD is a leading cause of morbidity and mortality worldwide and the third leading

cause of death in the United States. COPD results in an economic and social burden

that is both substantial and increasing.(136,137)  A recent report from the Canadian

Institute for Health Information (CIHI) showed that COPD  is the number one cause of

hospital admission in Canada.(138) Acute exacerbations of COPD (AECOPD) are the

number one cause of hospital admission and readmission and are associated with an

impaired health-related quality of life (HRQL), high health-care utilization, and worse

prognosis.(139-141) Hospitalizations due to COPD exacerbations account for a major

portion of the economic costs of this disease. (142) We have previously shown in an

audit (143) of the inpatient management of COPD at Vancouver General Hospital that

there were significant care gaps, particularly with discharge planning and appropriate

maintenance treatment for these patients. There was also a lack of follow-up within the

community and poor adherence with regards to prescribed medications. As a result, a

special COPD case management program was implemented, consisting of teams

recruited to identify, follow, and develop comprehensive care plans for all COPD

patients admitted to Vancouver’s main hospitals. The objective of the present study was

to retrospectively analyze a cohort of COPD patients and compare outcomes during the
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year prior to the program (April 1, 2011 – March 31, 2012) with those during the two

years of the program (April 1, 2012 – March 31, 2014).  The specific objectives were to

determine if the implementation of a COPD comprehensive case management program

(CCMP) for a patient with COPD is associated with a reduced rate of readmission and

shorter length of stay for any subsequent admission, as well as to identify potential

factors contributing to unplanned readmission despite the implementation of this case

management program.

5.2 Materials and Methodology

5.2.1 Design and Subjects

This was a retrospective study of all COPD patients admitted to five hospitals in

Vancouver, Canada, between April 1, 2011, and March 31, 2014. Consecutive patients

from each of the participating hospitals were identified by a case management team

consisting of a respiratory therapist, a nurse, and a nurse practitioner. These teams

were based at five hospitals, including two large academic teaching hospitals and three

community hospitals. All subjects had a previous diagnosis of COPD by a respiratory

physician. The study protocol was approved by the ethics committees of the

participating hospitals and the University of British Columbia’s Clinical Ethics

Committee. All identified patients were followed up in the community for up to ninety

days, provided with appropriate action plans, had their immunization status reviewed,

and referred for pulmonary rehabilitation or specialist respiratory consultations if

indicated. Subjects were encouraged to obtain spirometry and received ongoing
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community-based education. COPD teams proactively informed primary care physicians

regarding the disposition of their patients.

We collected data relating to patient demographics, dates of hospital admission,

discharge, readmission, and ED visits, as well as data related to the ength of

hospitalization, comorbidities, most responsible doctor service, consultation services,

and resource intensity weight (RIW). Patients’ outcomes during the program period

were compared to those during the year prior to the program being initiated.

5.2.2 Statistical Analysis

5.2.2.1 Outcome Variables

The main outcome variables were the rate of hospital readmissions for COPD

exacerbation and the length of stay during the two-year period of program

implementation (fiscal years 2012/13-2013/14) compared to the year prior to the

program (fiscal year 2011/12).

5.2.2.2 Descriptive Analysis

All hospital visits among our patient cohort were identified from available inpatient and

emergency department (ED) data across the five hospitals during April 2011-March

2014.  Given that the case management program was not implemented at the same

time in all facilities (start dates varied between September 2011 and February 2012), we

identified for each hospital a ‘pre-program’ period and matched ‘program year 1’ and

‘program year 2’ periods of equal length. For a facility beginning program delivery on

February 1, 2012, for example, the pre-program, year 1 and year 2 periods were
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defined as April 2011-January 2012, April 2012-January 2013, and April 2013-January

2014, respectively.  In this way, each period for a facility was comparable both in terms

of duration and time of the year.  These three periods were used to calculate and

compare basic descriptive statistics on the numbers and proportions of patients and

admissions, and on the lengths of stay, before and after implementation of the program.

Our analyses focus on inpatient visits with a primary diagnosis of COPD (ICD-10 codes

J440, J441, J448, and J449), although we also consider patterns in all-cause

admissions as well as in ED visits (where discharge diagnosis contained the phrase

‘chronic obstructive’).

5.2.2.3 Inferential Analysis

Recurrent events regression modeling was used to assess changes in readmission

rates in relation to the program (144).  For this analysis, each patient’s earliest hospital

admission for COPD in our dataset was used as the starting point (time=0), or ‘index

admission’, for tracking through the entire study period. Time-at-risk (days) was

accumulated for each patient using their discharge-to-readmission intervals (i.e., not

including duration of hospital stays) starting from the discharge date of their index

admission.  The final at-risk interval for each individual runs from their last documented

discharge to the end of the study (March 31, 2014), with individuals being censored

after their last discharge. Time-at-risk was calculated for all-cause readmissions and

readmissions with a primary diagnosis of COPD only.  The model analyzed readmission

rates for patients according to their index admission (before program implementation,

during year 1 of program delivery, or beyond year 1) and included as covariates gender,
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hospital, age, number of previous readmissions (1, 2, 3, 4, 5, >5), fiscal year and

resource intensity weight (RIW, a relative measure of a patient’s total resource use,

used here as a proxy for severity of illness) (145). This ‘counting process’ model, an

extension of the Cox regression model, estimates hazard ratios and cumulative mean

readmissions by index COPD period adjusted for covariates (146). Standard errors

were calculated using the robust sandwich variance estimator to account for the

non-independence of multiple readmissions by a single individual. Linear regression

modeling was used to compare the average length of stay (LOS) for COPD

readmissions in relation to the program. Log-transformed LOS was regressed against

covariates age, gender, hospital, RIW, and fiscal year and the best fit model were

selected using backward stepwise elimination of non-significant interaction terms. The

non-independence of observations on individuals was accounted for using GEE model

fitting.

5.3 Results

In total, 1564 unique individuals were identified in our dataset.  Across a total of 3856

admissions, 99.1% were from five included hospitals, and individual patients (N=4) and

admissions (N=33) not related to these five facilities were excluded from further

analyses (Table 1). Overall, 54.4% of patients were male, and the average age (±SD)

was 72.9 (±12.5) years for males and 75.0 (±11.8) years for females. Roughly half of the

patients (49.3%, N=769/1960) were readmitted at some point during the study period

(all causes, inpatient only), with COPD being the primary diagnosis in 67.5% (N=519) of

readmitted cases. The overall proportion of patients readmitted or had an ED visit was
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59.6% (N=930). Over the three years of the study, the average age and sex ratio

remained roughly constant.

Below we describe general patterns in the rates, numbers, and intervals of

readmissions among patients in the COPD cohort, followed by regression modeling to

assess the impact of the case management program.

Table 5.1. Summary of patients and admissions during the study period (inpatients only,
all-cause admissions).

Pre-program Program Year 1 Program Year 2

Patients, n 594 485 468

Male sex, n (%) 325 (54.7%) 283 (58.4%) 266 (56.8%)

Age, years (mean ± SD) 74.1 ± 12.5 72.8 ± 12.4 72.1 ± 12.1

Inpatient admissions, n 980 857 882

Readmissions, n (%)

0 392 (66.0%) 344 (55.9) 320 (53.8)

1 117 (19.7%) 141 (22.9) 147 (24.7)

2 45 (7.6%) 71 (11.5) 53 (8.9)

≥3 40 (6.7%) 59 (9.6) 75 (12.6)

5.3.1 Readmission Rate

Progressively fewer COPD patients and admissions were observed over the three years

of study. The greatest decline occurred in the first year following the implementation of

the case management program, with 18% fewer patients and 13% fewer admissions

compared to the year prior to the program. Moreover, in the year preceding the

program, approximately 78% of all admissions in the cohort were COPD-related,

whereas this declined to 63% by the second year of the program (Table 2). In addition to
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declining numbers of COPD patients following the implementation of the program, the

proportion of patients readmitted within 90 days of their index COPD admission also

declined, both for all-cause readmissions (from 34.6% to 21.8% to 20.5%) and for

COPD-related readmissions (from 28.4% to 14.0% to 11.4%). Similar patterns as above

were observed when inpatient and ED visits were combined (Table 3).

Table 5.2. Admission rates for the COPD cohort by fiscal year, inpatient only.

Fiscal year

Total patients

admitted

Patients admitted with

primary Dx COPD Total admissions

Admissions with

primary Dx COPD (%)

2011/12 807 802 1438 1119 (77.8%)

2012/13 615 564 1193 861 (72.2%)

2013/14 595 490 1225 774 (63.2%)

Table 5.3. Admission rates for the COPD cohort by fiscal year, inpatient and ED visits.

Fiscal year

Total patients

admitted

Patients admitted with

primary Dx COPD

Total admissions

and ED visits

Admissions and ED

visits with

Primary Dx COPD (%)

2011/12 809 803 1991 1216 (61.1%)

2012/13 650 586 1945 1029 (52.9%)

2013/14 670 526 2332 1044 (44.8%)

The distributions of number of readmissions within 90 days were significantly different

before and after implementation of the program (Figure 1), both for all-cause

admissions (K-S test, D = 0.14, P < 0.01) and COPD admissions only (K-S test, D =

0.16, P < 0.01). The most striking change was the increased proportion of patients not

readmitted within 90 days, which rose from roughly 65% prior to the program to 80%

after the program (all causes).
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Figure 5.1. Distribution of numbers of readmissions (all causes and COPD only) within 90 days

for patients with an index COPD admission prior to or during years 1 and 2 of the program.
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5.3.2 Readmission times and intervals

Considering patients with at least one readmission, the median time to readmission for

all causes increased from 33 days for patients admitted prior to the program to 40 days

for patients admitted during year 1 of the program. Similarly, the median time to

readmission for COPD increased from 41.5 days for patients admitted prior to the

program to 55 days for patients admitted during year 1 of the program. Note, patients

admitted during year 2 of the program are not included here due to incomplete follow-up

(less than 1 year) for some individuals.

5.3.3 Regression analyses of readmission rates

5.3.3.1 All causes

Recurrent events regression modeling showed that readmission rates for all causes

were lower among patients admitted in years of program delivery (Figure 3) compared

to patients admitted prior to program implementation (Program Year effect, P < 0.001;

Table 4). Hazard ratios for the probability of readmission were 0.55 (program year 1)

and 0.51 (program year 2) relative to the year prior to the program (Table 5). The

probability of readmission increased with the number of previous admissions (hazard

ratio 2.61 to 23.97), and there were significant differences between facilities, fiscal

years, and RIW, but not by age or between males and females (Table 4; Table 5).
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Figure 5.2.  Mean cumulative number of all-cause readmissions relative to days since index

COPD admission (inpatients only), based on the Cox regression model.  Solid lines represent

cohort means and coloured bands represent 95% confidence intervals. Red = pre-program;

green = program year 1; blue = program year 2.

Table 5.4. Cox regression model statistics for all-cause readmissions.

Effect DF Chi-Square P-value

Gender 1 0.034 0.854

Facility 4 27.312 <0.001

Age 1 3.146 0.076

Program Year 2 32.830 <0.001

Fiscal Year 2 67.356 <0.001

Readmissions 6 1088.647 <0.001

Resource Intensity Wt. 1 14.765 <0.001
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Table 5.5. Parameter estimates from Cox regression model for all-cause readmissions.

Parameter Estimate SE Chi-Square P-value Hazard ratio

Gender Male -0.011 0.061 0.034 0.854 0.989

Facility LGH -0.092 0.077 1.436 0.231 0.912

Facility MSJ -0.250 0.094 7.009 0.008 0.779

Facility RHS -0.171 0.078 4.788 0.029 0.843

Facility SPH 0.152 0.075 4.131 0.042 1.164

Age -0.005 0.003 3.146 0.076 0.995

Program Year 1 -0.602 0.105 32.809 <0.001 0.548

Program Year 2 -0.683 0.154 19.571 <0.001 0.505

Fiscal Year 2012/13 0.842 0.108 61.296 <0.001 2.321

Fiscal Year 2013/14 1.095 0.148 54.791 <0.001 2.988

Readmissions = 1 0.962 0.068 202.381 <0.001 2.617

Readmissions = 2 1.451 0.090 258.780 <0.001 4.269

Readmissions = 3 2.130 0.111 371.394 <0.001 8.417

Readmissions = 4 2.088 0.131 254.700 <0.001 8.072

Readmissions = 5 2.563 0.165 240.134 <0.001 12.976

Readmissions > 5 3.177 0.136 542.089 <0.001 23.974

Resource Intensity Wt -0.089 0.023 14.765 0.000 0.915

* Estimates and hazard ratios relative to reference categories for gender (females), facilities (VGH), index COPD

fiscal year (pre-program), fiscal year (2011/12) and number of readmissions (0)

5.3.3.2 COPD-related

As for all-cause admissions, readmission rates for COPD were lower among patients

with an index admission during years of program delivery (Figure 4) compared to

patients with an index admission prior to program implementation (significant Program

Year effect, Table 6). Hazard ratios for the probability of readmission were 0.74

(program year 1) and 0.72 (program year 2) relative to the year prior to the program

(Table 7). The probability of readmission increased substantially with the number of
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previous admissions (hazard ratio 3.0 to 39.3), and there were significant differences

between fiscal years, and by age and RIW, but not among facilities or between males

and females (Table 6 and Table 7).

Figure 5.3. Mean cumulative number of readmissions with a primary diagnosis of COPD relative

to days since index COPD admission (inpatients only), based on Cox regression model.  Solid

lines represent cohort means, and colored bands represent 95% confidence intervals.  Red =

pre-program; green = program year 1; blue = program year 2.
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Table 5.6. Cox regression model statistics for MR Dx COPD readmissions

Effect DF Chi-Square P-value

Gender 1 0.072 0.789

Facility 4 9.316 0.054

Age 1 9.683 0.002

Program Year 2 6.782 0.034

Fiscal Year 2 19.942 <0.001

Readmissions 6 873.196 <0.001

Resource Intensity Wt. 1 10.639 0.001

Table 5.7. Parameter estimates and hazard ratios from Cox regression model for MR Dx

COPD readmissions.

Parameter Estimate SE Chi-Square P-value Hazard ratio

Gender Male 0.022 0.082 0.072 0.789 1.022

Facility LGH -0.195 0.099 3.869 0.049 0.823

Facility MSJ -0.249 0.119 4.350 0.037 0.780

Facility RHS -0.173 0.104 2.741 0.098 0.841

Facility SPH -0.004 0.107 0.002 0.968 0.996

Age -0.010 0.003 9.683 0.002 0.990

Program Year 1 -0.301 0.116 6.766 0.009 0.740

Program Year 2 -0.332 0.184 3.253 0.071 0.717

Fiscal Year 2012/13 0.546 0.129 17.892 <0.001 1.727

Fiscal Year 2013/14 0.721 0.187 14.808 <0.001 2.056

Readmissions = 1 1.095 0.087 158.958 <0.001 2.989

Readmissions = 2 1.809 0.121 222.215 <0.001 6.105

Readmissions = 3 2.310 0.150 238.241 <0.001 10.079

Readmissions = 4 2.299 0.192 143.789 <0.001 9.966

Readmissions = 5 3.046 0.225 183.508 <0.001 21.026

Readmissions > 5 3.671 0.248 218.270 <0.001 39.279

Resource Intensity Wt -0.112 0.034 10.639 0.001 0.894

* estimates and hazard ratios relative to reference categories for gender (females), facilities (VGH), index COPD

fiscal year (pre-program), fiscal year (2011/12) and number of readmissions (0)
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5.3.4 Length of Stay (LOS)

Length of stay (LOS) for COPD-related admissions declined significantly after the

implementation of the program, with an average stay of 10.8 days prior to the program,

8.3 days during the program year 1 and 6.8 days by program year 2 (Table 8). Between

pre-program and program year 2 periods, the change in average LOS corresponds to a

37% decrease (P< 0.05). Regression modeling confirmed that the effect of the program

on LOS remained significant after accounting for variation among facilities, by age,

gender, and resource intensity weights (Table 9). A similar trend was observed for

all-cause admissions as well (data not shown).

Table 5.8. Mean length of stay (LOS) in days among inpatients with a primary diagnosis
of COPD during pre-program and program years.
Program N LOS (95% CI)

Pre-program 85 10.81a (7.31-14.31)

Program Yr 1 112 8.32a (6.67-9.97)

Program Yr 2 190 6.80b (5.56-8.03)

* letters indicate significant differences between program years at p < 0.05
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Table 5.9. Regression model statistics for length of stay analysis among inpatients with
primary diagnosis of COPD.
Source DF Chi-Square P-value

Age 1 14.85 <0.001

Gender 1 2.55 0.11

Facility 4 21.85 <0.001

Fiscal Year 2 7.60 0.02

Resource Intensity Wt. 1 34.68 <0.001

Program Year 2 8.25 0.02

Gender x Fiscal Year 2 7.37 0.03

Resource Intensity x Gender 1 10.01 <0.001

5.4 Discussion

The global burden and high costs of COPD are well recognized. Hospitalizations

account for more than half of COPD-related costs. (147,148) Multiple studies have

evaluated re-hospitalization risk in COPD patients and reported that more than 60% of

patients were readmitted within one year. (149-151) Unplanned readmissions have a

great impact on hospital stay and healthcare expenses. In our study, the unplanned

readmission rate of COPD was approximately 50%. In this large retrospective study, we

found that a disease-specific management program for COPD patients reduced

hospitalizations and ED visits. The program was associated with a significant decline in

the rate of COPD-related hospitalizations, hospital bed days, and most importantly, the

number of readmissions. Previous trials of disease management have reported similar

results. (152-155)

A randomized controlled trial conducted in Quebec by Bourbeau et al.(154) compared

the effect of a disease self-management program specific to COPD on the use of
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hospital services and health status among patients with moderate to severe disease.

The intervention group received comprehensive education administered through weekly

visits by trained health professionals over a 2-month period with monthly telephone

follow-up. In comparison to usual care, disease-specific self-management intervention

was associated with a 39.8% reduction in hospitalizations in the intervention group, as

well as a 57.1% reduction in admissions for other health-related problems, a 41.0%

reduction in ED visits, and a 58.9% reduction in unscheduled physician visits.

We have previously identified significant care gaps in the management of patients with

AECOPD and stable COPD (142,150).  The comprehensive program described in the

current study was aimed at improving the COPD health care system by filling these

gaps and by developing and incorporating multiple interventions that had been proven

to reduce health care utilization. Interventions like increased disease knowledge,

treatment adherence, and early management of COPD exacerbations were found to be

associated with improved quality of life and faster recovery, in addition to reduced

hospital admissions.(156-159)

The early detection and prompt treatment of an exacerbation hasten recovery, whereas

failure to seek medical attention may have consequences for both the patients and the

health care system. Results from several observational studies showed more than

one-half of COPD exacerbations were not reported to health care providers, and that

these had a significant impact on health status. (139, 160) Wilkinson et al.(159) found

that failure to report exacerbations was associated with an increased risk of

hospitalization, while earlier treatment of COPD exacerbation accelerates recovery time.
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In addition, patients with COPD who receive adequate medical education have a better

quality of life and maintain significant reductions in hospitalization and ED visits (154).

These findings support the results of the current study, and potentiate the importance of

disease-specific management programs.

We observed changes in readmission patterns following program implementation, with

fewer COPD patients and admissions overall but proportionately more with short

readmission intervals (e.g., ≤90 days) and shorter LOS. This may be explained by

patients under the case management program being able to identify exacerbations at

early stages, leading to earlier readmission with less complicated medical conditions

and a shorter length of stay. Nevertheless, the average and the maximum number of

readmissions within one year were reduced by more than 50%, indicating that the

program could significantly improve life quality and reduce the high cost of

hospitalization and re-hospitalization for patients with advanced COPD.

Initial reports suggest that the beneficial effects of disease-specific management

interventions may extend beyond those related to COPD (153, 156), which is consistent

with our findings, as we observed that the number of hospital admissions and ED visits

was also reduced for other health problems. Hospitalizations due to COPD

exacerbations account for a major portion of the economic costs for this disease, more

than any other element of healthcare for COPD (162, 163). Identifying and modifying

risk factors associated with readmissions is an important step in improving the

healthcare system. Recurrent exacerbations and previous hospitalizations are

associated with a greater decline in FEV1 and are found to be an independent risk
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factor for future admissions.(162-168) Thus, it is not surprising that we observed a

similar association.

In summary, our study demonstrates the effectiveness of a comprehensive case

management program in reducing hospitalizations, ED visits, and possibly health care

utilization in COPD patients.
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CHAPTER 6: SUMMARY AND CONCLUSION

COPD is a leading cause of morbidity and mortality around the world and results in a

substantial economic and social burden. It is a major cause of admissions and

readmissions in Canada (136,138). A great portion of the financial cost is driven by

COPD-related hospitalizations. Significant care gaps related to inpatient care, discharge

planning, and longitudinal follow-up are associated with unplanned hospitalizations.

(134, 147-150)

We have conducted and assessed the effectiveness of a comprehensive disease

management program for COPD patients that involved education, case management,

and follow-up for 1564 patients admitted with AECOPD and followed in the community

after discharge. We have found the intervention program to be associated with a

significant reduction in 90 days readmission rate, COPD-related hospitalizations by

30%, and hospitalizations for all causes by 13.6%.  Similarly, the rate of readmission for

all causes showed a significant decline, with hazard ratios (HRs) of 0.55 (year 1) and

0.51 (year 2) of intervention (P<0.001).  In addition, patients’ mean LOS (days) for

COPD-related admissions declined significantly by 37%, from 10.8 to 6.8 days (P<0.05).

Comparing pre-program to program year 1, the median time to readmission for all

causes increased from 33 days to 40 days and from 41.5 days to 55 days for

COPD-related admissions.

Limitations of this study include its retrospective design with no control group/hospital,

the lack of medical history and pulmonary function data as an assessment of severity,
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and the lack of risk factor/exposure information (e.g., smoking status) for individuals. In

addition, we could not evaluate the potential impact of a change in medication

prescribed post-intervention. We were also unable to assess mortality in the follow-up

period systematically. Despite these limitations, we feel the results are of importance

and valid. The number of subjects included in the study and the duration of follow-up

exceeds that of any previous randomized controlled trial in this area. Our qualitative

feedback from our intervention teams highlighted the presence of multiple inhalers,

often containing overlapping formulations in study subjects' homes and an associated

poor level of inhaler technique. COPD patients do not easily engage in

self-management programs due to many factors (169), and because of these

challenges, intensive, longer follow-up than in our study is required.

One of the significant challenges that health care providers need to consider is the

detrimental effect of infectious disease outbreaks. COVID-19 has affected millions

worldwide and caused disruptions in regular medical care (170). Such pandemics can

significantly impact disease management programs for chronic conditions by preventing

health care workers from visiting patients at home due to home-stay orders and contact

isolation, causing patients to delay or avoid seeking routine and emergent medical care.

Telemedicine is a form of health care approach that has expanded during the pandemic.

It has been shown to improve outcomes in chronic medical conditions and can allow

healthcare providers to assess patients without increasing the risk of COVID-19

exposure.
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Given the above limitations, the ideal setting for future studies assessing similar

interventions should involve randomization with a control arm, PFT data, and more

diverse demographics, especially with regard to age and smoking data, including COPD

patients with ED visits (not limiting the study to patients who required admission), longer

follow up period beyond 90 days, more frequent home visits, implementing

telemedicine, assessment of inpatient care (including length of stay and most

responsible service) and impact of comorbid conditions such as asthma overlap;

health-related quality of life, mortality rate, and cost-effective analysis.
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Appendices
Appendix A. Research Checklist, the PRISMA 2009 Checklist.

Section/topic # Checklist item Reported on section
#

TITLE
Title 1 Identify the report as a systematic review, meta-analysis, or both. Title page

ABSTRACT
Structured
summary

2 Provide a structured summary including, as applicable: background; objectives; data sources; study
eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations;
conclusions and implications of key findings; systematic review registration number.

1

INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of what is already known. Introduction section

Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions,
comparisons, outcomes, and study design (PICOS).

Introduction section

METHODS
Protocol and
registration

5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available,
provide registration information including registration number.

Not applicable

Eligibility
criteria

6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years
considered, language, publication status) used as criteria for eligibility, giving rationale.

Methods section, 2nd
paragraph

Information
sources

7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to
identify additional studies) in the search and date last searched.

Methods section, 1st
paragraph

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could
be repeated.

Methods section, 1st
paragraph;
Supplementary Figure
S1

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if
applicable, included in the meta-analysis).

Methods section, 2nd
paragraph

Data collection
process

10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any
processes for obtaining and confirming data from investigators.

Methods section, 2nd
paragraph
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Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions
and simplifications made.

Methods section, 2nd
paragraph

Section/topic # Checklist item Reported on page #

Risk of bias in
individual
studies

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this
was done at the study or outcome level), and how this information is to be used in any data synthesis.

Methods section, 3rd
paragraph;
Supplementary Table
S2.

Summary
measures

13 State the principal summary measures (e.g., risk ratio, difference in means). Methods section, 4th
paragraph.

Synthesis of
results

14 Describe the methods of handling data and combining results of studies, if done, including measures of
consistency (e.g., I2) for each meta-analysis.

Methods section, 4th
paragraph.

Risk of bias
across studies

15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias,
selective reporting within studies).

Methods section, 3rd
paragraph;
Supplementary Table
S1.

Additional
analyses

16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done,
indicating which were pre-specified.

Methods section, 4th
paragraph

RESULTS
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for

exclusions at each stage, ideally with a flow diagram.
Fig 1.

Study
characteristics

18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up
period) and provide the citations.

Table 1.

Risk of bias
within studies

19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). Results section, 3rd
paragraph;
Supplementary Table
S1.

Results of
individual
studies

20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Fig 2.

Synthesis of
results

21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. Results section, 4th
paragraph
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Risk of bias
across studies

22 Present results of any assessment of risk of bias across studies (see Item 15). Not applicable

Additional
analysis

23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item
16]).

Results section, 4th and
8th paragraph

Section/topic # Checklist item Reported on page #

DISCUSSION
Summary of
evidence

24 Summarize the main findings including the strength of evidence for each main outcome; consider their
relevance to key groups (e.g., healthcare providers, users, and policy makers).

Discussion section, 1st
to 8th paragraph

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete
retrieval of identified research, reporting bias).

Discussion section, 9th
paragraph

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future
research.

Discussion section, 10th
paragraph

FUNDING
Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of

funders for the systematic review.
Not applicable

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS
Med 6(6): e1000097. doi:10.1371/journal.pmed1000097
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