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Jingjing Qian, Doctor of Philosophy, 2012 

 

Dissertation Directed by: Linda Simoni-Wastila, BSPharm, Ph.D., Professor, 

Department of Pharmaceutical Health Services Research, School of Pharmacy, 

University of Maryland  

 

Background: Chronic obstructive pulmonary disease (COPD) is a condition with 

high mortality and morbidity. Comorbid depression can place COPD patients at 

increased risk of adverse outcomes. Although both COPD and depression are 

associated with significant morbidity, to date few studies addressing COPD-related 

outcomes have included individuals who receive Social Security Disability Insurance 

(SSDI). Objectives: To examine the influence of comorbid depression on mortality 

among a nationally-representative sample of Medicare beneficiaries suffering from 

COPD by SSDI-eligibility status. Methods: This retrospective cohort study used a 5% 

random sample of the 2006-2008 Chronic Condition Warehouse administrative data. 

The study cohort included 93,019 Medicare beneficiaries diagnosed with COPD who 

lived through 2006 and were continuously enrolled in Medicare Parts A, B, and D. 

Two-year (2007-2008) all-cause mortality was the study outcome. Comorbid 



 

depression was measured in 2006-2008. SSDI-eligibility was defined using the 

original reason for Medicare entitlement. Multivariable generalized estimating 

equations models estimated the association between SSDI-eligibility and depression, 

as well as the modification effect of SSDI-eligibility on their relationship. Survival 

analyses using extended Cox proportional hazards models further estimated risk of 

death from depression and antidepressant treatment among beneficiaries aged 65 and 

older (n=75,699) by SSDI-eligibility. Results: About two-fifths (39.4%) of 

beneficiaries with COPD had a depression diagnosis in 2006-2008; of those, 79.5% 

received antidepressant treatment. SSDI-eligibility was not only associated with a 

12% (95%CI=10%,15%) higher likelihood of depression but also modified factors in 

regard to depression diagnosis and receipt of antidepressant treatment. COPD 

beneficiaries with a baseline depression diagnosis had a higher risk of death 

(HR=1.13; 95%CI=1.09, 1.18) in non-SSDI-eligible beneficiaries. Those who 

received antidepressant treatment had reduced risk of death, with greater benefits on 

mortality in SSDI-eligible than non-SSDI-eligible beneficiaries. Conclusions: This 

study provides the first evidence suggesting that SSDI-eligibility is not only 

associated with higher likelihood of having a depression diagnosis, but also is a 

significant effect modifier of the relationship between antidepressant treatment and 

mortality in Medicare beneficiaries with COPD. Findings demonstrate the benefits of 

antidepressant treatment on mortality in both SSDI-eligible and non-SSDI-eligible 

beneficiaries. In practice, clinicians should consider timely antidepressant treatment to 

improve outcomes for this population.
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CHAPTER I: INTRODUCTION 

Problem Statement 

Chronic obstructive pulmonary disease (COPD) is a condition with high 

mortality and morbidity. Depression is a prevalent yet under-recognized and 

under-treated comorbidity in COPD patients. The presence of comorbid depression 

can place COPD patients at increased risk of COPD exacerbations, which may lead to 

hospitalization and death. Although both COPD and depression are associated with 

significant morbidity which further potentiates associated disability, the inclusion of 

individuals with disabilities in research addressing COPD-related health care access, 

services utilizations, and outcomes is very limited. 

Evidence suggests that Medicare beneficiaries with permanent disability (i.e., 

who receive Social Security Disability Insurance [SSDI]) have considerably poorer 

health and higher resource utilization than their aged non-disabled peers. 

Beneficiaries who are SSDI-eligible comprise approximately 12.6 percent of the aged 

Medicare population.1 However, neither COPD nor the influence of comorbid 

conditions, including depression, has been well characterized in the disabled Medicare 

population.  

 

Purpose of the Study 

The purpose of this study is to investigate and compare the influence of 

comorbid depression on mortality among a nationally-representative sample of 
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Medicare beneficiaries suffering from COPD by SSDI-eligibility status. The three 

specific study aims are:  

• Aim 1: To estimate the proportions and rates of comorbid depression in 

Medicare beneficiaries with COPD, overall and by SSDI-eligibility status;  

• Aim 2: To describe and compare factors associated with comorbid depression 

in SSDI-eligible and non-SSDI-eligible Medicare beneficiaries with COPD; 

and 

• Aim 3: To estimate and compare the influence of comorbid depression on 

mortality in SSDI-eligible and non-SSDI-eligible Medicare beneficiaries with 

COPD.  

 

Rationale and Significance of Current Study 

Although COPD is a disease whose onset begins in mid-life, less attention has 

been paid to adults less than 65 years of age.2,3 Even though COPD is associated with 

significant morbidity and compromises in physical function,2,4-6 the inclusion of 

individuals with disabilities in research addressing COPD-related health care access, 

medication and health services utilization, and outcomes is very limited. Disabled 

beneficiaries have major health care needs and challenges.7 Indeed, “as a potentially 

underserved group, people with disabilities would be expected to experience 

disadvantages in health and well-being compared with the general population”.8   

Evidence suggests that Medicare beneficiaries with permanent disability (i.e., 

SSDI) have considerably poorer health and higher resource utilization than their aged 
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non-disabled peers.7,9 Even though 26.1% of Medicare beneficiaries with COPD are 

currently or previously SSDI-eligible,1 neither COPD nor the influence of comorbid 

depression has been well characterized for this disabled population. Specific ties 

between depression and COPD outcomes have not yet been rigorously studied. Thus, 

this study aims to address these knowledge gaps. 

Research exploring whether individuals with COPD who have been 

characterized as disabled experience more comorbidities (especially depression) and 

worse clinical outcomes is complicated by the lack of information on disability in data 

sources. To overcome this limitation, the recently available Chronic Condition Data 

Warehouse (CCW) Medicare data are the data used in this dissertation, which include 

Parts A, B, and D claims, insurance, and demographics information for SSDI and 

non-SSDI beneficiaries. Even though this dataset also is lack of indicators of disabled 

beneficiaries’ functional and emotional status, by focusing on persons receiving SSDI, 

who by definition are disabled and eventually become eligible for Medicare, one can 

study a disabled Medicare population.10,11 Prior COPD research using Medicare data 

has exclusively considered Medicare beneficiaries aged 65 and older.12-20 Thus, this 

study is among the first to investigate the occurrence and influence of comorbid 

depression on clinical outcomes among Medicare beneficiaries with COPD by 

SSDI-eligibility, with inclusion of those younger than 65 years old. 

This study is designed to investigate and compare the influence of comorbid 

depression on mortality among a nationally-representative sample of SSDI-eligible 

and non-SSDI-eligible Medicare beneficiaries suffering from COPD. Since 
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depression is more prevalent and severe in disabled COPD patients,21 the influence of 

comorbid depression on mortality might be modified by SSDI-eligibility status (as a 

proxy measure for disability in this Medicare dataset). In other words, the influence of 

depression on mortality might be greater in SSDI-eligible than in non-SSDI-eligible 

beneficiaries. If this hypothesis is true, practitioners should be aware of the difference 

and consider SSDI-eligibility (if available) and/or other markers of disability in 

managing their patients with COPD and depression (Figure 1).  

 

Figure 1: Conceptual model 

 

 

Results of this study will provide the first national estimates of comorbid 

depression and its influence on mortality in both SSDI-eligible and non-SSDI-eligible 

Medicare beneficiaries with COPD. As well, findings will highlight the influence of 

depression on mortality in Medicare beneficiaries with COPD, focusing on 

differences in mortality risk by SSDI-eligibility status. The expected influence of this 
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research is to provide knowledge needed to recognize and treat comorbid depression 

in COPD patients in order to improve health outcomes and quality of life in patients 

with this disabling condition. This study is significant to both clinical and routine 

practice in the COPD population for a number of reasons. First, it documents the 

health and comorbidities for both SSDI-eligible and non-SSDI-eligible Medicare 

population with COPD. To date, little is understood about depression and its influence 

on mortality in the COPD population, especially beneficiaries who enrolled in 

Medicare on the basis of disability. As well, results are highly germane and relevant 

to practicing clinicians and their patients, as they provide evidence that will inform 

improved depression treatment decision-making and patient management which, in 

turn, will lead to improved patient health and quality of life. Third, it is possible that 

disabled individuals whose COPD and depression are appropriately managed may be 

more productive in both their personal and professional lives. Finally, findings will 

provide the foundation required for comparative effectiveness research for 

interventions, including medication counseling, depression screening, and other 

efforts in order to reduce the risk of largely preventable adverse events in COPD 

patients. 
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CHAPTER II: LITERATURE REVIEW 

Definition of COPD 

According to The Global Initiative for Chronic Obstructive Lung Disease 

(GOLD) guidelines,22  

 

“Chronic obstructive pulmonary disease (COPD) is a preventable and 

treatable disease with some significant extrapulmonary effects that may contribute to 

the severity in individual patients. Its pulmonary component is characterized by 

airflow limitation that is not fully reversible. The airflow limitation is usually 

progressive and associated with an abnormal inflammatory response of the lung to 

noxious particles or gases.” 

 

Chronic airflow limitations of COPD are caused by a mixture of small airway disease 

(obstructive bronchiolitis) and parenchymal destruction (emphysema), the relative 

contributions of which vary from person to person. Characteristic symptoms of COPD 

include chronic and progressive dyspnea, cough, and excess sputum production.22  

COPD severity has been classified into four stages (stage I: mild; stage II: 

moderate; stage III: severe, and stage IV: very severe) based on spirometry 

(post-bronchodilator forced expiratory volume in one second [FEV1] and forced vital 

capacity [FVC]) (Table II.A ).22 Individuals in stage I are usually unaware of the 

abnormality of their lungs. In stage II, patients typically start to seek medical 

attentions due to respiratory symptoms or exacerbations. Patients in stage III usually 

experience further worsening of airflow limitation or shortness of breath, fatigue, and 

repeated exacerbations, which has an impact on patients’ quality of life. In stage IV, 

respiratory failure can occur and quality of life is further impaired. COPD 
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exacerbations could be life-threatening. However, because the aging process does 

affect lung volume, the severity measure of fixed FEV1/ FVC ratio may result in over 

diagnosis (false positive) of COPD in the elderly.23 Conversely, the fixed FEV1/ FVC 

ratio may result in under diagnosis (false negative) in adults younger than 45 years old, 

especially diagnosis of mild disease.23  

 

Burden of COPD 

Prevalence of COPD is 10.7% worldwide (2006)24 and around 12.0% in 

community-dwelling Medicare beneficiaries (2002).1 Approximately 16.9% of the 

U.S. adults with COPD are less than 65 years old, compared to 13.5% in the Medicare 

population.1,3 Evidence has shown that the prevalence of COPD is higher in current 

and former smokers, in individuals 40 years and older, and in men.25,26 The incidence 

of COPD also rises with age and is greater in males than females.27 The overall 

incidence of COPD in adults 55 years and older is 9.2/1,000 person-years (py).28  

COPD is a condition with high mortality and morbidity. It also is the third 

leading cause of death among U.S. adults, with more than 12.1 million adults 

diagnosed with the disease.29,30 By 2020, COPD is projected to rank fifth in disease 

Table II.A. Spirometric Classification of COPD Severity Based on 
Post-Bronchodilator FEV1

22 

Stage I: Mild FEV1/FVC < 0.70 and FEV1 ≥ 80% predicted 

Stage II: Moderate FEV1/FVC < 0.70 and 50% ≤ FEV1 < 80% predicted 

Stage III: Severe FEV1/FVC < 0.70 and 30% ≤ FEV1 < 50% predicted 

Stage IV: Very Severe 
FEV1/FVC < 0.70 and FEV1 < 30% predicted or FEV1 < 50% 
predicted plus respiratory failure 

FEV1: post-bronchodilator forced expiratory volume in one second 
FVC: forced vital capacity  
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burden (measured by disability-adjusted life years [DALYs]) worldwide.27 Because 

COPD often develops in long-time smokers or miners in middle age, patients usually 

have a variety of other comorbidities related to smoking, pollution, and aging.31 Thus, 

COPD should be carefully managed with attention to the presence of comorbidities 

and life styles. 

Acute respiratory exacerbations associated with COPD cause both physical 

and mental impairment,32 which in turn affects the ability of COPD patients to 

conduct daily activities and maintain productive functioning, which in turn can lead to 

financial, social and personal burdens for patients and their families.2,4,6,33,34 Annual 

health care costs associated with COPD in the U.S. in 2007 was $26.7 billion.35 These 

burdens should be considered in the management of COPD patients.  

 

COPD and Disability 

COPD is associated with significant disability.2-5,36 One study using a sample 

of 3,805 California adults aged 18 years or older found that COPD patients suffered 

reduced current employment (odds ratio [OR]=0.41, 95% confidence interval 

[CI]=0.24, 0.71) and poorer self-report health status (OR=10.95, 95% CI=6.31,19.00) 

than those without COPD.2 Another study using claims data of employees aged 40 to 

63 years old with a diagnosis of COPD found a significantly higher proportion of 

COPD subjects had occurrences of short-term (21.8% vs. 7.0%), long-term (2.4% vs. 

0.4%), or any disability (22.8% vs. 7.3%) compared to non-COPD controls (all 
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p<0.0001). Associated costs also were higher among COPD subjects than controls 

($8,559 vs. $5,443, respectively; p=0.07).5  

COPD is associated with substantial burdens such as increased health services 

utilization in the disabled population.37 One study consisting of 1,002 

community-dwelling women aged 65 or older with self-reported disabilities 

concluded that those diagnosed with COPD were associated with a 20% higher use of 

prescription drugs (95% CI=1.05, 1.37) compared to those without COPD.37  

Level of disability among COPD patients might be related to COPD severity.6  

One study consisting of moderate and severe COPD patients demonstrated that 

increased COPD severity was highly associated with various measures of physical 

disability, including decreased functionality on daily activities and with impairment of 

other social and clinical activities (such as job, family habits, and health status).6  

Nevertheless, disability is associated with reduced quality of life (QoL) for 

COPD patients.37,38 One study analyzing the baseline data of employees with COPD 

from a randomized controlled trial found that COPD patients who were disabled for 

work had worse QoL compared to workers without disabilities.38  

Disability also is a significant predictor of death among COPD patients, 

especially for those who are elderly or have severe COPD.39-41 One study 

investigating predictors of 1-year mortality in 100 patients discharged from the 

hospital after acute COPD exacerbation found a high mortality rate (36%). In addition, 

this study also found depression and levels of both disability and impairment of 

quality of life were predictors of 1-year mortality in this patient group.41 As well, 
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another prospective study concluded that malnutrition, severity of exacerbation, and 

disability status were significant risk factors associated with 6-month mortality of 

elderly patients admitted to hospitals because of non-acidotic after acute COPD 

exacerbation.39 Other than disability, use of long-term oxygen therapy, 

pre-bronchodilator lung function, and body-mass index also have been identified as 

independent predictors of mortality in elderly patients with severe COPD.40  

 

Depression and COPD 

Depression is one of the most prevalent yet least understood COPD 

comorbidities.42-44 The incidence rate of new-onset depression after COPD diagnosis 

is 16.2/1,000 person-years (py), whereas it is only 9.4/1,000 py in individuals without 

COPD.45 Prevalence estimates of depression range between 10% and 80% in the 

general COPD population and 10% and 42% in stable COPD patients and even higher 

during exacerbations.34,42,46-53 The wide range of depression prevalence estimates in 

COPD is due to differences in study populations, how depression is assessed, and 

illness severity.  

Depression is highly associated with COPD exacerbations54-56 and 

exacerbation frequency.57 Comorbid depression appears more frequently in COPD 

patients who are younger,58,59 female,58,60-63 smokers,58,62,64,65 and in those with severe 

COPD.47,49 Moreover, depression symptoms also appear to be more prevalent and 

severe in those COPD patients who are disabled.21 
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Depression also is a risk factor for nonadherence to medical treatment.66 

Research has shown that depression is associated with low use and poor adherence 

behaviors with medications used to treat other chronic conditions, including diabetes 

and congestive heart failure.67-69 However, little is known about the relationship 

between depression and COPD pharmacological treatment. Although it remains to be 

determined whether depression treatment will result in improved patient adherence, 

the recognition of depression as a significant risk factor for noncompliance with 

medical treatment carries the potential to improve medical practice, reduce patient 

disability, enhance patient functioning, and improve health care outcomes by 

management of comorbid depression.70  

The presence of comorbid depression places adults with COPD at particular 

risk of adverse health outcomes, including exacerbations and mortality. COPD 

patients with depression are at higher risk of mortality,71-74 hospitalization,55,75 

rehospitalization,72,75,76 and increased inpatient stays.71 Depression also reduces 

physical functioning, health status, and quality of life in COPD sufferers.59,62,77-85 One 

prospective cohort study investigated the role of depression on health-related quality 

of life for COPD patients and their demographically-matched controls. Findings from 

this study demonstrated that patients with COPD were at significantly higher odds of 

having depressive symptoms than controls (OR=3.6; 95% CI=2.1, 6.1). After 

controlling for COPD severity (measured by spirometry, dyspnea, and exercise 

capacity), sociodemographics and comorbidities, depressive symptoms remained 
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strongly associated with worse respiratory-specific quality of life (OR=3.6; 95% 

CI=2.7, 4.8) and worse overall physical quality of life (OR=2.4; 95% CI =1.8, 3.2).80 

Much less is known about the relationship between depression and disability 

in COPD patients, but the limited evidence suggests a bidirectional association: 

depression leads to disability by reducing physical functioning and health status, and 

status of disability also increases risk of depression.21,71,86,87 Whichever comes first, 

both disability and depression are associated with poorer health-related quality of life 

(HRQL) and higher mortality in COPD population. 39-41, 71-74, 88 

Despite these risks, as well as evidence that pharmacological and behavioral 

treatments improve functioning and reduce the risk of chronic depression and 

consequent disability, depression remains an under-recognized and under-treated 

comorbidity in COPD.46,84,89 Thus, screening comorbid depression in a COPD 

population helps practitioners identify patients who may have a poorer quality of life 

and who may need specific intervention to improve their health status.  

 

Management of COPD 

Preventing exacerbations is an important goal of COPD management. Since 

the progression of COPD severity is largely irreversible, pharmacological 

maintenance treatments are recommended for managing stable COPD to reduce 

frequency and severity of exacerbations.22,90 COPD pharmacotherapy aims to reduce 

symptoms, decrease the frequency and severity of exacerbations, and improve health 

status and exercise tolerance.22,90 However, the prevalence of COPD maintenance 

medication use among COPD patients is low – only 40% to 50% of Medicare 
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beneficiaries with COPD filled at least one COPD maintenance medication 

annually.75 

The GOLD guidelines categorize COPD pharmacotherapy into maintenance 

(inhaled corticosteroids [ICS] alone or in combination with long-acting β2-agonists 

[LABA], anticholinergics, and methylxanthines) and rescue medications (short-acting 

beta-agonists [SABA]).22 Rescue medications are recommended on an as-needed 

basis through all COPD severity stages to prevent or reduce symptoms and 

exacerbations.22 Initiation of maintenance medications is recommended at stage II to 

manage stable COPD. Combinations of inhaled ICS/LABA products are appropriate 

for patients in stages III and IV and with repeated exacerbations.22 However, none of 

the existing medications used to treat COPD has been shown to modify the long-term 

decline in lung function, therefore, COPD pharmacotherapy is used to manage the 

disease and its symptoms and/or complications.22 Individual COPD medications are 

listed in Table II.B . 

 

Table II.B. COPD Medication List by Drug Class 

ICS LABA Anticholinergics Methylxanthines SABA 

beclomethasone formoterol ipratropium theophylline fenoterol 

triamcinolone salmeterol oxitropium aminophylline levalbuterol 

budesonide arformoterol tiotropium  
salbutamol 
(albuterol) 

fluticasone    terbutaline 

 

In addition, although asthma can usually be distinguished from COPD, it 

remains difficult to differentiate the two diseases in some individuals with chronic 

respiratory symptoms and fixed airflow limitation examined by using current imaging 

and physiological testing techniques.22 In these cases, current management is similar 

to that of asthma. Thus, research focusing on COPD treatments and outcomes should 
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take into account the coexistence of asthma and apply sensitivity analysis to confirm 

study results. 

Non-pharmacological treatments for COPD include smoking cessation, 

pulmonary rehabilitation, oxygen therapy, and surgery. Health education provides an 

important role in smoking cessation. Pulmonary rehabilitation covers a range of 

non-pulmonary problems that may not be adequately addressed alone by medical 

therapy for COPD.22 Evidence suggests COPD patients at all stages of disease might 

benefit from pulmonary rehabilitation through improving exercise tolerance and 

symptoms of dyspnea and fatigue.22,91 Long-term oxygen therapy is generally 

introduced to patients in stage IV to improve lung mechanics and quality of life.22 

 

Management of Depression in COPD 

Despite its high prevalence in adults with COPD, depression remains 

under-recognized and undertreated.42,46,84,89,92 One-fourth of COPD patients may have 

unrecognized depression,92 and less than one-third of COPD patients with comorbid 

depression receive any antidepressant treatment.42,84 Even though there are some 

barriers to antidepressant treatment, such as medication side effects and fear of stigma 

associated with psychiatric illness,93 growing evidence suggests antidepressant 

medications may be effective in treating depression and depressive symptoms for 

COPD patients.94-99  

However, these studies are either clinical trials or case series studies with 

relatively small sample sizes. There are important differences between clinical trials 

and clinical practice. Clinical trials investigate the safety and efficacy of interventions 

using relatively homogeneous study samples in single or multiple clinical settings. 

But patients in clinical practice often have much greater disease complexity and 
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severity than subjects in clinical trials. To date, no studies have documented the 

influence of antidepressant treatment on COPD outcomes in routine practice with a 

nationally-representative sample. Furthermore, to date no studies have focused on the 

influence of depression and/or antidepressant treatment on COPD outcomes in the 

Medicare population including disabled beneficiaries. Thus, the current study fills 

these important knowledge gaps and provides the fundamental evidence for future 

comparative effectiveness research in this population. 

Non-pharmacological treatments for depression in COPD include supportive 

psychotherapy, cognitive-behavioral therapy, counseling, and pulmonary 

rehabilitation. Randomized controlled trials have demonstrated that 

cognitive-behavioral therapy, combined with exercise and education, is associated 

with significant reduction of depression symptoms in COPD patients.100,101 Further 

behavioral research is warranted to focus on exploring effective and acceptable 

maintenance strategies along with evaluations of stepped care approaches for the 

management of psychological comorbidity, especially among those with severe 

depression in COPD population.102 
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CHAPTER III: METHODOLOGY  

Overall Objective 

The overall objective of this study is to investigate the influence of comorbid 

depression on mortality, and compare this relationship in SSDI-eligible and 

non-SSDI-eligible beneficiaries among Medicare beneficiaries with COPD. 

 

Specific Study Aims 

To achieve the overall objective, this study utilizes a retrospective cohort 

design using 2006-2008 Chronic Condition Data Warehouse (CCW) Medicare data to 

address three specific aims:  

• Aim 1: To estimate the proportions and rates of comorbid depression in 

Medicare beneficiaries with COPD, overall and by SSDI-eligibility status;  

• Aim 2: To describe and compare factors associated with comorbid depression 

in SSDI-eligible and non-SSDI-eligible Medicare beneficiaries with COPD; 

and 

• Aim 3: To estimate and compare the influence of comorbid depression on 

mortality in SSDI-eligible and non-SSDI-eligible Medicare beneficiaries with 

COPD.  

 

Results from Aim 1 estimate the occurrence and frequency of depression in 

Medicare beneficiaries with COPD, overall and by SSDI-eligibility status. As 

summarized earlier, there is a paucity of data on the prevalence and incidence of 

depression in COPD patients, particularly those enrolled in Medicare whether due to 



17 
 

age and/or disability. The estimates on proportions and rates of comorbid depression 

in both SSDI-eligible and non-SSDI-eligible beneficiaries provide a fundamental 

understanding of comorbid depression in the Medicare population with COPD. 

Findings from Aim 2 identify and compare factors associated with comorbid 

depression in SSDI-eligible and non-SSDI-eligible Medicare beneficiaries with 

COPD. Factors include sociodemographic characteristics, health insurance coverage, 

comorbidities, and COPD and depression disease severity. The differences in factors 

associated with comorbid depression between SSDI-eligible and non-SSDI-eligible 

beneficiaries might influence their clinical outcomes. Therefore, it is important to 

understand these underlying differences before screening for and treating comorbid 

depression in COPD populations. Among beneficiaries with COPD and comorbid 

depression, factors associated with antidepressant treatment also are identified and 

compared by SSDI-eligibility. 

Result from Aim 3 estimate and compare the influence of comorbid 

depression on mortality in Medicare beneficiaries with COPD, focusing on the 

differences by SSDI-eligibility. Since both comorbid depression and disability are 

associated with poorer health and higher resource utilization, the hypotheses for 

depression diagnosis on mortality are: 

• H1: The risk of death is higher in beneficiaries with baseline depression 

diagnosis compared to those without;  

• H2: Baseline depression diagnosis is associated with higher risk of death in 

SSDI-eligible than non-SSDI-eligible beneficiaries. 
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Evidence suggests antidepressant medications may be effective in treating 

depression and depressive symptoms for COPD patients. Thus, among beneficiaries 

with COPD and depression, the hypotheses for the effect of antidepressant treatment 

on mortality are: 

• H3: Among beneficiaries with baseline depression diagnosis, risk of death is 

lower in those with evidence of antidepressant treatment compared to those 

without; and 

• H4: Among beneficiaries with baseline depression diagnosis, the benefits on 

mortality from receiving antidepressant treatment are less in SSDI-eligible 

than in non-SSDI-eligible beneficiaries. 

 

 

Methods and Procedures 

This retrospective cohort study applies quantitative methods to Medicare 

administrative data. The data sources, study design, study sample, measures, and 

analytical plan are discussed.  

 

Data Sources  

The study uses the 5% random sample of 2006-2008 CCW Medicare data files 

including Medicare administrative data obtained from the Centers for Medicare & 

Medicaid Services (CMS). The CCW data include the Denominator & Beneficiary 
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Summary file, the Part D prescription drug event (PDE) file, Part A (inpatient) and 

Part B (outpatient) claims files, and the CCW Chronic Condition summary file.103-106  

The Denominator & Beneficiary Summary file contains basic demographics 

(age, gender, race/ethnicity, county, zip code of residence, and date of death), monthly 

indicators for enrollment (Part A, Part B, Part D, Medicaid, and low-income subsidy 

[LIS] eligibility), and annual indicators for retirement drug subsidy (RDS) and 

“creditable coverage” (non-Part D drug coverage valued at least as much as the 

standard Part D benefit). The Part D PDE file contains payment data and National 

Drug Codes (NDC) from which medications claims are identified, plus fill dates used 

to operationalize the drug use measures. The CCW Chronic Condition Summary file 

contains 21 chronic condition indicator variables (including both COPD and 

depression) with year of first diagnosis beginning in 1999.103 Personal identifying 

information (such as name, address, and Medicare claim number) has been stripped 

and replaced with encrypted beneficiary IDs. Researchers have no access to the 

encryption links to direct information on beneficiaries. The file does contain personal 

health identifiers including date of birth, 5-digit zip codes and dates of service.  

To overcome the limited measures on socioeconomic factors in the 

claims-based CCW data, two contextual measures are constructed using the most 

recent 2009 Area Resource File (ARF) data: education level and median annual 

household income.107 They are constructed by linking the five-digit zip code from the 

CCW data to the ARF data to provide geographically-based socioeconomic measures. 
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The conduct of this study (project approval number HP-00048288) was 

approved by the institutional review board (IRB) of the University of Maryland 

Baltimore, Maryland in February, 2011. 

 

Study Design  

In this retrospective cohort study, the baseline year (from January 1st, 2006 to 

December 31st, 2006) is used to measure baseline characteristics, disease burdens, and 

disease severity. Beneficiaries who survived through 2006 are followed up from 

January 1st, 2007 to December 31st, 2008 or to the date of death, whichever comes 

first (Figure 2). 

 

Figure 2: Study design 

 

 

Study Sample  

In the 5% random CCW sample, only Medicare beneficiaries who met the 

following criteria are included in the study sample: 1) had a claim with a COPD 

diagnosis in baseline year 2006; 2) lived through the end of 2006 (for the purpose of 

fully capturing baseline measures for all beneficiaries); 3) enrolled in Medicare Parts 

1/1/2006  12/31/2006 

  12/31/2008   12/31/2007   1/1/2007 

Baseline 

Follow-up 
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A and B in every month observed until death or the end of follow up; and 4) enrolled 

in a Part D Prescription Drug Plan (PDP) and maintained Part D PDP plan enrollment 

in all months alive through the end of follow-up.  

Medicare beneficiaries who enrolled in Medicare Advantage and/or Health 

Maintenance Organization (HMO) coverage at any time during the three-year study 

period are excluded from the study sample due to the lack of claims data needed to 

ascertain diagnosis. In addition, Medicare beneficiaries who had any claims with 

bronchiectasis diagnosis (International Classification of Diseases, ninth revision 

[ICD-9-CM] code 494.0 and 494.1) at baseline year also are excluded because the 

condition is typically caused by infection and has a different treatment and prognosis 

trajectory than COPD.90,108,109  

Beneficiaries diagnosed with COPD are identified through the COPD annual 

flag (excluding beneficiaries who had any claims for ICD-9-CM codes 494.0 and 

494.1 in 2006) available in the CCW Chronic Condition Summary file. The flag has 

been created using ICD-9-CM codes (Table III.A ) in at least one inpatient, skilled 

nursing home (SNF), home health (HHA), or two hospital outpatient (HOP) or carrier 

claims with diagnosis codes during 1-year period.105  
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Table III.A. CCW COPD ICD-9-CM Diagnosis Codes 

COPD 

 

491.0, 491.1, 491.20, 491.21, 491.22, 491.8, 491.9, 492.0, 492.8, 
494.0, 494.1, 496.x103,105 
Descriptions of COPD ICD-9-CM codes: 

491.x: chronic bronchitis; 

492.x: emphysema; 

494.0, 494.1: bronchiectasis; 

496.x: chronic airway obstruction, not elsewhere classified, excludes 
allergic alveolitis [495.0-495.9], asthma [493.2], 
bronchiectasis [494.0, 494.1], bronchitis with emphysema 
[491.20-491.22], decompensated [491.21], and emphysema 
[492.0-492.8]. 

 

The final study sample contains 93,019 Medicare beneficiaries with COPD 

claims who remained alive through 2006 (Figure 3). Of these, a total of 29,322 

(31.5%) are SSDI-eligible.  

 

Figure 3: Study Sample 
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To avoid misclassifying beneficiaries with COPD in the baseline year, several 

validity checks are performed. Specifically, 22,518 (24.2%) beneficiaries only had 

COPD diagnoses in 2006 with no subsequent Part A or B claims with COPD 

diagnoses in 2007 or 2008. These beneficiaries may have received a COPD diagnosis 

during a differential diagnosis work-up. Of these 22,518 beneficiaries, 5,567 (24.7%) 

died in 2007 or 2008, and another 7,789 (34.6%, mutually exclusive from the 24.7%) 

are classified as having COPD prior to 2006 by using the flag of the earliest indication 

of COPD from Medicare claims since 1999 (available in the CCW Chronic Condition 

Summary file).105 For the remaining 9,162 (40.7%) beneficiaries, 9,161 (100%) had 

two or more distinct COPD claims in 2006. Therefore, all beneficiaries who only had 

COPD diagnoses in 2006 have been determined to be correctly diagnosed with COPD 

and are retained in the final study sample. 

 

Measures  

Measures include dependent and independent measures of interest and 

covariates. Since measures of interest vary by study aim, measures are discussed 

under each study aim. 

 

Aim 1 Measures 

The measures of interest in Aim 1 are the proportion and rate of comorbid 

depression during the three-year study period (2006-2008). Evidence has shown that 

using a combination of pharmacy and diagnostic data to identify mental illness, 
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including depression, is superior to using either data source alone.110 Moreover, only 

small differences in prevalence and outcomes of comorbid depression in patients with 

diabetes have been found when comparing diagnostic criteria with the combination of 

assessment instrument (the Patient Health Questionnaire-2) and pharmacy claims 

data.111 However, such comparative work has not been conducted for depression in 

COPD patients. Thus, this study defines and operationalizes a series of different 

depression definitions using depression diagnosis codes from claims alone, and claims 

and/or receipt of antidepressant treatment. This is necessary because the complexity 

of obtaining valid and sustainable measurements of depression calls for a useful guide 

for selecting measures to maximize measurement quality. As well, the combination of 

diagnosis codes and receipt of antidepressant treatment provides an opportunity to 

investigate the influence of pharmacologically treated depression in the COPD 

sample. 

The CCW Chronic Condition Summary file contains 21 chronic condition 

indicator variables (including depression), which serves as the ‘base’ for depression 

definitions in this study.105 However, the CCW depression diagnosis definition is very 

broad and includes diagnosis codes for psychiatric disorders which sometimes have 

depressive features, such as bipolar and other psychotic disorders. Antidepressant use 

and outcomes, including mortality, are very different in individuals with unipolar 

depression relative to those with psychotic or bipolar disorders.112-116 Including 

psychotic and bipolar disorders to define depression may incorrectly classify 

beneficiaries as depressed who did not have a depressive illness. Therefore, in this 
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study, ‘general depression’ is defined using the CCW depression definition but 

excluding diagnosis codes of bipolar and psychotic disorders with or without 

depressive features.  

Even within the general depression definition, however, there are differences 

in terms of severity and chronicity of depression. For instance, individuals with major 

depression represent a more homogenous and severely depressed population who 

might receive different treatment regimens and care from those with less severe 

depressive symptoms. While clinical literature shows milder depression may lead to 

adverse outcomes, including mortality,117,118 major depression is associated with 

significant increases in health services utilization, lost productivity and functional 

disability.78 For this reason, a second depression definition using diagnosis codes 

limiting to major depression is defined. For both general and major depression 

definitions, the relevant ICD-9-CM diagnosis codes are captured using the CCW 

criteria requiring at least one inpatient, SNF, HHA, HOP or carrier claims.103 Table 

III.B  summarizes the different depression diagnosis definitions.  
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Antidepressant medication use, the second source used to capture depression, 

includes the following pharmacological classes: serotonin-norepinephrine reuptake 

inhibitors (SNRIs), selective serotonin reuptake inhibitors (SSRIs), bupropion, 

tricyclic antidepressants (TCAs), monoamine oxidase inhibitors (MAOIs), trazodone 

and “other”. Individual antidepressant medications for each pharmacological class are 

listed in Table III.C . Receipt of antidepressant treatment in a calendar year is defined 

as any use, a binary variable with YES = at least one prescribed prescription listed in 

Table III.C . Since bupropion and nortriptyline have been used for smoking cessation, 

beneficiaries prescribed either of these two medications are flagged from other 

Table III.B. Depression ICD-9-CM Diagnosis Codes 

CCW 
Depression 

296.20-296.26, 296.30-296.36, 296.50-296.56, 296.60-296.66, 296.89, 
298.0, 300.4, 309.1, 311.x103,105 

General 
Depression 296.20-296.26, 296.30-296.36, 300.4, and 311.x119-121 

Major 

Depression 296.20-296.26 and 296.30-296.36122-126 
Descriptions of depression ICD-9-CM codes: 

296.20, 296.21, 296.22, 296.23, 296.24: major depressive disorder, single episode; 

296.25: monopolar depression, single episode or unspecified; 

296.26: psychotic depression, single episode or unspecified; 

296.30-396.36: major depressive disorder, recurrent episode; 

296.50-296.56: bipolar I disorder, most recent episode [or current] depressed; 

296.60-296.66: bipolar I disorder, most recent episode [or current] mixed; 

296.89: other includes bipolar II disorder and manic-depressive psychosis, mixed 
type; 

298.0: other nonorganic psychoses; 

300.4: dysthymic disorder; 

309.1: prolonged depressive reaction; 

311.x: depressive disorder not elsewhere classified. 
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antidepressants. If beneficiaries had prescriptions for either of these two 

antidepressants with no evidence of a depression diagnosis in the same calendar year, 

they are not categorized into any depression definition. 

 

Table III.C. Antidepressant Medication List by Drug Class 

SSRIs citalopram hydrobromide, escitalopram oxalate, fluoxetine 
hydrochloride, fluvoxamine maleate, paroxetine hydrochloride, 
paroxetine mesylate, sertraline hydrochloride 

SNRIs duloxetine hydrochloride, venlafaxine hydrochloride 

Bupropion bupropion hydrochloride 

TCAs amitriptyline hydrochloride, amoxapine, clomipramine 
hydrochloride, desipramine hydrochloride, doxepin hydrochloride, 
imipramine hydrochloride, imipramine pamoate, nortriptyline 
hydrochloride, trimipramine maleate, protriptyline hydrochloride 

MAOIs isocarboxazid, phenelzine sulfate, tranylcypromine sulfate 

Trazodone trazodone hydrochloride 

Other maprotiline hydrochloride, mirtazapine 

 

By using combinations of depression diagnosis and antidepressant treatment, 

five types of possible depression definitions in each calendar year have been 

developed: 1) depression diagnosis regardless antidepressant use; 2) depression 

diagnosis with concurrent antidepressant use; 3) depression diagnosis only; 4) 

antidepressant use without any concurrent depression diagnosis; and 5) depression 

diagnosis or antidepressant use. Considering both general and major depression 

diagnoses, there are a total of nine possible depression definitions to estimate in each 

calendar year and compare in Aim 1: 
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I. General Depression diagnosis; 

II.  Major Depression diagnosis;  

III.  General Depression diagnosis + evidence of antidepressant treatment; 

IV.  Major Depression diagnosis + evidence of antidepressant treatment; 

V. Any antidepressant treatment without any depression diagnosis; 

VI.  General Depression diagnosis without evidence of antidepressant 

treatment; 

VII.  Major Depression diagnosis without evidence of antidepressant 

treatment; 

VIII.  General Depression diagnosis OR evidence of antidepressant 

treatment; and 

IX.  Major Depression diagnosis OR evidence of antidepressant treatment. 

Using multiple definitions of depression involving both diagnosis codes and 

antidepressant treatment provides an opportunity to examine the effect of 

antidepressant treatment on outcomes. For example, comparing results from 

depression definitions III (General Depression diagnosis + evidence of antidepressant 

treatment) and VI (General Depression diagnosis without evidence of antidepressant 

treatment) among depressed beneficiaries can provide an idea of the influence of 

concurrently treated depression in a depressed patient sample. Similarly, results from 

comparing depression definitions IV and VII demonstrate the concurrent 

antidepressant treatment effect for major depression. 

 



29 
 

Aim 2 Measures 

Measures include outcome measures of interest and potential impact factors. 

The outcome measures are defined over the entire three-year study period (2006 - 

2008). Individual factors are defined at baseline year 2006.  

Outcome Measures: The primary outcome measure of interest – depression 

diagnosis (regardless of antidepressant treatment) – is measured as a binary variable. 

Among beneficiaries with a depression diagnosis, the secondary outcome measure of 

interest – any evidence of concurrent antidepressant treatment – also is measured as a 

binary variable. 

In sensitivity analyses (Appendix B) using major instead of general 

depression diagnoses, the primary outcome measure is major depression diagnosis 

(regardless of antidepressant treatment). Among beneficiaries with a major depression 

diagnosis, the secondary outcome measure is any evidence of concurrent 

antidepressant treatment. Both outcome measures are measured as binary variables. 

Individual Factors: The primary individual factor – SSDI-eligibility – is 

defined as a binary variable using the original reason for entitlement in Medicare (a 

flag in the CCW data denominator file). SSDI-eligible beneficiaries include 

beneficiaries who were younger than 65 years old (Medicare eligible due to disability) 

and those who were aged 65 or older (originally entered Medicare due to disability 

and who have since ‘aged’ into the Medicare program). All other factors include 

sociodemographic factors, health insurance coverage, beneficiary comorbidities, 

COPD severity and depression severity. 
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Sociodemographic factors include age (categorical variable of <65, 65-74, 

75-84, and over 85 in bivariable analyses then operationalized as a continuous 

variable in multivariable analyses due to its correlation with SSDI-eligibility), gender 

(female and male [reference category]), race/ethnicity (white [reference category], 

black, Hispanic, Asian, and other), and region (northeast [reference category], north 

central, west, south, and other US territories [such as Puerto Rico and U.S. Virgin 

Islands]). These sociodemographic factors are provided for each beneficiary in the 

Medicare CCW data Denominator & Beneficiary Summary File.105  

Health insurance coverage factors included Medicare-Medicaid dual 

eligibility status, low-income subsidy (LIS) status, and end stage renal disease 

(ESRD) status, all of which are identified and measured as binary variables from the 

CCW Beneficiary Denominator & Summary File.105 With the implementation of the 

Medicare Prescription Drug Program in 2006, the LIS from Medicare has provided 

financial assistance for out-of-pocket prescription payments for beneficiaries who 

have limited income and resources. 

Beneficiary comorbidities are measured as a continuous variable (ranging 

from 0 to 29) by applying CMS Comorbid Conditions [CC] counts127 to obtain 

general comorbidity burden. In addition, selected individual chronic conditions 

related to COPD and depression are identified and measured as individual binary 

disease-specific comorbidities. These individual chronic conditions include asthma, 

diabetes, ischemic heart disease, congestive heart failure, hypertension, other 

cardiovascular disease (i.e., atrial fibrillation, acute myocardial infarction, 
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hyperlipidemia, idiopathic cardiomyopathy, valvular heart disease, and history 

of/prior cardiac surgery), Alzheimer's disease and related disorders or senile 

dementia, anxiety, bipolar, schizophrenia, neuropathic pain, obsessive-compulsive 

disorder, smoking cessation, cystic fibrosis, alpha-1-antitrypsin deficiency, respiratory 

cancer, fibrosis due to tuberculosis, pneumoconiosis, pulmonary fibrosis, pulmonary 

tuberculosis, and sarcoidosis. All beneficiary comorbidities are defined using 

ICD-9-CM codes and/or Healthcare Common Procedure Coding System (HCPCS) 

codes (Appendix A) captured in the CCW claims data. 

COPD and depression severity indicators are defined using ICD-9-CM and/or 

HCPCS codes available in the CCW claims data. COPD severity is measured as a 

binary variable assessing any evidence of supplemental oxygen use (HCPCS codes 

E042-E0429, E043-E0439, E044-E0444, E0446-E0449)40. Depression severity 

indicators include: 1) the presence of a 5th digit depression diagnosis code (where “4”, 

severe with mention of psychosis, is considered most severe as a binary variable; 

because the 5th digit only exists in major depression diagnosis codes, both general and 

major depression have the same severity measure for this indicator); 2) any evidence 

(binary variable) and frequency (continuous variable) of psychiatric hospitalization 

with a primary diagnosis of depression;128,129 and 3) any evidence of 

non-pharmacological psychiatric health services (defined as receiving any mental 

health specialist services128, any psychotherapy, and/or other non-pharmacological 

treatments for depression). Receipt of any mental health specialist services is defined 

using selected CMS provider specialty codes (26=Psychiatry, 27=Psychiatry, 
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neurology [osteopaths only], 62=Psychologist, 68=Clinical psychologist, and 

86=Neuropsychiatry) used for pricing line item services on noninstitutional claims. 

Any psychotherapy and/or other non-pharmacological treatments for depression are 

defined using HCPCS codes 90804-90809, 90816-90819, 90845, 90853, 90857, 

90865, and 90870. 

To overcome the limited availability of socioeconomic measures in the CCW 

administrative claims data, the five-digit zip code available in the CCW data is linked 

to contextual measures available in the latest available ARF data (2009)130 and the 

U.S. Census (2000).107 From this linkage, two socioeconomic measures are 

constructed: education level (less than high school[reference category], high school, 

some college with no associated degree, and 4 years of college or more) and median 

annual household income (<$15,000 [reference category], $15,001-$30,000, 

$30,001-$50,000, $50,001-$100,000, and >$100,000).  

 

Aim 3 Measures 

Aim 3 measures include dependent and independent measures of interest and 

covariates. The dependent measures are defined over the two-year follow-up period 

(2007-2008) while the independent measures are defined at baseline 2006 (depression 

diagnosis) and the three-year study period (antidepressant treatment). All covariates 

are defined at baseline. 
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Dependent Measure of Interest: The primary dependent measure of interest – 

all-cause mortality – is measured as a binary variable. Although Medicare claims data 

include date of death, the cause of death is not reported in the data. 

Independent Measures of Interest: The primary independent measures of 

interest include: 1) depression diagnosis (regardless of antidepressant treatment); and 

2) SSDI-eligibility. Depression is measured as a binary variable at baseline. If there is 

any evidence of depression diagnosis in 2006, exposure of depression is 

operationalized as exposure=1 (yes) at baseline. Among beneficiaries with a 

depression diagnosis at baseline, the secondary independent measures of interest 

include: 1) any evidence of antidepressant treatment; and 2) SSDI-eligibility. 

Evidence of antidepressant treatment is measured as a binary time-dependent variable 

in the three-year study period. If there is any evidence of antidepressant treatment at 

baseline, exposure of antidepressant treatment is operationalized as exposure=1 (yes). 

Starting from index date (January 1st, 2007, first date of follow-up), any evidence of 

antidepressant treatment in 2007-2008 is assessed in each quarter (three months). The 

advantage of using time-dependent measure of antidepressant treatment insures 

assessing evidence of antidepressant treatment at each time point, rather than 

assuming that assessment from baseline is sufficient. In sensitivity analyses 

(Appendix B), depression diagnosis limits to major depression diagnosis.  

SSDI-eligibility is defined as a binary variable using the original reason for 

entitlement in Medicare (a flag in the CCW data denominator file). SSDI-eligible 

beneficiaries include beneficiaries younger than 65 years (Medicare eligible due to 
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disability) and those 65 or older (originally entered Medicare due to disability and 

who have since ‘aged’ into the Medicare program). However, because Medicare data 

do not include beneficiaries younger than 65 years who were non-SSDI-eligible, age 

differences between SSDI-eligible and non-SSDI-eligible beneficiaries may introduce 

bias when mortality is used as an outcome. Thus, Aim 3 analyses are limited to 

Medicare beneficiaries with COPD who were 65 years and older. In Aim 3 analyses, 

SSDI-eligible beneficiaries only include those 65 years or older who originally 

entered Medicare due to disability and who have since ‘aged’ into the Medicare 

program. 

Covariates: All other factors, including sociodemographic factors (except for 

age), health insurance coverage, beneficiary comorbidities, COPD and depression 

severity, are measured as covariates. Age is operationalized as a categorical variable 

(<65 [reference category], 65-74, 75-84, and over 85). The definitions of these 

covariates are the same as in Aim 2. 

 

Analytical Plan 

The analytical approaches are discussed individually for each aim. 

Aim 1: To estimate the proportions and rates of comorbid depression in Medicare 

beneficiaries with COPD, overall and by SSDI-eligibility status. 

Analytical plan for Aim 1 : The proportions and rates of all nine depression 

definitions are estimated in the total COPD sample, SSDI-eligible, and 

non-SSDI-eligible beneficiaries across the entire three-year study period (2006 – 
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2008). Since depression is defined in each calendar year then aggregated in the 

three-year study period, the proportions describe the occurrence of unique 

beneficiaries with depression in any given year among Medicare beneficiaries with 

COPD; and rates measure the frequency of depression occurring over time.  

The proportion is a dimensionless number between 0% and 100%. The 

numerator consists of number of unique beneficiaries with COPD and depression in 

any calendar between 2006 and 2008 who survived through 2006 and the denominator 

is the number of total beneficiaries with COPD who survived through 2006.  

 

Proportion in 2006-2008 = (# of unique beneficiaries with COPD and depression in 
any calendar year between 2006 and 2008 who survived through 2006) ÷ (# of 

beneficiaries with COPD who survived through 2006) 

 

      The rate is an instantaneous measure ranging from 0 to infinity. It is the ratio 

of number of events in a group of individuals at risk of the event divided by the total 

time units contributed by the individuals at-risk of the event. Thus, the rate is usually 

used to measure the frequency of events (cases) as they occur over time. In this aim, 

the time unit is defined as year, so rate is calculated using numbers of beneficiaries 

with COPD and depression in any calendar between 2006 and 2008 who survived 

through 2006 as the numerator divided by the sum of person-years of beneficiaries 

with COPD who survived through 2006. 

 

Rate in 2006-2008 = (# of unique beneficiaries with COPD and depression in any 
calendar year between 2006 and 2008 who survived through 2006) ÷ (sum of 

person-years of beneficiaries with COPD who survived through 2006) 
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      The purpose of Aim 1 is to estimate the proportions and rates of all nine 

depression definitions and determine how the proportions and rates vary by definition. 

This is necessary because of the complexity of obtaining valid and sustainable 

measurements of depression, especially in claims data. As well, multiple depression 

definitions provide an opportunity to estimate the effects of antidepressant treatment 

for depression in COPD population. Based on Aim 1 findings, selected depression 

definitions are chosen for Aims 2 and 3 analyses.  

The initially targeted depression definitions are depression diagnoses 

regardless of antidepressant treatment (definition I) and its corresponding definition 

with (definition III) and without (definition VI) evidence of concurrent (in the same 

calendar year) antidepressant treatment. The reason for selecting these three 

definitions is the opportunity of estimating the patterns (Aim 2) and effect (Aim 3) of 

antidepressant treatment among beneficiaries with both COPD and depression. 

 

Aim 2: To describe and compare factors associated with comorbid depression in 

SSDI-eligible and non-SSDI-eligible beneficiaries with COPD. 

Analytical plan for Aim 2 : Descriptive, bivariable, and multivariable 

analyses are conducted to study individual factors associated with comorbid 

depression in SSDI-eligible and non-SSDI-eligible Medicare beneficiaries with 

COPD. Since Aim 3 analyses are limited to Medicare beneficiaries aged 65 and older, 

parallel analyses among Medicare beneficiaries 65 years and older also are conducted. 

In sensitivity analyses (Appendix B), all analyses are conducted using major instead 
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of general depression definitions. All data analyses are performed using SAS version 

9.2 (SAS Institute, Inc., Cary, NC).  

In Aim 2, descriptive analyses are used to describe: 1) baseline characteristics 

of the population, overall and by depression; and 2) baseline characteristics of 

beneficiaries with COPD and depression, overall and by SSDI-eligibility status. After 

summarizing the sample, bivariable analyses, using Chi-square or Fisher’s exact test 

for categorical variables and t-tests for continuous variables, estimate: 1) the 

unadjusted associations between individual factors and depression diagnosis among 

the sample; 2) the unadjusted associations between individual factors and evidence of 

antidepressant treatment among beneficiaries with COPD and depression; 3) the 

unadjusted associations between individual factors and SSDI-eligibility in 

beneficiaries with COPD and depression; and 4) the unadjusted associations between 

individual factors and SSDI-eligibility among beneficiaries with COPD and 

depression with evidence of antidepressant treatment. All findings are reported at 

level of p<0.01 due to the large sample size. 

Multivariable models using modified Poisson regression and log link with 

generalized estimating equations (GEE) are conducted to estimate: 1) associations 

between individual factors and depression; and 2) associations between factors and 

evidence of antidepressant treatment among beneficiaries with COPD and depression. 

For multivariable models, when the proportions of outcome events are not rare (e.g. 

≥10%), it is more desirable to estimate relative risks (RR) or proportion ratio (PR) due 

to an increasing differential between RR or PR and odds ratios (OR) with the 
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increasing proportions of outcome events.131-133 The modified Poisson regression and 

log link GEE approach (SAS procedure PROC GENMOD) obtaining a robust 

covariate estimate instead of a more general approach to model binary outcomes, such 

as multivariable logistic regression models, is used to estimate RR or PR with 

associated 95% confidence intervals (95% CI) instead of OR.134 Therefore, no 

assumptions about the correlations (using an unstructured covariance matrix) are 

made. Since a GEE model does not specify a likelihood structure, traditional model 

selection criteria are not well established. Thus, the Quasilikelihood under the 

Independence model Criterion (QIC) is used to compare full and reduced models to 

achieve the optimized model.135 The model with the smallest QIC indicates the best 

model fit. 

In order to test whether SSDI-eligibility is an effect modifier of the 

associations between depression and other factors, both main effects and interaction 

models (with SSDI-eligibility interactions) are conducted.136 The interaction terms 

and main effect variables are retained if any corresponding interaction is significant at 

level of p<0.05. Significant interactions indicate the associations between individual 

factors and depression differ by SSDI-eligibility. The full functional models for 

estimating associations of depression diagnosis and evidence of antidepressant 

treatment with individual factors are shown in the following equations: 
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Log(Pdepression) = α + β1*SSDI + β2-5*(sociodemographics) + β6-8*(health insurance) + 
β9-29*(comorbidities) + β30*(COPD severity) + β31-33*(depression severity) + 

β34-37*(SSDI*sociodemographics) + β38-40*(SSDI*health insurance) + 
β41-61*(SSDI*comorbidities) + β62*(SSDI*COPD severity) +  

β63-65*(SSDI*depression severity) 
 

Log(Pantidepressant treatment) = α + β1*SSDI + β2-5*(sociodemographics) + β6-8*(health 
insurance) + β9-29*(comorbidities) + β30*(COPD severity) + β31-33*(depression 

severity) + β34-37*(SSDI*sociodemographics) + β38-40*(SSDI*health insurance) + 
β41-61*(SSDI*comorbidities) + β62*(SSDI*COPD severity) +  

β63-65*(SSDI*depression severity) 

 

In the above equations, Pdepression refers to the estimated proportion of 

depression diagnosis while Pantidepressant treatment is the estimated proportion of receipt of 

concurrent antidepressant treatment among beneficiaries with a depression diagnosis. 

β2-33 is a set of parameters for all individual factors including SSDI-eligibility, 

sociodemographics (age, gender, race/ethnicity, and region), health insurance (dual 

eligibility, LIS, and ESRD), comorbidities (21 selected individual comorbidities), 

COPD severity (evidence of supplemental oxygen use), and depression severity (three 

indicators). β34-65 is a set of parameters for the interaction terms between 

SSDI-eligibility and all other factors. Using both equations, the estimated βk (k = 

1-33) and the proportion ratio, PR = exp(βk), represent associations of depression 

diagnosis and antidepressant treatment with specific individual factors. Significant 

interaction terms retained in final models indicate the effect modifiers of 

SSDI-eligibility for the associations of specific factors on depression diagnosis and 

antidepressant treatment.  
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Aim 3: To estimate and compare the influence of comorbid depression on mortality in 

SSDI-eligible and non-SSDI-eligible Medicare beneficiaries with COPD.  

Analytical plan for Aim 3 : In this aim, all analyses are limited to 

beneficiaries aged 65 and older with COPD because the lack of beneficiaries younger 

than 65 years old who are not SSDI-eligible in Medicare data. Descriptive analyses 

are used to describe the sample, overall, by depression status. Since all covariates are 

categorical variables, Log-rank homogeneity test is used to determine whether or not 

to include covariates in the final model before proceeding to more complicated 

models. If the test has a p-value ≤ 0.1, the covariate is included in the final model.  

Survival analyses using Cox proportional hazards models are conducted to 

compare the risk of death by depression and by SSDI-eligibility status. Considering 

the impact of both depression diagnosis and antidepressant treatment, a total of four 

hypotheses are tested: 

• H1: The risk of death is higher in beneficiaries with baseline depression 

diagnosis compared to those without;  

• H2: Baseline depression diagnosis is associated with higher risk of death in 

SSDI-eligible than non-SSDI-eligible beneficiaries; 

• H3: Among beneficiaries with baseline depression diagnosis, risk of death is 

lower in those with evidence of antidepressant treatment compared to those 

without; and 
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• H4: Among beneficiaries with baseline depression diagnosis, the benefits on 

mortality from receiving antidepressant treatment are less in SSDI-eligible 

than in non-SSDI-eligible beneficiaries. 

 

To test the four hypotheses above, four corresponding Cox proportional 

hazards models are conducted and examined: 

• Model 1: h(t) = h0(t) exp(β1*baseline depression diagnosis + β2*SSDI + ・ 
・ ・ + βk*covariatek) 
 

• Model 2: h(t) = h0(t) exp(β1*baseline depression diagnosis + β2*SSDI + 
β3*depression diagnosis*SSDI + ・ ・ ・ + βk+1*covariatek) 
 

• Model 3: h(t) = h0(t) exp[β1*antidepressant treatment(t) + β2*SSDI + ・ ・ 
・ + βk*covariatek] 
 

• Model 4: h(t) = h0(t) exp[β1*antidepressant treatment(t) + β2*SSDI + 
β3*antidepressant treatment(t)*SSDI + ・ ・ ・ + βk+1*covariatek] 

 

The first two Cox proportional hazards models are conducted to estimate the 

adjusted relative hazards ratios (HRs) for mortality from depression diagnosis. Model 

1 includes the main effects of baseline depression diagnosis and SSDI-eligibility and 

selected covariates from the log-rank homogeneity tests (SAS procedure PROC 

LIFETEST STRATA). Model 2 includes the main effects of baseline depression 

diagnosis and SSDI-eligibility, the interaction term of depression diagnosis and SSDI, 

and covariates. The significance of the interaction term β3 tests whether 

SSDI-eligibility modifies the influence of baseline depression diagnosis on mortality 

risk. If the interaction term β3 is not significant at level of p<0.05, then it is removed 

from Model 2. 
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Among beneficiaries with COPD and baseline depression, two extended Cox 

proportional hazards models (main effects Model 3 and interaction Model 4) are 

conducted to estimate the adjusted relative HRs for mortality from evidence of 

antidepressant treatment and SSDI-eligibility. Both models include the 

time-dependent measures of antidepressant treatment (measured in 2006-2008) to 

assess evidence of antidepressant treatment at each time point instead of just baseline. 

The significance of the interaction term β3 tests whether SSDI-eligibility modifies the 

influence of antidepressant treatment on mortality risk. If the interaction term β3 is not 

significant at level of p<0.05, then it is removed from Model 4. 

For all four Cox proportional hazards models, the origin of time for survival 

analysis (index date) is January 1st, 2007 since all beneficiaries are required to be 

alive through baseline year. In models 3 and 4, the antidepressant treatment 

time-to-event variable is defined as baseline (one year) and the difference by using 

quarter (i.e., three months) between the index date and the date of death or last date of 

observation (12/31/2008). Therefore, each beneficiary has up to nine observations 

(coded as 1-9) by quarter across time in 2007-2008 (codes as 2-9) plus baseline 

(coded as 1).  

Proportionality is tested for each independent variable and covariate in the 

final model by including interactions of the predictors with log time in the model. If 

any interaction term is statistically significant at level of p<0.05, it indicates a 

violation of the proportionality assumption for that specific predictor. In that case, the 

violating predictor is further defined as a function of time in the Cox proportional 
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hazards model. Adjusted relative HRs with 95% CIs from all Cox proportional 

hazards models are generated using SAS procedure PROC PHREG, SAS version 9.2 

(SAS Institute, Inc., Cary, NC). Statistical significance is set at two-sided with 

p<0.05. 

To test for the possibility of disease misclassification, a series of sensitivity 

analyses are conducted: 1) limiting to beneficiaries with COPD but no comorbid 

asthma at baseline because the coexistence of asthma might affect COPD treatments 

and outcomes; and 2) limiting to beneficiaries without evidence of comorbid bipolar 

and/or schizophrenia at baseline disorders since patients with these psychotic 

disorders could have very different antidepressant use and outcomes. In addition, 

since individuals with major depression represent a more severe subgroup of 

depressed beneficiaries, sensitivity analyses using major depression diagnosis also are 

conducted. 
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CHAPTER IV: PROPORTIONS AND RATES OF COMORBID DEPRE SSION 
IN MEDICARE BENEFICIARIES WITH COPD  

 

Chapter IV addresses the first aim of this study: To estimate the proportions 

and rates of comorbid depression in Medicare beneficiaries with COPD, overall 

and by SSDI-eligibility status. 

The primary purpose of this aim is to determine the occurrence and frequency 

of depression in Medicare beneficiaries with COPD in the three-year study period. As 

summarized earlier, there is a paucity of data on the prevalence and incidence of 

depression in COPD patients, particularly in those enrolled in Medicare due to age 

and/or disability. Because it is difficult to assess depression from administrative 

claims data, the proportions and rates of depression in this population are assessed 

using a number of different definitions of depression. This is necessary because of: 1) 

the complexity of obtaining valid and sustainable measurements of depression over 

time; and 2) the opportunity to investigate the influence of pharmacologically treated 

depression in the COPD sample. 

This chapter addresses Aim 1 in a systematic fashion. First, depression 

measures are briefly reviewed in Section A. Then the proportions and rates of 

depression, overall and by SSDI-eligibility status, are estimated for each of the nine 

depression definitions (Sections B). Finally, findings and conclusions are summarized 

in Sections C and D, respectively. 
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Section A: Depression Measures 

In this study, as summarized in Chapter III (Methodology), general depression 

is defined using ICD-9-CM codes 296.21-296.26, 296.31-296.36, 300.4, 309.1, and 

311. Within this general depression definition, major depression is further defined as 

the inclusion of ICD-9-CM codes 296.21-296.26 and 296.31-296.36.122-126 Depression 

diagnoses require a relevant ICD-9-CM code in at least one inpatient, skilled nursing 

home (SNF), home health (HHA), hospital outpatient (HOP) or carrier claim in any 

calendar year; this is adapted from the CCW criteria.103,105  

Antidepressant use is defined as a binary variable and is flagged when 

beneficiaries had at least one prescribed antidepressant in each calendar year. Since 

bupropion and nortriptyline are used for smoking cessation, beneficiaries prescribed 

these two antidepressants also are flagged. However, if beneficiaries filled bupropion 

and/or nortriptyline prescriptions and had no depression diagnosis, they are not 

categorized as depressed and therefore are not included in any depression definitions. 

In summary, there are nine depression definitions in each calendar year then 

aggregated in three-year study period:  

I. General depression diagnosis 

II.  Major depression diagnosis  

III.  General depression diagnosis + evidence of antidepressant treatment 

IV.  Major depression diagnosis + evidence of antidepressant treatment 

V. Any antidepressant treatment without depression diagnosis 
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VI.  General depression diagnosis without evidence of antidepressant 

treatment 

VII.  Major depression diagnosis without evidence of antidepressant treatment 

VIII.  General depression diagnosis OR evidence of antidepressant treatment 

IX.  Major depression diagnosis OR evidence of antidepressant treatment 

 

Section B: Proportions and Rates of Beneficiaries with Depression 

This section presents estimates of the proportions and rates of depression for 

each of the nine depression definitions, overall and by SSDI-eligibility status. 

Because SSDI-eligible beneficiaries include both those younger than 65 years 

(Medicare eligible due to disability) and beneficiaries older than 65 years (originally 

entered Medicare due to disability and who have since ‘aged’ into the Medicare 

program), results for SSDI-eligible beneficiaries are further stratified by age. 

 

B.1. Proportions and Rates of Beneficiaries with Depression in the Total Sample 

The proportions and rates of the nine depression definitions in the total 

sample of Medicare beneficiaries with COPD (n=93,019 individuals; 265,928 

person-years observations) across the three-year study period are summarized in 

Table IV.B.1. In these analyses, the proportions describe the percentages of 

beneficiaries with depression in the total COPD sample. Rates, measured in 

person-years, measure the frequency of depression occurring over time. 
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The proportions of depression in the total sample varied widely by definition, 

from 3.1% (definition VII) to 55.3% (definition VIII). The rates of depression in the 

total sample also varied depending on the definition used – from 11 per 1000 

person-years observations (definition VII) to 194 per 1000 person-years observations 

(definition VIII). Definition VII was a very narrow definition that only included 

patients with major depression diagnosis but without concurrent evidence of 

antidepressant treatment. 

As shown in Table IV.B.1, 36,609 (39.4%) beneficiaries with COPD had a 

general depression diagnosis across the three-year study period, which contributed 

64,267 (24.2%) person-years observations. Of these person-years observations with a 

general depression diagnosis, 50,197 (78.1% vs. 79.5% of individuals) were treated 

with antidepressants while the remainder (21.9% vs. 20.5% of individuals) had no 

evidence of antidepressant treatment. More than 12,000 beneficiaries (13.3%) in the 

total sample had a major depression diagnosis across the three-year study period, 

contributing 20,393 (7.7%) person-years observations. Among these person-years 

observations, 16,910 (82.9% vs. 83.5% of individuals) were treated with 

antidepressants while the remainder (17.1% vs. 16.5% of individuals) had no evidence 

of antidepressant treatment.  

Attention should be paid to both the proportion and rate of those with 

antidepressant use only (definition V). Nearly one-third of beneficiaries (29,016, or 

31.2%) filled at least one antidepressant prescription but had no diagnostic evidence 

of depression in the same calendar year. One study conducted by Conti et al suggested 
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that a 20% of antidepressant overuse may be off-label among U.S. adults.137 Thus, 

diagnostic evidence of other concurrent psychiatric and physical disorders for this 

subgroup should be further investigated for antidepressant use without depression 

diagnosis (potential overuse), as well as appropriate antidepressant treatment for 

depression symptoms but without a depression diagnosis (underdiagnose). 



 

Table IV.B.1 Proportion and Rates of Depression in Study Sample (n=93,019)      
Description N   Rate 

  2006 2007 2008 2006-2008 %  Total Per 1000 person-years 
Total sample size (N) 93,019 93,019 79,890 93,019 93,019 N/A N/A 
Total person years N/A N/A N/A N/A N/A  265,928 265,928 
Had depression diagnosis     

General Depression (I) 22,842 21,781 19,644 36,609 39.4% 64,267 138 
Major Depression (II) 7,415 6,952 6,026 12,350 13.3% 20,393 46 

Had diagnosis AND drug use         
General Depression (III) 17,223 17,247 15,727 29,095 31.3%  50,197 109 
Major Depression (IV) 5,969 5,804 5,137 10,318 11.1%  16,910 39 

Antidepressant use only (V) 15,053 17,404 14,785 29,016 31.2% 47,242 109 
Depression diagnosis only         

General Depression (VI) 5,619 4,534 3,917 11,201 12.0%  14,070 42 
Major Depression (VII) 1,446 1,148 889 2,841 3.1%  3,483 11 

Diagnosis OR drug use 
General Depression (VIII) 38,665 39,920 35,036 51,459 55.3% 113,621 194 
Major Depression (IX) 34,122 36,233 31,755 46,404 49.9% 102,110 174 

*Nine depression definitions I, II, III, IV, V, VI, VII, VIII, and IX. 
I. General Depression diagnosis 

II.  Major Depression diagnosis  
III.  General Depression diagnosis + evidence of antidepressant treatment 
IV.  Major Depression diagnosis + evidence of antidepressant treatment 
V. Any antidepressant treatment (had any antidepressant except bupropion and nortriptyline) without depression diagnosis 

VI.  General Depression diagnosis without evidence of antidepressant treatment 
VII.  Major Depression diagnosis without evidence of antidepressant treatment 

VIII.  General Depression diagnosis OR evidence of antidepressant treatment 
IX.  Major Depression diagnosis OR evidence of antidepressant treatment 

49 
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B.2. Proportions and Rates of Beneficiaries with Depression by SSDI-eligibility 

The proportions and rates of depression among Medicare beneficiaries with 

COPD for all nine definitions by SSDI-eligibility are described in Table IV.B.2. The 

SSDI-eligible sample consisted of 29,322 beneficiaries (31.5% of the total sample) who 

contributed 84,721 person-years observations. The non-SSDI-eligible sample consisted of 

63,697 Medicare beneficiaries (68.5% of total sample) who contributed a total of 181,207 

person-years observations. 

As in the total sample, the proportions and rates of depression varied by 

definition and by SSDI-eligibility status. The proportions and rates of depression in the 

SSDI-eligible sample were correspondingly higher than in the non-SSDI-eligible sample. 

Nearly half of SSDI-eligible beneficiaries (49.4%) and more than one-third (34.8%) of 

non-SSDI beneficiaries had a general depression diagnosis across the three-year study 

period. More than 20% of SSDI-eligible beneficiaries and 10% of non-SSDI-eligible 

beneficiaries had a major depression diagnosis. Compared to non-SSDI-eligible 

beneficiaries, a higher proportion (81.0% vs. 76.0%) of person-years observations of 

SSDI-eligible beneficiaries with general depression received antidepressant treatment. As 

well, a higher proportion (85.1% vs. 80.6%) of person-years observations of 

SSDI-eligible beneficiaries with major depression diagnosis had evidence of 

antidepressant treatment.  

In both SSDI-eligible and non-SSDI-eligible samples, the proportions and rates 

of depression definition V remained high. More than one-third (35.1%) of beneficiaries in 

the SSDI-eligible sample and 29.4% of beneficiaries in the non-SSDI-eligible sample 
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filled at least one antidepressant prescription but had no diagnostic evidence of 

depression in the same calendar year. 



 

Table VI.B.2 Proportions and Rates of Depression in Medicare Beneficiaries with COPD in 2006-2008 (n=93,019), 
Stratified by SSDI Status 

Description SSDI   Non-SSDI 
  N 

 
Rate N 

 
Rate 

  2006-
2008 % Total 

Per 1000 
person-years  

2006-
2008 % Total 

Per 1000 
person-years  

Total sample size (N) 29,322 29,322 N/A N/A  63,697 100% N/A N/A 
Total person years N/A N/A 84,721 84,721 

 
N/A N/A 181,207 181,207 

Had depression diagnosis  
   

 
   General Depression (I) 14,472 49.4% 

 
27,115 171 

 
22,137 34.8% 

 
37,152 122 

Major Depression (II) 5,937 20.2% 
 

10,371 70 
 

6,413 10.1% 
 

10,022 35 
Diagnosis AND drug use            

General Depression (III)  11,888 40.5%  21,961 140  17,207 27.0%  28,236 95 
Major Depression (IV)  5,108 17.4%  8,830 60  5,210 8.2%  8,080 29 

Antidepressant use only (V) 10,283 35.1% 
 

16,954 121 
 

18,733 29.4% 
 

30,288 103 
Depression diagnosis only            

General Depression (VI) 3,944 13.5%  5,154 47  7,257 11.4%  8,916 40 
Major Depression (VII) 1,209 4.1%  1,541 14  1,632 2.6%  1,942 9 

Diagnosis OR drug use 
           General Depression (VIII) 19,340 66.0% 

 
45,350 228 

 
32,119 50.4% 

 
68,271 178 

Major Depression (IX) 17,682 60.3%   41,326 209   28,722 45.1%   60,784 159 
* Nine depression definitions I, II, III, IV, V, VI, VII, VIII, and IX. 

I. General Depression diagnosis 
II.  Major Depression diagnosis  

III.  General Depression diagnosis + evidence of antidepressant treatment 
IV.  Major Depression diagnosis + evidence of antidepressant treatment 
V. Any antidepressant treatment (had any antidepressant except bupropion and nortriptyline) without depression 

diagnosis 
VI.  General Depression diagnosis without evidence of antidepressant treatment 

VII.  Major Depression diagnosis without evidence of antidepressant treatment 
VIII.  General Depression diagnosis OR evidence of antidepressant treatment 

IX.  Major Depression diagnosis OR evidence of antidepressant treatment 
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B.3. Proportions and Rates of Beneficiaries with Depression in the SSDI-eligible 
Sample, Stratified by Age 
 

The proportions and rates of depression for all nine definitions in the 

SSDI-eligible subgroup by age (≥ 65, < 65) are summarized in Table VI.B.3. Of the 

SSDI-eligible subgroup, 42.0% of beneficiaries were at least 65 years old while 58.0% 

were younger than 65. 

The proportions and rates of depression followed the same patterns – varying 

from definition VII to definition VIII – in both age subgroups. Both proportions and 

rates of depression in the younger than 65 years subgroup were correspondingly higher 

than the 65 years of age and older subgroup, which is consistent with findings of higher 

prevalence of comorbid depression in younger COPD patients from previous studies.58,59 

The proportions and rates of depression of definition V remained high. 

Across the three-year study period, 42.3% of beneficiaries in the 65 years of age 

and older subgroup and 54.5% of beneficiaries younger than 65 years had a general 

depression diagnosis. Among beneficiaries with general depression diagnoses, a slightly 

lower proportion (79.2% vs. 81.9%) of person-years observations in beneficiaries 

younger than 65 years was treated with antidepressants compared to those 65 years of age 

and older. About a quarter (24.7%) of beneficiaries younger than 65 years and 14.2% of 

those 65 years of age and older had a major depression diagnosis. A higher proportion 

(86.1% vs. 82.7%) of person-years observations of beneficiaries younger than 65 years 

with major depression had evidence of receiving antidepressant treatment compared to 

those older beneficiaries.



 

Table VI.B.3 Proportions and Rates of Depression in SSDI-eligible Medicare Beneficiaries with COPD in 2006-2008 
(n=29,556), Stratified by Age 

Description >= 65 Years Old   <65 Years Old 
  N 

 
Rate N 

 
Rate 

  2006- 
2008 % 

2006- 
2008 

Per 1000 
person-years 

2006-
2008 % 

2006- 
2008 

Per 1000 
person-years 

Total sample size (N) 12,329 100% N/A N/A  16,993 100% N/A N/A 
Total person years N/A N/A 35,040 35,040 

 
N/A N/A 49,681 49,681 

Had depression diagnosis  
   

 
   General Depression (I) 5,213 42.3% 

 
9,290 149 

 
9,259 54.5% 

 
17,825 186 

Major Depression (II) 1,745 14.2% 
 

2,890 50 
 

4,192 24.7% 
 

7,481 84 
Diagnosis AND drug use            

General Depression (III)  4,191 34.0%  7,356 120  7,697 45.3%  14,605 155 
Major Depression (IV)  1,467 11.9%  2,390 42  3,641 21.4%  6,440 73 

Antidepressant use only (V) 4,233 34.3% 
 

7,025 121 
 

6,050 35.6% 
 

9,929 122 
Depression diagnosis only            

General Depression (VI) 1,499 12.2%  1,934 43  2,445 14.4%  3,220 49 
Major Depression (VII) 395 3.2%  500 11  814 4.8%  1,041 16 

Diagnosis OR drug use 
           General Depression (VIII) 7,380 59.9% 

 
16,581 211 

 
11,960 70.4% 

 
28,769 241 

Major Depression (IX) 6,671 54.1%   15,034 190   11,011 64.8%   26,292 222 
*Nine depression definitions I, II, III, IV, V, VI, VII, VIII, and IX. 

I. General Depression diagnosis 
II.  Major Depression diagnosis  

III.  General Depression diagnosis + evidence of antidepressant treatment 
IV.  Major Depression diagnosis + evidence of antidepressant treatment 
V. Any antidepressant treatment (had any antidepressant except bupropion and nortriptyline) without depression 

diagnosis 
VI.  General Depression diagnosis without evidence of antidepressant treatment 

VII.  Major Depression diagnosis without evidence of antidepressant treatment 
VIII.  General Depression diagnosis OR evidence of antidepressant treatment 

IX.  Major Depression diagnosis OR evidence of antidepressant treatment 

54 
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Section C: Summary of Aim 1 Findings 

The proportions and rates of depression in the total, SSDI-eligible, and 

non-SSDI-eligible samples varied by definition – lowest for the narrowest definition of 

major depression with no evidence of antidepressant treatment in the same calendar year 

(definition VII) and highest for the most expansive definition of general depression or 

evidence of antidepressant treatment (definition VIII). 

Higher proportions and rates of general and major depression were found in 

SSDI-eligible beneficiaries compared to non-SSDI-eligible beneficiaries. Among 

SSDI-eligibles, beneficiaries younger than 65 years had higher proportions and rates of 

general and major depression than those 65 years of age and older. 

In the total sample, a higher proportion of person-years observations, as well as 

proportion of individuals, in beneficiaries with major depression received antidepressant 

treatment compared to those in the study sample of beneficiaries with COPD who had a 

general depression diagnosis (82.9% vs. 78.1%, respectively). Similar patterns were 

noted in the SSDI-eligible and non-SSDI-eligible samples – higher proportions of 

person-years observations and individuals in beneficiaries with major depression received 

antidepressant treatment compared to those with general depression for both 

SSDI-eligible and non-SSDI-eligible beneficiaries. The findings of higher proportions of 

evidence of antidepressant treatment among Medicare beneficiaries with COPD and 

depression (or major depression) than in other populations with both conditions might 

indicate the success of Part D in providing improved access to medication treatment. 

Both proportions and rates of depression definition V (antidepressant use without 

any concurrent depression diagnosis) remained high in all three samples. Thus, diagnostic 
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evidence of other concurrent psychiatric and physical disorders for this subgroup should 

be further investigated. For this reason, depression definitions V, VIII, and IX, which rely 

on antidepressant use without concomitant depression diagnoses, are not deemed precise 

enough to capture individuals with ‘true’ depression in this sample. 

 

Section D: Conclusions from Aim 1 Findings 

 Compared to major depression, general depression has a three-fold greater 

sample size (n=36,609 vs. n=12,350, respectively). In addition, major depression does not 

fully capture COPD patients with depression and/or depressive symptoms. Individuals 

with major depression represent a more severely depressed population who might receive 

different treatment regimens and care from those with less severe depressive symptoms. 

Thus, the following three general depression definitions will be utilized in Aims 2 and 3 

analyses:  

• Definition I: General depression diagnosis regardless of antidepressant 

treatment; 

• Definition III: General depression diagnosis with evidence of antidepressant 

treatment; and  

• Definition VI: General depression diagnosis without evidence of antidepressant 

treatment.  

Differences in findings using the above three definitions provide insight into the 

influence of antidepressant treatment on Medicare beneficiaries with COPD and 

comorbid general depression. Definition III represents patients treated with 
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antidepressant concurrently while definition VI includes beneficiaries without any 

evidence of antidepressant treatment during the same calendar year. 

To compare general and major depression in terms of diagnosis and receipt of 

pharmacological treatment, sensitivity analyses using the three corresponding major 

depression definitions (definitions II, IV and VII) are conducted for Aims 2 and 3. 

Findings are presented in Appendix B and Appendix C. These sensitivity analyses are 

important because major depression is associated with significant increases in health care 

utilization, lost productivity and functional disability. 78 Indeed, findings from Aim 1 

demonstrate that higher proportions of beneficiaries with major depression received 

evidence of concurrent antidepressant treatment compared to those with general 

depression. 
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CHAPTER V: FACTORS ASSOCIATED WITH COMORBID DEPRESS ION IN 
SSDI- AND NON-SSDI MEDICARE BENEFICIARIES WITH COPD  

 
 

Chapter V addresses the second aim of this study: To describe and compare 

factors associated with comorbid depression in SSDI-eligible and non-SSDI-eligible 

Medicare beneficiaries with COPD. 

This chapter first reviews key measures and analytical approaches (Section A, 

detailed information on methods can be found in Chapter III Methodology). Then the 

proportions of beneficiaries with depression among the total, as well as in the 

SSDI-eligible and non-SSDI-eligible samples of Medicare beneficiaries with COPD, are 

presented in Section B.  

Next, baseline characteristics of the total sample and stratified by depression 

status and SSDI-eligibility are described. Bivariable analyses are used to examine the 

unadjusted associations between individual factors and depression among the total 

sample, as well as the unadjusted associations between individual factors and 

SSDI-eligibility among beneficiaries with both COPD and depression (Section B). 

Multivariable analyses are conducted to further examine the associations between 

individual factors with depression (Section C). 

Since Aim 3 will estimate and compare the influence of comorbid depression on 

mortality among beneficiaries with COPD who are 65 years of age and older, parallel 

analyses also are conducted to estimate the associations of individual factors with 

depression limiting to the 65 years of age and older Medicare beneficiaries (Section D). 

These parallel analyses identify significant baseline factors associated with depression for 
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Aim 3 analyses. A summary of sensitivity analyses using major depression definitions is 

presented in Section E. Conclusions on all findings are covered in Section F. 

 

Section A: Measures and Analytical Approach 

A. 1. Measures 

Detailed information on the measures and analytical approach for Aim 2 is 

included in Chapter III Methodology. Briefly, the primary dependent measures of interest 

for Aim 2 are depression diagnosis (regardless of antidepressant treatment) and, among 

beneficiaries with a depression diagnosis, any evidence of concurrent (in same calendar 

year) antidepressant treatment in the three-year study period. Both dependent measures 

are binary variables.  

Individual factors include SSDI-eligibility, sociodemographic factors, health 

insurance coverage, beneficiary comorbidities, and COPD and depression severity. 

SSDI-eligibility is defined as a binary variable using the original reason for entitlement in 

Medicare. As noted in Chapter III, the study attempts to overcome the limited types of 

socioeconomic measures available in the CCW administrative claims data. To this end, 

the study exploits the presence of the five-digit zip code in the CCW data and linked it to 

contextual information available in the latest available Area Resource File (2009)130 and 

the U.S. Census (2000).107 From this linkage, two socioeconomic measures are 

constructed: education level and median annual household income. However, after the 

data linkage, 65.1% (n=60,535) of Medicare beneficiaries with COPD had unknown 

education level data. As well, 17.3% (n=16,138) of beneficiaries had unknown median 

household income. These gaps in data are due to unlinkable zip codes and/or missing 
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data. Furthermore, the education level (2000) and household income (1999) are outdated 

and not likely to reflect current (2006-2008) education level and household income. For 

these reasons, the contextual variables of income and education level are not included in 

analyses. 

 

A. 2. Analytical Approach 

In this chapter, descriptive analyses findings describe: 1) baseline characteristics 

of the population, overall and by depression; and 2) baseline characteristics of 

beneficiaries with COPD and depression by SSDI-eligibility. 

Findings from the bivariable analyses (using Chi-square or Fisher’s exact test for 

categorical variables and t-tests for continuous variables) summarize: 1) the unadjusted 

associations between individual factors and depression diagnosis among the total sample; 

2) the unadjusted associations between individual factors and evidence of antidepressant 

treatment among beneficiaries with COPD and depression; 3) the unadjusted association 

between individual factors and SSDI-eligibility among beneficiaries with COPD and 

depression; and 4) the unadjusted association between individual factors and 

SSDI-eligibility among beneficiaries with COPD and depression, and with evidence of 

antidepressant treatment. All findings are reported at p<0.01 due to the large sample size. 

Multivariable models using modified Poisson regression and log link with 

generalized estimating equations (GEE) are used to estimate the associations between 

individual factors and depression with robust standard errors. Among beneficiaries with 

both COPD and depression, multivariable models also estimate the associations between 

individual factors and evidence of antidepressant treatment. Prevalence ratios (PR) 
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instead of odds ratios (OR) and associated 95% confidence intervals (95% CI) are 

reported.134 Since GEE models do not specify a likelihood structure, traditional model 

selection criteria are not well defined; thus, the Quasilikelihood under the Independence 

model Criterion (QIC) is used to compare full and reduced models,135 where the model 

with smaller QIC indicates superior model fit. 

In order to test whether SSDI-eligibility is an effect modifier in the associations 

between depression and other factors, and between antidepressant treatment and other 

factors, the interaction terms of SSDI with other factors are examined.136 The interaction 

terms are retained if they are significant at level of p<0.05. For all interaction term 

models, results are reported by SSDI-eligibility status. 

 

Section B: Descriptive and Bivariable Results 

In this section, descriptive results summarize the proportions of beneficiaries with 

depression across the three-year study period, overall and by SSDI-eligibility (Section 

B.1). Then baseline characteristics of the total sample (Section B.2) and by depression 

status (Section B.3.a) are discussed. Among beneficiaries with COPD and depression, 

baseline characteristics by evidence of antidepressant treatment are described (Section 

B.3.b). Finally, baseline characteristics by SSDI-eligibility among beneficiaries with 

COPD and depression (Section B.4.a) and among beneficiaries with COPD and 

depression and with evidence of antidepressant treatment (Section B.4.b) are 

summarized. 

Bivariable results show the unadjusted associations between individual factors 

and depression among the total sample (Section B.3.a), as well as the unadjusted 
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associations between individual factors and evidence of antidepressant treatment among 

beneficiaries with COPD and depression (Section B.3.b). In addition, bivariable results 

compare the unadjusted associations between individual factors and SSDI-eligibility 

among beneficiaries with COPD and depression (Section B.4.a) and among beneficiaries 

with COPD and depression, and with evidence of antidepressant treatment (Section 

B.4.b). Finally, a summary of descriptive and bivariable results is presented in Section 

B.5. 

 

B.1. Proportions of Beneficiaries with Depression: Overall and by SSDI-eligibility 

Table V.B.1 summarizes the proportions of beneficiaries with depression, overall 

and by SSDI-eligibility status. To review from Chapter IV, the following three depression 

definitions are applied and measured in the three-year study period:   

• Definition I: Depression diagnosis regardless of antidepressant treatment; 

• Definition III: Depression diagnosis with evidence of concurrent antidepressant 

treatment; and  

• Definition VI: Depression diagnosis without evidence of concurrent 

antidepressant treatment.  

Among the 93,019 Medicare beneficiaries with COPD, about two-fifths (39.4%) 

had at least one diagnostic claim for depression (definition I). Of these, 79.5% had 

evidence of concurrent antidepressant treatment (definition III). Nearly one-third (31.5%, 

or 29,322) of the total sample originally entered Medicare on the basis of 

SSDI-eligibility. The proportion of beneficiaries with a depression diagnosis was highest 

in SSDI-eligibles (49.4%) and lowest in non-SSDI-eligibles (34.8%). Similarly, the 
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proportion of beneficiaries with evidence of antidepressant treatment was highest in 

SSDI-eligibles (82.1%) and lowest in non-SSDI-eligibles (77.7%). 

 

Table V.B.1 Proportions of Depression Definitions in 2006-2008 among Total Sample 
and by SSDI Status1 

Sample Size 
Medicare Beneficiaries with 

COPD 
  N % 
Among Total Sample (n = 93,019)   
   I: Depression 36,609 39.4 

   III: Depression (with antidepressant use) 29,095 79.5 
   VI: Depression (no antidepressant use) 7,514 20.5 

Among SSDI-eligible beneficiaries (n = 29,322)    
   I: Depression 14,472 49.4 

   III: Depression (with antidepressant use) 11,888 82.1 
   VI: Depression (no antidepressant use) 2,584 17.9 

Among non-SSDI-eligible beneficiaries (n = 63,697)    
   I: Depression 22,137 34.8 

   III: Depression (with antidepressant use) 17,207 77.7 
   VI: Depression (no antidepressant use) 4,930 22.3 

1SSDI: Social security disability insurance 
 

  
 

 

B.2. Baseline Characteristics of the Total Sample of Medicare Beneficiaries with 
COPD  
 

The mean age of the total COPD sample was 73 years (Table V.B.2). Nearly 

one-third (31.5%) were SSDI-eligible. Nearly two-thirds (62.6%) were female. Of this 

cohort, 86.9% were white, 8.3% were African American, 2.3% were Hispanic, and 1.2% 

were Asian. More than two-fifths (42.8%) resided in the southern U.S. area. More than 

half (56.7%) of beneficiaries were low-income subsidy (LIS) eligible, and half (51.4%) 

were Medicare-Medicaid dual-eligible. Few (1.7%) had end stage renal disease (ESRD).  

Chronic comorbidities were prevalent in the COPD sample, with individuals 

having an average of 8.8 unique comorbidities. Common comorbidities included 



 

64 
 

hypertension (82.3%), ischemic heart disease (56.1%), congestive heart failure (44.6%), 

depression (39.4%), asthma (28.8%), Alzheimer’s disease (19.6%), and anxiety (19.5%). 

Nearly one in five beneficiaries (19.3%) had evidence of receiving smoking cessation 

medications or services.  

One-fifth (20.7%) of the sample had used supplemental oxygen, indicating severe 

baseline COPD. Fewer than 1 in 100 beneficiaries (0.9%) had a depression-related 

hospitalization, although 16.9% received non-pharmacological psychiatric health 

services. 

Table V.B.2 Baseline Characteristics of Beneficiaries with Diagnosis of COPD 
Characteristics All Medicare Beneficiaries 

 
N % 

Sample size 93,019 100.0 
Age (Mean, SD) 72.8 11.7 
Age (n, %)   
   < 65 17,320 18.6 
   65 – 74  30,632 32.9 
   75 – 84 31,425 33.8 
   85 + 13,642 14.7 
SSDI1   
   Yes 29,322 31.5 
   No 63,697 68.5 
Sex   
   Female 58,264 62.6 
   Male 34,755 37.4 
Race   
   White 80,849 86.9 
   Black 7,692 8.3 
   Hispanic 2,134 2.3 
   Asian 1,149 1.2 
   Other 1,195 1.3 
Region   
   Northeast 17,995 19.3 
   North Central 22,628 24.3 
   South 39,775 42.8 
   West 12,497 13.4 
   Other U.S. territories 124 0.1 
Low-income subsidy status   
   Yes 52,696 56.7 
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   No 40,323 43.3 
Medicare-Medicaid dual-eligibility 
status 

  

   Yes 47,844 51.4 
   No 45,175 48.6 
End stage renal disease   
   Yes 1,522 1.7 
   No 91,497 98.3 
Comorbid medical conditions   
   Asthma 26,824 28.8 
   Diabetes 32,897 35.4 
   Ischemic heart disease 52,156 56.1 
   Congestive heart failure 41,479 44.6 
   All other cardiovascular disease 66,012 71.0 
   Hypertension 76,553 82.3 
   Alzheimer's disease and related  

disorders 
18,275 19.6 

   Depression (definition I) 36,609 39.4 
   Anxiety 18,114 19.5 
   Bipolar 3,847 4.1 
   Schizophrenia 757 0.8 
   Neuropathic pain 8,673 9.3 
   Obsessive-compulsive disorder 208 0.2 
   Smoking cessation 17,938 19.3 
   Cystic fibrosis 64 0.1 
   Alpha-1-antitrypsin deficiency 54 0.1 
   Respiratory cancer 4,315 4.6 
   Fibrosis due to tuberculosis  12 0.0 
   Pneumoconiosis 705 0.8 
   Pulmonary fibrosis 6,503 7.0 
   Pulmonary tuberculosis 278 0.3 
   Sarcoidosis 331 0.4 
CC counts (Mean, SD)2 8.8 4.1 
COPD severity     
   Had supplemental oxygen claims 19,243 20.7 
Depression severity   
   Had a severe depression diagnosis3 1,155 1.2 
   Had depression hospitalization 834 0.9 
      # of hospitalizations (Mean, 

SD)4 
1.4 1.0 

   Received non-pharmacological 
psychiatric health service 15,678 16.9 

1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 5th digit as ‘4’ 
4Among those who had a depression hospitalization 
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B.3. Baseline Beneficiary Characteristics, Stratified by Depression Status and 
Evidence of Antidepressant Treatment 
 

The next set of descriptive and bivariable analyses describe baseline 

characteristics of the sample by depression diagnosis and explore the unadjusted 

associations between individual factors and depression status (Section B.3.a). Among 

those with a depression diagnosis (definition I), baseline characteristics by evidence of 

concurrent antidepressant treatment are described and factors associated with evidence of 

antidepressant treatment are explored (Section B.3.b).  

 

B.3.a. Beneficiary Characteristics Stratified by Depression Diagnosis 

As described in Section B.1, the proportion of beneficiaries with a depression 

diagnosis assessed using ICD-9-CM codes was 39.4%. Compared to non-depressed 

beneficiaries, depressed beneficiaries were more likely to be SSDI-eligible (Table 

V.B.3). Depressed beneficiaries were significantly younger (mean age 71 vs. 74 years 

old) and more likely to be female and white. They also were more likely to be 

LIS-eligible and Medicare-Medicaid dual-eligible. Compared to non-depressed 

beneficiaries, depressed individuals were more likely to have cardiovascular and 

psychiatric comorbidities, and more likely to receive smoking cessation medications or 

services and non-pharmacological psychiatric health services (all p<0.0001). 

However, depressed beneficiaries were less likely than their non-depressed 

counterparts to have selected respiratory conditions (including respiratory cancer and 

pneumoconiosis) (all p≤0.0001). There was no statistically significant difference in 

supplemental oxygen use (p=0.1094) by depression status, indicating no difference in 

baseline COPD severity between depressed and non-depressed beneficiaries.  
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Table V.B.3 Baseline Characteristics of Beneficiaries with Diagnosis of COPD, 
Stratified by Depression Status (n=93,019) 

 
Depression* 

  Characteristics Yes No   P Value^ 

 
N % N %     

Sample size 36,609 100  56,410 100     
SSDI1       <.0001 
   Yes 14,175 38.7  14,478 25.7   
   No 22,434 61.3   41,932 74.3     
Age (Mean, SD) 71.2 13.1  73.9 10.6  <.0001 
Age (n, %)       <.0001 
   < 65 9,384 25.6  7,936 14.1   
   65 – 74  10,573 28.9  20,059 35.6   
   75 – 84 11,316 30.9  20,109 35.6   
   85 + 5,336 14.6   8,306 14.7     
Sex       <.0001 
   Female 25,497 69.6  32,767 58.1   
   Male 11,112 30.4   23,643 41.9     
Race       <.0001 
   White 32,283 88.2  48,566 86.1   
   Black 2,676 7.3  5,016 8.9   
   Hispanic 1,012 2.8  1,122 2.0   
   Asian 198 0.5  951 1.7   
   Other 440 1.2   755 1.3     
Region       <.0001 
   Northeast 6,934 18.9  11,061 19.6   
   North Central 9,189 25.1  13,439 23.8   
   South 15,958 43.6  23,817 42.2   
   West 4,493 12.3  8,004 14.2   
   Other U.S. territories 35 0.1   89 0.2     
Low-income subsidy status       <.0001 
   Yes 24,633 67.3  28,063 49.7   
   No 11,976 32.7   28,347 50.3     
Medicare-Medicaid dual-eligibility 
status 

      <.0001 

   Yes 23,094 63.1  24,750 43.9   
   No 13,515 36.9   31,660 56.1     
End stage renal disease       0.4262 
   Yes 626 1.7   926 1.6   
   No 35,983 98.3  55,484 98.4   
Comorbid medical conditions        
   Asthma 11,730 32.0  15,094 26.8  <.0001 
   Diabetes 14,101 38.5  18,796 33.3  <.0001 
   Ischemic heart disease 21,546 58.9  30,610 54.3  <.0001 
   Congestive heart failure 17,721 48.4  23,758 42.1  <.0001 
   All other cardiovascular disease 25,618 70.0  40,394 71.6  <.0001 
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   Hypertension 30,828 84.2  45,725 81.1  <.0001 
   Alzheimer's disease and related 

disorders 
10,426 28.5  7,849 13.9  <.0001 

   Anxiety 13,239 36.2  4,875 8.6  <.0001 
   Bipolar 3,019 8.2  828 1.5  <.0001 
   Schizophrenia 582 1.6  175 0.3  <.0001 
   Neuropathic pain 4,466 12.2  4,207 7.5  <.0001 
   Obsessive-compulsive disorder 167 0.5  41 0.1  <.0001 
   Smoking cessation 8,621 23.5  9,317 16.5  <.0001 
   Cystic fibrosis 31 0.1  33 0.1  0.1369 
   Alpha-1-antitrypsin deficiency 20 0.1  34 0.1  0.7271 
   Respiratory cancer 1,504 4.1  2,811 5.0  <.0001 
   Fibrosis due to tuberculosis  3 0.0  9 0.0  0.3864** 
   Pneumoconiosis 228 0.6  477 0.8  0.0001 
   Pulmonary fibrosis 2,673 7.3  3,830 6.8  0.0028 
   Pulmonary tuberculosis 108 0.3  170 0.3  0.8623 
   Sarcoidosis 138 0.4  193 0.3  0.3836 
CC counts (Mean, SD)2 10.1 4.3  7.9 3.8  <.0001 
COPD severity               
   Had supplemental oxygen claims 7,670 21.0   11,573 20.5   0.1094 
Depression severity        
   Had a severe depression diagnosis3 1,155 3.2  0 0.0  N/A 
   Had depression hospitalization 834 2.3  0 0.0  N/A 
      # of hospitalizations (Mean, SD)4 1.4 1.0  0.0 0.0  N/A 
   Received non-pharmacological 

psychiatric health service 12,208 33.4   3,470 6.2   <.0001 
1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 5th digit as ‘4’ 

     
 

4Among those who had a depression hospitalization 
*Had general depression diagnosis, regardless of antidepressant use, in 2006-2008 
^Chi-square tests for categorical variables and t-tests for continuous variables  
**Fisher's exact test 
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B.3.b. Characteristics of Beneficiaries with a Depression Diagnosis, Stratified by 
Evidence of Antidepressant Use 

 

Table V.B.4 summarizes descriptive and bivariable results comparing 

beneficiaries with and without evidence of concurrent antidepressant treatment among 

beneficiaries with a depression diagnosis (n=36,609). Of these, as described in Section 

B.1, 79.5% had evidence of concurrent antidepressant treatment. Beneficiaries with 

evidence of antidepressant treatment were more likely to be SSDI-eligible. They were 

significantly younger and more likely to be female and white. They also were more likely 

to be LIS-eligible and Medicare-Medicaid dual-eligible. Compared to beneficiaries 

without any evidence of antidepressant treatment, those treated with antidepressants 

concurrently were more likely to have asthma, diabetes, psychiatric comorbidities (except 

for schizophrenia), and receive smoking cessation medications or services (all p<0.01). In 

addition, beneficiaries with evidence of antidepressant treatment were more likely to 

receive supplemental oxygen (p=0.0045), indicating more severe baseline COPD among 

beneficiaries with concurrent antidepressant treatment. Those with evidence of 

antidepressant treatment also had evidence of more severe depression (all p<0.01 except 

for counts of depression hospitalization). However, they were less likely to have 

pneumoconiosis (p=0.0047). 
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Table V.B.4 Baseline Characteristics of Beneficiaries with Diagnoses of COPD and 
Depression, Stratified by Depression with Evidence of Antidepressant Treatment 
(n=36,609) 

 

Depression with Evidence of 
Antidepressant Treatment* 

  Characteristics Yes No   P Value^ 

 
N % N %     

Sample size 29,095 100  7,514 100     
SSDI1       <.0001 
   Yes 11,888 40.9  2,584 34.4   
   No 17,207 59.1   4,930 65.6     
Age (Mean, SD) 70.8 13.2  72.5 12.5  <.0001 
Age (n, %)       <.0001 
   < 65 7,796 26.8  1,588 21.1   
   65 – 74  8,360 28.7  2,213 29.5   
   75 – 84 8,782 30.2  2,534 33.7   
   85 + 4,157 14.3   1,179 15.7     
Sex       <.0001 
   Female 20,790 71.5  4,707 62.6   
   Male 8,305 28.5   2,807 37.4     
Race       <.0001 
   White 25,957 89.2  6,326 84.2   
   Black 1,878 6.5  798 10.6   
   Hispanic 778 2.7  234 3.1   
   Asian 144 0.5  54 0.7   
   Other 338 1.2   102 1.4     
Region       0.0203 
   Northeast 5,352 18.4  1,582 21.1   
   North Central 7,363 25.3  1,826 24.3   
   South 12,866 44.2  3,092 41.1   
   West 3,491 12.0  1,002 13.3   
   Other U.S. territories 23 0.1   12 0.2     
Low-income subsidy status       <.0001 
   Yes 20,278 69.7  4,355 58.0   
   No 8,817 30.3   3,159 42.0     
Medicare-Medicaid dual-eligibility 
status 

      <.0001 

   Yes 19,082 65.6  4,012 53.4   
   No 10,013 34.4   3,502 46.6     
End stage renal disease       0.0804 
   Yes 480 1.6   146 1.9   
   No 28,615 98.4  7,368 98.1   
Comorbid medical conditions        
   Asthma 9,515 32.7  2,215 29.5  <.0001 
   Diabetes 11,366 39.1  2,735 36.4  <.0001 
   Ischemic heart disease 17,108 58.8  4,438 59.1  0.6801 
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   Congestive heart failure 14,154 48.6  3,567 47.5  0.0690 
   All other cardiovascular disease 20,307 69.8  5,311 70.7  0.1353 
   Hypertension 24,533 84.3  6,295 83.8  0.2495 
   Alzheimer's disease and related 

disorders 
8,584 29.5  1,842 24.5  <.0001 

   Anxiety 11,085 38.1  2,154 28.7  <.0001 
   Bipolar 2,592 8.9  427 5.7  <.0001 
   Schizophrenia 478 1.6  104 1.4  0.1098 
   Neuropathic pain 3,685 12.7  781 10.4  <.0001 
   Obsessive-compulsive disorder 160 0.5  7 0.1  <.0001 
   Smoking cessation 7,065 24.3  1,556 20.7  <.0001 
   Cystic fibrosis 28 0.1  3 0.0  0.1808** 
   Alpha-1-antitrypsin deficiency 14 0.0  6 0.1  0.2940 
   Respiratory cancer 1,166 4.0  338 4.5  0.0561 
   Fibrosis due to tuberculosis  2 0.0  1 0.0  0.4980** 
   Pneumoconiosis 164 0.6  64 0.9  0.0047 
   Pulmonary fibrosis 2,147 7.4  526 7.0  0.2603 
   Pulmonary tuberculosis 97 0.3  11 0.1  0.0077 
   Sarcoidosis 107 0.4  31 0.4  0.5721 
CC counts (Mean, SD)2 10.3 4.3  9.6 4.2  <.0001 
COPD severity               
   Had supplemental oxygen claims 6,185 21.3   1,485 19.8   0.0045 
Depression severity        
   Had a severe depression diagnosis3 1,063 3.7  92 1.2  <.0001 
   Had depression hospitalization 783 2.7  51 0.7  <.0001 
      # of hospitalizations (Mean, 

SD)4 
1.4 1.0  1.2 0.6  0.0274 

   Received non-pharmacological 
psychiatric health service 10,372 35.7   1,836 24.4   <.0001 

1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 5th digit as ‘4’ 

     
 

4Among those who had a depression hospitalization 
*Had evidence of antidepressant use in 2006-2008 

     
 

^Chi-square tests for categorical variables and t-tests for continuous variables  
**Fisher's exact test 
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B.4. Baseline Characteristics of Beneficiaries with Depression, Stratified by 
SSDI-eligibility 
 

The last set of descriptive and bivariable analyses describe baseline characteristics 

of beneficiaries with a depression diagnosis by SSDI-eligibility status and explore the 

unadjusted associations between individual factors and SSDI-eligibility status (Section 

B.4.a) Among those with a depression diagnosis and with evidence of concurrent 

antidepressant treatment, baseline beneficiary characteristics by SSDI-eligibility status 

are described and individual factors associated with SSDI-eligibility are explored 

(Section B.4.b).  

 

B.4.a. Characteristics of Beneficiaries with a Depression Diagnosis, Stratified by 
SSDI-eligibility Status 
 

Of beneficiaries with a depression diagnosis (n=36,609), about two-fifths (39.5%) 

were SSDI-eligible (Table V.B.5). Compared to non-SSDI-eligible beneficiaries, 

SSDI-eligible beneficiaries were significantly younger, but less likely to be female or 

white. They were more likely to be LIS-eligible and Medicare-Medicaid dual-eligible, 

and more likely to have ESRD. SSDI-eligible beneficiaries also were more likely to have 

diabetes, asthma, psychiatric comorbidities, and to receive smoking cessation 

medications or services. Compared to non-SSDI-eligible beneficiaries, SSDI-eligible 

beneficiaries had evidence of more severe depression (all p<0.0001). 

However, SSDI-eligible beneficiaries were less likely to have cardiovascular 

comorbidities, Alzheimer’s disease, or selected respiratory diseases (including respiratory 

cancer and pulmonary fibrosis) (all p<0.01). There was no statistically significant 
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difference in supplemental oxygen use (p=0.3999), indicating no difference in COPD 

baseline severity among SSDI and non-SSDI beneficiaries with depression.  

 

Table V.B.5 Baseline Characteristics of Beneficiaries with Diagnoses of COPD and 
Depression, Stratified by SSDI Status (n=36,609)1* 

 
SSDI 

  
Characteristics Yes No   

P 
Value^ 

 
N % N %     

Sample size 14,472 100  22,137 100     
Age (Mean, SD) 60.3 12.0  78.3 7.7  <.0001 
Age (n, %)       <.0001 
   < 65 9,259 64.0  125 0.6   
   65 – 74  3,419 23.6  7,154 32.3   
   75 – 84 1,465 10.1  9,851 44.5   
   85 + 329 2.3   5,007 22.6     
Sex       <.0001 
   Female 8,901 61.5  16,596 75.0   
   Male 5,571 38.5   5,541 25.0     
Race       <.0001 
   White 12,405 85.7  19,878 89.8   
   Black 1,550 10.7  1,126 5.1   
   Hispanic 265 1.8  747 3.4   
   Asian 42 0.3  156 0.7   
   Other 210 1.5   230 1.0     
Region       <.0001 
   Northeast 2,381 16.5  4,553 20.6   
   North Central 3,646 25.2  5,543 25.0   
   South 6,650 46.0  9,308 42.0   
   West 1,786 12.3  2,707 12.2   
   Other U.S. territories 9 0.1   26 0.1     
Low-income subsidy status       <.0001 
   Yes 12,265 84.7  12,368 55.9   
   No 2,207 15.3   9,769 44.1     
Medicare-Medicaid dual-eligibility 
status 

      <.0001 

   Yes 11,476 79.3  11,618 52.5   
   No 2,996 20.7   10,519 47.5     
End stage renal disease       <.0001 
   Yes 304 2.1   322 1.5   
   No 14,168 97.9  21,815 98.5   
Comorbid medical conditions        
   Asthma 5,539 38.3  6,191 28.0  <.0001 
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   Diabetes 6,200 42.8  7,901 35.7  <.0001 
   Ischemic heart disease 7,962 55.0  13,584 61.4  <.0001 
   Congestive heart failure 6,078 42.0  11,643 52.6  <.0001 
   All other cardiovascular disease 9,865 68.2  15,753 71.2  <.0001 
   Hypertension 11,582 80.0  19,246 86.9  <.0001 
   Alzheimer's disease and related 

disorders 
2,497 17.3  7,929 35.8  <.0001 

   Anxiety 6,249 43.2  6,990 31.6  <.0001 
   Bipolar 2,242 15.5  777 3.5  <.0001 
   Schizophrenia 279 1.9  303 1.4  <.0001 
   Neuropathic pain 2,267 15.7  2,199 9.9  <.0001 
   Obsessive-compulsive disorder 120 0.8  47 0.2  <.0001 
   Smoking cessation 5,395 37.3  3,226 14.6  <.0001 
   Cystic fibrosis 19 0.1  12 0.1  0.0132 
   Alpha-1-antitrypsin deficiency 16 0.1  4 0.0  0.0002** 
   Respiratory cancer 541 3.7  963 4.4  0.0039 
   Fibrosis due to tuberculosis  0 0.0  3 0.0  N/A 
   Pneumoconiosis 111 0.8  117 0.5  0.0046 
   Pulmonary fibrosis 910 6.3  1,763 8.0  <.0001 
   Pulmonary tuberculosis 40 0.3  68 0.3  0.5955 
   Sarcoidosis 85 0.6  53 0.2  <.0001 
CC counts (Mean, SD)2 10.4 4.4  9.9 4.2  <.0001 
COPD severity               
   Had supplemental oxygen claims 3,000 20.7   4,670 21.1   0.3999 
Depression severity        
   Had a severe depression diagnosis3 659 4.6  496 2.2  <.0001 
   Had depression hospitalization 551 3.8  283 1.3  <.0001 
      # of hospitalizations (Mean, SD)4 1.5 1.1  1.2 0.5  <.0001 
   Received non-pharmacological 

psychiatric health service 6,101 42.2   6,107 27.6   <.0001 
1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 5th digit as ‘4’ 
4Within those who had a depression hospitalization 
*Had general depression diagnosis, regardless of antidepressant use, in 2006-2008 
^Chi-square tests for categorical variables and t-tests for continuous variables 
**Fisher's exact test 
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B.4.b. Characteristics of Beneficiaries with a Depression Diagnosis and Evidence of 
Antidepressant Treatment, Stratified by SSDI-eligibility 

 

Table V.B.6 summarizes descriptive and bivariable results comparing 

SSDI-eligible and non-SSDI-eligible beneficiaries with a depression diagnosis and 

evidence of concurrent antidepressant treatment (n=29,095). Of these, about three-fifths 

(59.1%) were SSDI-eligible. The bivariable results show similar findings as the 

unadjusted associations between SSDI-eligibility and factors seen in prior analyses of 

beneficiaries with a depression diagnosis (Section B.4.a). 
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Table V.B.6 Baseline Characteristics of Beneficiaries with Diagnoses of COPD and 
Depression and Evidence of Antidepressant Treatment, Stratified by SSDI Status 
(n=29,095)1* 

 
SSDI 

  
Characteristics Yes No   

P 
Value^ 

 
N % N %     

Sample size 11,888 100  17,207 100     
Age (Mean, SD) 60.1 12.0  78.3 7.7  <.0001 
Age (n, %)       <.0001 
   < 65 7,697 64.7  99 0.6   
   65 – 74  2,745 23.1  5,615 32.6   
   75 – 84 1,185 10.0  7,597 44.2   
   85 + 261 2.2   3,896 22.6     
Sex       <.0001 
   Female 7,626 64.1  13,164 76.5   
   Male 4,262 35.9   4,043 23.5     
Race       <.0001 
   White 10,349 87.1  15,608 90.7   
   Black 1,137 9.6  741 4.3   
   Hispanic 203 1.7  575 3.3   
   Asian 33 0.3  111 0.6   
   Other 166 1.4   172 1.0     
Region       <.0001 
   Northeast 1,879 15.8  3,473 20.2   
   North Central 3,036 25.5  4,327 25.1   
   South 5,529 46.5  7,337 42.6   
   West 1,439 12.1  2,052 11.9   
   Other U.S. territories 5 0.0   18 0.1     
Low-income subsidy status       <.0001 
   Yes 10,312 86.7  9,966 57.9   
   No 1,576 13.3   7,241 42.1     
Medicare-Medicaid dual-eligibility 
status 

      <.0001 

   Yes 9,689 81.5  9,393 54.6   
   No 2,199 18.5   7,814 45.4     
End stage renal disease       0.0004 
   Yes 234 2.0   246 1.4   
   No 11,654 98.0  16,961 98.6   
Comorbid medical conditions        
   Asthma 4,653 39.1  4,862 28.3  <.0001 
   Diabetes 5,180 43.6  6,186 36.0  <.0001 
   Ischemic heart disease 6,539 55.0  10,569 61.4  <.0001 
   Congestive heart failure 5,004 42.1  9,150 53.2  <.0001 
   All other cardiovascular disease 8,137 68.4  12,170 70.7  <.0001 
   Hypertension 9,560 80.4  14,973 87.0  <.0001 
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   Alzheimer's disease and related 
disorders 

2,110 17.7  6,474 37.6  <.0001 

   Anxiety 5,401 45.4  5,684 33.0  <.0001 
   Bipolar 1,950 16.4  642 3.7  <.0001 
   Schizophrenia 224 1.9  254 1.5  0.0071 
   Neuropathic pain 1,927 16.2  1,758 10.2  <.0001 
   Obsessive-compulsive disorder 116 1.0  44 0.3  <.0001 
   Smoking cessation 4,510 37.9  2,555 14.8  <.0001 
   Cystic fibrosis 17 0.1  11 0.1  0.0325 
   Alpha-1-antitrypsin deficiency 12 0.1  2 0.0  0.0014** 
   Respiratory cancer 433 3.6  733 4.3  0.0083 
   Fibrosis due to tuberculosis  0 0.0  2 0.0  N/A 
   Pneumoconiosis 84 0.7  80 0.5  0.0068 
   Pulmonary fibrosis 761 6.4  1,386 8.1  <.0001 
   Pulmonary tuberculosis 35 0.3  62 0.4  0.3377 
   Sarcoidosis 70 0.6  37 0.2  <.0001 
CC counts (Mean, SD)2 10.6 4.4  10.0 4.2  <.0001 
COPD severity               
   Had supplemental oxygen claims 2,512 21.1   3,673 21.3   0.6589 
Depression severity        
   Had a severe depression diagnosis3 614 5.2  449 2.6  <.0001 
   Had depression hospitalization 521 4.4  262 1.5  <.0001 
      # of hospitalizations (Mean, 

SD)4 
1.5 1.1  1.2 0.5  <.0001 

   Received non-pharmacological 
psychiatric health service 5,284 44.5   5,088 29.6   <.0001 

1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 5th digit as ‘4’ 
4Within those who had a depression hospitalization 
*Had general depression diagnosis, regardless of antidepressant use, in 2006-2008 
^Chi-square tests for categorical variables and t-tests for continuous variables 
**Fisher's exact test 

        

 

B.5. Summary of Descriptive and Bivariable Results 

Descriptive results found differences in the distribution of depression by 

SSDI-eligibility: the proportion of beneficiaries with a depression diagnosis was higher in 

SSDI-eligibles (49.4%) than in non-SSDI-eligibles (34.8%). As well, among 

beneficiaries with a depression diagnosis, the proportion of receipt of concurrent 
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antidepressant treatment also was higher in SSDI-eligibles than in non-SSDI-eligibles 

(82.1% vs.77.7%, respectively). 

Bivariable results found the association between depression and SSDI-eligibility. 

Furthermore, among beneficiaries with a depression diagnosis, those with evidence of 

concurrent antidepressant treatment also were more likely to be SSDI-eligible. These 

associations will be further confirmed in multivariable analyses controlling for 

covariates. 

In addition, bivariable results found different associations among depression, 

SSDI-eligibility, and other individual factors, which indicate potential effect modification 

of SSDI-eligibility on the associations between depression and factors. These factors 

included gender, race, selected comorbidities (cardiovascular comorbidities and 

Alzheimer’s disease). Identifying the effect modification of SSDI-eligibility helps 

elucidate the differences in occurrence of depression and factors associated with 

depression by SSDI-eligibility status, which provides a foundation to improve treatment 

and care of depression in the COPD population. Therefore, effect modification of 

SSDI-eligibility should be investigated in multivariable analyses. 

Baseline COPD severity might not be a confounder for the association between 

depression diagnosis and SSDI-eligibility because no difference in baseline COPD 

severity by SSDI-eligibility status. However, depression severity might confound the 

association between evidence of antidepressant treatment and SSDI-eligibility among 

beneficiaries with depression since SSDI-eligible beneficiaries had more severe 

depression. The findings require further confirmation in multivariable analyses. 
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Section C: Multivariable Results 

In this section, the criteria used for multivariable model building criteria are 

described (Section C.1). Next, multivariable results estimate the associations between 

individual factors and depression diagnosis among the total sample (Section C.2). 

Among beneficiaries with a depression diagnosis, multivariable results also estimate the 

associations between factors and evidence of concurrent antidepressant treatment 

(Section C.3). To examine the effect modification of SSDI-eligibility status on the 

association of depression with other individual factors, multivariable analyses for both 

main effects and interaction models are conducted. Finally, a summary of multivariable 

results is presented in Section C.4. 

 

C.1. Model Building Criteria 

 An important purpose of descriptive and bivariable analyses is to explore 

relationships among dependent variable, independent variables, and covariates. Since 

more than 30 baseline factors were examined in the descriptive and bivariable analyses, it 

is necessary to carefully consider multicollinearity and redundancy problems in order to 

produce parsimonious and efficient multivariable models. Thus, the following two 

criteria were considered in choosing which factors to be included in multivariable 

models:  

1) Identify factors with observable cell sizes < 20 to improve multivariable model 

stability;138 and 

2) Identify redundant and/or correlated factors (Pearson correlation coefficients ≥ 

0.70)139 to avoid multicollinearity.  
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After applying these two model building criteria, the following factors were 

removed or modified in the first series of multivariable model – to estimate the 

associations between depression and individual factors diagnosis among the total sample: 

1) ‘Other US territory’ region category was merged into ‘south’ (the closest 

geographical area) category due to small cell size; 

2) Age was operationalized as continuous variable (using a cut point of 5 years) 

due to its moderately negative correlation (Pearson correlation coefficient 

t=-0.59) with SSDI-eligibility status; 

3) Medicare-Medicaid dual-eligibility was removed due to its highly positive 

correlation (r=0.85) with LIS status; 

4) CC counts, a continuous variable, was removed from multivariable analyses 

because of its redundancy with the individual chronic conditions; 

5) Selected respiratory diseases (cystic fibrosis, alpha-1-antitrypsin deficiency, 

and fibrosis due to tuberculosis) were re-categorized into one binary factor 

‘other respiratory diseases’ due to small cell sizes; and 

6) Depression severity was NOT controlled in multivariable models estimating 

factors associated with depression diagnosis due to zero cell size among 

non-depressed beneficiaries.  

 

In the second series of multivariable models estimating the associations between 

evidence of concurrent antidepressant treatment and individual factors among depressed 

beneficiaries, similar model building decisions (including 1, 2, 3, and 4) were applied and 

maintained. However, three additional respiratory diseases (pneumoconiosis, pulmonary 
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tuberculosis, and sarcoidosis) were added to one ‘other respiratory diseases’ due to small 

cell sizes. As well, obsessive-compulsive disorder was collapsed into the anxiety 

comorbidity covariate due to small cell size. Finally, with the exception of counts of 

depression hospitalization, depression severity measures were included and controlled. 

The variable of counts of depression hospitalization was removed due to redundancy with 

other depression severity measures. 

 

C.2. Factors Associated with Depression Diagnosis in the Total Sample 

 Table V.C.1 summarizes results of the associations between individual factors 

and depression among the total sample from the main effects model. Table V.C.2 

summarizes results of the effect modification of SSDI-eligibility status on the 

associations between depression and selected factors from the interaction model. Results 

are presented as adjusted prevalence ratios (PR) with associated 95% confidence intervals 

(CI) in both models. 

 

C.2.a Main Effects Model: Depression Diagnosis 

A full main effects model including all covariates was initially conducted then 

compared with reduced models through QIC criterion.135 Age quadratic term was tested 

(p<0.0001) in the main effects model but removed based on QIC criterion. At the end, the 

optimized main effects model removed all respiratory comorbidities except for 

respiratory cancer.  

In the main effects model (Table V.C.1), SSDI-eligibility was associated with a 

12% (95% CI=10%, 15%) higher likelihood of having a depression diagnosis. In 
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addition, younger age, female sex, Hispanic ethnicity, north central region, and LIS status 

also were associated with higher likelihood of having a depression diagnosis. Having 

most comorbidities and receiving smoking cessation medications or services also were 

significantly associated with higher likelihood of having a depression diagnosis.  

However, selected racial/ethnic groups (black, Asian, and other) and 

comorbidities (other cardiovascular disease and respiratory cancer) were associated with a 

lower likelihood of depression. Baseline COPD severity was not associated with having a 

depression diagnosis in this Medicare COPD sample. 
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Table V.C.1 Factors Associated with Depression Among Medicare Part D 
Beneficiaries with Diagnoses of COPD – Main Effects Model (n=93,019) 

Factors Depression Diagnosis 
  PR Lower CI Upper CI 
SSDI1 1.12 1.10 1.15 
Age (increased by every 5 years) 0.96 0.96 0.97 
Female vs. male 1.29 1.27 1.31 
Race 

      White reference 
   Black 0.78 0.76 0.80 
   Hispanic 1.06 1.01 1.10 
   Asian 0.52 0.46 0.59 
   Other 0.91 0.85 0.98 
Region 

      Northeast reference 
   North Central 1.04 1.02 1.06 
   West 0.99 0.96 1.01 
   South 1.00 0.98 1.02 
Low-income subsidy 

      No reference 
   Yes 1.23 1.21 1.26 
End stage renal disease    
   No reference 
   Yes 0.95 0.90 1.01 
Comorbid medical conditions 
   Asthma 1.05 1.02 1.06 
   Diabetes 1.04 1.02 1.05 
   Ischemic heart disease 1.07 1.05 1.09 
   Congestive heart failure 1.08 1.06 1.10 
   All other cardiovascular disease 0.96 0.94 0.97 
   Hypertension 1.08 1.06 1.11 
   Alzheimer's disease 1.56 1.54 1.59 
   Anxiety 1.90 1.87 1.93 
   Bipolar 1.24 1.21 1.27 
   Schizophrenia 1.12 1.07 1.18 
   Neuropathic pain 1.18 1.16 1.21 
   Smoking cessation 1.07 1.06 1.09 
   Respiratory cancer 0.96 0.93 1.00 
COPD severity  

      Had supplemental oxygen claims 1.00 0.98 1.02 
1SSDI: Social security disability insurance 
Bold numbers indicate P < 0.05 

   Outcome was measured in 2006-2008. Covariates measured in 2006 baseline year. PR: 
prevalence ratio. CI: confidence interval. 

 



 

84 
 

C.2.b Interaction Model: Depression Diagnosis 

After testing SSDI-eligibility interaction terms, the following eight interaction 

terms were retained in final model (statistically significant at p<0.05): SSDI*age, 

SSDI*race, SSDI*LIS, SSDI*congestive heart failure, SSDI*hypertension, 

SSDI*Alzheimer's disease, SSDI*anxiety, and SSDI*supplemental oxygen use (Table 

V.C.2). SSDI-eligibility modified the associations of these factors with depression 

diagnosis. For example, the inverse association between baseline COPD severity and 

depression diagnosis only existed among SSDI-eligible beneficiaries – indicating 

beneficiaries with more severe COPD had a 3% (95% CI=0, 6%) lower likelihood of 

having a depression diagnosis in SSDI-eligible, but this association did not exist in 

non-SSDI-eligible beneficiaries.  

However, some associations were stronger in non-SSDI-eligible beneficiaries 

than in SSDI-eligible beneficiaries. The inverse associations between selected 

racial/ethnic groups (black, Asian, and other) and depression diagnosis were stronger in 

non-SSDI-eligible beneficiaries. In addition, being LIS-eligible and having congestive 

heart failure, hypertension, Alzheimer's disease, and anxiety also were associated with 

higher likelihood of having a depression diagnosis in non-SSDI-eligible beneficiaries 

than in SSDI-eligible beneficiaries. 
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Table V.C.2 Factors Associated with Depression Among Medicare Part D 
Beneficiaries with Diagnosis of COPD and Modified by SSDI-eligibility Status 
– Interaction Model (n=93,019)* 

Factors Depression Diagnosis 
  PR Lower CI Upper CI 
Age (increased by every 5 years)   
   in SSDI 0.95 0.95 0.96 

    in non-SSDI 0.98   0.97 0.99    
Race 

    White reference 
    Black    

      in SSDI 0.82 0.79 0.85 
       in non-SSDI 0.73 0.70 0.77 
    Hispanic 
       in SSDI 0.96 0.89 1.04 
       in non-SSDI 1.07 1.02 1.13 
    Asian 
       in SSDI 0.74 0.59 0.92 
       in non-SSDI 0.49 0.43 0.56 
    Other 
       in SSDI 1.00 0.92 1.09 
       in non-SSDI 0.84  0.76 0.93    

Low-income subsidy 
    No reference 
    Yes 

  
  

      in SSDI 1.17 1.13 1.21 
       in non-SSDI  1.23  1.21 1.26    

Comorbid medical conditions 
    Congestive heart failure 
       in SSDI 1.04 1.02 1.07 
       in non-SSDI 1.09 1.07 1.11 
    Hypertension 
       in SSDI 1.04 1.01 1.07 
       in non-SSDI 1.13 1.09 1.17 
    Alzheimer's disease 
       in SSDI 1.38 1.34 1.42 
       in non-SSDI 1.63 1.59 1.66 
    Anxiety 
       in SSDI 1.72 1.69 1.76 
       in non-SSDI 2.03 1.99 2.07 
 Had supplemental oxygen claims 
       in SSDI 0.97 0.94 1.00 
       in non-SSDI 1.02 1.00 1.05  

P value for Interaction terms 
    SSDI*age <0.0001  
    SSDI*race <0.0001  
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   SSDI*LIS 0.0158  
    SSDI*congestive heart failure 0.0040 

 
 

    SSDI*hypertension 0.0002   
   SSDI*Alzheimer's disease <0.0001 

 
 

    SSDI*anxiety <0.0001 
      SSDI*supplemental oxygen 

use 0.0052      
1SSDI: Social security disability insurance 
*Model also controlled for gender, region, ESRD, asthma, diabetes, ischemic 
heart disease, all other cardiovascular disease, bipolar, schizophrenia, 
neuropathic pain, smoking cessation, and respiratory cancer 
Bold numbers indicate P < 0.05 
Outcome was measured in 2006-2008. Covariates measured in 2006 baseline 
year. PR: prevalence ratio. CI: confidence interval. 

  
 

 
 

C.3. Factors Associated with Evidence of Antidepressant Treatment among 
Beneficiaries with Depression Diagnosis 
 

Table V.C.3 summarizes results of the associations between individual factors 

and evidence of concurrent antidepressant treatment among beneficiaries with COPD and 

depression diagnoses from the main effects model. Table V.C.4 summarizes results of 

the effect modification of SSDI-eligibility status on the associations between 

antidepressant treatment and individual factors from the interaction model. Results 

present adjusted PRs with associated 95% CIs in both models. 

 

C.3.a Main Effects Model: Antidepressant Treatment 

A full main effects model including all covariates was initially conducted then 

compared with reduced models through QIC criterion. Age quadratic term was tested 

(p=0.0380) and retained in the main effects model due to QIC criterion. 

In the main effects model (Table V.C.3), SSDI-eligibility and age were not 

associated with receipt of concurrent antidepressant treatment. However, female sex, 
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geographic regions, and LIS-eligibility were associated with higher likelihood of receipt 

of antidepressant treatment. Having selected comorbidities (including asthma, diabetes, 

Alzheimer's disease, anxiety, and neuropathic pain) and more severe COPD and 

depression at baseline also were associated with higher likelihood of receiving 

antidepressant treatment. However, being selected racial/ethnic groups (black, Asian, and 

other) and having schizophrenia were associated with a lower likelihood of receiving 

antidepressant treatment.  

 

Table V.C.3 Factors Associated with Evidence of Antidepressant Treatment 
Among Medicare Part D Beneficiaries with Diagnoses of COPD and Depression 
– Main Effects Model (n=36,609) 

Factors Evidence of Antidepressant Treatment 
  PR Lower CI Upper CI 
SSDI1 1.01 0.99 1.02 
Age (increased by every 5 years) 1.01 0.99 1.02 
Female vs. male 1.09 1.08 1.11 
Race 

      White reference 
   Black 0.84 0.82 0.86 
   Hispanic 0.91 0.88 0.95 
   Asian 0.91 0.84 0.99 
   Other 0.94 0.90 0.99 
Region 

      Northeast reference 
   North Central 1.04 1.03 1.06 
   West 1.02 1.00 1.04 
   South 1.05 1.03 1.07 
Low-income subsidy 

      No reference 
   Yes 1.10 1.08 1.11 
End stage renal disease    
   No reference 
   Yes 0.98 0.94 1.03 
Comorbid medical conditions 
   Asthma 1.01 1.00 1.02 
   Diabetes 1.01 1.00 1.02 
   Ischemic heart disease 1.00 0.99 1.01 
   Congestive heart failure 1.01 1.00 1.02 
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   All other cardiovascular disease 1.00 0.98 1.01 
   Hypertension 1.01 1.00 1.03 
   Alzheimer's disease 1.05 1.04 1.07 
   Anxiety 1.04 1.03 1.05 
   Bipolar 0.99 0.98 1.01 
   Schizophrenia 0.96 0.93 1.00 
   Neuropathic pain 1.03 1.01 1.04 
   Smoking cessation 1.01 1.00 1.02 
   Respiratory cancer 0.99 0.96 1.02 
   Pulmonary fibrosis 1.01 0.99 1.03 
   Other respiratory diseases 1.01 0/97 1.06 
COPD severity 
   Had supplemental oxygen claims 1.02 1.01 1.03 
Depression severity    
   Had a severe depression diagnosis2 1.07 1.05 1.09 
   Had depression hospitalization3 1.08 1.05 1.10 
   Received non-pharmacological 

psychiatric health service 1.07 1.05 1.08 
1SSDI: Social security disability insurance 
2Had a depression diagnosis with the 5th digit as ‘4’ 
3Hospitalization with primary diagnosis of depression 
Bold numbers indicate P < 0.05  

  Outcome was measured in 2006-2008. All covariates were measured in 2006 baseline 
year. PR: prevalence ratio. CI: confidence interval. 

 
 

 

C.3.b Interaction Model: Antidepressant Treatment 

After testing SSDI-eligibility interaction terms, the following four interactions 

were retained in the final model (statistically significant at p<0.05): SSDI*female, 

SSDI*LIS, SSDI*other cardiovascular disease, and SSDI*Alzheimer's disease (Table 

V.C.4). SSDI-eligibility modified the associations of these factors with receipt of 

concurrent antidepressant treatment, which demonstrated that the associations between 

these factors and receipt of concurrent antidepressant treatment differed between 

SSDI-eligible and non-SSDI-eligible beneficiaries. For example, the association between 

female sex and receipt of antidepressant treatment was stronger in SSDI-eligible than in 

non-SSDI-eligible beneficiaries. As well, the association between LIS-eligibility and 
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receipt of antidepressant treatment also was stronger in SSDI-eligible than in 

non-SSDI-eligible beneficiaries. 

However, some associations were stronger in non-SSDI-eligible beneficiaries. 

Having other cardiovascular disease was associated with a lower likelihood of receipt of 

antidepressant treatment in non-SSDI-eligible beneficiaries, but not in SSDI-eligibles. In 

addition, having Alzheimer's disease was associated with a higher likelihood of receipt of 

antidepressant treatment in non-SSDI-eligible beneficiaries than in SSDI-eligible 

beneficiaries. 
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Table V.C.4 Factors Associated with Evidence of Antidepressant Treatment 
Among Medicare Part D Beneficiaries with Diagnosis of COPD and Depression 
Modified by SSDI-eligibility Status – Interaction Model (n=36,609)* 

Factors Evidence of Antidepressant Treatment 
  PR Lower CI Upper CI 
Female vs. male   
   in SSDI1 1.11 1.09 1.13 

    in non-SSDI 1.08   1.06 1.10    
Low-income subsidy 

    No reference 
    Yes     

      in SSDI 1.16 1.13 1.19 
       in non-SSDI  1.07  1.06 1.09    

Comorbid medical conditions 
    Other cardiovascular disease 
       in SSDI 1.01 1.00 1.03 
       in non-SSDI 0.98 0.97 1.00 
    Alzheimer's disease 
       in SSDI 1.04 1.02 1.06 
       in non-SSDI 1.06 1.05 1.08 
 P value for Interaction terms 
    SSDI*female 0.0146  
    SSDI*LIS <0.0001  
    SSDI*other cardiovascular 

disease 0.0082 
 

    SSDI*Alzheimer's disease 0.0420  
 1SSDI: Social security disability insurance 
 *Model also controlled for age, race, region, ESRD, asthma, diabetes, ischemic 

heart disease, congestive heart failure, hypertension, anxiety, bipolar, schizophrenia, 
neuropathic pain, smoking cessation, respiratory cancer, and supplemental oxygen 
use 
Bold numbers indicate P < 0.05 
Outcome was measured in 2006-2008. All covariates were measured in 2006 
baseline year. PR: prevalence ratio. CI: confidence interval. 
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C.4. Summary of Multivariable Results 

Multivariable results confirmed the association between SSDI-eligibility and 

depression diagnosis – being a SSDI-eligible beneficiary had a 12% (95% CI=10%, 15%) 

higher likelihood of having a depression diagnosis compared to being a 

non-SSDI-eligible beneficiary. However, SSDI-eligibility was not associated with receipt 

of concurrent antidepressant treatment among depressed beneficiaries.  

SSDI-eligibility modified a number of factors in regard to depression diagnosis. 

Among depressed beneficiaries, SSDI-eligibility also modified factors in regard to receipt 

of antidepressant treatment. For example, SSDI-eligibility modified the associations 

between depression diagnosis and specific socioeconomic factors (age, race, and LIS), 

selected comorbidities (such as congestive heart failure, hypertension, Alzheimer's 

disease, and anxiety), and baseline COPD severity. This finding indicates the associations 

between these factors and depression diagnosis differed between SSDI-eligible and 

non-SSDI-eligible beneficiaries. The associations of younger age and less severe baseline 

COPD severity on having a depression diagnosis were stronger in SSDI-eligible than in 

non-SSDI-eligible beneficiaries.  

In contrast, some associations were stronger in non-SSDI-eligible than in 

SSDI-eligible beneficiaries: being LIS-eligible and having selected comorbidities were 

associated with higher likelihood of having a depression diagnosis in non-SSDI-eligible 

beneficiaries. The greater associations of selected comorbidities, especially having 

Alzheimer's disease, on depression diagnosis in non-SSDI-eligible than in SSDI-eligible 

beneficiaries may be related to an age effect associated with non-SSDI-eligibility and 

having Alzheimer's disease, which is worth further investigation.  
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Furthermore, racial differences in having a depression diagnosis also differed by 

SSDI-eligibility status: selected racial/ethnic groups (black, Asian, and other) were 

associated with a lower likelihood of having a depression diagnosis in non-SSDI-eligible 

than in SSDI-eligible beneficiaries. This finding might indicate the lack of access to 

depression screening and/or diagnosis for those minority racial/ethnic groups, especially 

in non-SSDI-eligible beneficiaries. However, Hispanic ethnicity was associated with 

higher likelihood of having a depression diagnosis compared to white race in 

non-SSDI-eligible beneficiaries, which, in turn, draws attention to the quality of 

depression management in this ethnic group. 

Among depressed beneficiaries, SSDI-eligibility also modified the associations 

between concurrent antidepressant treatment and specific socioeconomic factors (gender 

and LIS status) and selected comorbidities (such as other cardiovascular disease and 

Alzheimer's disease). The associations of female sex and being LIS-eligible on receipt of 

antidepressant treatment were stronger in SSDI-eligible than in non-SSDI-eligible 

beneficiaries. However, the associations of other cardiovascular disease and Alzheimer's 

disease on receipt of antidepressant treatment were stronger in non-SSDI-eligible 

beneficiaries.  

Baseline COPD severity was not associated with depression diagnosis in the total 

sample but having severe COPD at baseline was associated with a 3% (95% CI=0%, 6%) 

lower likelihood of having a depression diagnosis among SSDI-eligibles. This finding 

indicates the association between SSDI-eligibility status and depression diagnosis might 

not be related to COPD severity. Among depressed beneficiaries, having severe COPD at 



 

93 
 

baseline was associated with higher likelihood of receipt of concurrent antidepressant 

treatment; this association was not modified by SSDI-eligibility status either. 

 
 

Section D: Parallel Results from Beneficiaries Aged 65 and Older 

This set of parallel analyses identifies significant baseline factors associated with 

depression required for Aim 3 analyses limiting to Medicare Beneficiaries who were 65 

years of age and older. Analyses are limited to this population because, by necessity, the 

final aim will estimate and compare the influence of comorbid depression on mortality in 

Medicare beneficiaries with COPD by SSDI-eligibility status, and SSDI status is highly 

associated with age. These analyses adapt the same measures and analytical approaches 

as described in Section A but limit all analyses to Medicare beneficiaries with COPD 

who were 65 years of age and older.  

First, the proportions of beneficiaries with depression among the 65 years of age 

and older sample and by SSDI-eligibility status are presented in Section D.1. Next, 

baseline characteristics of the sample as well as stratified by depression status and 

SSDI-eligibility are described. Bivariable analyses are used to examine the unadjusted 

associations between individual factors and depression among the sample, as well as the 

unadjusted associations between individual factors and SSDI-eligibility among 

beneficiaries with COPD and depression (Section D.2). Multivariable analyses are 

conducted to further estimate the associations between individual factors with depression 

(Section D.3).  
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D.1. Proportions of Beneficiaries Aged 65 and Older with Depression: Overall and 
by SSDI-eligibility 
 

Table V.D.1 summarizes the proportions of beneficiaries with depression overall 

and by SSDI-eligibility status. Among the 75,699 Medicare beneficiaries with COPD 

who were 65 years of age and older, more than one-third (36.0%) had at least one 

diagnostic claim for depression. Of these, 78.2% had evidence of concurrent 

antidepressant treatment. Less than one-sixth (16.3%, or 12,329) of the 65 years of age 

and older sample originally entered Medicare on the basis of SSDI-eligibility. The 

proportion of beneficiaries with a depression diagnosis was highest in SSDI-eligibles 

(42.3%) and lowest in non-SSDI-eligibles (34.7%). Similarly, the proportion of depressed 

beneficiaries with evidence of concurrent antidepressant treatment was highest in 

SSDI-eligibles (80.4%) and lowest in non-SSDI-eligibles (77.7%). 

 

Table V.D.1 Proportions of Depression Definitions in 2006-2008 among Medicare 
Beneficiaries Aged 65 and Older with COPD and by SSDI Status1 

Sample Size Medicare Beneficiaries 
  N % 
Among Total Sample (n = 75,699)   
   I: Depression 27,225 36.0 

   III: Depression (with antidepressant use) 21,299 78.2 
   VI: Depression (no antidepressant use) 5,926 21.8 

Among SSDI-eligible beneficiaries (n = 12,329)    
   I: Depression 5,213 42.3 

   III: Depression (with antidepressant use) 4,191 80.4 
   VI: Depression (no antidepressant use) 1,022 19.6 

Among non-SSDI-eligible beneficiaries (n = 63,370)    
   I: Depression 22,012 34.7 

   III: Depression (with antidepressant use) 17,108 77.7 
   VI: Depression (no antidepressant use) 4,904 22.3 

1SSDI: Social security disability insurance 
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D.2 Descriptive and Bivariable Results for Beneficiaries Aged 65 and Older 

In this section, baseline characteristics of the 65 years of age and older sample 

(Section D.2.a) and stratified by depression status (Section D.2.b) are presented. Among 

beneficiaries with COPD and depression, baseline characteristics by evidence of 

concurrent antidepressant treatment also are described (Section D.2.b). Finally, baseline 

characteristics by SSDI-eligibility among beneficiaries with COPD and depression, and 

among beneficiaries with COPD and depression and evidence of concurrent 

antidepressant treatment (Section D.2.c) are summarized. 

Bivariable results examine the unadjusted associations between individual factors 

and depression among the 65 years of age and older sample, as well as the unadjusted 

associations between individual factors and evidence of antidepressant treatment among 

beneficiaries with COPD and depression (Section D.2.b). In addition, bivariable results 

compare the unadjusted associations between individual factors and SSDI-eligibility 

among beneficiaries with COPD and depression. Among beneficiaries with COPD and 

depression and with evidence of antidepressant treatment, bivariable results also compare 

the unadjusted associations between individual factors and SSDI-eligibility (Section 

D.2.c). Finally, a summary of descriptive and bivariable results is presented in Section 

D.2.d. 

 

D.2.a. Baseline Characteristics of Medicare Beneficiaries 65 Years of Age and Older 
with COPD   
 

The mean age of the 65 and older sample was 77 years (Table V.D.2). Nearly 

one-sixth (16.3%) were SSDI-eligible. Nearly two-thirds (65.3%) were female. Of this 

cohort, 88.0% were white, 7.0% were African American, 2.4% were Hispanic, and 1.4% 
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were Asian. More than two-fifths (41.7%) resided in the southern U.S. area. About half 

(49.0%) were LIS-eligible and less than half (45.3%) were Medicare-Medicaid 

dual-eligible. Few (1.2%) had ESRD.  

Chronic comorbidities were prevalent in the 65 years of age and older COPD 

sample, with individuals having an average of 8.7 unique comorbidities. Common 

comorbidities included hypertension (83.9%), ischemic heart disease (58.1%), congestive 

heart failure (47.0%), diabetes (34.4%), asthma (26.9%), Alzheimer’s disease (22.6%), 

and anxiety (16.8%). Nearly one in seven beneficiaries (14.2%) had evidence of 

receiving smoking cessation medications or services.  

One-fifth (21.1%) of the sample had used supplemental oxygen, indicating severe 

baseline COPD. About 1 in 200 beneficiaries (0.5%) had a depression-related 

hospitalization, although 13.5% received non-pharmacological psychiatric health 

services. 
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Table V.D.2 Baseline Characteristics of Beneficiaries Aged 65 and Older with 
Diagnosis of COPD  

Characteristics Medicare Beneficiaries 

 
N % 

Sample size 75,699 100.0 
Age (Mean, SD) 77.1 7.6 
Age (n, %)   
   65 – 74  30,632 40.5 
   75 – 84 31,425 41.5 
   85 + 13,642 18.0 
SSDI1   
   Yes 12,329 16.3 
   No 63,370 83.7 
Sex   
   Female 49,432 65.3 
   Male 26,267 34.7 
Race   
   White 66,628 88.0 
   Black 5,263 7.0 
   Hispanic 1,828 2.4 
   Asian 1,071 1.4 
   Other 909 1.2 
Region   
   Northeast 15,366 20.3 
   North Central 18,405 24.3 
   South 31,565 41.7 
   West 10,255 13.5 
   Other U.S. territories 108 0.1 
Low-income subsidy status   
   Yes 37,801 49.9 
   No 37,898 50.1 
Medicare-Medicaid dual-eligibility 
status 

  

   Yes 34,325 45.3 
   No 41,374 54.7 
End stage renal disease   
   Yes 891 1.2 
   No 74,808 98.8 
Comorbid medical conditions   
   Asthma 20,356 26.9 
   Diabetes 26,008 34.4 
   Ischemic heart disease 43,996 58.1 
   Congestive heart failure 35,591 47.0 
   All other cardiovascular disease 54,481 72.0 
   Hypertension 63,505 83.9 
   Alzheimer's disease and related  17,080 22.6 
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disorders 
   Depression (definition I) 27,225 36.0 
   Anxiety 12,719 16.8 
   Bipolar 1,598 2.1 
   Schizophrenia 533 0.7 
   Neuropathic pain 6,243 8.2 
   Obsessive-compulsive disorder 95 0.1 
   Smoking cessation 10,770 14.2 
   Cystic fibrosis 41 0.1 
   Alpha-1-antitrypsin deficiency 21 0.0 
   Respiratory cancer 3,722 4.9 
   Fibrosis due to tuberculosis  11 0.0 
   Pneumoconiosis 586 0.8 
   Pulmonary fibrosis 5,583 7.4 
   Pulmonary tuberculosis 215 0.3 
   Sarcoidosis 195 0.3 
CC counts (Mean, SD)2 8.7 4.1 
COPD severity     
   Had supplemental oxygen claims 15,957 21.1 
Depression severity   
   Had a severe depression diagnosis3 650 0.9 
   Had depression hospitalization 400 0.5 
      # of hospitalizations (Mean, SD)4 1.3 0.7 
   Received non-pharmacological 

psychiatric health service 10,234 13.5 
1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 5th digit as ‘4’ 
4Among those who had a depression hospitalization 

  

 

 
 

D.2.b. Baseline Characteristics of Medicare Beneficiaries Aged 65 and Older, Stratified 
by Depression Status 
 

This set of descriptive and bivariable analyses describe baseline characteristics of 

beneficiaries 65 years of age and older by depression diagnosis and explore the 

unadjusted associations between factors and depression status. Among those with a 

depression diagnosis, baseline beneficiary characteristics stratified by receipt of 
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concurrent antidepressant treatment are described and factors associated with receipt of 

antidepressant treatment are explored. 

 

Characteristics of Medicare Beneficiaries Aged 65 and Older Stratified by Depression 
Diagnosis 
 

As described in Section D.1, the proportion of beneficiaries with a depression 

diagnosis assessed using ICD-9-CM codes was 36.0%. Compared to non-depressed 

beneficiaries, depressed beneficiaries were more likely to be SSDI-eligible (Table 

V.D.3). Depressed beneficiaries were more likely to be in the older subgroup (85+) and 

more likely to be female and white. They also were more likely to be LIS-eligible and 

Medicare-Medicaid dual-eligible. Compared to non-depressed beneficiaries, depressed 

individuals were more likely to have cardiovascular and psychiatric comorbidities, and 

more likely to receive smoking cessation medications or services and 

non-pharmacological psychiatric health services. In addition, depressed beneficiaries 

were more likely to receive supplemental oxygen, indicating more severe baseline 

COPD. However, depressed beneficiaries were less likely than their non-depressed 

counterparts to have selected respiratory conditions (including respiratory cancer and 

pneumoconiosis) (all p<0.01).  
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Table V.D.3 Baseline Characteristics of Beneficiaries Aged 65 and Older with 
Diagnosis of COPD, Stratified by Depression Status (n=75,699) 

 
Depression* 

  Characteristics Yes No   P Value^ 

 
N % N %     

Sample size 27,225 100  48,474 100     
SSDI1       <.0001 
   Yes 5,213 19.1  7,116 14.7   
   No 22,012 80.9   41,358 85.3     
Age (Mean, SD) 77.4 7.7  76.9 7.5  <.0001 
Age (n, %)       <.0001 
   65 – 74  10,573 38.8  20,059 41.4   
   75 – 84 11,316 41.6  20,109 41.5   
   85 + 5,336 19.6   8,306 17.1     
Sex       <.0001 
   Female 19,998 73.5  29,434 60.7   
   Male 7,227 26.5   19,040 39.3     
Race       <.0001 
   White 24,359 89.5  42,269 87.2   
   Black 1,563 5.7  3,700 7.6   
   Hispanic 849 3.1  979 2.0   
   Asian 166 0.6  905 1.9   
   Other 288 1.1   621 1.3     
Region       <.0001 
   Northeast 5,483 20.1  9,883 20.4   
   North Central 6,767 24.9  11,638 24.0   
   South 11,625 42.7  19,940 41.1   
   West 3,321 12.2  6,934 14.3   
   Other U.S. territories 29 0.1   79 0.2     
Low-income subsidy status       <.0001 
   Yes 16,252 59.7  21,549 44.5   
   No 10,973 40.3   26,925 55.5     
Medicare-Medicaid dual-eligibility 
status 

      <.0001 

   Yes 15,292 56.2  19,033 39.3   
   No 11,933 43.8   29,441 60.7     
End stage renal disease       0.0981 
   Yes 344 1.3  547 1.1   
   No 26,881 98.7   47,927 98.9   
Comorbid medical conditions        
   Asthma 7,839 28.8  12,517 25.8  <.0001 
   Diabetes 10,296 37.8  15,712 32.4  <.0001 
   Ischemic heart disease 16,985 62.4  27,011 55.7  <.0001 
   Congestive heart failure 14,518 53.3  21,073 43.5  <.0001 
   All other cardiovascular disease 19,373 71.2  35,108 72.4  0.0002 
   Hypertension 23,667 86.9  39,838 82.2  <.0001 
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   Alzheimer's disease and related 
disorders 

9,559 35.1  7,521 15.5  <.0001 

   Anxiety 8,856 32.5  3,863 8.0  <.0001 
   Bipolar 1,180 4.3  418 0.9  <.0001 
   Schizophrenia 397 1.5  136 0.3  <.0001 
   Neuropathic pain 2,820 10.4  3,423 7.1  <.0001 
   Obsessive-compulsive disorder 76 0.3  19 0.0  <.0001 
   Smoking cessation 4,256 15.6  6,514 13.4  <.0001 
   Cystic fibrosis 14 0.1  27 0.1  0.8082 
   Alpha-1-antitrypsin deficiency 5 0.0  16 0.0  0.2457 
   Respiratory cancer 1,192 4.4  2,530 5.2  <.0001 
   Fibrosis due to tuberculosis  3 0.0  8 0.0  0.7562** 
   Pneumoconiosis 174 0.6  412 0.8  0.0015 
   Pulmonary fibrosis 2,149 7.9  3,434 7.1  <.0001 
   Pulmonary tuberculosis 76 0.3  139 0.3  0.8505 
   Sarcoidosis 65 0.2   130 0.3  0.4433 
CC counts (Mean, SD)2 10.1 4.2  8.0 3.8  <.0001 
COPD severity               
   Had supplemental oxygen claims 5,949 21.9   10,008 20.6   <.0001 
Depression severity        
   Had a severe depression diagnosis3 650 2.4  0 0.0  N/A 
   Had depression hospitalization 400 1.5  0 0.0  N/A 
      # of hospitalizations (Mean, 

SD)4 
1.3 0.7  0.0 0.0  N/A 

   Received non-pharmacological 
psychiatric health service 7,871 28.9   2,363 4.9   <.0001 

1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 5th digit as ‘4’ 
4Among those who had a depression hospitalization   
*Had general depression diagnosis, regardless of antidepressant use, in 2006-2008 
^Chi-square tests for categorical variables and t-tests for continuous variables  
**Fisher's exact test     
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Characteristics of Medicare Beneficiaries Aged 65 and Older with a Depression 
Diagnosis, Stratified by Evidence of Antidepressant Treatment  
 

Table V.D.4 summarizes descriptive and bivariable results comparing 

beneficiaries with and without evidence of concurrent antidepressant treatment among 

beneficiaries with a depression diagnosis (n=27,225). Of these, as described in Section 

D.1, 78.2% had evidence of concurrent antidepressant treatment.  

Beneficiaries with evidence of antidepressant treatment were more likely to be 

SSDI-eligible. They were more likely to be in the younger subgroup (65-74). They were 

more likely to be female and white, and more likely to be LIS-eligible and 

Medicare-Medicaid dual-eligible. Compared to beneficiaries with no evidence of 

concurrent antidepressant treatment, those treated with antidepressants were more likely 

to have diabetes, congestive heart failure, and psychiatric comorbidities (except for 

schizophrenia) (all p<0.01). In addition, beneficiaries with evidence of antidepressant 

treatment also had evidence of more severe depression (all p<0.01). However, no 

difference in baseline COPD severity was observed by receipt of antidepressant treatment 

(p=0.0431). 
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Table V.D.4 Baseline Characteristics of Beneficiaries Aged 65 and Older with 
Diagnoses of COPD and Depression, Stratified by Evidence of Antidepressant 
Treatment (n=27,225) 

 

Evidence of Antidepressant 
Treatment* 

  Characteristics Yes No   P Value^ 

 
N % N %     

Sample size 21,299 100  5,926 100     
SSDI1       <.0001 
   Yes 4,191 19.7  1,022 17.2   
   No 17,108 80.3   4,904 82.8     
Age (Mean, SD) 77.3 7.7  77.6 7.7  0.0052 
Age (n, %)       0.0262 
   65 – 74  8,360 39.3  2,213 37.3   
   75 – 84 8,782 41.2  2,534 42.8   
   85 + 4,157 19.5   1,179 19.9     
Sex       <.0001 
   Female 15,999 75.1  3,999 67.5   
   Male 5,300 24.9   1,927 32.5     
Race       <.0001 
   White 19,258 90.4  5,101 86.1   
   Black 1,060 5.0  503 8.5   
   Hispanic 646 3.0  203 3.4   
   Asian 118 0.6  48 0.8   
   Other 217 1.0   71 1.2     
Region       0.0203 
   Northeast 4,188 19.7  1,295 21.9   
   North Central 5,339 25.1  1,428 24.1   
   South 9,212 43.3  2,413 40.7   
   West 2,540 11.9  781 13.2   
   Other U.S. territories 20 0.1   9 0.2     
Low-income subsidy status       <.0001 
   Yes 13,183 61.9  3,069 51.8   
   No 8,116 38.1   2,857 48.2     
Medicare-Medicaid dual-eligibility 
status 

      <.0001 

   Yes 12,447 58.4  2,845 48.0   
   No 8,852 41.6   3,081 52.0     
End stage renal disease       0.1832 
   Yes 259 1.2  85 1.4   
   No 21,040 98.8   5,841 98.6   
Comorbid medical conditions        
   Asthma 6,188 29.1  1,651 27.9  0.0729 
   Diabetes 8,147 38.3  2,149 36.3  0.0053 
   Ischemic heart disease 13,329 62.6  3,656 61.7  0.2129 
   Congestive heart failure 11,500 54.0  3,018 50.9  <.0001 
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   All other cardiovascular disease 15,078 70.8  4,295 72.5  0.0113 
   Hypertension 18,537 87.0  5,130 86.6  0.3480 
   Alzheimer's disease and related 

disorders 
7,840 36.8  1,719 29.0  <.0001 

   Anxiety 7,276 34.2  1,580 26.7  <.0001 
   Bipolar 977 4.6  203 3.4  0.0001 
   Schizophrenia 330 1.5  67 1.1  0.0174 
   Neuropathic pain 2,260 10.6  560 9.4  0.0095 
   Obsessive-compulsive disorder 72 0.3  4 0.1  0.0005 
   Smoking cessation 3,379 15.9  877 14.8  0.0458 
   Cystic fibrosis 13 0.1  1 0.0  0.3280** 
   Alpha-1-antitrypsin deficiency 3 0.0  2 0.0  0.2992** 
   Respiratory cancer 908 4.3  284 4.8  0.0782 
   Fibrosis due to tuberculosis  2 0.0  1 0.0  0.5212** 
   Pneumoconiosis 125 0.6  49 0.8  0.0403 
   Pulmonary fibrosis 1,699 8.0  450 7.6  0.3332 
   Pulmonary tuberculosis 70 0.3  6 0.1  0.0033 
   Sarcoidosis 45 0.2   20 0.3  0.0782 
CC counts (Mean, SD)2 10.2 4.2  9.7 4.2  <.0001 
COPD severity               
   Had supplemental oxygen claims 4,711 22.1   1,238 20.9   0.0431 
Depression severity        
   Had a severe depression diagnosis3 592 2.8  58 1.0  <.0001 
   Had depression hospitalization 376 1.8  24 0.4  <.0001 
      # of hospitalizations (Mean, 

SD)4 
1.3 0.7  1.1 0.3  0.0069 

   Received non-pharmacological 
psychiatric health service 6,584 30.9   1,287 21.7   <.0001 

1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 5th digit as ‘4’ 
4Among those who had a depression hospitalization  
*Had evidence of antidepressant use in 2006-2008  
^Chi-square tests for categorical variables and t-tests for continuous variables  
**Fisher's exact test  
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D.2.c. Baseline Characteristics of Medicare Beneficiaries Aged 65 and Older with 
Depression, Stratified by SSDI-eligibility 
 

This set of descriptive and bivariable analyses describe baseline characteristics of 

beneficiaries 65 years of age and older with COPD and depression diagnoses stratified by 

SSDI-eligibility status and explore unadjusted associations between factors and 

SSDI-eligibility. Among those with a depression diagnosis and with evidence of 

concurrent antidepressant treatment, baseline beneficiary characteristics stratified by 

SSDI-eligibility status are described and factors associated with SSDI-eligibility are 

explored. 

 

Characteristics of Medicare Beneficiaries Aged 65 and Older with a Depression 
Diagnosis, Stratified by SSDI-eligibility Status 
 

Of beneficiaries with a depression diagnosis (n=27,225), about one-fifth (19.2%) 

were SSDI-eligible (Table V.D.5). Compared to non-SSDI-eligible beneficiaries, 

SSDI-eligible beneficiaries were significantly younger, but less likely to be female and 

white. They were more likely to be LIS-eligible and Medicare-Medicaid dual-eligible, 

and more likely to have ESRD. SSDI-eligible beneficiaries also were more likely to have 

selected cardiovascular diseases, psychiatric conditions, and pneumoconiosis. They also 

were more likely to receive smoking cessation medications or services. Compared to 

non-SSDI-eligible beneficiaries, SSDI-eligible beneficiaries had evidence of more severe 

depression and COPD. However, SSDI-eligible beneficiaries were less likely to have 

Alzheimer's disease (all p<0.01). 
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Table V.D.5 Baseline Characteristics of Beneficiaries Aged 65 and Older with 
Diagnoses of COPD and Depression, Stratified by SSDI Status (n=27,225)1* 

 
SSDI 

  
Characteristics Yes No   

P 
Value^ 

 
N % N %     

Sample size 5,213 100  22,012 100     
Age (Mean, SD) 72.8 6.4  78.4 7.5  <.0001 
Age (n, %)       <.0001 
   65 – 74  3,419 65.6  7,154 32.5   
   75 – 84 1,465 28.1  9,851 44.8   
   85 + 329 6.3   5,007 22.7     
Sex       <.0001 
   Female 3,482 66.8  16,516 75.0   
   Male 1,731 33.2   5,496 25.0     
Race       <.0001 
   White 4,555 87.4  19,804 90.0   
   Black 481 9.2  1,082 4.9   
   Hispanic 107 2.1  742 3.4   
   Asian 10 0.2  156 0.7   
   Other 60 1.2   228 1.0     
Region       <.0001 
   Northeast 953 18.3  4,530 20.6   
   North Central 1,255 24.1  5,512 25.0   
   South 2,373 45.5  9,252 42.0   
   West 628 12.0  2,693 12.2   
   Other U.S. territories 4 0.1   25 0.1     
Low-income subsidy status       <.0001 
   Yes 3,984 76.4  12,268 55.7   
   No 1,229 23.6   9,744 44.3     
Medicare-Medicaid dual-eligibility 
status 

      <.0001 

   Yes 3,771 72.3  11,521 52.3   
   No 1,442 27.7   10,491 47.7     
End stage renal disease       <.0001 
   Yes 97 1.9  247 1.1   
   No 5,116 98.1   21,765 98.9   
Comorbid medical conditions        
   Asthma 1,693 32.5  6,146 27.9  <.0001 
   Diabetes 2,469 47.4  7,827 35.6  <.0001 
   Ischemic heart disease 3,487 66.9  13,498 61.3  <.0001 
   Congestive heart failure 2,951 56.6  11,567 52.5  <.0001 
   All other cardiovascular disease 3,715 71.3  15,658 71.1  0.8520 
   Hypertension 4,540 87.1  19,127 86.9  0.7051 
   Alzheimer's disease and related 

disorders 
1,641 31.5  7,918 36.0  <.0001 
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   Anxiety 1,909 36.6  6,947 31.6  <.0001 
   Bipolar 411 7.9  769 3.5  <.0001 
   Schizophrenia 98 1.9  299 1.4  0.0047 
   Neuropathic pain 635 12.2  2,185 9.9  <.0001 
   Obsessive-compulsive disorder 29 0.6  47 0.2  <.0001 
   Smoking cessation 1,079 20.7  3,177 14.4  <.0001 
   Cystic fibrosis 3 0.1  11 0.0  0.7396** 
   Alpha-1-antitrypsin deficiency 1 0.0  4 0.0  1.0000** 
   Respiratory cancer 234 4.5  958 4.4  0.6647 
   Fibrosis due to tuberculosis  0 0.0  3 0.0  N/A 
   Pneumoconiosis 57 1.1  117 0.5  <.0001 
   Pulmonary fibrosis 396 7.6  1,753 8.0  0.3763 
   Pulmonary tuberculosis 10 0.2  66 0.3  0.1838 
   Sarcoidosis 14 0.3   51 0.2  0.6238 
CC counts (Mean, SD)2 10.7 4.3  9.9 4.2  <.0001 
COPD severity               
   Had supplemental oxygen claims 1,305 25.0   4,644 21.1   <.0001 
Depression severity        
   Had a severe depression diagnosis3 156 3.0  494 2.2  0.0015 
   Had depression hospitalization 117 2.2  283 1.3  <.0001 
      # of hospitalizations (Mean, 

SD)4 
1.4 1.0  1.2 0.5  0.0166 

   Received non-pharmacological 
psychiatric health service 1,803 34.6   6,068 27.6   <.0001 

1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 5th digit as ‘4’ 
4Within those who had a depression hospitalization 
*Had general depression diagnosis, regardless of antidepressant use, in 2006-2008 
^Chi-square tests for categorical variables and t-tests for continuous variables 
**Fisher's exact test  

         
 
Characteristics of Medicare Beneficiaries Aged 65 and Older with a Depression 
Diagnosis and Evidence of Antidepressant Treatment, Stratified by SSDI-eligibility 

 

Of beneficiaries with a depression diagnosis and evidence of antidepressant 

treatment (n=21,299), about one-fifth (19.7%) were SSDI-eligible (Table V.D.6). Similar 

findings were observed as findings from beneficiaries 65 years of age and older with 

depression and evidence of antidepressant treatment (Table V.D.5). 
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Table V.D.6 Baseline Characteristics of Beneficiaries Aged 65 and Older with 
Diagnoses of COPD and Depression and Evidence of Antidepressant Treatment, 
Stratified by SSDI Status (n=21,299)1* 

 
SSDI 

  
Characteristics Yes No   

P 
Value^ 

 
N % N %     

Sample size 4,191 100  17,108 100     
Age (Mean, SD) 72.8 6.4  78.4 7.5  <.0001 
Age (n, %)       <.0001 
   65 – 74  2,745 65.5  5,615 32.8   
   75 – 84 1,185 28.3  7,597 44.4   
   85 + 261 6.2   3,896 22.8     
Sex       <.0001 
   Female 2,904 69.3  13,095 76.5   
   Male 1,287 30.7   4,013 23.5     
Race       <.0001 
   White 3,710 88.5  15,548 90.9   
   Black 352 8.4  708 4.1   
   Hispanic 75 1.8  571 3.3   
   Asian 7 0.2  111 0.6   
   Other 47 1.1   170 1.0     
Region       0.0006** 
   Northeast 737 17.6  3,451 20.2   
   North Central 1,036 24.7  4,303 25.2   
   South 1,917 45.7  7,295 42.6   
   West 498 11.9  2,042 11.9   
   Other U.S. territories 3 0.1   17 0.1     
Low-income subsidy status       <.0001 
   Yes 3,298 78.7  9,885 57.8   
   No 893 21.3   7,223 42.2     
Medicare-Medicaid dual-eligibility 
status 

      <.0001 

   Yes 3,132 74.7  9,315 54.4   
   No 1,059 25.3   7,793 45.6     
End stage renal disease       0.0016 
   Yes 71 1.7  188 1.1   
   No 4,120 98.3   16,920 98.9   
Comorbid medical conditions        
   Asthma 1,365 32.6  4,823 28.2  <.0001 
   Diabetes 2,019 48.2  6,128 35.8  <.0001 
   Ischemic heart disease 2,825 67.4  10,504 61.4  <.0001 
   Congestive heart failure 2,411 57.5  9,089 53.1  <.0001 
   All other cardiovascular disease 2,981 71.1  12,097 70.7  0.5929 
   Hypertension 3,658 87.3  14,879 87.0  0.5909 
   Alzheimer's disease and related 1,376 32.8  6,464 37.8  <.0001 
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disorders 
   Anxiety 1,625 38.8  5,651 33.0  <.0001 
   Bipolar 341 8.1  636 3.7  <.0001 
   Schizophrenia 79 1.9  251 1.5  0.0497 
   Neuropathic pain 516 12.3  1,744 10.2  <.0001 
   Obsessive-compulsive disorder 28 0.7  44 0.3  <.0001 
   Smoking cessation 862 20.6  2,517 14.7  <.0001 
   Cystic fibrosis 3 0.1  10 0.1  0.7288** 
   Alpha-1-antitrypsin deficiency 1 0.0  2 0.0  0.4818** 
   Respiratory cancer 179 4.3  729 4.3  0.9773 
   Fibrosis due to tuberculosis  0 0.0  2 0.0  N/A 
   Pneumoconiosis 45 1.1  80 0.5  <.0001 
   Pulmonary fibrosis 322 7.7  1,377 8.0  0.4335 
   Pulmonary tuberculosis 10 0.2  60 0.4  0.2558 
   Sarcoidosis 10 0.2   35 0.2  0.6672 
CC counts (Mean, SD)2 10.9 4.3  10.0 4.2  <.0001 
COPD severity               
   Had supplemental oxygen claims 1,057 25.2   3,654 21.4   <.0001 
Depression severity        
   Had a severe depression diagnosis3 145 3.5  447 2.6  0.0028 
   Had depression hospitalization 114 2.7  262 1.5  <.0001 
      # of hospitalizations (Mean, 

SD)4 
1.4 1.0  1.2 0.5  0.0183 

   Received non-pharmacological 
psychiatric health service 1,530 36.5   5,054 29.5   <.0001 

1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 5th digit as ‘4’ 
4Within those who had a depression hospitalization 
*Had general depression diagnosis, regardless of antidepressant use, in 2006-2008 
^Chi-square tests for categorical variables and t-tests for continuous variables 
**Fisher's exact test  
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D.2.d. Summary of Descriptive and Bivariable Results for Beneficiaries Aged 65 and 
Older 
 

The proportion of beneficiaries with a depression diagnosis was higher in the 

SSDI-eligibles (42.3%) than in non-SSDI-eligibles (34.7%). As well, among 

beneficiaries with a depression diagnosis, the proportion of having evidence of receiving 

concurrent antidepressant treatment was higher in SSDI-eligibles than in 

non-SSDI-eligibles (80.4% vs. 77.7%, respectively).  

Bivariable results found the association between depression and SSDI-eligibility. 

Among beneficiaries with a depression diagnosis, those with evidence of receiving 

concurrent antidepressant treatment also were more likely to be SSDI-eligible. These 

associations will be further confirmed in multivariable analyses after controlling for other 

individual factors. 

In addition, bivariable results found different associations among depression, 

SSDI-eligibility, and other individual factors, indicating potential effect modification of 

SSDI-eligibility on the associations between depression and individual factors. These 

factors included age, gender, race, selected comorbidities (cardiovascular comorbidities 

and Alzheimer’s disease), and COPD severity. Identifying the effect modification of 

SSDI-eligibility helps recognize the differences in occurrence of depression and factors 

associated with depression by SSDI-eligibility status, which promotes further improve 

treatment and care of depression in COPD population. Therefore, the effect modification 

of SSDI-eligibility should be investigated in multivariable analyses. 
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D.3. Multivariable Results for Beneficiaries Aged 65 and Older 

This section briefly describes multivariable model building criteria (Section 

D.3.a). Next, multivariable results estimate the associations between individual factors 

and depression among Medicare beneficiaries with COPD (Section D.3.b). Among 

beneficiaries with a depression diagnosis, multivariable results also estimate the 

associations between individual factors and evidence of concurrent antidepressant 

treatment (Section D.3.c). To examine the effect modification of SSDI-eligibility status 

on associations of depression with factors, both main effects and interaction models are 

conducted. Finally, a summary of multivariable results is presented in Section D.3.d. 

 

D.3.a. Model Building Criteria 

 The same model building criteria as described in Section C.1 were applied to 

reduce multicollinearity and redundancy. After applying model building criteria, same 

factors (except for age) were removed or modified in multivariable models estimating the 

associations between individual factors and depression among the 65 years of age and 

older sample. Age was retained as a categorical variable due to its small correlation 

(Pearson correlation coefficient t=-0.23) with SSDI-eligible status after limiting to the 65 

years of age and older sample.  

 

D.3.b. Factors Associated with Depression Diagnosis in Beneficiaries Age 65 and 
Older  
 

Table V.D.7 summarizes results of the associations between individual factors 

and depression diagnosis among the 65 years of age and older sample from the main 

effects model. Table V.D.8 summarizes results of the effect modification of 
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SSDI-eligibility status on the associations between depression and selected factors from 

the interaction model. Results present adjusted PRs with associated 95% CIs in both 

models.  

 

Main Effects Model: Depression Diagnosis in Beneficiaries Aged 65 and Older 

A full main effects model including all covariates was initially conducted then 

compared with reduced models through QIC criterion.135 At the end, the optimized main 

effects model removed all respiratory comorbidities except for respiratory cancer.  

In the main effects model (Table V.D.7), SSDI-eligibility was associated with a 

9% (95% CI=7%, 12%) higher likelihood of having a depression diagnosis. In addition, 

younger age, female sex, Hispanic ethnicity, north central region, and LIS-eligibility also 

were associated with higher likelihood of depression. Having most comorbidities and 

receiving smoking cessation medications or services also were significantly associated 

with higher likelihood of depression. However, selected racial/ethnic groups (black, 

Asian, and other) were associated with lower likelihood of depression. Baseline COPD 

severity was not associated with depression. 
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Table V.D.7 Factors Associated with Depression Among Medicare 
Beneficiaries Aged 65 and Older – Main Effects Model (n=75,699) 

Factors Depression Diagnosis 
  PR Lower CI Upper CI 
SSDI1 1.09 1.07 1.12 
Age  
   65-74 reference 
   75-84 0.98 0.97 1.01 
   85+ 0.95 0.92 0.97 
Female vs. male 1.29 1.27 1.32 
Race 

      White reference 
   Black 0.74 0.71 0.77 
   Hispanic 1.06 1.01 1.11 
   Asian 0.49 0.43 0.56 
   Other 0.87 0.80 0.95 
Region 

      Northeast reference 
   North Central 1.05 1.02 1.07 
   West 0.99 0.96 1.03 
   South 1.02 0.99 1.04 
Low-income subsidy 

      No reference 
   Yes 1.23 1.21 1.25 
End stage renal disease    
   No reference 
   Yes 1.02 0.94 1.11 
Comorbid medical conditions 
   Asthma 1.05 1.03 1.07 
   Diabetes 1.05 1.03 1.07 
   Ischemic heart disease 1.07 1.05 1.10 
   Congestive heart failure 1.08 1.06 1.10 
   All other cardiovascular disease 0.96 0.94 0.98 
   Hypertension 1.11 1.08 1.14 
   Alzheimer's disease 1.57 1.54 1.60 
   Anxiety 1.99 1.95 2.02 
   Bipolar 1.28 1.24 1.33 
   Schizophrenia 1.13 1.07 1.20 
   Neuropathic pain 1.20 1.17 1.24 
   Smoking cessation 1.09 1.06 1.12 
   Respiratory cancer 0.96 0.92 1.01 
COPD severity  

      Had supplemental oxygen claims 1.01 0.99 1.04 
1SSDI: Social security disability insurance 
Bold numbers indicate P < 0.05. PR: prevalence ratio. CI: confidence interval. 
Outcome was measured in 2006-2008. Covariates measured in 2006 baseline year.  
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Interaction Model: Depression Diagnosis in Beneficiaries Aged 65 and Older 

After testing SSDI-eligibility interaction terms, the following two interactions 

were retained in the final model (statistically significant at p<0.05): SSDI*Alzheimer's 

disease and SSDI*anxiety (Table V.D.8). SSDI-eligibility modified the associations of 

having Alzheimer's disease and anxiety with depression diagnosis – the association of 

having these two comorbidities with depression diagnosis differed between SSDI-eligible 

and non-SSDI-eligible beneficiaries. The associations of having Alzheimer's disease and 

anxiety with depression were stronger in non-SSDI-eligible beneficiaries than in 

SSDI-eligible beneficiaries. 

 

Table V.D.8 Factors Associated with Depression Among Medicare 
Beneficiaries Aged 65 and Older with Diagnosis of COPD and Modified by 
SSDI-eligibility Status – Interaction Model (n=75,699)* 

Factors Depression Diagnosis 
  PR Lower CI Upper CI 
   Alzheimer's disease 

       in SSDI 1.39 1.34 1.45 
       in non-SSDI 1.62 1.58 1.65 
    Anxiety 

          in SSDI 1.83 1.76 1.89 
       in non-SSDI 2.03 1.99 2.07 
 P value for Interaction terms 

       SSDI*Alzheimer's disease <0.0001  
    SSDI*anxiety <0.0001 
 *Model also controlled for age, gender, race, region, low-income subsidy, ESRD, 

asthma, diabetes, ischemic heart disease, congestive heart failure, all other 
cardiovascular disease, hypertension, bipolar, schizophrenia, neuropathic pain, 
obsessive-compulsive disorder, smoking cessation, respiratory cancer, and 
supplemental oxygen use 
Bold numbers indicate P < 0.05 
Outcome was measured in 2006-2008. Covariates measured in 2006 baseline year. 
PR: prevalence ratio. CI: confidence interval. 
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D.3.c Factors Associated with Evidence of Antidepressant Treatment among 
Beneficiaries Aged 65 and Older with Depression Diagnosis 
 

Table V.D.9 summarizes results of the associations between individual factors 

and evidence of concurrent antidepressant treatment among beneficiaries with both 

COPD and depression diagnoses from the main effects model. Table V.D.10 summarizes 

results of the effect modification of SSDI-eligibility status on the associations between 

antidepressant treatment and individual factors from the interaction model. 

 

Main Effects Model: Antidepressant Treatment in Beneficiaries Aged 65 and Older 

A full main effects model including all covariates was initially conducted then 

compared with reduced models through QIC criterion. At the end, none of the covariates 

was removed from final main effects model after comparing QIC.  

In the main effects model (Table V.D.9), SSDI-eligibility was not associated with 

evidence of concurrent antidepressant treatment. However, younger age, female sex, 

geographic regions (north central and south), and LIS-eligibility were associated with a 

higher likelihood of receiving antidepressant treatment. Having elected comorbidities 

(including Alzheimer's disease, anxiety, and neuropathic pain) and severe baseline COPD 

and depression also were significantly associated with a higher likelihood of receiving 

antidepressant treatment. However, selected racial/ethnic groups (black, Hispanic, and 

Asian) were associated with a lower likelihood of receiving antidepressant treatment.  
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Table V.D.9 Factors Associated with Evidence of Antidepressant Treatment 
Among Medicare Part D Beneficiaries Aged 65 and Older with Diagnoses of 
COPD and Depression – Main Effects Model (n=27,225) 

Factors Evidence of Antidepressant Treatment 
  PR Lower CI Upper CI 
SSDI1 1.01 1.00 1.03 
Age     
   65-74 reference 
   75-84 0.98 0.96 0.99 
   85+ 0.97 0.95 0.98 
Female vs. male 1.08 1.06 1.10 
Race 

      White reference 
   Black 0.83 0.80 0.86 
   Hispanic 0.92 0.88 0.95 
   Asian 0.90 0.82 1.00 
   Other 0.94 0.88 1.01 
Region 

      Northeast reference 
   North Central 1.04 1.02 1.06 
   West 1.02 0.99 1.04 
   South 1.04 1.03 1.06 
Low-income subsidy 

      No reference 
   Yes 1.08 1.07 1.10 
End stage renal disease    
   No reference 
   Yes 0.97 0.92 1.03 
Comorbid medical conditions 
   Asthma 1.01 1.00 1.02 
   Diabetes 1.01 0.99 1.02 
   Ischemic heart disease 1.01 0.99 1.02 
   Congestive heart failure 1.01 0.99 1.03 
   All other cardiovascular disease 0.99 0.98 1.00 
   Hypertension 1.00 0.98 1.02 
   Alzheimer's disease 1.05 1.04 1.07 
   Anxiety 1.04 1.03 1.06 
   Bipolar 0.98 0.95 1.00 
   Schizophrenia 0.98 0.94 1.02 
   Neuropathic pain 1.03 1.01 1.05 
   Smoking cessation 1.01 0.99 1.03 
   Respiratory cancer 0.99 0.96 1.02 
   Pulmonary fibrosis 1.01 0.99 1.03 
   Other respiratory diseases 1.02 0.96 1.08 
COPD severity 
   Had supplemental oxygen claims 1.02 1.00 1.03 
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Depression severity    
   Had a severe depression diagnosis2 1.07 1.05 1.10 
   Had depression hospitalization3 1.09 1.06 1.12 
   Received non-pharmacological 

psychiatric health service 1.06 1.05 1.08 
1SSDI: Social security disability insurance 
2Had a depression diagnosis with the 5th digit as ‘4’ 
3Hospitalization with primary diagnosis of depression 
Bold numbers indicate P < 0.05  

  Outcome was measured in 2006-2008. Covariates measured in 2006 baseline year. 
PR: prevalence ratio. CI: confidence interval. 

  
Interaction Model: Antidepressant Treatment in Beneficiaries Aged 65 and Older 

After testing SSDI-eligibility interaction terms, only interaction term SSDI*LIS 

was retained in the final model (statistically significant at p<0.05). Results of LIS 

stratified by SSDI-eligibility are reported in Table V.D.10. SSDI-eligibility modified the 

association between LIS-eligibility and evidence of concurrent antidepressant treatment. 

And the association was stronger in SSDI-eligible beneficiaries than in non-SSDI-eligible 

beneficiaries. 

 

Table V.D.10 Factors Associated with Evidence of Antidepressant 
Treatment Among Medicare Part D Beneficiaries Aged 65 and Older with 
Diagnoses of COPD and Depression – Interaction Model (n=27,225)* 

Factors Evidence of Antidepressant Treatment 
  PR Lower CI Upper CI 
   LIS 

          in SSDI 1.12 1.08 1.17 
       in non-SSDI 1.08 1.06 1.09 
 P value for Interaction terms 

       SSDI*LIS 0.0289 
 *Model also controlled for age, gender, race, region, ESRD, asthma, diabetes, 

ischemic heart disease, congestive heart failure, all other cardiovascular disease, 
hypertension, Alzheimer’s disease, anxiety, bipolar, schizophrenia, neuropathic 
pain, smoking cessation, respiratory cancer, and supplemental oxygen use 
Bold numbers indicate P < 0.05 
Outcome was measured in 2006-2008. Covariates measured in 2006 baseline 
year. PR: prevalence ratio. CI: confidence interval. 
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D.3.d Summary of Multivariable Results for Beneficiaries Aged 65 and Older 

 Findings from Medicare beneficiaries aged 65 and older with COPD found 

similar association between SSDI-eligibility and depression diagnosis as among the total 

COPD sample – being a SSDI-eligible beneficiary had a 9% (95% CI=7%, 12%) higher 

likelihood of having a depression diagnosis compared to being a non-SSDI-eligible 

beneficiary. However, SSDI-eligibility was not associated with receipt of concurrent 

antidepressant treatment among depressed beneficiaries.  

 SSDI-eligibility modified a number of factors in regard to depression diagnosis 

and, among depressed beneficiaries, receipt of concurrent antidepressant treatment. For 

example, SSDI-eligibility modified the associations between depression diagnosis and 

selected comorbidities (Alzheimer's disease and anxiety). The associations between 

having Alzheimer's disease, as well as anxiety, and depression were stronger in 

non-SSDI-eligible than in SSDI-eligible beneficiaries. However, among depressed 

beneficiaries, the association of being LIS-eligible and receipt of antidepressant treatment 

was stronger in SSDI-eligible than in non-SSDI-eligible beneficiaries.  

Baseline COPD severity was not associated with depression diagnosis. Among 

depressed beneficiaries, baseline COPD severity was associated with higher likelihood of 

receipt of antidepressant treatment. 
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Section E: Summary of Findings from Sensitivity Analyses 

The sensitivity analyses were conducted using major depression diagnoses 

(Appendix B) instead of general depression diagnosis. Since individuals with major 

depression represent a more severe subgroup of depressed beneficiaries, sensitivity 

analyses using major depression diagnoses found lower proportion of beneficiaries with a 

major depression diagnosis compared to depression diagnosis in Medicare beneficiaries 

with COPD (13.3% vs. 39.4%, respectively), as well as in both SSDI-eligibles and 

non-SSDI-eligibles. After limiting to beneficiaries aged 65 and older, the proportion of 

beneficiaries with a major depression diagnosis was lower (10.7%) than in the total 

sample. 

Consistent with findings using depression diagnoses, the proportion of 

beneficiaries with major depression diagnoses was higher in SSDI-eligibles (20.2%) than 

non-SSDI-eligibles (10.1%). Among beneficiaries with a major depression diagnosis, the 

proportion of beneficiaries with evidence of concurrent antidepressants also was higher in 

SSDI-eligibles (86.0%) than non-SSDI-eligibles (81.2%). After limiting to beneficiaries 

aged 65 and older, the proportion of beneficiaries with a major depression diagnosis 

reduced to 14.2% in SSDI-eligibles. The proportion of beneficiaries with evidence of 

antidepressants also reduced (84.1%) correspondingly. 

Multivariable results found the association between SSDI-eligibility and major 

depression diagnosis – being a SSDI-eligible beneficiary with a 16% (95% CI=11%, 

21%) higher likelihood of having a major depression diagnosis compared to being a 

non-SSDI-eligible beneficiary. Among Medicare beneficiaries aged 65 and older, this 

association remained with a lower magnitude (12% with 95% CI=6%, 18%). However, 



 

120 
 

SSDI-eligibility was not associated with evidence of receiving concurrent antidepressant 

treatment among beneficiaries with a major depression diagnosis.  

SSDI-eligibility modified the associations among major depression diagnosis and 

specific socioeconomic factors (age, race, and LIS) and selected comorbidities (such as 

asthma, ischemic heart disease, congestive heart failure, Alzheimer's disease, anxiety, 

bipolar, schizophrenia, and neuropathic pain). Some (race and asthma) of these effect 

modification of SSDI-eligibility remained after limiting to beneficiaries 65 years and 

older.  

Among beneficiaries with a major depression diagnosis, SSDI-eligibility did not 

modify the associations between antidepressant treatment and other baseline factors. 

However, among Medicare beneficiaries 65 years of age and older with a major 

depression diagnosis, SSDI-eligibility modified the association between receipt of 

non-pharmacological psychiatric health service and evidence of concurrent antidepressant 

treatment: receipt of non-pharmacological psychiatric health service was associated with 

a higher likelihood of receiving antidepressant treatment in non-SSDI-eligible but not in 

SSDI-eligible beneficiaries. This modification effect of SSDI-eligibility remained after 

limiting to Medicare beneficiaries 65 years and older. 

Beneficiaries with severe COPD at baseline were less likely to have major 

depression; among beneficiaries with major depression, no association between COPD 

severity and evidence of antidepressant treatment was observed. This finding suggests 

that major depression might not be a reaction to COPD. SSDI-eligibility did not modify 

the associations among baseline COPD severity and major depression and receipt of 
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antidepressant treatment. Similar findings held after limiting to beneficiaries 65 years of 

age and older. 

 

Section F: Conclusions from Aim 2 Findings 

SSDI-eligibility status is not only associated with higher likelihood of having a 

depression diagnosis but also modifies the associations between selected individual 

factors and depression diagnosis. Findings suggest the differences in occurrence of 

depression and its associations with individual factors exist by SSDI-eligibility status. 

These differences by SSDI-eligibility status not only help understand comorbid 

depression in COPD population but also provide a foundation for improvement of care 

for depression in Medicare beneficiaries with COPD. However, SSDI-eligibility is not 

associated with receipt of concurrent antidepressant treatment among depressed 

beneficiaries. Further investigation is warranted to understand why depressed 

SSDI-eligible beneficiaries do not receive more antidepressant treatment than their 

non-SSDI-eligible peers. 

Having comorbid cardiovascular disease or Alzheimer's disease is associated with 

higher likelihood of depression in non-SSDI-eligible beneficiaries compared to 

SSDI-eligible beneficiaries, which might be due to an age effect associated with 

non-SSDI-eligibility and Alzheimer's disease. Aging and Alzheimer's disease might be 

associated with increased risk of adverse outcomes, including mortality. Thus, extra 

attention to depression management and care is warranted for future investigation in this 

population. The influence of depression and antidepressant treatment on mortality in 

SSDI-eligible and non-SSDI-eligible beneficiaries will be investigated in Aim 3. 
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CHAPTER VI: INFLUENCE OF COMORBID DEPRESSION ON MOR TALITY 
IN SSDI- AND NON-SSDI MEDICARE BENEFICIARIES WITH C OPD 

 

Chapter VI addresses the third aim of the study: To estimate and compare the 

influence of comorbid depression on mortality in SSDI-eligible and 

non-SSDI-eligible Medicare beneficiaries with COPD. Since Medicare data do not 

include beneficiaries younger than 65 years who are non-SSDI-eligible, age differences 

between SSDI-eligible and non-SSDI-eligible beneficiaries may introduce bias when 

mortality is used as an outcome. Thus, Aim 3 analyses are limited to Medicare 

beneficiaries with COPD who are 65 years and older.  

This chapter first briefly reviews measures and analytical approaches in Section 

A. Then the baseline characteristics of the sample, overall and by depression status, are 

presented (Section B). Next, the unadjusted and adjusted estimates of risk of death from 

depression using Cox proportional hazards models are presented in Section C. Among 

depressed beneficiaries, the unadjusted and adjusted risks of death from antidepressant 

treatment also are summarized (Section D). Results from main analyses and sensitivity 

analyses, using major depression diagnosis (Appendix C) are summarized in Section E. 

Finally, conclusions on all findings are presented in Sections F. 
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Section A: Review on Measures and Analytical Approach 

A.1. Measures 

Detailed information on the measures and analytical approach for Aim 3 is 

included in Chapter III Methodology. Briefly, the primary dependent measure of interest 

– all-cause mortality – is measured as a binary variable. The primary independent 

measures of interest include: 1) baseline depression diagnosis (regardless of 

antidepressant treatment); and 2) SSDI-eligibility. Among beneficiaries with a baseline 

depression diagnosis, the secondary independent measures of interest include: 1) any 

evidence of antidepressant treatment; and 2) SSDI-eligibility. Both baseline depression 

diagnosis (fixed) and evidence of antidepressant treatment (time-dependent) are 

measured as binary variables. Since Aim 3 analyses are limited to Medicare 

beneficiaries aged 65 and older, SSDI-eligible beneficiaries only include those 65 years 

or older who originally entered Medicare due to disability and who have since ‘aged’ 

into the Medicare program. 

All baseline measures, including sociodemographic factors (except for age), 

health insurance coverage, beneficiary comorbidities, COPD and depression severity, 

are controlled as covariates.  

 

A.2. Analytical Approach 

In this aim, all analyses are limited to beneficiaries aged 65 and older with 

COPD. Descriptive analyses are used to estimate the proportions and rates of mortality 

among beneficiaries, overall, by depression status, and by SSDI-eligibility status. The 
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proportions describe the percentages of beneficiaries who died during the two-year 

follow-up period. Rates, measured in person-quarters, measure the frequency of death 

occurring over time. 

Aim 3 tests four hypotheses: 

• H1: The risk of death is higher in beneficiaries with baseline depression 

diagnosis compared to those without;  

• H2: Baseline depression diagnosis is associated with higher risk of death in 

SSDI-eligible than non-SSDI-eligible beneficiaries. 

• H3: Among beneficiaries with baseline depression diagnosis, risk of death is 

lower in those with evidence of antidepressant treatment compared to those 

without; and 

• H4: Among beneficiaries with baseline depression diagnosis, the benefits on 

mortality from receiving antidepressant treatment are less in SSDI-eligible than 

in non-SSDI-eligible beneficiaries. 

Cox proportional hazards models are conducted to estimate the adjusted relative 

hazards ratios (HRs) for mortality from baseline depression diagnosis, time-varying 

antidepressant treatment, and SSDI-eligibility. Interaction terms of SSDI-eligibility on 

baseline depression diagnosis and evidence of antidepressant treatment test if 

SSDI-eligibility modifies their influence on mortality risk.  

For each Cox proportional hazards model, a normalized model building sequence 

is constructed. The initial model (model I) only includes independent variables: 1) 

baseline depression diagnosis or evidence of antidepressant treatment; and 2) 
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SSDI-eligibility. Covariate adjustments for age, sex, and race are then added (model II). 

A third Cox model (model III) is then adding covariates of region, health insurance 

coverage, baseline comorbidities, and disease severity. Finally, baseline depression 

diagnosis and SSDI-eligibility (or evidence of antidepressant treatment and 

SSDI-eligibility) interaction terms are tested and finalized in the interaction model 

(model IV). Adjusted relative HRs with 95% CIs from all models are calculated using 

SAS procedure PROC PHREG, SAS version 9.2 (SAS Institute, Inc., Cary, NC). 

Statistical significance is set at two-sided with p<0.05.  

To test for the possibility of disease misclassification, a series of sensitivity 

analyses are conducted: 1) limiting to beneficiaries with COPD but no comorbid asthma 

at baseline; and 2) limiting to beneficiaries without evidence of comorbid bipolar and/or 

schizophrenia disorders at baseline. In addition, since individuals with major depression 

represent a more severe subgroup of depressed beneficiaries, sensitivity analyses using 

major depression diagnosis also are conducted. Results from all sensitivity analyses are 

presented in Appendix C. 

 
Section B: Baseline Characteristics of Beneficiaries Aged 65 and Older: Overall 
and by Baseline Depression Diagnosis 
 

As described in Chapter V Section D Table V.D.2, at baseline the mean age of 

the 65 and older sample was 77 years. Nearly one-sixth (16.3%) were SSDI-eligible. 

Nearly two-thirds (65.3%) were female. Of this 65 an older cohort, 88.0% were white, 

7.0% were African American, 2.4% were Hispanic, and 1.4% were Asian. About half 

(49.0%) were LIS-eligible and less than half (45.3%) were Medicare-Medicaid 
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dual-eligible. Chronic comorbidities were prevalent in this COPD sample, with 

individuals having an average of 8.7 unique comorbidities. One-fifth (21.1%) of the 

sample had severe baseline COPD. About 1 in 200 beneficiaries (0.5%) had a 

depression-related hospitalization, although 13.5% received non-pharmacological 

psychiatric health services. 

Table VI.B.1 summarizes the baseline characteristics of beneficiaries aged 65 

and older by baseline depression diagnosis. The proportion of beneficiaries with a 

baseline depression diagnosis assessed using ICD-9-CM codes was 21.6%. Compared to 

non-depressed beneficiaries, depressed beneficiaries were more likely to be 

SSDI-eligible and in the older subgroup (85+). In addition, depressed beneficiaries were 

more likely to be female and white. They also were more likely to be LIS-eligible and 

Medicare-Medicaid dual-eligible. Compared to non-depressed beneficiaries, depressed 

individuals were more likely to have cardiovascular and psychiatric comorbidities, and 

more likely to receive smoking cessation medications or services and 

non-pharmacological psychiatric health services.  

However, depressed beneficiaries were less likely than their non-depressed 

counterparts to have respiratory cancer (all p<0.01). There was no difference in baseline 

COPD severity between depressed and non-depressed beneficiaries. 
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Table VI.B.1 Baseline Characteristics of Beneficiaries Aged 65 and Older with 
Diagnosis of COPD, Stratified by Baseline Depression Diagnosis (n=75,699) 

 
Baseline Depression* 

  Characteristics Yes No   P Value^ 

 
N % N %     

Sample size 16,387 100  59,312 100     
SSDI1       <.0001 
   Yes 3,329 20.3  9,000 15.2   
   No 13,058 79.7   50,312 84.8     
Age (n, %)       <.0001 
   65 – 74  6,413 39.1  24,219 40.8   
   75 – 84 6,650 41.6  24,775 41.8   
   85 + 3,324 20.3   10,318 17.4     
Sex       <.0001 
   Female 12,275 74.9  37,157 62.7   
   Male 4,112 25.1   22,155 37.3     
Race       <.0001 
   White 14,691 89.7  51,937 87.6   
   Black 875 5.3  4,388 7.4   
   Hispanic 546 3.3  1,282 2.2   
   Asian 94 0.6  977 1.7   
   Other 181 1.1   728 1.2     
Region       <.0001 
   Northeast 3,357 20.5  12,009 20.3   
   North Central 4,093 25.0  14,312 24.1   
   South 6,919 42.2  24,754 41.7   
   West 2,018 12.3  8,237 13.9   
Low-income subsidy status       <.0001 
   Yes 10,277 62.7  27,524 46.4   
   No 6,110 37.3   32,788 53.6     
Medicare-Medicaid dual-eligibility 
status 

      <.0001 

   Yes 9,781 59.7  24,544 41.4   
   No 6,606 40.3   34,768 58.6     
End stage renal disease       0.0265 
   Yes 220 1.3  671 1.1   
   No 16,167 98.7   58,641 98.9   
Comorbid medical conditions        
   Asthma 4,763 29.1  15,593 26.3  <.0001 
   Diabetes 6,365 38.8  19,643 33.1  <.0001 
   Ischemic heart disease 10,414 63.6  33,582 56.6  <.0001 
   Congestive heart failure 9,156 55.9  26,435 44.6  <.0001 
   All other cardiovascular disease 11,611 70.9  42,870 72.3  0.0003 
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   Hypertension 14,432 88.1  49,073 82.7  <.0001 
   Alzheimer's disease and related 

disorders 
6,824 41.6  10,256 17.3  <.0001 

   Anxiety 6,994 42.7  5,725 9.7  <.0001 
   Bipolar 939 5.7  659 1.1  <.0001 
   Schizophrenia 342 2.1  191 0.3  <.0001 
   Neuropathic pain 1,749 10.7  4,494 7.6  <.0001 
   Smoking cessation 2,612 15.9  8,158 13.8  <.0001 
   Respiratory cancer 731 4.4  3,009 5.1  0.0002 
   Other respiratory diseases2 201 1.2   852 1.4  0.0423 
COPD severity               
   Had supplemental oxygen claims 3,517 21.5   12,440 21.0   0.1749 
Depression severity        
   Had a severe depression diagnosis3 650 4.0  0 0.0  N/A 
   Had depression hospitalization 400 2.4  0 0.0  N/A 
   Received non-pharmacological 

psychiatric health service 6,735 41.1   3,499 5.9   <.0001 
1SSDI: Social security disability insurance 
2Including cystic fibrosis, alpha-1-antitrypsin deficiency, fibrosis due to tuberculosis, 
pneumoconiosis, pulmonary fibrosis, pulmonary tuberculosis, and sarcoidosis 
3Had a depression diagnosis with the 5th digit as ‘4’ 
*Had general depression diagnosis, regardless of antidepressant use, in 2006 
^Chi-square tests for categorical variables and t-tests for continuous variables  

 

 
Section C: Risk of Death from Baseline Depression Diagnosis among the 65 Years 
of Age and Older Sample 
 
  There were 11,767 (15.5%) deaths occurred during the two-year follow-up 

period. Of these, 3,404 (20.8%) occurred among beneficiaries with a baseline depression 

diagnosis and 8,363 (14.1%) occurred among those without a baseline depression 

diagnosis. Of the 11,767 (15.5%) deaths, 1,947 (15.8%) occurred among SSDI-eligible 

beneficiaries and 9,820 (15.5%) occurred among non-SSDI-eligible beneficiaries. 
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C.1. Univariable Analyses 
 

 In this section, Kaplan-Meier survival curves for independent variables are used 

to determine the shape of the survival function for each group and provide an idea of 

whether or not the groups are proportional. Kaplan-Meier survival curves are presented 

as survival function versus the survival time.  

  Figure VI.1 illustrates the Kaplan-Meier cumulative survival curves for the 

depressed and nondepressed groups in the three-year follow-up study period. The two 

survival curves overlapped at baseline then separated and remained parallel till end of 

follow-up. This indicates baseline depression diagnosis should be proportional. The 

parallel survival curves across time showed higher risk of death in depressed 

beneficiaries than in non-depressed beneficiaries. 

Figure VI.1: Kaplan-Meier Cumulative Survival Curve s by Baseline Depression 
Diagnosis 
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Figure VI.2 illustrates the Kaplan-Meier cumulative survival curves for 

SSDI-eligible and non-SSDI-eligible groups. The two survival curves overlapped and 

remained parallel from beginning to end of follow-up. This indicates SSDI-eligibility 

status should be proportional. The parallel survival curves across time showed no 

difference in risk of death by SSDI-eligibility status. 

 

Figure VI.2: Kaplan-Meier Cumulative Log(-log(survi val)) versus Log(time) 
Survival Curves by SSDI-Eligibility Status 

 

  The log-rank homogeneity tests found significance at p≤0.1 for all independent 

variables and covariates except for SSDI-eligibility and obsessive-compulsive disorder. 

However, because SSDI-eligibility was one of the main independent variables and its 

modification effect was tested in a Cox proportional hazards model, SSDI-eligibility was 
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retained in the final model. Only obsessive-compulsive disorder was removed from final 

model. Selected respiratory diseases (cystic fibrosis, alpha-1-antitrypsin deficiency, 

fibrosis due to tuberculosis, pneumoconiosis, pulmonary fibrosis, pulmonary 

tuberculosis, and sarcoidosis) were re-categorized into one binary factor ‘other 

respiratory diseases’ due to small cell sizes.  

 

 
C.2. Risk of Death from Depression Diagnosis: Cox Proportional hazards Models 
 

Proportionality was tested in the final Cox models by including interactions of 

each independent variable and covariate with log time in the model. The log time 

interaction terms were significant at p<0.05 for the following six variables: ESRD, 

congestive heart failure, Alzheimer's disease, smoking cessation, respiratory cancer, and 

evidence of non-pharmacological psychiatric health services. This signifies violations of 

the proportionality assumption for these variables and, thus, their interactions with time 

were included in the final Cox proportional hazards model.  

Table VI.C.1 presents the unadjusted and adjusted results from the analysis with 

baseline depressive diagnosis and SSDI-eligibility, with added covariates. The 

unadjusted Cox model hazard ratio found baseline depression diagnosis was associated 

with significantly higher risk of death (HR=1.46, 95%CI=1.41, 1.50). After adjusting for 

age, gender, and race, baseline depression diagnosis remained significantly associated 

with higher risk of death as in the unadjusted model. However, SSDI-eligibility was 

associated with a 24% (95% CI=19%, 28%) increased risk of death. In the model that 

controlled for additional health insurance coverage, baseline comorbidities, and disease 
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severity, risk of death impacted by baseline depression diagnosis was further adjusted 

(HR=1.12, 95%CI=1.08, 1.16). In addition, the positive influence of SSDI-eligibility on 

risk of death was reduced from 23% to 10% (95% CI=6%, 14%).  

Finally, after including the significant SSDI-eligibility*baseline depression 

diagnosis interaction term (model IV), effect modification of SSDI-eligibility on the 

association between baseline depression diagnosis and mortality was confirmed. Having 

a baseline depression diagnosis was associated with a 13% (95% CI=9%, 18%) 

increased risk of death in non-SSDI-eligible beneficiaries, but not in SSDI-eligible 

beneficiaries. 
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Table VI.C.1 Relation between Baseline Depression Diagnosis and All-cause 
Mortality Among Medicare Beneficiaries Aged 65 and Older (n=75,699)  

Models Mortality 
  HR Lower CI Upper CI 
I: Unadjusted 

Baseline depression diagnosis 1.46 1.41 1.50 
SSDI 0.98 0.94 1.01 

II: Age, gender, race/ethnicity 
adjusted 

Baseline depression diagnosis 1.44 1.40 1.49 
SSDI 1.24 1.19 1.28 

III: Model II plus all other 
covariates^ (Main effects model) 

Baseline depression diagnosis 1.12 1.08 1.16 
SSDI 1.10 1.06 1.14 

IV: Model III plus depression 
diagnosis and SSDI interaction 
terms^¥ (Interaction model) 

Baseline depression diagnosis 
In SSDI 1.04 0.96 1.11 

In Non-SSDI 1.13 1.09 1.18 
^Other covariates included region, end stage renal disease, asthma, diabetes, 
ischemic heart disease, congestive heart failure, hypertension, other 
cardiovascular disease, Alzheimer's disease and related disorders or senile 
dementia, anxiety, bipolar, schizophrenia, neuropathic pain, smoking cessation, 
respiratory cancer, other respiratory diseases, evidence of supplemental oxygen 
use, baseline severe depression diagnosis, evidence of depression hospitalization 
and non-pharmacological psychiatric health services. 
 
¥The interaction term of baseline depression diagnosis*SSDI was significant 
(p=0.0250), so it was retained in the final model.  
 

 HR: hazard ratio; CI: confidence interval. Bold HRs indicate P < 0.05. 
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Section D: Risk of Death from Evidence of Antidepressant Treatment among the 65 
Years of Age and Older Sample with a Baseline Depression Diagnosis 
 
 
D.1. Univariable Analyses 
 
 Figure VI.3 illustrates the Kaplan-Meier cumulative survival curves by evidence of 

antidepressant treatment. The two survival curves were parallel at the beginning then the 

difference increased as time increased, indicating receipt of antidepressants should be 

proportional. The increased difference between the two survival curves with time 

demonstrated beneficiaries treated with antidepressants had a lower risk of death and 

this mortality advantage increased over time.  

 
Figure VI.3: Kaplan-Meier Cumulative Survival Curve s by Evidence of 
Antidepressant Treatment among Beneficiaries with a Baseline Depression 
Diagnosis 
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Figure VI.4 illustrates the Kaplan-Meier cumulative survival curves for 

SSDI-eligible and non-SSDI-eligible groups among beneficiaries with a depression 

diagnosis. The two survival curves were somewhat parallel over time which signifies 

SSDI-eligibility groups were proportional. The parallel survival curves across time 

indicated higher risk of death in non-SSDI-eligible than SSDI-eligible beneficiaries. 

 

Figure VI.4: Kaplan-Meier Cumulative Survival Curve s by SSDI-eligibility among 
Beneficiaries with a Baseline Depression Diagnosis 

 

The log-rank homogeneity tests were statistically significant at p≤0.1 for all 

independent variables and covariates. Therefore, all independent variables and covariates 

were included in the final model. Seven respiratory diseases (cystic fibrosis, 

alpha-1-antitrypsin deficiency, fibrosis due to tuberculosis, pneumoconiosis, pulmonary 

fibrosis, pulmonary tuberculosis, and sarcoidosis) were added to ‘other respiratory 
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diseases’ due to small cell sizes. As well, obsessive-compulsive disorder was collapsed 

into anxiety due to small cell size. 

 

D.2. Risk of Death from Evidence of Antidepressant Treatment: Cox Proportional 
hazards Models 
 

In testing for proportionality, the log time interaction terms were significant at 

p<0.05 for the following three variables: congestive heart failure, respiratory cancer, and 

evidence of non-pharmacological psychiatric health services, indicating violations of the 

proportionality assumption for these variables. Thus, their interaction terms with time 

were included in the final Cox proportional hazards model.  

Table VI.D.1 presents the unadjusted and adjusted results from the analysis with 

evidence of antidepressant treatment and SSDI-eligibility, with added covariates. The 

unadjusted Cox model found both antidepressant treatment and SSDI-eligibility were 

associated with reduced risk of death. After adjustment for age, gender, and race, HR for 

antidepressant treatment remained similar as in the unadjusted model. However, 

SSDI-eligibility was associated with a 12% (95% CI=4%, 19%) increased risk of death. 

In the model that controlled for additional baseline comorbidities and disease severity, 

antidepressant treatment was still associated with reduced risk of death (HR=0.59, 

95%CI=0.55, 0.63). However, the influence of SSDI-eligibility on risk of mortality was 

no longer significantly associated with risk of death.  

Finally, after including SSDI-eligibility and antidepressant treatment interaction 

term (model IV), the effect modification of SSDI-eligibility on the association between 

antidepressant treatment and mortality was confirmed. Receipt of antidepressant 



 

137 
 

treatment was associated with a 57% (95% CI=49%, 63%) reduced risk of death in 

SSDI-eligible beneficiaries and a 37% (95% CI=32%, 42%) reduced risk of death in 

non-SSDI-eligible beneficiaries. 

 

Table VI.D.1 Relation between Evidence of Antidepressant treatment and All-cause 
Mortality Among Medicare Beneficiaries Aged 65 and Older with Diagnoses of 
COPD and Depression (n=16,387) 

Models Mortality 
  HR Lower CI Upper CI 
I: Unadjusted 

Antidepressant treatment 0.61 0.57 0.65 
SSDI 0.88 0.82 0.94 

II: Age, gender, race/ethnicity adjusted 
Antidepressant treatment 0.62 0.58 0.67 

SSDI 1.12 1.04 1.19 
III: Model II plus all other covariates^ 
(Main effects model) 

Antidepressant treatment 0.59 0.55 0.63 
SSDI 1.00 0.93 1.07 

IV: Model III plus depression diagnosis 
and SSDI interaction terms^¥ 
(Interaction model) 

Antidepressant treatment  
In SSDI 0.43 0.36 0.51 

In non-SSDI 0.63 0.58 0.68 
^Other covariates included region, end stage renal disease, asthma, diabetes, ischemic 
heart disease, congestive heart failure, hypertension, other cardiovascular disease, 
Alzheimer's disease and related disorders or senile dementia, anxiety, bipolar, 
schizophrenia, neuropathic pain, smoking cessation, respiratory cancer, other respiratory 
diseases, evidence of supplemental oxygen use, baseline severe depression diagnosis, 
evidence of depression hospitalization and non-pharmacological psychiatric health 
services. 
 
¥One interaction term antidepressant treatment*SSDI was significant (p<0.0001), so it 
was retained in final model.  
 

 HR: hazard ratio; CI: confidence interval. Bold HRs indicate P < 0.05. 
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  Since evidence of antidepressant treatment is a time-dependent variable, Figure 

VI.5 presents adjusted HRs of evidence of antidepressant treatment on mortality by each 

observation time point. At baseline (time=1), there was no death occurred in either 

SSDI-eligible or non-SSDI-eligible beneficiaries. The effects of antidepressant treatment 

remained relatively stable across the two-year follow-up period and different by 

SSDI-eligibility: beneficiaries who received of antidepressant treatment had a reduced 

risk of death compared to those without, and the benefits on mortality were greater in 

SSDI-eligible than in non-SSDI-eligible beneficiaries. 

 

Figure VI.5: Adjusted Hazard Ratios of Evidence of Antidepressant Treatment on 
Mortality by SSDI-eligibility among Beneficiaries with a Baseline Depression 
Diagnosis 
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Section E: Summary of Results 
 
E.1. Results from Main Analyses 
 

Findings from descriptive results found higher proportion of death occurred 

among beneficiaries with a baseline depression than those without a baseline depression 

diagnosis (20.8 vs. 14.1, respectively). The proportion of death was similar in 

SSDI-eligible and non-SSDI-eligible beneficiaries (15.8% vs. 15.5%, respectively). 

Survival analyses found SSDI-eligibility modified risk of death from baseline 

depression diagnosis: having a baseline depression diagnosis was associated with a 13% 

(95% CI=9%, 18%) increased risk of death in non-SSDI-eligible beneficiaries, but not in 

SSDI-eligible beneficiaries. Among beneficiaries with a baseline depression diagnosis, 

SSDI-eligibility also modified risk of death from antidepressant treatment. Receipt of 

antidepressant treatment was associated with a 57% (95% CI=49%, 63%) reduced risk 

of death in SSDI-eligible beneficiaries and a 37% (95% CI=32%, 42%) reduced risk of 

death in non-SSDI-eligible beneficiaries. The benefits on mortality from antidepressant 

treatment were greater in SSDI-eligible than in non-SSDI-eligible beneficiaries. 

 

E.2. Results from Sensitivity Analyses (Appendix C) 
 

Sensitivity analyses testing the possibility of disease misclassification found 

similar results after limiting to beneficiaries without comorbid asthma: having a baseline 

depression diagnosis was associated with an increased risk of death in non-SSDI-eligible 

beneficiaries, but not in SSDI-eligible beneficiaries (Appendix C, Table C.1). After 
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limiting to beneficiaries without comorbid schizophrenia and bipolar disorders, 

SSDI-eligibility no longer modified risk of death from baseline depression diagnosis. 

Both having a baseline depression diagnosis and being SSDI-eligible leaded to increased 

risk of death.  

However, the last sensitivity analysis of using major instead of general baseline 

depression diagnosis found reduced risk of death from major depression diagnosis. This 

finding might be connected with results from sensitivity analyses for aim 2 (Appendix B) 

– baseline COPD severity was negatively associated with major depression. Major 

depression may not be a reaction to COPD; therefore, the negative impact of comorbid 

depression on clinical outcomes for COPD population might result from other 

depressive symptoms instead of unipolar depression. 

Among beneficiaries with a baseline depression diagnosis, sensitivity analyses 

testing the possibility of disease misclassification also found similar results. After 

limiting to beneficiaries without comorbid asthma or schizophrenia/bipolar, 

SSDI-eligibility still modified risk of death from antidepressant treatment, with more 

reduced risk of death in SSDI-eligible than in non-SSDI-eligible beneficiaries. However, 

after using major instead of general depression diagnosis, the effect modification of 

SSDI-eligibility was no longer observed. Receipt of antidepressant treatment was 

associated with a reduced risk of death (Appendix C, Table C.2). 
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Section F: Conclusions from Aim 3 Findings 
 

This nationally representative population-based study provides the first evidence 

to date of a significant effect modification of SSDI-eligibility on the relationship 

between depressive diagnosis, antidepressant treatment, and mortality in Medicare 

beneficiaries with COPD. Findings not only demonstrate the benefits of receiving 

antidepressant treatment on mortality for beneficiaries with both COPD and comorbid 

depression, but also highlight the different effects of antidepressant treatment by 

SSDI-eligibility. In addition to screening for depression in COPD patients, practicing 

clinicians might consider timely antidepressant treatment to improve outcomes for 

Medicare beneficiaries with both COPD and comorbid depression. 
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CHAPTER VII: DISCUSSION 
 

This chapter discusses the key findings of the study and addresses issues related 

to the specific study aims. Each of the study aims and associated results are summarized 

and discussed. The strengths and limitations of the study are presented, followed by a 

discussion of the findings and conclusions found in the analyses relevant in each study 

aim. Finally, the implications for research, policy, and practice are discussed. 

The three specific study aims are:  

• Aim 1: To estimate the proportions and rates of comorbid depression in 

Medicare beneficiaries with COPD, overall and by SSDI-eligibility status;  

• Aim 2: To describe and compare factors associated with comorbid depression 

in SSDI-eligible and non-SSDI-eligible Medicare beneficiaries with COPD; 

and 

• Aim 3: To estimate and compare the influence of comorbid depression on 

mortality in SSDI-eligible and non-SSDI-eligible Medicare beneficiaries 

with COPD.  

 

Key Findings of the Study 

This study was designed to investigate and compare the influence of comorbid 

depression on mortality among a nationally-representative sample of SSDI-eligible and 

non-SSDI-eligible Medicare beneficiaries suffering from COPD. Study results from Aim 

1 fill the knowledge gap regarding the occurrence of comorbid depression in Medicare 
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beneficiaries with COPD, especially in those who were SSDI-eligible due to permanent 

disability. About two-fifths (39.4%) of beneficiaries with COPD had a depression 

diagnosis in 2006-2008; of those, 79.5% received antidepressant treatment. Higher 

proportions and rates of depression were found in SSDI-eligible beneficiaries compared 

to non-SSDI-eligible beneficiaries. As well, among beneficiaries with a depression 

diagnosis, the proportion of beneficiaries receiving concurrent antidepressant treatment 

also was higher in SSDI-eligibles.  

In Aim 2 findings, baseline factors associated with comorbid depression among 

beneficiaries with COPD were identified. SSDI-eligibility was associated with higher 

likelihood of having a depression diagnosis (PR=1.12; 95%CI=1.10, 1.15). However, 

SSDI-eligibility was not associated with receipt of concurrent antidepressant treatment 

among depressed beneficiaries. SSDI-eligibility modified a number of factors in regard 

to depression diagnosis and receipt of antidepressant treatment.  

Finally, Aim 3 results found that COPD beneficiaries with a baseline depression 

diagnosis had a higher risk of death (HR=1.13; 95%CI=1.09, 1.18) than those without 

baseline depression diagnosis. Receipt of antidepressant treatment was associated with 

reduced risk of death for both SSDI-eligible and non-SSDI-eligible beneficiaries, with 

greater benefits on mortality in SSDI-eligible beneficiaries. 
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Discussion for Aim 1 

Aim 1 estimates and compares a number of different definitions of depression 

using a combination of diagnosis codes and evidence of antidepressant treatment. 

Findings are comparable to other studies demonstrating the range of prevalence of 

clinical depression in stable (10%-42%) and in elderly COPD patients (56%).41,46,75,140 

Since beneficiaries with a depression diagnosis in the study sample include both incident 

and prevalent patients, the rates of depression are higher than the incidence of 

depression (16.2 per 1000 person-years observations) found in a previous study of 

COPD patients.45 

Higher proportions and rates of depression were found in SSDI-eligible 

beneficiaries compared to non-SSDI-eligible beneficiaries. The findings confirm results 

from previous prospective cohort studies: depression symptoms are more prevalent in 

those COPD patients who have major physical illness or who are otherwise disabled.21,81 

In the study conducted by Ng et al, the proportion of depression (assessed by the 

Geriatric Depression Scale) among COPD patients with functional disability doubled 

than in non-disabled COPD patients.81 Among SSDI-eligible beneficiaries, both 

proportions and rates of depression in the younger than 65 years subgroup were 

correspondingly higher than in the 65 and older subgroup, which is consistent with 

findings of higher prevalence of comorbid depression in younger COPD patients from 

previous studies.58,59  

There are few studies investigating treatment patterns of antidepressants for 

COPD patients in non-clinical trial settings. Findings of the proportion of evidence of 
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concurrent antidepressant treatment in Medicare beneficiaries with COPD and comorbid 

depression in this study (79.5%) are higher than those found in a 2006 national 

household survey study (72% of women and 64% of men).43 The proportion of evidence 

of concurrent antidepressant treatment also is higher than those estimated in two other 

studies demonstrating that less than one-third of COPD patients with comorbid 

depression received any antidepressant treatment.42,84 However, those two studies were 

conducted in single Veterans Affairs settings and targeted a younger, predominantly 

male population, which is distinctly different from the Medicare population as a 

whole.42,84 As well, reasons for differences in antidepressant use might be related to a 

shorter observation period (1 year)84 used in other studies (this study uses 3 years). 

Furthermore, one of the two study had a small sample size (n = 43),84 while the other 

explored medication treatment in COPD patients with depression and/or anxiety 

disorders instead of with depression alone.42 The findings of higher proportion of 

evidence of antidepressant treatment among Medicare beneficiaries with COPD and 

depression than other population with both conditions might highlight the success of 

Part D in providing improved access to medication treatment. 

Attention should be paid to the high proportion and rate of those with 

antidepressant use only – nearly one-third of beneficiaries filled at least one 

antidepressant prescription but had no concurrent diagnostic evidence of depression. To 

further ascertain diagnostic evidence of other concurrent psychiatric and physical 

disorders (e.g. Alzheimer's disease and anxiety) for this subgroup, ad hoc analyses on 

those with antidepressant use only (31.2% of study sample) found that 24.8% of the 
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subgroup had baseline Alzheimer's disease and 23.2% of them had baseline anxiety. 

However, around three-fifths of beneficiaries in the antidepressant use only subgroup 

still had no evidence of depression, Alzheimer's disease, or anxiety. Some evidence has 

suggested that up to 20% of antidepressant overuse may be off-label among U.S. 

adults.137 Thus, further investigation on potential overuse of antidepressant or 

underdiagnosis of depression among COPD beneficiaries with an antidepressant 

prescription but absence of concurrent psychiatric diagnosis is needed.  

  

Discussion for Aim 2 

Findings from Aim 2 demonstrate SSDI-eligible beneficiaries have a 12% higher 

likelihood of having a depression diagnosis and a 16% higher likelihood of having a 

major depression diagnosis compared to non-SSDI-eligible beneficiaries. However, 

SSDI-eligibility is not associated with evidence of concurrent antidepressant treatment 

among depressed beneficiaries, which could be interpreted in two ways. First, 

SSDI-eligibility status is not a barrier to receiving antidepressant treatment among 

beneficiaries with depression. This is a best-case scenario. On the other end, since 

depression is more prevalent and severe among SSDI-eligible beneficiaries, 

SSDI-eligible beneficiaries may not be receiving sufficient antidepressant treatment. 

Evidence has shown that Medicaid enrollees with disability and depression who receive 

adequate antidepressant treatment are significantly more likely to report working.141 

Therefore, further research is warranted to investigate whether receipt of antidepressant 
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treatment improves health status for SSDI-eligible Medicare beneficiaries with COPD 

and comorbid depression and helps them go back to work. 

Findings also demonstrate SSDI-eligibility status modifies the associations 

among depression diagnosis and specific socioeconomic factors, selected comorbidities, 

and baseline COPD severity. The findings indicate that the associations between these 

factors and depression diagnosis differ between SSDI-eligible and non-SSDI-eligible 

beneficiaries. For example, the association between younger age and having a 

depression diagnosis is stronger in SSDI-eligible beneficiaries than in non-SSDI-eligible 

beneficiaries. Indeed, Medicare beneficiaries with psychiatric disabilities generally are 

younger than other groups, such as beneficiaries with physical disabilities, of Social 

Security Administration (SSA) beneficiaries.142,143  

However, associations between selected comorbidities and depression diagnosis 

are stronger in non-SSDI-eligible than in SSDI-eligible beneficiaries. Having comorbid 

cardiovascular disease or Alzheimer's disease is associated with higher likelihood of 

depression in non-SSDI-eligible beneficiaries compared to SSDI-eligible beneficiaries, 

which might be due to an age effect associated with non-SSDI-eligibility and 

Alzheimer's disease. Aging and Alzheimer's disease might be associated with increased 

risk of adverse outcomes, including mortality. Since over 20% of patients with 

Alzheimer's disease have depressive symptoms,144 extra attention to depression 

management and care in this COPD population is necessary, especially for 

non-SSDI-eligibility beneficiaries. 
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Racial and ethnic differences in risks of depression also differ by 

SSDI-eligibility. Specifically, Medicare beneficiaries from black, Asian, and ‘other’ 

racial/ethnic groups are less likely to have a depression diagnosis than white 

beneficiaries. These associations are stronger in the non-SSDI-eligible population. 

Hispanic ethnicity is associated with higher likelihood of depression compared to the 

white race; and this association only exists in non-SSDI-eligible beneficiaries. Similarly, 

racial/ethnic differences by SSDI-eligibility status also are observed in parallel analyses 

limited to beneficiaries 65 years of age and older. In this study, depression diagnosis is 

identified through pharmacy and medical claims generated during three years, which 

really is measuring physician office visits or inpatient stays where a depression 

diagnosis was recorded. Thus, lower likelihood of having a depression diagnosis in 

minority groups may be related to lack of access to psychiatric care and, therefore, may 

need further investigation. 

In addition, findings also indicate depressed black, Hispanic, Asian, and ‘other’ 

racial/ethnic beneficiaries are less likely to receive concurrent antidepressant treatment 

than white beneficiaries, controlling for COPD and depression severity. This finding is 

consistent with other studies showing racial/ethnic disparities in antidepressant treatment 

using Medicare or Medicaid data.145,146 Further investigation is needed to investigate the 

reasons for racial/ethnic differences in depression diagnosis and treatment in Medicare 

beneficiaries with COPD. These racial/ethnic differences could exist due to access 

barrier of health care, cultural differences, and/or discrimination. 
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SSDI-eligibility status, however, does not modify racial/ethnic differences in 

receiving antidepressant treatment. SSDI-eligibility status does modify associations 

among antidepressant treatment and other socioeconomic factors and selected 

comorbidities. The associations of being female and LIS-eligible on receipt of 

antidepressant treatment are stronger in SSDI-eligible beneficiaries than in 

non-SSDI-eligible beneficiaries. Indeed, there are biological factors that contribute to 

gender difference in the occurrence of depression;147 however, the underlying reason for 

gender differentiation in receiving antidepressant treatment remains unclear.  

Findings are consistent with research demonstrating comorbid depression 

appears more frequently in COPD patients who are younger,58,59 female,58,60-63, and 

smokers.58,62,64,65 In contrast to other studies,47,49 in this Medicare COPD sample, 

depression is not associated with COPD severity. In large part, these differences may be 

due to how COPD and depression severity are measured. Other studies have measured 

COPD severity using the forced expiratory volume in one second (FEV1).47,49 Similarly, 

depression severity has been measured using instruments such as the Centers for 

Epidemiologic Studies Depression (CES-D) scale47 and the Geriatric Depression Scale.49 

However, these measures are not available in the CCW Medicare claims data; indeed, 

claims data generally are limited to diagnostic and medical event data. Previous studies 

also have used the same indicators from claims data to define COPD and depression 

severity.75,128,129,148 More work is needed to validate claims diagnosis severity with 

depression scale measures. 
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In sensitivity analyses using the major depression diagnosis, COPD severity is 

associated with a lower likelihood of major depression diagnosis. This inverse 

association between COPD severity and major depression might be explained by the 

biological pathway between major depression and brain oxygen. Impairments in brain 

oxygenation may contribute to the pathophysiology of major depression.149,150 

Therefore, supplemental oxygen use might improve brain oxygenation, thereby reducing 

symptoms of major depression. However, the causality and temporality of depression 

and brain oxygen physiology cannot be assessed with these data. 

Among beneficiaries with a depression diagnosis, COPD severity is associated 

with a higher likelihood of receiving antidepressant treatment. Among beneficiaries with 

a major depression diagnosis, no association between COPD severity and evidence of 

antidepressant treatment has been observed. The finding of associations of COPD 

severity with major depression and antidepressant treatment suggests major depression 

might not be a reaction to COPD severity. Major depression is an independent chronic 

condition which should be managed separately from COPD severity. 

 

Discussion for Aim 3 

Findings in Aim 3 provide the first epidemiological evidence to date of a 

significant effect modification of SSDI-eligibility on the relationship among depression 

diagnosis, antidepressant treatment, and mortality in Medicare beneficiaries with COPD. 

These results contribute to the growing literature on the adverse outcome of depression 

and benefits of antidepressant treatment in COPD patients. After adjusting for baseline 
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characteristics, comorbidities, and COPD and depression severity, having a baseline 

depression diagnosis is associated with a higher risk of death in non-SSDI-eligible 

beneficiaries, but not in SSDI-eligible beneficiaries. Receipt of antidepressant treatment 

was associated with reduced risk of death for both SSDI-eligible and non-SSDI-eligible 

beneficiaries, with greater benefits on mortality in SSDI-eligible beneficiaries.  

However, sensitivity analysis of using major depression diagnosis found reduced 

risk of death from having a major depression diagnosis. This finding might be connected 

with the negative association between baseline COPD severity and major depression 

diagnosis (Appendix B) and unevenly distributed patients with severe COPD between 

beneficiaries with a baseline major depression diagnosis and those without. 

Beneficiaries with major depression were more likely to have less severe COPD at 

baseline (p=0.0063). The findings suggest major depression may not be a reaction to 

COPD; therefore, the negative impact of comorbid depression on clinical outcomes for 

COPD population might result from other depressive symptoms instead of unipolar 

depression. 

Another explanation for the reduced risk of death from major depression is the 

higher proportions of receiving both antidepressant and non-pharmacological psychiatric 

health services among beneficiaries with a major depression diagnosis (84.1% and 

81.4%, respectively) than those with a general depression diagnosis (82.1% and 41.1%, 

respectively). It is possible that beneficiaries with COPD and major depression have 

been treated with pharmacological and/or non-pharmacological remedies, which reduces 

the risk of death. 
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Sensitivity analyses excluding beneficiaries with comorbid asthma and/or serious 

mental illness at baseline uphold the effect modification of SSDI-eligibility on the 

dynamic associations between baseline depression diagnosis and mortality, and between 

receipt of antidepressant treatment and mortality. The consistency of baseline depression 

diagnosis as a stronger risk factor for mortality in non-SSDI-eligible than in 

SSDI-eligible beneficiaries might be due to the age effect associated with 

non-SSDI-eligibility. Therefore, risk of death associated with receipt of antidepressant 

treatment also is lower in SSDI-eligible beneficiaries. The consistency of the association 

between antidepressant treatment and mortality is highlighted by the relatively 

unchanged effect magnitudes observed in sensitivity analyses.  

Study findings demonstrate that evidence of antidepressant treatment is a 

protective factor of mortality among beneficiaries with a baseline depression diagnosis. 

This is the first evidence to date of the effect of antidepressant treatment on mortality 

among Medicare beneficiaries with COPD and comorbid depression. Only one other 

population-based study, using the Veterans Affairs (VA) administrative data, has 

examined the effect of receipt of guideline-concordant depression care (defined as 

having an adequate supply of antidepressant medication and sufficient follow-up care) 

on all-cause mortality and found no association.151 There are several major differences 

between the current study and the VA study. First, depression diagnosis and 

antidepressant treatment in the current study includes both prevalent and incident 

diagnoses and treatments while the VA study only captures incident depression 

diagnosis and treatment. As well, the current study takes into account changes in 
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antidepressant treatment during study period while the VA study measures the fixed 

effects of receipt of guideline-concordant depression care. Finally, the VA population is 

very different from the Medicare population, which has a more balanced gender 

distribution and includes individuals who are older and with more chronic conditions. 

Even with these major differences in study design and sample, both studies found 

another protective factor of access to mental health specialists or providers on mortality. 

Findings from this study aim are highly germane and relevant to practicing 

clinicians and their patients because they provide evidence that can be used to improve 

depression treatment decision-making and patient management of depression in 

beneficiaries with COPD. Specifically, the different effects of antidepressant treatment 

on mortality by SSDI-eligibility call for attention to be paid on timely treatment for 

depression, especially for non-SSDI-eligible beneficiaries.  

 

Strengths and Limitations of the Study 

Strengths of the Study 

  This study addressed several important knowledge gaps regarding the 

occurrence of, risk factors for, and outcomes associated with comorbid depression. 

Unlike other studies to date, this study used a large, nationally representative Medicare 

sample diagnosed with COPD. As well, the study emphasized SSDI-eligibility, a 

population often neglected in research. It applied retrospective cohort study design and 

constructed time-to-event files to determine temporal relationships. Findings provide the 

first epidemiological evidence to date of a significant effect modification of 
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SSDI-eligibility on the relationship among depression diagnosis, antidepressant 

treatment, and mortality in Medicare beneficiaries with COPD. 

To untangle the complexity of obtaining valid and sustainable measurements of 

depression in claims data, this study defined and operationalized a total of nine 

depression definitions using depression diagnosis codes from claims and/or receipt of 

antidepressant treatment. This was necessary because no gold standard for selecting 

depression measures to maximize measurement quality in claims data exits. As well, the 

combination of diagnosis codes and receipt of antidepressant treatment provides an 

opportunity to investigate the influence of pharmacologically treated depression in the 

COPD sample. 

 Furthermore, this study measured and modeled antidepressant treatment as a 

time-dependent variable during the entire study period. Survival analyses including the 

time-dependent covariate of depression allowed investigation of changes in 

antidepressant treatment and their influence on mortality. Findings recommend early 

screening for depression and timely antidepressant treatment to reduce risk of death 

among COPD patients. 

 

Limitations of the Study 

This study has several limitations. First, the study used administrative claims 

data, and therefore the definitions of COPD, depression, and disease severity rely on 

clinical diagnosis (also prescription fills for depression) documented in administrative 

claims data. Even though the approach of using clinical diagnosis to identify COPD and 
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depression has been widely accepted in observational 

studies,1,3,5,31,42,45,56,75,89,119-121,129,151-159 sensitivity analyses are warranted to ascertain 

disease identification. In this study, a total of nine depression definitions were 

constructed and multiple sensitivity analyses were conducted to assure robustness of 

results.  

Second, claims data lack laboratory and procedure values (e.g., FEV1, validated 

depression scales), which leads to the difficulties of measurement for disease severity. 

This study measured and controlled comorbidities and COPD and depression severity by 

capturing disease-specific events in claims data. For example, COPD severity was 

defined through guidelines on recommended supplemental oxygen use.22 Depression 

severity indicators included diagnosis, psychiatric hospitalization, and 

non-pharmacologic psychiatric health services. This study didn’t control for COPD 

maintenance medication use and/or adherence for aim 3 (mortality). However, there is 

no evidence of the benefits of approved COPD pharmacological treatment on 

mortality,22 that’s why the current study detangles the effects of treatment of 

comorbidities to reduce mortality for COPD patients. 

Third, cause of death is not available in the CCW dataset, which would enable 

researchers to distinguish causes and determine if depression had more or less influence 

on COPD-related mortality, mental illness related death (e.g. suicide) and/or death due 

to other physical conditions. Such information may provide an idea about the 

mechanisms underlying the relationship among depression, COPD, and disability. 



 

156 
 

Fourth, SSDI-eligibility, an important key proxy measure of permanent 

disability, is defined using the original reason for entitlement in Medicare. SSDI-eligible 

beneficiaries include beneficiaries who were Medicare eligible due to disability 

(concurrently disabled and younger than 65 years old) and those who originally entered 

Medicare due to disability and have since ‘aged’ into the Medicare program (aged 65 or 

older). This measure includes beneficiaries who entered Medicare due to disability but 

does not guarantee a current disability status. Thus, using SSDI-eligibility to measure 

disability could result in underestimating disability status in this Medicare population.  

Fifth, administrative data lack of information to examine other important 

outcomes such as functioning, health-related quality of life, patient satisfaction, and 

other health behavior outcomes. These outcomes may be related to depression diagnosis 

and receipt of evidence-based depression care, as well as COPD severity. 

Sixth, although both pharmacologic and non-pharmacologic treatments on 

depression were assessed in the study, it is difficult to differentiate incident or prevalent 

treatment and care due to the uncertainty of incidence and prevalence of depression. 

Sensitivity analyses using major depression provide insights on a subset of depressed 

patients with more chronic and severe depression.  

Seventh, even though some potential confounders associated with both 

depression and mortality at baseline have been controlled, it is possible to miss 

unobservable confounders such as smoking status and history. For example, although 

smoking cessation was measured in claims data by using procedure codes and 

medications prescribed (even though this approach might miss some smoking cessation 
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cases treated through over the counter [OTC] medications), it still captured a certain 

numbers of cases and therefore controlled them in the analyses. 

Finally, since this study sample was limited to Medicare beneficiaries with 

COPD enrolled in Part D, study results may not be generalizable to populations with 

depression and other conditions, or to other non-Medicare populations.  

 

Implications for Research and Practice 

The expected influence of this research was to provide knowledge needed to 

recognize and treat comorbid depression in COPD patients in order to improve health 

outcomes and quality of life in patients with this disabling condition. This study is 

significant to both clinical and routine practice in the COPD population for a number of 

reasons. First, it documents and compares the health and comorbidities for both 

SSDI-eligible and non-SSDI-eligible Medicare beneficiaries with COPD. To date, little 

is understood about depression and its influence on mortality in the COPD population, 

especially beneficiaries who enrolled in Medicare in the basis of permanent disability. 

As well, results are highly germane and relevant to practicing clinicians and their 

patients, as it provides evidence to inform improved depression treatment 

decision-making and patient management. Third, it is possible that disabled individuals 

whose COPD and depression are appropriately managed may be more productive in 

both their personal and professional lives so that they could return to work early. Finally, 

findings provide the foundation for comparative effectiveness research for interventions, 



 

158 
 

including medication counseling, depression screening, and other efforts in order to 

reduce the risk of largely preventable adverse events in COPD patients. 

 

Conclusions 

This nationally representative population-based study provides the first evidence 

to date of a significant effect modification of SSDI-eligibility on the relationship 

between depressive diagnosis, antidepressant treatment, and mortality in Medicare 

beneficiaries with COPD. Findings not only demonstrate the benefits of receiving 

antidepressant treatment on mortality for beneficiaries with both COPD and comorbid 

depression, but also highlight the different effects of antidepressant treatment by 

SSDI-eligibility. In addition to screening for depression in COPD patients, practicing 

clinicians might consider timely antidepressant treatment to improve outcomes for 

Medicare beneficiaries with both COPD and comorbid depression, especially for those 

who are non-SSDI-eligible. 
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APPENDIX A: ICD-9-CM DIGNOSIS CODES AND HCPCS CODES FOR 
IDENTIFYING INDIVIDUAL CHRONIC CONDITIONS  

 

Asthma 493.xx101, 103 
Diabetes* 249,  249.0, 249.00, 249.01, 249.1, 249.10, 249.11, 249.2, 

249.20, 249.21, 249.3, 249.30, 249.31, 249.4, 249.40, 
249.41, 249.5, 249.50, 249.51, 249.6, 249.60, 249.61, 
249.7, 249.70, 249.71,249.8, 249.80, 249.81, 249.90, 
249.9, 249.91, 250, 250.0, 250.00, 250.01, 250.02, 250.03, 
250.1, 250.10, 250.11, 250.12, 250.13, 250.2, 250.20, 
250.21, 250.22, 250.23, 250.3, 250.30, 250.31, 250.32, 
250.33, 250.4, 250.40, 250.41, 250.42, 250.43, 250.5, 
250.50, 250.51, 250.52, 250.53, 250.6, 250.60, 250.61, 
250.62, 250.63, 250.7, 250.70, 250.71, 250.72, 250.73, 
250.8, 250.80, 250.81, 250.82, 250.83, 250.9, 250.90, 
250.91, 250.92, 250.93, 357.2, 362.0, 362.01, 362.02, 
366.41 117-119 

Ischemic heart 
disease* 

410, 410.0, 410.00, 410.01, 410.02, 410.1, 410.10, 410.11, 
410.12, 410.2, 410.20, 410.21, 410.22, 410.3, 410.30, 
410.31, 410.32, 410.4, 410.40, 410.41, 410.42, 410.5, 
410.50, 410.51, 410.52, 410.6, 410.60, 410.61, 410.62, 
410.7, 410.70, 410.71, 410.72, 410.8, 410.80, 410.81, 
410.82, 410.9, 410.90, 410.91, 410.92, 411.0, 411.1, 411.8, 
411.81, 411.89, 412, 413, 413.0, 413.1, 413.9, 414, 414.0, 
414.00, 414.01, 414.02, 414.03, 414.04, 414.05, 414.06, 
414.07, 414.1, 414.10, 414.11, 414.12, 414.19, 414.2, 
414.3, 414.8, 414.9 

Congestive heart 
failure* 

398.91, 402.01, 402.11, 402.91, 404.01, 404.11, 404.91, 
404.03, 404.13, 404.93, 428, 428.0, 428.1, 428.2, 428.20, 
428.21, 428.22, 428.23, 428.30, 428.3, 428.31, 428.32, 
428.33, 428.4, 428.40, 428.41, 428.42, 428.43, 428.9 

Hypertension 401.xx,402.xx, 403.xx,404.xx 

Atrial fibrillation* 427.31 
Acute myocardial 
infarction* 

410.01, 410.11, 410.21, 410.31, 410.41, 410.51, 410.61, 
410.71, 410.81, 410.91 

Hyperlipidemia 272.0x-272,4x 
Idiopathic 
cardiomyopathy 425.4 

Valvular heart disease 424, 424.0, 424.1, 424.2, 424.3, 424.90, 424.91 
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*CCW chronic conditions 
**HCPCS codes 
 

History of/prior 
cardiac surgery 

33510, 33511, 33512, 33513, 33514, 33516, 33517, 33518, 
33519, 33521,33522, 33523, 33533, 33534, 33535, 33536, 
33504, 33503, 33572, 00566, 00567, 4110F, 93508** 

Alzheimer's disease 
and related disorders 
or senile dementia* 

331.0, 331.1, 331.11, 331.19, 331.2, 331.7, 290.0, 290.10, 
290.11, 290.12, 290.13, 290.20, 290.21, 290.3, 290.40, 
290.41, 290.42, 290.43, 294.0, 294.1, 294.10, 294.11, 
294.8, 797 

Anxiety 293.84, 293.89, 300.xx, 309.81, 308.3 

Bipolar 296.5x , 296.6x, 296.7x, 296.8x, 296.9x 

Schizophrenia 
293.81 , 293.82, 295.xx, 297.1x-297.3x, 297.8x, 
297.9x,298 

Neuropathic pain 337.2x, 353.0, 353.1-353.4, 353.8, 353.9, 354.0-354.5, 
354.8, 354.9, 355.0-355.9, 357.3, 357.8, 357.9, 729.2 

Obsessive-compulsive 
disorder 300.3x 

Smoking cessation 305.1x 

Cystic fibrosis 277.0x-277.09 
Alpha-1-antitrypsin 
deficiency 273.4x 

Respiratory cancer 160.xx, 161.xx, 162.xx, 163.xx, 231.xx 
Fibrosis due to 
tuberculosis 011.40-011.49 

Pneumoconiosis 500.xx, 501.xx, 502.xx, 503.xx, 504.xx, 505.xx 

Pulmonary fibrosis 515.xx, 508.1x 
Pulmonary 
tuberculosis 011.xx, 011.40-011.49, 011.50-011.99 

Sarcoidosis 135.xx 
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APPENDIX B: FACTORS ASSOCIATED WITH COMORBID MAJOR 
DEPRESSION IN SSDI- AND NON-SSDI MEDICARE BENEFICIA RIES WITH 

COPD  
 

Appendix B includes the sensitivity analyses for Chapter V (the second aim of 

this study): To describe and compare factors associated with comorbid depression 

in SSDI-eligible and non-SSDI-eligible Medicare beneficiaries with COPD. Since 

individuals with major depression represent a more severely depressed population who 

might receive different treatment regimens and care than those with less severe 

depressive symptoms, sensitivity analyses using a definition limiting to major 

depression diagnosis are conducted and presented.  

Appendix A first briefly describes the differences in measures and analytical 

approaches from Chapter V in Section A. Then the proportions of beneficiaries with 

major depression, overall and by SSDI-eligibility status are presented (Section B). Next, 

baseline characteristics of the sample by major depression and by SSDI-eligibility status 

are described (Section B). Bivariable analyses are used to examine the unadjusted 

associations between individual factors and major depression among the total sample, as 

well as the unadjusted associations between individual factors and SSDI-eligibility 

among beneficiaries with COPD and major depression (Section B). Multivariable 

analyses are conducted to further examine the associations between individual factors 

and major depression (Section C). 

Since Aim 3 will estimate and compare the influence of comorbid depression on 

mortality among beneficiaries with COPD who were 65 years and older, parallel 

analyses also are conducted to estimate the associations between individual factors and 
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major depression limiting to Medicare beneficiaries 65 years and older, controlling for 

other factors (Section D). Finally, a summary of sensitivity analyses is presented in 

Section E. 

 

Section A: Differences in Measures and Analytical Approach 

A.1. Differences in Measures 

Detailed information on the measures and analytical approach for Aim 2 is 

included in Chapter III Methodology. The only difference exists in the primary 

dependent measures of interest: in Appendix B, the primary dependent measures of 

interest are major depression diagnosis (regardless of antidepressant treatment) and, 

among beneficiaries with a major depression diagnosis, any evidence of concurrent (in 

same calendar year) antidepressant treatment. Both dependent measures are measured as 

binary variables.  

 

A.2. Differences in Analytical Approach 

In Appendix B, similar descriptive, bivariable, and multivariable analyses with 

same approaches are conducted to estimate the associations between individual factors 

and major depression and, among beneficiaries with both COPD and major depression, 

the associations between individual factors and evidence of concurrent antidepressant 

treatment.  
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Section B: Descriptive and Bivariable Results  

B.1. Proportions of Beneficiaries with Major Depression: Overall and by 
SSDI-eligibility 

 

Table B.1 summarizes the proportions of beneficiaries with major depression, 

overall and by SSDI-eligibility status. To review from Chapter IV, the following three 

major depression definitions are applied and measured in the three-year study period for 

sensitivity analyses:   

• Definition II: Major depression diagnosis regardless antidepressant treatment; 

• Definition IV: Major depression diagnosis with evidence of concurrent 

antidepressant treatment; and  

• Definition VII: Major depression diagnosis without evidence of concurrent 

antidepressant treatment.  

Among the 93,019 Medicare beneficiaries with COPD, more than one-eighth 

(13.3%) had at least one diagnostic claim for major depression. Of these, 83.5% had 

evidence of antidepressant treatment. Nearly one-third (31.5%, or 29,322) of Medicare 

beneficiaries with COPD originally entered Medicare on the basis of SSDI-eligibility. 

The proportion of beneficiaries with a major depression diagnosis doubled in 

SSDI-eligibles (20.2%) compared to non-SSDI-eligibles (10.1%). As well, the 

proportion of beneficiaries with evidence of concurrent antidepressant treatment was 

highest in SSDI-eligibles (86.0%) and lowest in non-SSDI-eligibles (81.2%). 
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Table B.1 Proportions of Major Depression Definitions in 2006-2008 among Total 
Sample and by SSDI Status1 

Sample Size 
Medicare Beneficiaries 

with COPD 
  N % 
Among Total Sample (n = 93,019)   
   II: Major depression 12,350 13.3 

   IV: Major Depression (with antidepressant use) 10,318 83.5 
   VII: Major depression (no antidepressant use) 2,032 16.5 

Among SSDI-eligible beneficiaries (n = 29,322)    
   II: Major depression 5,937 20.2 

   IV: Major Depression (with antidepressant use) 5,108 86.0 
   VII: Major depression (no antidepressant use) 829 14.0 

Among non-SSDI-eligible beneficiaries (n = 63,697)    
   II: Major depression 6,413 10.1 

   IV: Major Depression (with antidepressant use) 5,210 81.2 
   VII: Major depression (no antidepressant use) 1,203 18.8 

1SSDI: Social security disability insurance 
 

  
 

 

B.2. Baseline Beneficiary Characteristics, Stratified by Major Depression Status 
and Evidence of Antidepressant Treatment 
 

As described in Section B.1, the proportion of beneficiaries with a major 

depression diagnosis assessed using ICD-9-CM codes was 13.3%. Of beneficiaries with 

a major depression diagnosis (n=12,350), 83.5% had evidence of antidepressant 

treatment. Beneficiaries with major depression were more likely to be SSDI-eligible 

(Table B.2). Among beneficiaries with major depression, those with evidence of 

concurrent antidepressant treatment also were more likely to be SSDI-eligible (Table 

B.3).  

Beneficiaries with a major depression diagnosis were significantly younger 

(mean age 68 vs. 74) and more likely to be female. They also were more likely to be 
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LIS-eligible and Medicare-Medicaid dual-eligible. Beneficiaries with a major depression 

diagnosis were more likely to have cardiovascular and psychiatric comorbidities, and 

more likely to receive smoking cessation medications or services and 

non-pharmacological psychiatric health services (all p<0.0001). 

However, Beneficiaries with a major depression diagnosis were less likely than 

their counterparts to be white. However, among beneficiaries with a major depression 

diagnosis, white race more likely to receive concurrent antidepressant treatment than 

other racial/ethnic groups. Beneficiaries with a major depression diagnosis had a less 

severe baseline COPD. However, among beneficiaries with a major depression 

diagnosis, those received antidepressant therapy had more severe depression but no 

more severe COPD (all p<0.001). 
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Table B.2 Baseline Characteristics of Beneficiaries with Diagnosis of COPD, 
Stratified by Major Depression Status (n=93,019) 

 
Major Depression* 

  
Characteristics Yes No   

P 
Value^ 

 
N % N %     

Sample size 12,350 100  80,669 100     
SSDI1       <.0001 
   Yes 5,814 47.1  22,839 28.3   
   No 6,536 52.9   57,830 71.7     
Age (Mean, SD) 68.3 14.1  73.5 11.1  <.0001 
Age (n, %)       <.0001 
   < 65 4,233 34.3  13,087 16.2   
   65 – 74  3,360 27.2  27,272 33.8   
   75 – 84 3,327 26.9  28,098 34.8   
   85 + 1,430 11.6   12,212 15.1     
Sex       <.0001 
   Female 8,467 68.6  49,797 61.7   
   Male 3,883 31.4   30,872 38.3     
Race       <.0001 
   White 10,567 85.6  70,282 87.1   
   Black 1,004 8.1  6,688 8.3   
   Hispanic 547 4.4  1,587 2.0   
   Asian 86 0.7  1,063 1.3   
   Other 146 1.2   1,049 1.3     
Region       <.0001 
   Northeast 2,452 19.9  15,543 19.3   
   North Central 2,950 23.9  19,678 24.4   
   South 5,458 44.2  34,317 42.5   
   West 1,472 11.9  11,025 13.7   
   Other U.S. territories 18 0.1   106 0.1     
Low-income subsidy status       <.0001 
   Yes 9,224 74.7  43,472 53.9   
   No 3,126 25.3   37,197 46.1     
Dual-eligibility status       <.0001 
   Yes 8,809 71.3  39,035 48.4   
   No 3,541 28.7   41,634 51.6     
End stage renal disease       0.0104 
   Yes 240 1.9   1,312 1.6   
   No 12,110 98.1  79,357 98.4   
Comorbid medical conditions        
   Asthma 4,361 35.3  22,463 27.8  <.0001 
   Diabetes 5,182 42.0  27,715 34.4  <.0001 
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   Ischemic heart disease 7,415 60.0  44,741 55.5  <.0001 
   Congestive heart failure 5,923 48.0  35,556 44.1  <.0001 
   All other cardiovascular disease 8,758 70.9  57,254 71.0  0.8930 
   Hypertension 10,466 84.7  66,087 81.9  <.0001 
   Alzheimer's disease and related 

disorders 
3,793 30.7  14,482 18.0  <.0001 

   Anxiety 5,363 43.4  12,751 15.8  <.0001 
   Bipolar 1,805 14.6  2,042 2.5  <.0001 
   Schizophrenia 313 2.5  444 0.6  <.0001 
   Neuropathic pain 1,863 15.1  6,810 8.4  <.0001 
   Obsessive-compulsive disorder 92 0.7  116 0.1  <.0001 
   Smoking cessation 3,353 27.1  14,585 18.1  <.0001 
   Cystic fibrosis 9 0.1  55 0.1  0.8530 
   Alpha-1-antitrypsin deficiency 5 0.0  49 0.1  0.3841 
   Respiratory cancer 435 3.5  3,880 4.8  <.0001 
   Fibrosis due to tuberculosis  1 0.0  11 0.0  1.0000** 
   Pneumoconiosis 60 0.5  645 0.8  0.0002 
   Pulmonary fibrosis 868 7.0  5,635 7.0  0.8614 
   Pulmonary tuberculosis 47 0.4  231 0.3  0.0741 
   Sarcoidosis 50 0.4  281 0.3  0.3259 
CC counts (Mean, SD)2 11.4 4.5  8.4 4.0  <.0001 
COPD severity               
   Had supplemental oxygen claims 2,355 19.1   16,888 20.9   <.0001 
Depression severity        
   Had a severe depression diagnosis3 1,155 9.4  0 0.0  N/A 
   Had depression hospitalization 790 6.4  44 0.0  <.0001 
      # of hospitalizations (Mean, 

SD)4 
1.4 1.0  1.2 0.2  <.0001 

   Received non-pharmacological 
psychiatric health service 7,553 61.2   8,125 10.1   <.0001 

1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 5th digit as ‘4’ 

     
  

4Among those who had a depression hospitalization 
*Had major depression diagnosis, regardless of antidepressant use, in 2006-2008 
^Chi-square tests for categorical variables and t-tests for continuous variables   
**Fisher's exact test 
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Table B.3 Baseline Characteristics of Beneficiaries with Diagnoses of COPD and Major 
Depression, Stratified by Depression with Evidence of Antidepressant Treatment 
(n=12,350) 

 

Evidence of Antidepressant 
Treatment* 

  Characteristics Yes No   P Value^ 

 
N % N %     

Sample size 10,318 100  2,032 100     
SSDI1       <.0001 
   Yes 5,108 49.5  829 40.8   
   No 5,210 50.5   1,203 59.2     
Age (Mean, SD) 67.9 14.1  70.6 13.6  <.0001 
Age (n, %)       <.0001 
   < 65 3,676 35.6  557 27.4   
   65 – 74  2,814 27.3  546 26.9   
   75 – 84 2,687 26.0  640 31.5   
   85 + 1,141 11.1   289 14.2     
Sex       <.0001 
   Female 7,248 70.2  1,219 60.0   
   Male 3,070 29.8   813 40.0     
Race       <.0001 
   White 8,939 86.6  1,628 80.1   
   Black 757 7.3  247 12.2   
   Hispanic 446 4.3  101 5.0   
   Asian 59 0.6  27 1.3   
   Other 117 1.1   29 1.4     
Region       <.0001 
   Northeast 1,994 19.3  458 22.5   
   North Central 2,490 24.1  460 22.6   
   South 4,669 45.3  789 38.8   
   West 1,154 11.2  318 15.6   
   Other U.S. territories 11 0.1   7 0.3     
Low-income subsidy status       <.0001 
   Yes 7,922 76.8  1,302 64.1   
   No 2,396 23.2   730 35.9     
Dual-eligibility status       <.0001 
   Yes 7,571 73.4  1,238 60.9   
   No 2,747 26.6   794 39.1     
End stage renal disease       0.2523 
   Yes 194 1.9   46 2.3   
   No 10,124 98.1  1,986 97.7   
Comorbid medical conditions        
   Asthma 3,720 36.1  641 31.5  <.0001 
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   Diabetes 4,381 42.5  801 39.4  0.0111 
   Ischemic heart disease 6,194 60.0  1,221 60.1  0.9614 
   Congestive heart failure 4,946 47.9  977 48.1  0.9048 
   All other cardiovascular disease 7,336 71.1  1,422 70.0  0.3101 
   Hypertension 8,767 85.0  1,699 83.6  0.1203 
   Alzheimer's disease and related 

disorders 
3,208 31.1  585 28.8  0.0398 

   Anxiety 4,718 45.7  645 31.7  <.0001 
   Bipolar 1,575 15.3  230 11.3  <.0001 
   Schizophrenia 258 2.5  55 2.7  0.5888 
   Neuropathic pain 1,620 15.7  243 12.0  <.0001 
   Obsessive-compulsive disorder 87 0.8  5 0.2  0.0042 
   Smoking cessation 2,877 27.9  476 23.4  <.0001 
   Cystic fibrosis 9 0.1  0 0.0  N/A 
   Alpha-1-antitrypsin deficiency 5 0.0  0 0.0  N/A 
   Respiratory cancer 363 3.5  72 3.5  0.9551 
   Fibrosis due to tuberculosis  0 0.0  1 0.0  N/A 
   Pneumoconiosis 46 0.4  14 0.7  0.1496 
   Pulmonary fibrosis 726 7.0  142 7.0  0.9383 
   Pulmonary tuberculosis 41 0.4  6 0.3  0.4945 
   Sarcoidosis 41 0.4  9 0.4  0.7676 
CC counts (Mean, SD)2 11.5 4.4  10.8 4.5  <.0001 
COPD severity               
   Had supplemental oxygen claims 1,977 19.2   378 18.6   0.5581 
Depression severity        
   Had a severe depression diagnosis3 1,051 10.2  104 5.1  <.0001 
   Had depression hospitalization 725 7.0  65 3.2  <.0001 
      # of hospitalizations (Mean, 

SD)4 
1.4 1.0  1.2 0.6  0.0116 

   Received non-pharmacological 
psychiatric health service 6,469 62.7   1,084 53.4   <.0001 

1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 5th digit as ‘4’ 

     
 

4Among those who had a depression hospitalization 
*Had evidence of antidepressant use in 2006-2008 

     
 

^Chi-square tests for categorical variables and t-tests for continuous variables  
**Fisher's exact test 
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B.3. Baseline Characteristics of Beneficiaries with Major Depression, Stratified by 
SSDI-eligibility 

 

Of beneficiaries with a major depression diagnosis (n=12,350), about one half 

(47.1%) were SSDI-eligible (Table B.2). SSDI-eligible beneficiaries were significantly 

younger, but less likely to be female or white. They were more likely to be LIS-eligible 

and Medicare-Medicaid dual-eligible. SSDI-eligible beneficiaries also were more likely 

to have asthma, diabetes, and psychiatric comorbidities, and receive smoking cessation 

medications or services. Compared to non-SSDI-eligible beneficiaries, SSDI-eligible 

beneficiaries had evidence of more severe depression (Table B.4) (all p<0.0001). 

Similar findings also existed for SSDI-eligible beneficiaries with evidence of concurrent 

antidepressant treatment (Table B.5). 

However, SSDI-eligible beneficiaries with evidence of concurrent antidepressant 

treatment were less likely to have cardiovascular comorbidities, Alzheimer’s disease, or 

respiratory cancer (all p<0.01). There was marginally significant difference in baseline 

COPD severity by SSDI-eligibility among beneficiaries with major depression 

(p=0.0115, with significant level at p<0.01). Similarly, no difference in baseline COPD 

severity by SSDI-eligibility was observed among beneficiaries with major depression 

diagnosis and evidence of concurrent antidepressant treatment (p=0.0823) either.  
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Table B.4 Baseline Characteristics of Beneficiaries with Diagnoses of COPD and 
Major Depression, Stratified by SSDI Status (n=12,350)1* 

 
SSDI 

  
Characteristics Yes No   

P 
Value^ 

 
N % N %     

Sample size 5,937 100  6,413 100     
Age (Mean, SD) 58.1 12.0  77.8 7.6  <.0001 
Age (n, %)       <.0001 
   < 65 4,192 70.6  41 0.6   
   65 – 74  1,182 19.9  2,178 34.0   
   75 – 84 469 7.9  2,858 44.6   
   85 + 94 1.6   1,336 20.8     
Sex       <.0001 
   Female 3,679 62.0  4,788 74.7   
   Male 2,258 38.0   1,625 25.3     
Race       <.0001 
   White 5,037 84.8  5,530 86.2   
   Black 682 11.5  322 5.0   
   Hispanic 127 2.1  420 6.5   
   Asian 25 0.4  61 1.0   
   Other 66 1.1   80 1.2     
Region       <.0001 
   Northeast 1,043 17.6  1,409 22.0   
   North Central 1,504 25.3  1,446 22.5   
   South 2,668 44.9  2,790 43.5   
   West 717 12.1  755 11.8   
   Other U.S. territories 5 0.1   13 0.2     
Low-income subsidy status       <.0001 
   Yes 5,228 88.1  3,996 62.3   
   No 709 11.9   2,417 37.7     
Dual-eligibility status       <.0001 
   Yes 4,978 83.8  3,831 59.7   
   No 959 16.2   2,582 40.3     
End stage renal disease       0.1293 
   Yes 127 2.1   113 1.8   
   No 5,810 97.9  6,300 98.2   
Comorbid medical conditions        
   Asthma 2,422 40.8  1,939 30.2  <.0001 
   Diabetes 2,605 43.9  2,577 40.2  <.0001 
   Ischemic heart disease 3,236 54.5  4,179 65.2  <.0001 
   Congestive heart failure 2,407 40.5  3,516 54.8  <.0001 
   All other cardiovascular disease 4,046 68.1  4,712 73.5  <.0001 
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   Hypertension 4,781 80.5  5,685 88.6  <.0001 
   Alzheimer's disease and related 

disorders 
1,130 19.0  2,663 41.5  <.0001 

   Anxiety 3,017 50.8  2,346 36.6  <.0001 
   Bipolar 1,383 23.3  422 6.6  <.0001 
   Schizophrenia 158 2.7  155 2.4  0.3881 
   Neuropathic pain 1,063 17.9  800 12.5  <.0001 
   Obsessive-compulsive disorder 72 1.2  20 0.3  <.0001 
   Smoking cessation 2,428 40.9  925 14.4  <.0001 
   Cystic fibrosis 6 0.1  3 0.0  0.3276** 
   Alpha-1-antitrypsin deficiency 4 0.1  1 0.0  0.2020** 
   Respiratory cancer 174 2.9  261 4.1  0.0006 
   Fibrosis due to tuberculosis  0 0.0  1 0.0  N/A 
   Pneumoconiosis 38 0.6  22 0.3  0.0177 
   Pulmonary fibrosis 380 6.4  488 7.6  0.0086 
   Pulmonary tuberculosis 24 0.4  23 0.4  0.6809 
   Sarcoidosis 34 0.6  16 0.2  0.0047 
CC counts (Mean, SD)2 11.6 4.6  11.2 4.3  <.0001 
COPD severity               
   Had supplemental oxygen claims 1,077 18.1   1,278 19.9   0.0115 
Depression severity        
   Had a severe depression diagnosis3 659 11.1  496 7.7  <.0001 
   Had depression hospitalization 524 8.9  266 4.1  <.0001 
      # of hospitalizations (Mean, SD)4 1.5 1.1  1.2 0.5  <.0001 
   Received non-pharmacological 

psychiatric health service 4,082 68.8   3,471 54.1   <.0001 
1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 5th digit as ‘4’ 
4Within those who had a depression hospitalization 
*Had major depression diagnosis, regardless of antidepressant use, in 2006-2008 
^Chi-square tests for categorical variables and t-tests for continuous variables 
**Fisher's exact test 
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Table B.5 Baseline Characteristics of Beneficiaries with Diagnoses of COPD and 
Major Depression and Evidence of Antidepressant Treatment, Stratified by SSDI 
Status (n=10,318)1* 

 
SSDI 

  
Characteristics Yes No   

P 
Value^ 

 
N % N %     

Sample size 5,108 100  5,210 100     
Age (Mean, SD) 57.8 12.0  77.7 7.6  <.0001 
Age (n, %)       <.0001 
   < 65 3,641 71.3  35 0.7   
   65 – 74  1,005 19.7  1,809 34.7   
   75 – 84 386 7.6  2,301 44.2   
   85 + 76 1.5   1,065 20.4     
Sex       <.0001 
   Female 3,279 64.2  3,969 76.2   
   Male 1,829 35.8   1,241 23.8     
Race       <.0001 
   White 4,409 86.3  4,530 86.9   
   Black 522 10.2  235 4.5   
   Hispanic 102 2.0  344 6.6   
   Asian 20 0.4  39 0.7   
   Other 55 1.1   62 1.2     
Region       <.0001 
   Northeast 870 17.0  1,124 21.6   
   North Central 1,313 25.7  1,177 22.6   
   South 2,348 46.0  2,321 44.5   
   West 575 11.3  579 11.1   
   Other U.S. territories 2 0.0   9 0.2     
Low-income subsidy status       <.0001 
   Yes 4,569 89.4  3,353 64.4   
   No 539 10.6   1,857 35.6     
Dual-eligibility status       <.0001 
   Yes 4,355 85.3  3,216 61.7   
   No 753 14.7   1,994 38.3     
End stage renal disease       0.3877 
   Yes 102 2.0   92 1.8   
   No 5,006 98.0  5,118 98.2   
Comorbid medical conditions        
   Asthma 2,123 41.6  1,597 30.7  <.0001 
   Diabetes 2,274 44.5  2,107 40.4  <.0001 
   Ischemic heart disease 2,798 54.8  3,396 65.2  <.0001 
   Congestive heart failure 2,069 40.5  2,877 55.2  <.0001 
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   All other cardiovascular disease 3,507 68.7  3,829 73.5  <.0001 
   Hypertension 4,136 81.0  4,631 88.9  <.0001 
   Alzheimer's disease and related 

disorders 
978 19.1  2,230 42.8  <.0001 

   Anxiety 2,711 53.1  2,007 38.5  <.0001 
   Bipolar 1,212 23.7  363 7.0  <.0001 
   Schizophrenia 127 2.5  131 2.5  0.9272 
   Neuropathic pain 943 18.5  677 13.0  <.0001 
   Obsessive-compulsive disorder 67 1.3  20 0.4  <.0001 
   Smoking cessation 2,116 41.4  761 14.6  <.0001 
   Cystic fibrosis 6 0.1  3 0.1  0.3389** 
   Alpha-1-antitrypsin deficiency 4 0.1  1 0.0  0.2141** 
   Respiratory cancer 150 2.9  213 4.1  0.0015 
   Fibrosis due to tuberculosis  0 0.0  0 0.0  N/A 
   Pneumoconiosis 31 0.6  15 0.3  0.0150 
   Pulmonary fibrosis 330 6.5  396 7.6  0.0236 
   Pulmonary tuberculosis 19 0.4  22 0.4  0.6847 
   Sarcoidosis 32 0.6  9 0.2  0.0002 
CC counts (Mean, SD)2 11.7 4.6  11.2 4.3  <.0001 
COPD severity               
   Had supplemental oxygen claims 944 18.5   1,033 19.8   0.0823 
Depression severity        
   Had a severe depression diagnosis3 608 11.9  443 8.5  <.0001 
   Had depression hospitalization 487 9.5  238 4.6  <.0001 
      # of hospitalizations (Mean, SD)4 1.5 1.2  1.2 0.6  <.0001 
   Received non-pharmacological 

psychiatric health service 3,552 69.5   2,917 56.0   <.0001 
1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 5th digit as ‘4’ 
4Within those who had a depression hospitalization 
*Had major depression diagnosis, regardless of antidepressant use, in 2006-2008 
^Chi-square tests for categorical variables and t-tests for continuous variables 
**Fisher's exact test 
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Section C: Multivariable Results  

C.1. Factors Associated with Major Depression Diagnosis in the Total Sample: Main 
Effects Model 
 

A full main effects model including all covariates was initially conducted then 

compared with reduced models through the Independence model Criterion (QIC) 

criterion. Age quadratic term was tested as insignificance at p=0.2692 and therefore 

dropped from the reduced model. At the end, the optimized main effects model removed 

covariates including other cardiovascular disease, obsessive-compulsive disorder, and all 

respiratory comorbidities except for respiratory cancer.  

In the main effects model (Table B.6), SSDI-eligibility was associated with a 

16% (95% CI=11%, 21%) higher likelihood of having a major depression diagnosis. In 

addition, younger age, female sex, Hispanic ethnicity, and LIS-eligibility also were 

associated with higher likelihood of having a major depression diagnosis. Having most 

comorbidities and receiving smoking cessation medications or services were 

significantly associated with higher likelihood of having a major depression diagnosis.  

However, selected racial/ethnic groups (black and Asian), region areas (north 

central, west, and south), and having respiratory cancer were associated with lower 

likelihood of having a major depression diagnosis. Baseline COPD severity was 

associated with an 8% (95% CI=4%, 12%) lower likelihood of having a major 

depression diagnosis in this Medicare COPD sample. 
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Table B.6 Factors Associated with Major Depression Among Medicare 
Beneficiaries with Diagnoses of COPD – Main Effects Model (n=93,019) 

Factors Major Depression Diagnosis 
  PR Lower CI Upper CI 
SSDI1 1.16 1.11 1.21 
Age (increased by every 5 years) 0.90 0.89 0.91 
Female vs. male 1.28 1.23 1.32 
Race 

      White reference 
   Black 0.81 0.76 0.86 
   Hispanic 1.64 1.52 1.77 
   Asian 0.76 0.62 0.92 
   Other 0.89 0.76 1.03 
Region 

      Northeast reference 
   North Central 0.93 0.89 0.98 
   West 0.89 0.84 0.94 
   South 0.94 0.90 0.98 
Low-income eligibility  

      No reference 
   Yes 1.41 1.35 1.47 
End stage renal disease    
   No reference 
   Yes 0.93 0.83 1.05 
Comorbid medical conditions 
   Asthma 1.09 1.05 1.13 
   Diabetes 1.10 1.07 1.14 
   Ischemic heart disease 1.12 1.08 1.16 
   Congestive heart failure 1.08 1.03 1.11 
   Hypertension 1.12 1.07 1.17 
   Alzheimer's disease 1.86 1.79 1.94 
   Anxiety 2.18 2.11 2.26 
   Bipolar 1.77 1.69 1.85 
   Schizophrenia 1.33 1.21 1.46 
   Neuropathic pain 1.34 1.29 1.40 
   Smoking cessation 1.05 1.01 1.09 
   Respiratory cancer 0.89 0.81 0.97 
COPD severity indicators 

      Had supplemental oxygen claims 0.92 0.88 0.96 
1SSDI: Social security disability insurance. Bold numbers indicate P < 0.05. Outcome 
was measured in 2006-2008. PR: prevalence ratio. CI: confidence interval. 
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C.2. Factors Associated with Major Depression Diagnosis in the Total Sample: 
Interaction Model 
 

After testing SSDI-eligibility interaction terms, the following eleven interaction 

terms were retained in the final model (statistically significant at p<0.05): SSDI*age, 

SSDI*race, SSDI*LIS, SSDI*asthma, SSDI*ischemic heart disease, SSDI*congestive 

heart failure, SSDI*Alzheimer's disease, SSDI*anxiety, SSDI*bipolar, SSDI* 

schizophrenia, and SSDI*neuropathic pain (Table B.7). Therefore, the associations of 

these factors on major depression diagnosis differed by SSDI-eligibility. Most of these 

associations (except for ‘other’ racial group) were stronger in non-SSDI-eligible than 

SSDI-eligible beneficiaries. 
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Table B.7 Factors Associated with Major Depression Among Medicare 
Beneficiaries with Diagnosis of COPD and Modified by SSDI-eligibility Status – 
Interaction Model (n=93,019)* 

Factors Major Depression Diagnosis 
  PR Lower CI Upper CI 
Age (increased by every 5 years)   
   in SSDI 0.89 0.88 0.90 

    in non-SSDI 0.92   0.91 0.94    
Race 

    White reference 
    Black     

      in SSDI 0.88 0.82 0.95 
       in non-SSDI 0.69 0.62 0.77 
    Hispanic 
       in SSDI 1.09 0.95 1.26 
       in non-SSDI 1.89 1.73 2.07 
    Asian 
       in SSDI 1.10 0.79 1.51 
       in non-SSDI 0.68 0.53 0.87 
    Other 
       in SSDI 0.78 0.63 0.96 
       in non-SSDI 1.00  0.81 1.23    

Low-income eligibility  
    No reference 
    Yes 

  
  

      in SSDI 1.29 1.20 1.38 
       in non-SSDI  1.41  1.34 1.48    

Comorbid medical conditions 
    Asthma 
       in SSDI 1.05 1.00 1.09 
       in non-SSDI 1.14 1.09 1.20 
    Ischemic heart disease 
       in SSDI 1.07 1.02 1.12 
       in non-SSDI 1.18 1.12 1.24 
    Congestive heart failure 
       in SSDI 1.02 0.97 1.07 
       in non-SSDI 1.10 1.04 1.15 
    Alzheimer's disease 
       in SSDI 1.66 1.56 1.75 
       in non-SSDI 1.96 1.86 2.07 
    Anxiety 
       in SSDI 2.07 1.97 2.16 
       in non-SSDI 2.28 2.17 2.39 
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   Bipolar 
       in SSDI 1.71 1.63 1.81 
       in non-SSDI 2.00 1.83 2.18 
    Schizophrenia 
       in SSDI 1.18 1.05 1.33 
       in non-SSDI 1.53 1.33 1.75 
    Neuropathic pain 
       in SSDI 1.26 1.20 1.33 
       in non-SSDI 1.46 1.37 1.56 
 P value for Interaction terms 
    SSDI*age 0.0011  
    SSDI*race <0.0001  
    SSDI*LIS 0.0471  
    SSDI*asthma 0.0060 

 
 

    SSDI*ischemic heart disease 0.0048 
 

 
    SSDI*congestive heart failure 0.0477 

 
 

    SSDI*Alzheimer's disease <0.0001 
 

 
    SSDI*anxiety 0.0041 

      SSDI*bipolar 0.0040    
   SSDI*schizophrenia 0.0074    
   SSDI*neuropathic pain 0.0010      
1SSDI: Social security disability insurance 
*Model also controlled for gender, region, ESRD, diabetes, hypertension, smoking 
cessation, respiratory cancer, and supplemental oxygen use 
Bold numbers indicate P < 0.05 
Outcome was measured in 2006-2008. All covariates were measured in 2006 
baseline year. PR: prevalence ratio. CI: confidence interval.   
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C.3. Factors Associated with Evidence of Antidepressant Treatment among 
Beneficiaries with Major Depression Diagnosis: Main Effects Model 
 

A full main effects model including all covariates was initially conducted then 

compared with reduced models through QIC criterion. Age quadratic term was tested 

(p=0.1209) and dropped from reduced model. At the end, none of the covariates was 

removed from final main effects model after comparing QIC. In addition, none of 

SSDI-eligibility interaction term was significant at p<0.05. Thus, only main effects 

model results are presented. 

Table B.8 summarizes results of the associations of individual factors on 

evidence of concurrent antidepressant treatment among beneficiaries with COPD and 

major depression diagnosis. SSDI-eligibility was not associated with concurrent 

antidepressant treatment. However, younger age, female sex, geographic regions (north 

central and south), and LIS-eligibility were associated with higher likelihood of 

receiving antidepressant treatment. Selected comorbidities (including Alzheimer's 

disease, anxiety, and neuropathic pain) also were significantly associated with higher 

likelihood of receiving antidepressant treatment. In addition, baseline depression 

severity was associated with higher likelihood of receiving antidepressant treatment.  

However, selected racial/ethnic groups (black, Hispanic, and Asian) were associated 

with lower likelihood of receiving antidepressant treatment compared to white race. 

Baseline COPD severity was not associated with receipt of antidepressant treatment. 
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Table B.8 Factors Associated with Evidence of Antidepressant Treatment 
Among Medicare Beneficiaries with Diagnoses of COPD and Major Depression 
– Main Effects Model (n=12,350) 

Factors Evidence of Antidepressant Treatment 
  PR Lower CI Upper CI 
SSDI1 1.00 0.98 1.03 
Age (increased by every 5 years) 0.99 0.99 1.00 
Female vs. male 1.08 1.06 1.10 
Race 

      White reference 
   Black 0.86 0.83 0.90 
   Hispanic 0.93 0.89 0.97 
   Asian 0.85 0.74 0.98 
   Other 0.95 0.87 1.03 
Region 

      Northeast reference 
   North Central 1.03 1.01 1.06 
   West 0.98 0.95 1.01 
   South 1.05 1.03 1.07 
Low-income eligibility  

      No reference 
   Yes 1.10 1.08 1.13 
End stage renal disease    
   No reference 
   Yes 0.98 0.92 1.04 
Comorbid medical conditions 
   Asthma 1.01 1.00 1.03 
   Diabetes 1.01 0.99 1.03 
   Ischemic heart disease 1.00 0.98 1.02 
   Congestive heart failure 1.00 0.99 1.02 
   All other cardiovascular disease 1.01 0.99 1.03 
   Hypertension 1.02 1.00 1.05 
   Alzheimer's disease 1.03 1.01 1.05 
   Anxiety 1.06 1.04 1.07 
   Bipolar 0.99 0.97 1.01 
   Schizophrenia 0.95 0.90 1.00 
   Neuropathic pain 1.03 1.01 1.05 
   Smoking cessation 1.00 0.98 1.01 
   Respiratory cancer 1.02 0.97 1.06 
   Pulmonary fibrosis 1.00 0.97 1.03 
   Other respiratory diseases 1.01 0.95 1.08 
COPD severity indicators 
   Had supplemental oxygen claims 1.00 0.98 1.02 
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Depression severity    
   Had a severe depression diagnosis2 1.05 1.03 1.08 
   Had depression hospitalization3 1.02 1.01 1.04 
   Received non-pharmacological 

psychiatric health service 1.06 1.04 1.09 
1SSDI: Social security disability insurance 
2Had a depression diagnosis with the 5th digit as ‘4’ 
3Hospitalization with primary diagnosis of depression 
Bold numbers indicate P < 0.05  

  Outcome was measured in 2006-2008. All covariates were measured in 2006 baseline 
year. PR: prevalence ratio. CI: confidence interval. 
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Section D: Parallel Results from Medicare Beneficiaries Aged 65 and Older 

D.1. Proportions of Beneficiaries Aged 65 and Older with Major Depression: 
Overall and by SSDI-eligibility 
 

Table B.9 summarizes the proportions of beneficiaries 65 years and older with 

major depression, overall and by SSDI-eligibility status. Of these 75,699 Medicare 

beneficiaries, about one-ninth (10.7%) had at least one diagnostic claim for major 

depression. Of them, 81.8% had evidence of antidepressant treatment. Similar as using 

depression diagnoses, the proportion of beneficiaries with a major depression diagnosis 

was highest in SSDI-eligibles (14.2%) and lowest in non-SSDI-eligibles (10.1%). As 

well, the proportion of beneficiaries with evidence of concurrent antidepressant 

treatment was highest in SSDI-eligibles (84.1%) and lowest in non-SSDI-eligibles 

(81.2%). 

 

Table B.9 Proportions of Major Depression Definitions in 2006-2008 among Medicare 
Beneficiaries Aged  65 and Older with COPD and by SSDI Status1 

Sample Size Medicare Beneficiaries 
  N % 
Among Total Sample (n = 75,699)   
   II: Major depression 8,117 10.7 

   IV: Major depression (with antidepressant use) 6,642 81.8 
   VII: Major depression (no antidepressant use) 1,475 18.2 

Among SSDI-eligible beneficiaries (n = 12,329)    
   II: Major depression 1,745 14.2 

   IV: Major depression (with antidepressant use) 1,467 84.1 
   VII: Major depression (no antidepressant use) 278 15.9 

Among non-SSDI-eligible beneficiaries (n = 63,370)    
   II: Major depression 6,372 10.1 

   IV: Major depression (with antidepressant use) 5,175 81.2 
   VII: Major depression (no antidepressant use) 1,197 18.8 

1SSDI: Social security disability insurance 
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D.2 Descriptive and Bivariable Results for Medicare Beneficiaries Aged 65 and 
Older  
 

D.2.a. Baseline Beneficiary Characteristics, Stratified by Major Depression Status 

As described in Section D.1, the proportion of beneficiaries with a major 

depression diagnosis assessed using ICD-9-CM codes was 10.7%. Of these beneficiaries 

(n=8,117), 81.8% had evidence of concurrent antidepressant treatment.  Beneficiaries 

with a major depression diagnosis were more likely to be SSDI-eligible (Table B.10). 

Among depressed beneficiaries, those with evidence of concurrent antidepressant 

treatment also were more likely to be SSDI-eligible (Table B.11).  

Beneficiaries with a major depression diagnosis were significantly younger and 

more likely to be female. They also were more likely to be LIS-eligible and 

Medicare-Medicaid dual-eligible. Compared to beneficiaries without major depression, 

those with a major depression diagnosis were more likely to have cardiovascular and 

psychiatric comorbidities, and more likely to receive smoking cessation medications or 

services and non-pharmacological psychiatric health services (all p<0.01). 

However, opposite to the results of using general depression diagnosis, 

beneficiaries with a major depression diagnosis were less likely to be white. However, 

among beneficiaries with major depression, those with evidence of concurrent 

antidepressant treatment were more likely to be white. Beneficiaries with a major 

depression diagnosis were less likely to have selected respiratory conditions (including 

respiratory cancer and pneumoconiosis) (all p<0.001). No difference in baseline COPD 
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severity by major depression diagnosis (p=0.2862) or by receipt of concurrent 

antidepressant treatment was observed (p=0.9543). 

 

Table B.10 Baseline Characteristics of Beneficiaries Aged 65 and Older with 
Diagnosis of COPD, Stratified by Major Depression Status (n=75,699) 

 
Major Depression* 

  
Characteristics Yes No   

P 
Value^ 

 
N % N %     

Sample size 8,117 100  67,582 100     
SSDI1       <.0001 
   Yes 1,745 21.5  10,584 15.7   
   No 6,372 78.5   56,998 84.3     
Age (Mean, SD) 76.8 7.5  77.1 7.6  0.0011 
Age (n, %)       0.1857 
   65 – 74  3,360 41.4  27,272 40.4   
   75 – 84 3,327 41.0  28,098 41.6   
   85 + 1,430 17.6   12,212 18.1     
Sex       <.0001 
   Female 5,957 73.4  43,475 64.3   
   Male 2,160 26.6   24,107 35.7     
Race       <.0001 
   White 7,035 86.7  59,593 88.2   
   Black 466 5.7  4,797 7.1   
   Hispanic 459 5.7  1,369 2.0   
   Asian 63 0.8  1,008 1.5   
   Other 94 1.2   815 1.2     
Region       <.0001 
   Northeast 1,741 21.4  13,625 20.2   
   North Central 1,857 22.9  16,548 24.5   
   South 3,566 43.9  27,999 41.4   
   West 938 11.6  9,317 13.8   
   Other U.S. territories 15 0.2   93 0.1     
Low-income subsidy status       <.0001 
   Yes 5,342 65.8  32,459 48.0   
   No 2,775 34.2   35,123 52.0     
Dual-eligibility status       <.0001 
   Yes 5,123 63.1  29,202 43.2   
   No 2,994 36.9   38,380 56.8     
End stage renal disease       0.0194 
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   Yes 117 1.4  774 1.1   
   No 8,000 98.6   66,808 98.9   
Comorbid medical conditions        
   Asthma 2,481 30.6  17,875 26.4  <.0001 
   Diabetes 3,418 42.1  22,590 33.4  <.0001 
   Ischemic heart disease 5,336 65.7  38,660 57.2  <.0001 
   Congestive heart failure 4,491 55.3  31,100 46.0  <.0001 
   All other cardiovascular disease 5,932 73.1  48,549 71.8  0.0184 
   Hypertension 7,198 88.7  56,307 83.3  <.0001 
   Alzheimer's disease and related 

disorders 
3,336 41.1  13,744 20.3  <.0001 

   Anxiety 3,094 38.1  9,625 14.2  <.0001 
   Bipolar 658 8.1  940 1.4  <.0001 
   Schizophrenia 200 2.5  333 0.5  <.0001 
   Neuropathic pain 1,022 12.6  5,221 7.7  <.0001 
   Obsessive-compulsive disorder 39 0.5  56 0.1  <.0001 
   Smoking cessation 1,289 15.9  9,481 14.0  <.0001 
   Cystic fibrosis 3 0.0  38 0.1  0.6195** 
   Alpha-1-antitrypsin deficiency 2 0.0  19 0.0  1.0000** 
   Respiratory cancer 318 3.9  3,404 5.0  <.0001 
   Fibrosis due to tuberculosis  1 0.0  10 0.0  1.0000** 
   Pneumoconiosis 38 0.5  548 0.8  0.0009 
   Pulmonary fibrosis 616 7.6  4,967 7.3  0.4355 
   Pulmonary tuberculosis 26 0.3  189 0.3  0.5155 
   Sarcoidosis 19 0.2   176 0.3  0.6581 
CC counts (Mean, SD)2 11.3 4.3  8.4 3.9  <.0001 
COPD severity               
   Had supplemental oxygen claims 1,674 20.6   14,283 21.1   0.2862 
Depression severity        
   Had a severe depression diagnosis3 650 8.0  0 0.0  N/A 
   Had depression hospitalization 347 4.3  26 0.0  <.0001 
      # of hospitalizations (Mean, 

SD)4 
1.3 0.7  1.0 0.2  <.0001 

   Received non-pharmacological 
psychiatric health service 4,560 56.2   5,674 8.4   <.0001 

1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 5th digit as ‘4’ 
4Among those who had a depression hospitalization   
*Had major depression diagnosis, regardless of antidepressant use, in 2006-2008 
^Chi-square tests for categorical variables and t-tests for continuous variables  
**Fisher's exact test     
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Table B.11 Baseline Characteristics of Beneficiaries Aged 65 and Older with 
Diagnoses of COPD and Major Depression, Stratified by Evidence of Antidepressant 
Treatment (n=8,117) 

 

Evidence of Antidepressant 
Treatment* 

  
Characteristics Yes No   

P 
Value^ 

 
N % N %     

Sample size 6,642 100  1,475 100     
SSDI1       0.0062 
   Yes 1,467 22.1  278 18.8   
   No 5,175 77.9   1,197 81.2     
Age (Mean, SD) 76.7 7.5  77.5 7.4  0.0001 
Age (n, %)       0.0006 
   65 – 74  2,814 42.4  546 37.0   
   75 – 84 2,687 40.5  640 43.4   
   85 + 1,141 17.2   289 19.6     
Sex       <.0001 
   Female 4,981 75.0  976 66.2   
   Male 1,661 25.0   499 33.8     
Race       <.0001 
   White 5,829 87.8  1,206 81.8   
   Black 326 4.9  140 9.5   
   Hispanic 373 5.6  86 5.8   
   Asian 40 0.6  23 1.6   
   Other 74 1.1   20 1.4     
Region       <.0001 
   Northeast 1,394 21.0  347 23.5   
   North Central 1,533 23.1  324 22.0   
   South 2,982 44.9  584 39.6   
   West 723 10.9  215 14.6   
   Other U.S. territories 10 0.2   5 0.3     
Low-income subsidy status       <.0001 
   Yes 4,507 67.9  835 56.6   
   No 2,135 32.1   640 43.4     
Dual-eligibility status       <.0001 
   Yes 4,329 65.2  794 53.8   
   No 2,313 34.8   681 46.2     
End stage renal disease       0.2524 
   Yes 91 1.4  26 1.8   
   No 6,551 98.6   1,449 98.2   
Comorbid medical conditions        
   Asthma 2,056 31.0  425 28.8  0.1064 
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   Diabetes 2,824 42.5  594 40.3  0.1140 
   Ischemic heart disease 4,386 66.0  950 64.4  0.2335 
   Congestive heart failure 3,706 55.8  785 53.2  0.0718 
   All other cardiovascular disease 4,867 73.3  1,065 72.2  0.4008 
   Hypertension 5,910 89.0  1,288 87.3  0.0692 
   Alzheimer's disease and related 

disorders 
2,798 42.1  538 36.5  <.0001 

   Anxiety 2,672 40.2  422 28.6  <.0001 
   Bipolar 562 8.5  96 6.5  0.0129 
   Schizophrenia 170 2.6  30 2.0  0.2389 
   Neuropathic pain 866 13.0  156 10.6  0.0099 
   Obsessive-compulsive disorder 36 0.5  3 0.2  0.0975** 
   Smoking cessation 1,062 16.0  227 15.4  0.5689 
   Cystic fibrosis 3 0.0  0 0.0  N/A 
   Alpha-1-antitrypsin deficiency 2 0.0  0 0.0  N/A 
   Respiratory cancer 262 3.9  56 3.8  0.7910 
   Fibrosis due to tuberculosis  0 0.0  1 0.1  N/A 
   Pneumoconiosis 28 0.4  10 0.7  0.1919 
   Pulmonary fibrosis 505 7.6  111 7.5  0.9188 
   Pulmonary tuberculosis 24 0.4  2 0.1  0.2080** 
   Sarcoidosis 12 0.2   7 0.5  0.0346 
CC counts (Mean, SD)2 11.4 4.3  11.0 4.4  0.0010 
COPD severity               
   Had supplemental oxygen claims 1,369 20.6   305 20.7   0.9543 
Depression severity        
   Had a severe depression diagnosis3 584 8.8  66 4.5  <.0001 
   Had depression hospitalization 340 5.1  34 2.3  <.0001 
      # of hospitalizations (Mean, 

SD)4 
1.3 0.7  1.1 0.3  0.0110 

   Received non-pharmacological 
psychiatric health service 3,839 57.8   721 48.9   <.0001 

1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 5th digit as ‘4’ 
4Among those who had a depression hospitalization  
*Had evidence of antidepressant use in 2006-2008  
^Chi-square tests for categorical variables and t-tests for continuous variables  
**Fisher's exact test  
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D.2.b. Baseline Characteristics of Beneficiaries Aged 65 and Older with Major 
Depression, Stratified by SSDI-eligibility 
 

Of beneficiaries with a major depression diagnosis (n=8,117), about one-fifth 

(21.5%) were SSDI-eligible (Table B.12). SSDI-eligible beneficiaries were significantly 

younger, more likely to be black, but less likely to be female. They were more likely to 

be LIS-eligible and Medicare-Medicaid dual-eligible. SSDI-eligible beneficiaries also 

were more likely to have selected comorbidities (including diabetes, selected psychiatric 

comorbidities, and pneumoconiosis) and to receive smoking cessation medications or 

services and non-pharmacological psychiatric health service. Compared to 

non-SSDI-eligible beneficiaries, SSDI-eligible beneficiaries had evidence of more 

severe baseline depression and COPD (all p<0.01). Similar findings also existed for 

SSDI-eligible beneficiaries with a major depression diagnosis and evidence of 

concurrent antidepressant treatment (Table B.13). 
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Table B.12 Baseline Characteristics of Beneficiaries Aged 65 and Older with 
Diagnoses of COPD and Major Depression, Stratified by SSDI Status (n=8,117)1* 

 
SSDI 

  
Characteristics Yes No   

P 
Value^ 

 
N % N %     

Sample size 1,745 100  6,372 100     
Age (Mean, SD) 72.5 6.2  78.0 7.4  <.0001 
Age (n, %)       <.0001 
   65 – 74  1,182 67.7  2,178 34.2   
   75 – 84 469 26.9  2,858 44.9   
   85 + 94 5.4   1,336 21.0     
Sex       <.0001 
   Female 1,192 68.3  4,765 74.8   
   Male 553 31.7   1,607 25.2     
Race       <.0001 
   White 1,526 87.4  5,509 86.5   
   Black 160 9.2  306 4.8   
   Hispanic 42 2.4  417 6.5   
   Asian 2 0.1  61 1.0   
   Other 15 0.9   79 1.2     
Region       0.0756 
   Northeast 341 19.5  1,400 22.0   
   North Central 421 24.1  1,436 22.5   
   South 794 45.5  2,772 43.5   
   West 187 10.7  751 11.8   
   Other U.S. territories 2 0.1   13 0.2     
Low-income subsidy status       <.0001 
   Yes 1,381 79.1  3,961 62.2   
   No 364 20.9   2,411 37.8     
Dual-eligibility status       <.0001 
   Yes 1,326 76.0  3,797 59.6   
   No 419 24.0   2,575 40.4     
End stage renal disease       0.0753 
   Yes 33 1.9  84 1.3   
   No 1,712 98.1   6,288 98.7   
Comorbid medical conditions        
   Asthma 558 32.0  1,923 30.2  0.1486 
   Diabetes 866 49.6  2,552 40.1  <.0001 
   Ischemic heart disease 1,190 68.2  4,146 65.1  0.0147 
   Congestive heart failure 1,006 57.7  3,485 54.7  0.0277 
   All other cardiovascular disease 1,249 71.6  4,683 73.5  0.1096 
   Hypertension 1,554 89.1  5,644 88.6  0.5755 
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   Alzheimer's disease and related 
disorders 

677 38.8  2,659 41.7  0.0274 

   Anxiety 766 43.9  2,328 36.5  <.0001 
   Bipolar 241 13.8  417 6.5  <.0001 
   Schizophrenia 47 2.7  153 2.4  0.4583 
   Neuropathic pain 231 13.2  791 12.4  0.3579 
   Obsessive-compulsive disorder 19 1.1  20 0.3  <.0001 
   Smoking cessation 380 21.8  909 14.3  <.0001 
   Cystic fibrosis 1 0.1  2 0.0  0.5163** 
   Alpha-1-antitrypsin deficiency 1 0.1  1 0.0  0.3838** 
   Respiratory cancer 58 3.3  260 4.1  0.1489 
   Fibrosis due to tuberculosis  0 0.0  1 0.0  N/A 
   Pneumoconiosis 16 0.9  22 0.3  0.0019 
   Pulmonary fibrosis 130 7.4  486 7.6  0.8043 
   Pulmonary tuberculosis 4 0.2  22 0.3  0.6326** 
   Sarcoidosis 4 0.2   15 0.2  1.0000** 
CC counts (Mean, SD)2 12.0 4.4  11.2 4.3  <.0001 
COPD severity               
   Had supplemental oxygen claims 404 23.2   1,270 19.9   0.0032 
Depression severity        
   Had a severe depression diagnosis3 156 8.9  494 7.8  0.1055 
   Had depression hospitalization 108 6.2  266 4.2  0.0042 
      # of hospitalizations (Mean, 

SD)4 
1.5 1.0  1.2 0.5  0.0181 

   Received non-pharmacological 
psychiatric health service 1,111 63.7   3,449 54.1   <.0001 

1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 5th digit as ‘4’ 
4Within those who had a depression hospitalization 
*Had major depression diagnosis, regardless of antidepressant use, in 2006-2008 
^Chi-square tests for categorical variables and t-tests for continuous variables 
**Fisher's exact test  
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Table B.13 Baseline Characteristics of Beneficiaries Aged 65 and Older with 
Diagnoses of COPD and Major Depression and Evidence of Antidepressant 
Treatment, Stratified by SSDI Status (n=6,642)1* 

 
SSDI 

  
Characteristics Yes No   

P 
Value^ 

 
N % N %     

Sample size 1,467 100  5,175 100     
Age (Mean, SD) 72.3 6.2  77.9 7.4  <.0001 
Age (n, %)       <.0001 
   65 – 74  1,005 68.5  1,809 35.0   
   75 – 84 386 26.3  2,301 44.5   
   85 + 76 5.2   1,065 20.6     
Sex       <.0001 
   Female 1,033 70.4  3,948 76.3   
   Male 434 29.6   1,227 23.7     
Race       <.0001 
   White 1,317 89.8  4,512 87.2   
   Black 105 7.2  221 4.3   
   Hispanic 31 2.1  342 6.6   
   Asian 1 0.1  39 0.8   
   Other 13 0.9   61 1.2     
Region       <.0001 
   Northeast 279 19.0  1,115 21.5   
   North Central 365 24.9  1,168 22.6   
   South 676 46.1  2,306 44.6   
   West 146 10.0  577 11.1   
   Other U.S. territories 1 0.1   9 0.2     
Low-income subsidy status       <.0001 
   Yes 1,185 80.8  3,322 64.2   
   No 282 19.2   1,853 35.8     
Dual-eligibility status       <.0001 
   Yes 1,143 77.9  3,186 61.6   
   No 324 22.1   1,989 38.4     
End stage renal disease       0.0004 
   Yes 24 1.6  67 1.3   
   No 1,443 98.4   5,108 98.7   
Comorbid medical conditions        
   Asthma 474 32.3  1,582 30.6  <.0001 
   Diabetes 739 50.4  2,085 40.3  <.0001 
   Ischemic heart disease 1,017 69.3  3,369 65.1  <.0001 
   Congestive heart failure 855 58.3  2,851 55.1  <.0001 
   All other cardiovascular disease 1,061 72.3  3,806 73.5  <.0001 
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   Hypertension 1,314 89.6  4,596 88.8  <.0001 
   Alzheimer's disease and related 

disorders 
572 39.0  2,226 43.0  <.0001 

   Anxiety 680 46.4  1,992 38.5  <.0001 
   Bipolar 203 13.8  359 6.9  <.0001 
   Schizophrenia 40 2.7  130 2.5  0.0071 
   Neuropathic pain 198 13.5  668 12.9  <.0001 
   Obsessive-compulsive disorder 16 1.1  20 0.4  <.0001 
   Smoking cessation 314 21.4  748 14.5  <.0001 
   Cystic fibrosis 1 0.1  2 0.0  0.0325 
   Alpha-1-antitrypsin deficiency 1 0.1  1 0.0  0.0014** 
   Respiratory cancer 49 3.3  213 4.1  0.0083 
   Fibrosis due to tuberculosis  0 0.0  0 0.0  N/A 
   Pneumoconiosis 13 0.9  15 0.3  0.0068 
   Pulmonary fibrosis 111 7.6  394 7.6  <.0001 
   Pulmonary tuberculosis 3 0.2  21 0.4  0.3377 
   Sarcoidosis 4 0.3   8 0.2  <.0001 
CC counts (Mean, SD)2 12.1 4.4  11.2 4.3  <.0001 
COPD severity               
   Had supplemental oxygen claims 342 23.3   1,027 19.8   <.0001 
Depression severity        
   Had a severe depression diagnosis3 143 9.7  441 8.5  <.0001 
   Had depression hospitalization 102 7.0  238 4.6  0.0048 
      # of hospitalizations (Mean, SD)4 1.5 1.0  1.2 0.6  0.0226 
   Received non-pharmacological 

psychiatric health service 942 64.2   2,897 56.0   <.0001 
1SSDI: Social security disability insurance 
2CMS comorbid condition counts 
3Had a depression diagnosis with the 
5th digit as ‘4’ 

       4Within those who had a depression hospitalization 
*Had major depression diagnosis, regardless of antidepressant use, in 2006-2008 
^Chi-square tests for categorical variables and t-tests for continuous variables 
**Fisher's exact test  

 

 

 

 

 



 

194 
 

D.3. Multivariable Results for Beneficiaries Aged 65 Years and Older 

D.3.a. Model Building Criteria 

The same model building criteria as in Chapter V were applied to reduce 

multicollinearity and redundancy. After applying these model building criteria, same 

factors (except for age) were removed or modified in multivariable models estimating 

the association between SSDI-eligibility and major depression diagnosis among the 65 

years and older sample. Age was operationalized as a categorical variable due to its 

small correlation (Pearson correlation coefficient t=-0.23) with SSDI-eligible status in 

this 65 years and older sample. 

 

D.3.b. Factors Associated with Major Depression Diagnosis in Beneficiaries Aged 65 
and Older: Main Effects Model 
 

A full main effects model including all covariates was initially conducted then 

compared with reduced models through QIC criterion. At the end, the optimized main 

effects model removed other cardiovascular disease, obsessive-compulsive disorder, and 

all respiratory comorbidities except for respiratory cancer.  

In the main effects model (Table B.14), SSDI-eligibility was associated with a 

12% (95% CI=6%, 18%) higher likelihood of having a major depression diagnosis. In 

addition, younger age, female sex, Hispanic ethnicity, and LIS-eligibility also were 

associated with higher likelihood of having a major depression diagnosis. Having most 

comorbidities and receiving smoking cessation medications or services also were 

significantly associated with higher likelihood of having a major depression diagnosis.  
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However, selected racial/ethnic groups (black and Asian) and region areas (north 

central and west) were associated with lower likelihood of having a major depression 

diagnosis. Baseline COPD severity was associated with a 5% (95% CI=0%, 10%) lower 

likelihood of having a major depression diagnosis in this 65 years and older Medicare 

COPD sample. 

 

Table B.14 Factors Associated with Major Depression Among Medicare 
Beneficiaries Aged 65 and Older with Diagnoses of COPD – Main Effects 
Model (n=75,699) 

Factors Major Depression Diagnosis 
  PR Lower CI Upper CI 
SSDI1 1.12 1.06 1.18 
Age  
   65-74 reference 
   75-84 0.89 0.85 0.94 
   85+ 0.76 0.72 0.82 
Female vs. male 1.26 1.20 1.32 
Race 

      White reference 
   Black 0.70 0.64 0.77 
   Hispanic 1.77 1.62 1.92 
   Asian 0.66 0.52 0.84 
   Other 0.96 0.79 1.16 
Region 

      Northeast reference 
   North Central 0.92 0.87 0.98 
   West 0.87 0.81 0.94 
   South 0.96 0.91 1.01 
Low-income eligibility  

      No reference 
   Yes 1.39 1.33 1.46 
End stage renal disease    
   No reference 
   Yes 1.05 0.89 1.25 
Comorbid medical conditions 
   Asthma 1.11 1.07 1.16 
   Diabetes 1.14 1.09 1.19 
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   Ischemic heart disease 1.15 1.09 1.20 
   Congestive heart failure 1.07 1.03 1.12 
   Hypertension 1.17 1.10 1.25 
   Alzheimer's disease 1.89 1.80 1.98 
   Anxiety 2.28 2.18 2.38 
   Bipolar 2.04 1.90 2.19 
   Schizophrenia 1.45 1.29 1.64 
   Neuropathic pain 1.42 1.34 1.51 
   Smoking cessation 1.07 1.01 1.13 
   Respiratory cancer 0.90 0.81 1.00 
COPD severity indicators 

      Had supplemental oxygen claims 0.95 0.90 1.00 
1SSDI: Social security disability insurance 
Bold numbers indicate P < 0.05 

   Outcome was measured in 2006-2008. Covariates measured in 2006 baseline year. 
PR: prevalence ratio. CI: confidence interval. 
 
 

D.3.c. Factors Associated with Major Depression Diagnosis in Beneficiaries Aged 65 
and Older: Interaction Model 
 

After testing SSDI-eligibility interaction terms, the following two interactions 

were retained in the final model (statistically significant at p<0.05): SSDI*race and 

SSDI*asthma (Table B.15). Therefore, the association of these two comorbidities on 

major depression diagnosis differed between SSDI-eligible and non-SSDI-eligible 

beneficiaries. Those associations were stronger in non-SSDI-eligible than in 

SSDI-eligible beneficiaries. 
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Table B.15 Factors Associated with Major Depression Among Medicare 
Beneficiaries Aged 65 and Older with Diagnosis of COPD and Modified by 
SSDI-eligibility Status – Interaction Model (n=75,699)* 

Factors Major Depression Diagnosis 
  PR Lower CI Upper CI 
Race     
   White reference 
   Black 

       in SSDI 0.77 0.66 0.89 
       in non-SSDI 0.68 0.61 0.75 
    Hispanic     

      in SSDI 1.09 0.83 1.44  
      in non-SSDI 1.89 1.73 2.07  
   Asian     
      in SSDI 0.30 0.08 1.08  
      in non-SSDI 0.69 0.54 0.88  
   Other     
      in SSDI 0.78 0.48 1.28  
      in non-SSDI 1.00 0.81 1.23  
   Asthma 

          in SSDI 1.01 0.92 1.11 
       in non-SSDI 1.15 1.09 1.20 
 P value for Interaction terms 

       SSDI*race <0.0001  
    SSDI*asthma 0.0147 
 *Model also controlled for age, gender, region, LIS, ESRD, diabetes, ischemic heart 

disease, congestive heart failure, hypertension, Alzheimer’s disease, anxiety, 
bipolar, schizophrenia, neuropathic pain, smoking cessation, respiratory cancer, and 
supplemental oxygen use 
Bold numbers indicate P < 0.05 
Outcome was measured in 2006-2008. Covariates measured in 2006 baseline year. 
PR: prevalence ratio. CI: confidence interval. 
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D.3.d Factors Associated with Evidence of Antidepressant Treatment among 
Beneficiaries Aged 65 and Older with Major Depression Diagnosis: Main Effects 
Model 
 

A full main effects model including all covariates was initially conducted then 

compared with reduced models through QIC criterion. At the end, none of the covariates 

was removed from final main effects model after comparing QIC.  

In the main effects model (Table B.16), SSDI-eligibility was not associated with 

evidence of concurrent antidepressant treatment. However, younger age, female sex, 

geographic regions (north central and south), and LIS-eligibility were associated with 

higher likelihood of receiving concurrent antidepressant treatment. Having selected 

comorbidities (including Alzheimer's disease, anxiety, and neuropathic pain) and more 

severe depression also were associated with higher likelihood of receiving concurrent 

antidepressant treatment. However, selected racial/ethnic groups (black, Hispanic, and 

Asian) were associated with lower likelihood of receiving concurrent antidepressant 

treatment. Baseline COPD severity was not associated with receipt of antidepressant 

treatment. 
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Table B.16 Factors Associated with Evidence of Antidepressant Treatment 
Among Medicare Beneficiaries Aged 65 and Older with Diagnoses of COPD and 
Major Depression – Main Effects Model (n=8,117) 

Factors 
  

Evidence of Antidepressant Treatment 
PR Lower CI Upper CI 

SSDI1 1.01 0.98 1.03 
Age     
   65-74 reference 
   75-84 0.97 0.95 0.99 
   85+ 0.95 0.92 0.98 
Female vs. male 1.07 1.05 1.10 
Race 

      White reference 
   Black 0.82 0.78 0.88 
   Hispanic 0.93 0.89 0.98 
   Asian 0.79 0.66 0.95 
   Other 0.95 0.85 1.05 
Region 

      Northeast reference 
   North Central 1.03 1.00 1.07 
   West 0.99 0.95 1.03 
   South 1.05 1.02 1.07 
Low-income eligibility  

      No reference 
   Yes 1.10 1.07 1.12 
End stage renal disease    
   No reference 
   Yes 0.96 0.88 1.06 
Comorbid medical conditions 
   Asthma 1.02 0.99 1.04 
   Diabetes 1.00 0.98 1.03 
   Ischemic heart disease 1.00 0.98 1.03 
   Congestive heart failure 1.01 0.99 1.03 
   All other cardiovascular disease 1.01 0.99 1.04 
   Hypertension 1.01 0.98 1.05 
   Alzheimer's disease 1.03 1.00 1.05 
   Anxiety 1.06 1.04 1.08 
   Bipolar 0.99 0.96 1.03 
   Schizophrenia 0.99 0.93 1.04 
   Neuropathic pain 1.03 1.01 1.06 
   Smoking cessation 0.98 0.96 1.01 
   Respiratory cancer 1.02 0.97 1.08 
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   Pulmonary fibrosis 1.00 0.96 1.04 
   Other respiratory diseases 0.98 0.88 1.09 
COPD severity indicators 
   Had supplemental oxygen claims 0.99 0.96 1.01 
Depression severity    
   Had a severe depression diagnosis2 1.06 1.03 1.09 
   Had depression hospitalization3 1.07 1.03 1.11 
   Received non-pharmacological 

psychiatric health service 1.03 1.00 1.05 
1SSDI: Social security disability insurance 
2Had a depression diagnosis with the 5th digit as ‘4’ 
3Hospitalization with primary diagnosis of depression 
Bold numbers indicate P < 0.05  

  Outcome was measured in 2006-2008. Covariates measured in 2006 baseline year. 
PR: prevalence ratio. CI: confidence interval. 
 
 

D.3.e Factors Associated with Evidence of Antidepressant Treatment among 
Beneficiaries Aged 65 and Older with Major Depression Diagnosis: Interaction Model 
 

After testing SSDI-eligibility interaction terms, only interaction SSDI*receipt of 

non-pharmacological psychiatric health service was retained in the final model 

(statistically significant at p<0.05). Results of receipt of non-pharmacological 

psychiatric health service stratified by SSDI-eligibility are reported in Table B.17. 

Receiving non-pharmacological psychiatric health service antidepressant treatment was 

associated with a higher likelihood of receiving antidepressant treatment in 

non-SSDI-eligible beneficiaries, but not in SSDI-eligible beneficiaries. 
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Table B.17 Factors Associated with Evidence of Antidepressant Treatment 
Among Medicare Beneficiaries Aged 65 and Older with Diagnoses of COPD 
and Major Depression – Interaction Model (n=8,117)* 

Factors Evidence of Antidepressant Treatment 
  PR Lower CI Upper CI 
   Received non-pharmacological 

psychiatric health service 
          in SSDI 0.98 0.94 1.02 

       in non-SSDI 1.04 1.01 1.06 
 P value for Interaction terms 

       SSDI* Received 
non-pharmacological 
psychiatric health service 

0.0250 

 *Model also controlled for age, gender, race, region, LIS, ESRD, asthma, diabetes, 
ischemic heart disease, congestive heart failure, all other cardiovascular disease, 
hypertension, Alzheimer’s disease, anxiety, bipolar, schizophrenia, neuropathic 
pain, smoking cessation, respiratory cancer, pulmonary fibrosis, and other 
respiratory diseases, supplemental oxygen use, and other depression severity 
indicators 
Bold numbers indicate P < 0.05 
Outcome was measured in 2006-2008. Covariates measured in 2006 baseline year. 
PR: prevalence ratio. CI: confidence interval. 

 

 

Section E: Summary of Appendix B Results  

The sensitivity analyses were conducted using major depression diagnoses 

(Appendix B) instead of general depression diagnosis. Since individuals with major 

depression represent a more severe subgroup of depressed beneficiaries, sensitivity 

analyses using major depression diagnoses found lower proportion of beneficiaries had a 

major depression diagnosis than general depression diagnosis in Medicare beneficiaries 

with COPD (13.3% vs. 39.4%, respectively), as well as in both SSDI-eligibles and 

non-SSDI-eligibles. After limiting to beneficiaries aged 65 and older, the proportion of 
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beneficiaries with a major depression diagnosis was lower (10.7%) than in the total 

sample. 

Consistent with findings using depression diagnoses, the proportion of 

beneficiaries with major depression diagnosis was higher in SSDI-eligibles (20.2%) than 

non-SSDI-eligibles (10.1%). Among beneficiaries with a major depression diagnosis, 

the proportion of beneficiaries with evidence of concurrent antidepressants also was 

higher in SSDI-eligibles (86.0%) than non-SSDI-eligibles (81.2%). After limiting to 

beneficiaries aged 65 and older, the proportion of beneficiaries with a major depression 

diagnosis reduced to 14.2% in SSDI-eligibles. The proportion of beneficiaries with 

evidence of antidepressants also reduced (84.1%) correspondingly. 

Multivariable results confirmed the association between SSDI-eligibility and 

major depression diagnosis – being a SSDI-eligible beneficiary with a 16% (95% 

CI=11%, 21%) higher likelihood of having a major depression diagnosis compared to 

being a non-SSDI-eligible beneficiary. Among Medicare beneficiaries aged 65 and 

older, this association remained with a lower magnitude (12% with 95% CI=6%, 18%). 

However, SSDI-eligibility was not associated with evidence of receiving concurrent 

antidepressant treatment among beneficiaries with a major depression diagnosis.  

SSDI-eligibility modified the associations among major depression diagnosis and 

specific socioeconomic factors (age, race, and LIS) and selected comorbidities (such as 

asthma, ischemic heart disease, congestive heart failure, Alzheimer's disease, anxiety, 

bipolar, schizophrenia, and neuropathic pain). Some (race and asthma) of these effect 
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modification of SSDI-eligibility remained after limiting to beneficiaries 65 years and 

older.  

Among beneficiaries with a major depression diagnosis, SSDI-eligibility did not 

modify the associations between antidepressant treatment and other baseline factors. 

However, among Medicare beneficiaries 65 years of age and older with a major 

depression diagnosis, SSDI-eligibility modified the association between receipt of 

non-pharmacological psychiatric health service and evidence of concurrent 

antidepressant treatment: receipt of non-pharmacological psychiatric health service was 

associated with a higher likelihood of receiving antidepressant treatment in 

non-SSDI-eligible but not in SSDI-eligible beneficiaries. This modification effect of 

SSDI-eligibility remained after limiting to Medicare beneficiaries 65 years and older. 

Beneficiaries with severe COPD at baseline were less likely to have major 

depression; among beneficiaries with major depression, no association between COPD 

severity and evidence of antidepressant treatment was observed. This finding suggests 

that major depression may not be a reaction to COPD. SSDI-eligibility did not modify 

the associations among baseline COPD severity and major depression and receipt of 

antidepressant treatment. Similar findings held after limiting to beneficiaries 65 years of 

age and older. 
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APPENDIX C: SENSIVITIY ANALYSES FOR INFLUENCE OF CO MORBID 
DEPRESSION ON MORTALITY IN SSDI- AND NON-SSDI MEDIC ARE 

BENEFICIARIES WITH COPD  
 

Appendix C includes results from sensitivity analyses for Chapter VI (Aim 3): 

To estimate and compare the influence of comorbid depression on mortality in 

SSDI-eligible and non-SSDI-eligible Medicare beneficiaries aged 65 and older with 

COPD. To test for the possibility of disease misclassification, a series of sensitivity 

analyses are conducted: 1) limiting to beneficiaries with COPD but no comorbid asthma 

at baseline; and 2) limiting to beneficiaries without evidence of comorbid bipolar and/or 

schizophrenia disorders at baseline. In addition, since individuals with major depression 

represent a more severe subgroup of depressed beneficiaries, sensitivity analyses using 

major depression diagnosis also are conducted. 

Appendix C presents results from these sensitivity analyses of estimating risk of 

death from having a baseline depression diagnosis (Section A) and, among beneficiaries 

with a baseline depression diagnosis, estimating risk of death from evidence of 

antidepressant treatment (Section B). 

 
Section A: Sensitivity Analyses Estimating Risk of Death with Having a Depression 
Diagnosis 
 

Detailed information on the measures and analytical approach for Aim 3 is 

included in Chapter III Methodology and Chapter VI Section A. Sensitivity analyses are 

conducted: 1) limiting to beneficiaries with COPD but no comorbid asthma at baseline; 

2) limiting to beneficiaries without evidence of comorbid bipolar and/or schizophrenia 

disorders at baseline; and 3) using major instead of general depression diagnosis. 
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After limiting to beneficiaries with no comorbid asthma, the sample size reduced 

more than a quarter (n=20,356, or 26.9%) of the original sample. After limiting to 

beneficiaries with no comorbid bipolar and/or schizophrenia, the sample size reduced 

about 3% (n=2,131, or 2.8% of original sample). Finally, after using baseline major 

depression diagnoses, the proportion of beneficiaries aged 65 and older with a major 

depression diagnosis was 6.1% (n=4,637).  

Beneficiaries with a major depression diagnosis at baseline were more likely to 

be SSDI-eligible and in the younger subgroups (age in 65-74 and 75-84). In addition, 

beneficiaries with a major depression diagnosis at baseline were more likely to be 

female and black and Hispanic. They also were more likely to be LIS-eligible and 

Medicare-Medicaid dual-eligible. Beneficiaries with a major depression diagnosis at 

baseline were more likely to have cardiovascular and psychiatric comorbidities, and 

more likely to receive smoking cessation medications or services and 

non-pharmacological psychiatric health services. However, beneficiaries with a major 

depression diagnosis at baseline were less likely than their non-depressed counterparts to 

have respiratory cancer. Beneficiaries with a major depression diagnosis at baseline also 

had less severe COPD but more severe depression (all p<0.01).  

Table C.1 presents results from all three sensitivity analyses with baseline 

depressive diagnosis and SSDI-eligibility, with added covariates. Compared to results 

from the main analyses, sensitivity analyses testing the possibility of disease 

misclassification found similar results after limiting to beneficiaries without comorbid 

asthma: having a baseline depression diagnosis was associated with an increased risk of 
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death in non-SSDI-eligible beneficiaries, but not in SSDI-eligible beneficiaries. After 

limiting to beneficiaries without comorbid schizophrenia and bipolar disorders, 

SSDI-eligibility no longer modified risk of death from baseline depression diagnosis. 

Both having a baseline depression diagnosis and being SSDI-eligible leaded to increased 

risk of death.  

However, the last sensitivity analysis of using major instead of general baseline 

depression diagnosis found reduced risk of death from major depression diagnosis. This 

finding might be connected with results from sensitivity analyses for aim 2 (Appendix B) 

– baseline COPD severity was negatively associated with major depression. If major 

depression is not a reaction to COPD severity, the negative impact of comorbid 

depression on clinical outcomes for COPD population might result from other 

depressive symptoms instead of unipolar depression. 
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Table C.1 Relation between Baseline Depression Diagnosis and All-cause 
Mortality Among Medicare Beneficiaries Aged 65 and Older with Diagnoses 
of COPD  -- Sensitivity Analyses 

Models Mortality 
  HR Lower CI Upper CI 
Interaction model from main 
analyses^¥ 

Baseline depression diagnosis 
In SSDI 1.04 0.96 1.11 

In Non-SSDI 1.13 1.09 1.18 
Sensitivity analyses: no asthma^1 

Baseline depression diagnosis    
In SSDI 1.00 0.92 1.10 

In non-SSDI 1.14 1.09 1.19 
Sensitivity analyses: no bipolar 
and/or schizophrenia^2 

Baseline depression diagnosis 1.11 1.07 1.15 
SSDI 1.11 1.07 1.16 

Sensitivity analyses: using major 
depression diagnosis^3 
Baseline major depression diagnosis 0.92 0.87 0.98 

SSDI 1.10 1.06 1.14 
^Controlling for age, gender, race/ethnicity, region, end stage renal disease, asthma, 
diabetes, ischemic heart disease, congestive heart failure, hypertension, other 
cardiovascular disease, Alzheimer's disease and related disorders or senile 
dementia, anxiety, bipolar, schizophrenia, neuropathic pain, smoking cessation, 
respiratory cancer, other respiratory diseases, evidence of supplemental oxygen 
use, baseline severe depression diagnosis, evidence of depression hospitalization 
and non-pharmacological psychiatric health services. 
 
¥One interaction term baseline depression diagnosis*SSDI was significant 
(p<0.0001), so it was retained in final model. 
 

1One interaction term baseline depression diagnosis*SSDI was significant 
(p=0.0072), so it was retained in final model. 
 

2One interaction term baseline depression diagnosis*SSDI was not significant 
(p=0.1221), so it was removed from final model. 
 

3One interaction term baseline major depression diagnosis*SSDI was not 
significant (p=0.0873), so it was removed from final model. 
 
Bold numbers indicate P < 0.05 
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Section B: Sensitivity Analyses Estimating Risk of Death from Evidence of 
Antidepressant Treatment among Beneficiaries with Depression 
 
 

Table C.2 presents results from all three sensitivity analysis with evidence of 

antidepressant treatment and SSDI-eligibility, with added covariates. Compared to 

results from main analyses, sensitivity analyses testing the possibility of disease 

misclassification also found similar results. After limiting to beneficiaries without 

comorbid asthma or schizophrenia/bipolar, SSDI-eligibility still modified risk of death 

from antidepressant treatment, with more reduced risk of death in SSDI-eligible than in 

non-SSDI-eligible beneficiaries. However, after using major instead of general 

depression diagnosis, the effect modification of SSDI-eligibility was no longer observed. 

Receipt of antidepressant treatment was associated with a reduced risk of death. 
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Table C.2 Relation between Evidence of Antidepressant Treatment and All-cause 
Mortality Among Medicare Beneficiaries Aged 65 and Older with Diagnoses of 
COPD and Baseline Depression Diagnosis  -- Sensitivity Analyses 

Models Mortality 
  HR Lower CI Upper CI 
Interaction model from main analyses^¥ 

Antidepressant treatment  
In SSDI 0.43 0.36 0.51 

In non-SSDI 0.63 0.58 0.68 
Sensitivity analyses: no asthmâ¥ 

Antidepressant treatment     
In SSDI 0.40 0.33 0.49 

In non-SSDI 0.66 0.60 0.72 
Sensitivity analyses: no bipolar and/or 
schizophrenia^1 

Antidepressant treatment  
In SSDI 0.47 0.39 0.56 

In non-SSDI 0.63 0.58 0.68 
Sensitivity analyses: using major 
depression diagnosis^2 

Antidepressant treatment 0.48 0.41 0.56 
SSDI 1.11 0.87 1.41 

^Controlling for age, gender, race/ethnicity, region, end stage renal disease, asthma, 
diabetes, ischemic heart disease, congestive heart failure, hypertension, other 
cardiovascular disease, Alzheimer's disease and related disorders or senile dementia, 
anxiety, bipolar, schizophrenia, neuropathic pain, smoking cessation, respiratory cancer, 
other respiratory diseases, evidence of supplemental oxygen use, baseline severe 
depression diagnosis, evidence of depression hospitalization and non-pharmacological 
psychiatric health services. 
 
¥One interaction term antidepressant treatment*SSDI was significant (p<0.0001), so it 
was retained in final model. 
 

1One interaction term antidepressant treatment*SSDI was significant (p=0.0024), so it 
was retained in final model. 
 

2Neither of the two interaction terms antidepressant treatment*SSDI and antidepressant 
treatment*SSDI*time (SSDI*time also was in the model) was significant (p=0.5849 and 
p=0.8351, respectively), so they were removed from final model. 
 
Bold numbers indicate P < 0.05 
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