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Abstract

Objective—Personalized Intervention for Depressed Patients with COPD (PID-C), a treatment 

mobilizing patients to participate in their care, was found more effective than usual care. To further 

improve its efficacy, we developed a Problem Solving-Adherence (PSA) intervention integrating 

problem solving into adherence enhancement procedures. We tested the hypothesis that PSA is 

more effective than PID-C in reducing depressive symptoms. Exploratory analyses sought to 

identify patients with distinct depressive symptom trajectories and compare their clinical profiles.

Design—Randomized controlled trial.

Setting—Acute inpatient rehabilitation and community.

Participants—101 diagnosed with COPD and major depression after screening 633 consecutive 

admissions for acute inpatient rehabilitation.

Intervention—14 sessions of PID-C vs. PSA over 26 weeks.

Measurements—24-item Hamilton Depression Rating Scale (HAM-D).

Results—PSA was not more efficacious than PID-C in reducing depressive symptoms. 

Exploratory latent class growth modeling identified two distinct depressive symptoms trajectories. 

Unlike patients with unfavorable course (28%) who remained symptomatic, patients with 

favorable course (72%) had a decline of symptoms during the hospitalization followed by a milder 

decline after discharge. Patients with unfavorable course were younger, had greater scores in 

disability, anxiety, neuroticism, and dyspnea related limitation in activities and lower self-efficacy 

scores.
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Conclusions—Both interventions led to sustained improvement depressive symptoms. PID-C 

matches the skills of clinicians employed by community rehabilitation programs and can be 

integrated in the care of depressed COPD patients. Patients with severe disability, anxiety, 

neuroticism, and low self-efficacy are at risk for poor outcomes and in need of close follow-up and 

targeted interventions.
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INTRODUCTION

COPD afflicts 17% of older men and 13% of older women.(1) Despite reduced cigarette 

smoking, the number of COPD patients continues to rise because the illness onset occurs 

many years after the insult of smoking.(2) COPD has been the only major chronic disease 

for which death rates have increased over the past 30 years.(1) It is projected that, by 2020, 

COPD will be the third leading cause of death worldwide.

At least 24% of COPD patients have had one or more episodes of major depression, 

frequently of long duration.(3) Depressive symptoms are associated with disability, high 

medical burden and mortality.(4, 5) Antidepressants have modest efficacy in COPD patients.

(6) Along with limited efficacy, patients’ reluctance to receive antidepressants further 

reduces the impact of antidepressants on the care of patients with major depression and 

COPD.(7)

Pulmonary rehabilitation consisting of strengthening, breathing, and endurance exercises is 

the cornerstone of COPD treatment (8) and has been shown to improve major depression in 

COPD patients.(9) Despite its clinical benefit, adherence to rehabilitation remains a problem 

among COPD patients.(3) Depression further worsens treatment adherence. Compared to 

non-depressed patients, the odds are 3 times greater that depressed medical patients will be 

noncompliant with prescribed medications, exercise, diet, health related behavior, 

vaccination, and appointments.(10)

In response to concerns about treatment adherence, we developed the Personalized 

Intervention for Depressed patients with COPD (PID-C) and documented that it reduced 

depressive symptoms and dyspnea-related disability more than usual care.(9) PID-C is 

administered by care managers who identify patient specific treatment barriers, and through 

support and targeted interventions (i.e. correction of misconceptions, misunderstanding of 

recommendations, misattribution of symptoms, hopelessness, dissatisfaction with treatment, 

logistic barriers), help them to work both on their exercise regimens and encourage them to 

adhere to medication prescribed by their own physicians. Care managers also work with the 

patients’ physicians in monitoring the patients’ treatment and progress.

To further improve the efficacy of PID-C, we developed Problem Solving-Adherence (PSA), 

an intervention integrating problem solving techniques into the adherence enhancement 

procedures of PID-C. We reasoned that, in addition to low motivation and energy, depressed 

COPD patients lack problem solving skills required for adhering to rehabilitation and 
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treatment. We selected problem solving because it is effective in reducing depression and 

disability in older adults, including patients with executive dysfunction (11, 12), a common 

impairment in COPD patients (13) interfering with planning, initiating, and sequencing 

behavior, thus complicating treatment adherence. This report tests the primary hypothesis of 

this study, which postulates that PSA is more effective than PID-C in reducing depressive 

symptoms over a period of 26 weeks. Exploratory analyses were conducted to identify 

groups of patients with distinct depressive symptom trajectories and compare their clinical 

profiles.

METHOD

Participants

The participants were consecutively admitted patients to the acute inpatient pulmonary 

rehabilitation unit of a rehabilitation hospital. All participants signed consent approved by 

the Weill Cornell Medicine Institutional Review Board (IRB). The hospital accepts patients 

with impairment in ambulation and other functions due to respiratory diseases and patients 

requiring respiratory support.

Participants were required to have the diagnosis of COPD, meet DSM-IV criteria (14) for 

unipolar major depression, and have a score of 20 or greater on 24-item Hamilton 

Depression Rating Scale (HAM-D).(15) Patients were excluded if they had DSM-IV 

diagnoses other than unipolar major depression, significant cognitive impairment (i.e. Mini 

Mental State Examination (16) score of 23 or lower), or were unable to complete research 

interviews. Depressed patients with anxiety disorders were included.

Assessment

The diagnosis of COPD was made by a pulmonologist (RSN) according to the American 

Thoracic Society Guidelines(17). Psychiatric diagnosis was assigned according to DSM-IV 

criteria after a SCID-R(18) interview conducted within the first 2 days after admission.

Further assessment was conducted by trained research assistants, unaware of treatment 

assignment and hypotheses. Depressive symptoms were rated with the HAM-D. Dyspnea-

related disability was quantified with the Pulmonary Functional Status and Dyspnea 

Questionnaire–Modified (PFSDQ-M), an interviewer-administered scale for COPD patients 

assessing dyspnea during the performance of ten activities.(19–21) Global disability was 

assessed with the World Health Organization Disability Assessment Schedule II 12-item 

(WHODAS-II-12).(22) Medical burden was quantified with the Charlson Comorbidity Index 

(CCI).(23) Anxiety [Generalized Anxiety Disorder 7-item Scale (24)], neuroticism [NEO-

PI.(25)], and self-efficacy [Liverpool Scale.(26)] were assessed at entry because they are 

often associated with poor outcomes of depression.(27–33)

Treatment at the Rehabilitation Hospital

Treatment included respiratory, physical, occupational, and speech therapy, and social work 

planning of post-discharge support services. The average length of stay was two weeks. 
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Subjects were randomized to PID-C or PSA in 5-subject blocks using random numbers. The 

clinical team was unaware of the randomization status.

Treatment and Assessment Protocol

Fourteen sessions of either PID-C or PSA were offered over 26 weeks. The first 2 sessions 

were administered during hospitalization. They introduced the treatment rationale, assessed 

the participants’ needs, and formed a personalized plan. The subsequent 8 sessions were 

administered weekly after discharge at the participants’ homes or the therapists’ offices 

depending on the participants’ ability to travel. Four additional monthly sessions intended to 

reinforce the skills and behaviors imparted during the first 10 weekly sessions. Sessions 

were audiotaped and 10% of randomly selected sessions were evaluated for treatment 

fidelity with the PID-C and PSA Adherence Scales (Composite scores: 1: very poor, 2: poor: 

3: satisfactory, 4: good, 5: excellent). Treatment fidelity ratings were performed by an 

experienced psychologist, who was not a member of the research team and who had been 

trained in problem solving therapy, PID-C and PSA.

Interviews by research assistants were conducted prior to therapy sessions. Severity of 

depression (HAM-D), was assessed at baseline, discharge and at 10th, 14th, and 26th week.

PID-C

PID-C consisted of in-person approximately 45 min in-person sessions with patients and 

interaction with their physicians by telephone when needed. A manual guided care managers 

in evaluating barriers to adherence to physicians’ recommendations in individual patients 

and plans to address them.(34, 35) When caregivers participated in the patients’ care, the 

care managers interacted with them using the same guidelines with those for patients. The 

care managers remained in telephone contact with the patients’ physicians and informed 

them of any changes in the patients’ status and any problems with adherence.

The PID-C care managers were master’s level social workers. They received the PID-C 

Manual and readings on COPD and depression. They also attended a one-day workshop 

conducted by PJR (clinical psychologist) in which they role played typical sessions. 

Therapists, then, treated 3 practice cases, which were audiotaped and rated by PJR. More 

practice cases were used as needed until therapists received an average PID-C Treatment 

Adherence Scale score of 4 for each case in 3 consecutive cases. Clinician investigators 

offered weekly supervision during the trial. The average composite score of 10% of 

randomly selected audiotaped sessions in the PID-C Adherence Scale was 4.67 (SD: 0.55), 

i.e. “good” to “excellent” range.

PSA

PSA integrates the personalized approach to adherence barriers of PID-C with development 

of problem solving skills. As in PID-C, the first targeted problems were related to adherence 

to treatment recommendations. Some adherence problems (e.g. misunderstanding, limited 

information) were addressed with education and direct instruction. However, hopelessness, 

helplessness and fatigue interfering with exercise and activities, social isolation and neglect 

of important relationships were addressed with problem solving skill development using the 

Alexopoulos et al. Page 4

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



following steps: 1. Selection and problem definition; 2. Establishment of realistic and 

achievable goals; 3. Generation of alternative solutions; 4. Application of the decision 

making process; 5. Evaluation and selection of solutions; 6. Implementation of the preferred 

solution; and 7. Evaluation of outcome. Care managers introduced learning exercises that 

made use of multi-modal presentation of material, and within session repetition of the taught 

material, i.e. “Say-it, show-it, do-it”.(36) They encouraged patients to focus on the process 

of addressing the problem at hand, so that they could use the same approach in subsequent 

problems.

Training in PSA started with a one-day workshop offered by PJR. Care managers received 

references on COPD and depression and the PSA manual (Appendix) and role-played 

administration of PSA. After the workshop, care managers treated 3 practice cases, and the 

sessions were audiotaped and reviewed using the PSA Treatment Adherence Scale. More 

practice cases were used as needed until therapists received an average PSA Treatment 

Adherence Scale score of 4 for each case in 3 consecutive cases. During the trial, the average 

PSA Adherence Scale composite score of audiotaped sessions was 4.29 (SD: 0.69), i.e. 

within the “good” and “excellent” range.

Data Analysis

Profiles of repeated HAM-D scores were compared (PID-C vs. PSA) using mixed-effects 

models to account for repeated measurements over time. They included time-trend 

parameter(s), treatment group, and time by treatment interaction as fixed effect and subject-

specific random intercept. We then tested the one-sided post-hoc hypothesis that PID-C is as 

effective as PSA within δ points at weeks 14 and 26 by constructing 95% one-sided 

confidence intervals (CI). We determined δ as the largest upper limit of the two CIs at weeks 

14 and 26. We used latent class growth modeling (LCGM) to identify subgroups, with 

distinct depression trajectories. Using the censored normal distribution in the SAS PROC 

TRAJ program,(37) we tested separate models with one, two, and three distinct trajectories 

to identify subgroups with distinct depression trajectories within the whole sample, the PID-

C arm only, and the PSA arm only. First, we estimated the trajectory coefficients, calculated 

their 95% Bootstrap-t confidence interval in 1000 bootstrap samples, and selected the order 

(constant, linear, or non-linear, i.e. quadratic, cubic or quartic) of each trajectory using a 

significance level of α=0.05. The so derived model was tested against a model with one less 

trajectory using the change in Bayesian Information Criterion (BIC) as an approximation to 

the log Bayes factor(37) (2ΔBIC > 2). The average posterior probabilities of group 

membership was used as a measure of internal reliability for each trajectory. Values greater 

than .70 to .80 suggest that the trajectories classify groups with similar patterns of change 

separately from groups with different patterns of change.(38)

RESULTS

Consecutively admitted pulmonary patients (N=633) were screened and 147 met criteria and 

signed consent (Figure 1). Among randomized subjects (N=101), the mean inpatient stay 

was 19.6 days (SD=17.1). There were no significant differences in demographic and clinical 

characteristics among participants assigned to PID-C or PSA.
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Attrition

Fourteen percent of PID-C and 13.7% of PSA participants died during the intervention phase 

(discharge to 26 weeks). There were no differences in overall rates of attrition between the 

two arms at 26 weeks (χ2=0.0714, df=1, p=0.7893). There were no significant differences in 

age, education, severity of depression, or disability between those who dropped-out for 

reasons other than death and those who remained in the study.

Course of Depressive Symptoms

PID-C participants had a similar course of depression with PSA participants. (treatment × 

time: F[1,146]=0.71; p=0.4015). We conducted a post-hoc one-sided hypothesis test which 

indicated that PID-C was as good as PSA within 2.1 points based on HAM-D difference 

between the two groups both at week 14 (0.129, 95% one sided CI:−∞, 1.87) and at week 

26 (0.4752, 95% one sided CI:−∞, 2.06). Exploratory LCGM analysis sought to identify 

distinct trajectories of HAM-D.

Whole sample analysis

Subjects who had at least one follow-up assessment (N=87) had two distinct depression 

(HAM-D) trajectories (2ΔBIC=21.16) (Figure 2). The average posterior probabilities for 

membership in the favorable and unfavorable depression trajectories were 0.85 and 0.90 

respectively. Seventy two percent of patients (63/87) had a favorable trajectory with a non-

linear, cubic trend [−3×10−4, 95%CI: (−4.03×10−4, −1.97×10−4)], while 28% (24/87) had an 

unfavorable trajectory with a nonlinear, quartic trend over the course of the study [3×10−5, 

95%CI: (2×10−6, 5.80×10−5)]. While both trajectories had a decline of depression by 

discharge, the favorable trajectory continued this downward trend until week 14. In contrast, 

the unfavorable trajectory had a slight increase in depression by the 10th week (end of 

weekly sessions), followed by a sharper increase by the 14th week, and persistence of 

depressive symptoms until the 26th week.

There was neither an association between treatment group and depression trajectory (χ2 = 

0.02, df=1, p=0.88) nor significant differences in depression severity at baseline (Table 1). 

However, patients with an unfavorable depression trajectory were younger and had greater 

overall disability at baseline compared to patients with a favorable trajectory. Moreover, 

patients with an unfavorable trajectory had greater scores in anxiety, neuroticism, and 

dyspnea related limitation in activities and lower scores on self-efficacy at baseline.

PID-C only analysis

The PID-C arm had two distinct depression (HAM-D) trajectories (2ΔBIC=29.78) (Figure 

3). The average posterior probabilities of trajectory membership for favorable and 

unfavorable trajectories were 0.96 and 0.86 respectively. The favorable depression trajectory 

(N=33) was non-linear, quadratic (9.60×10−3, 95%CI: (7.06×10−3, 0.01)) with a steep 

decline in depression during hospitalization, followed by a gradual decline until the end of 

the study. The unfavorable trajectory (N=8) had no significant change in depression over the 

course of the study (estimated HAM-D: 23.54 ± 2.00). Patients with unfavorable trajectory 

had greater scores in anxiety and neuroticism and lower scores in self-efficacy and in 

subjective support (Table 2).
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PSA only analysis

The PSA group had two distinct depression (HAM-D) trajectories (2ΔBIC = 7.14) (Figure 

3). The average posterior probabilities of membership to favorable and unfavorable 

trajectories were 0.94 and 0.82, respectively. The favorable trajectory (N=34) was non-linear 

(quartic) [6.00×10−5, 95%CI: (5.63×10−5, 6.37×10−5)] with a sharp depression decline by 

discharge. This improvement was sustained until the end of weekly PSA sessions (week 10) 

followed by an increase in depression in the ensuing 4 weeks, and a HAM-D decline 

between week 14 and 26. In the unfavorable trajectory (N=12), depression remained 

unchanged throughout the study (estimated HAM-D: 20.90±1.08). There were no significant 

differences between the two trajectories in demographic and clinical variables at baseline.

DISCUSSION

The principal finding of this study is that PSA is not more efficacious than PID-C in 

reducing symptoms of major depression in patients with severe COPD. Personalized 

treatment adherence procedures with and without PST led to a sustained, clinically 

significant improvement of depression in more than 70% of patients with major depression 

and severe COPD. These outcomes are quite favorable for depressed patients with severe 

medical burden evidenced by a mortality rate of 14% over 26 weeks and considering that 

depressed COPD patients both resist taking antidepressants and have a rather low response 

rate when they receive them.(6, 7)

The study hypotheses were not supported. It is unclear why integration of problem solving 

techniques with adherence enhancement procedures did not significantly improve the 

trajectory of depressive symptoms. Arguably, problems related to adherence to rehabilitation 

are the main problems of this very sick COPD population during the post-discharge period. 

Therefore, addressing these problems directly may be adequate for improving depression at 

that time. It is reasonable to hypothesize that problem solving skills imparted by PSA are 

most useful during remission of depression when patients attempt to enrich their social and 

other functions and needs skills beyond those required for adherence to rehabilitation. This 

hypothesis can be tested by a recurrence prevention study.

The depression outcomes of the PID-C treated group were similar to those of an earlier 

study of a similar population, which documented the superiority of PID-C over usual care in 

patients with major depression and severe COPD.(9) PID-C is rather easy to teach and was 

designed for use by bachelor and masters-level clinicians. Therefore, it can become part of 

comprehensive care for COPD patients offered by home healthcare and pulmonary 

rehabilitation programs, many of which employ clinicians with similar background.

Exploratory latent class growth modeling of the entire sample identified two groups with 

distinct course of depression. The group with a favorable course (72.4% of patients) had a 

precipitous reduction of depressive symptoms and signs during the hospitalization. 

Improvement of depression during this phase was likely an effect of the COPD 

comprehensive intense rehabilitation program rather than the two intervention sessions 

administered during the hospitalization. This view is consistent with literature demonstrating 

that inpatient rehabilitation for COPD leads to improvement of major depression regardless 
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of use of antidepressants.(6) There was further improvement after discharge when most of 

the intervention sessions were administered. By contrast, the unfavorable course group had a 

less prominent improvement of depression during the hospitalization, a worsening of 

symptoms during the transition from weekly to monthly sessions, and overall remained 

depressed throughout the study period.

At baseline, medical burden, overall cognitive impairment and initiation/perseveration scores 

did not distinguish patients with favorable from those with unfavorable depression 

trajectories. However, patients with unfavorable course of depression were younger and had 

greater overall disability, anxiety, neuroticism, and dyspnea related limitation in activities 

and lower scores on self-efficacy. A similar clinical profile identified patients with 

unfavorable depression course in the PID-C arm. There were no statistically significant 

differences in baseline clinical characteristics between patients with favorable and 

unfavorable course of depression.

The observation that disability, anxiety, neuroticism, and low self-efficacy were associated 

with unfavorable course of depression in COPD patients is consistent with earlier literature. 

Specifically, overall disability and dyspnea related disability are closely associated with 

depressive symptoms in COPD patients.(9, 39) In the Collaborative Depression Study, 

anxiety symptoms during depressive episodes correlated strongly with the persistence of 

depressive symptoms and this relationship was stable over decades.(27) It has been proposed 

that anxious depression may have a biosignature distinct from non-anxious depression or 

pure anxiety.(28) Similarly, neuroticism has been associated with treatment resistance of 

depression(29), pain catastrophizing and pain related anxiety independently of depression or 

pain severity(30). Self-efficacy, an individual’s sense of personal control and mastery, plays 

an important role in improving overall functioning and illness management.(31) In patients 

with COPD, those with low self-efficacy had more functional limitations than those with 

equally severe disease but higher self-efficacy for carrying out activities.(32) These 

observations are consistent with our findings in another sample indicating that self-efficacy 

is associated with overall functioning in patients with major depression and severe COPD 

after controlling for age, medical burden, and depression severity.(33)

This study has several limitations including the rather small sample, the absent of a no-

intervention comparison group, and the administration of both interventions by the same 

therapists. The sample size did not permit meaningful moderation analysis to identify 

patients who may have preferentially benefited by one of the two interventions. A no-

intervention comparison group may have shown to what extent either intervention is superior 

to usual care. However, an earlier study of depressed COPD patients recruited from the same 

rehabilitation hospital and using the same selection criteria showed that PID-C led to greater 

decline in depressive symptoms, and less disability than usual care over 28 weeks and 6 

months after the last session.(9) Use of the same therapists for both interventions of our 

study reduces the need to introduce the impact of different therapists in group comparisons 

and increases power, much needed in a study of a difficult to recruit population. Therapists’ 

preference of one intervention vs. the other may have introduced bias. However, the high 

fidelity of therapists to both treatment manuals suggests that therapist preference had a 

minimal, if any, impact on the results. PID-C was as effective as PSA within 2.1 HAM-D 
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points. Although not pre-determined, this difference is clinically meaningful as it is and 

more conservative than that of the National Institute for Clinical Excellence (NICE), which 

defines as clinically significant a drug-placebo difference of 3 HAM-D points (40). One 

third of qualified patients exited before randomization, many because of serious medical 

illnesses or mortality. Thus, this study’s findings are pertinent to less severely ill 

populations. Finally, the analyses of subgroups with different trajectories were conducted 

post hoc and the resulting predictors of outcome should be viewed as preliminary.

In conclusion, two personalized interventions targeting adherence to rehabilitation and 

treatment prescribed by the patients’ own physicians improved depression in 72% of patients 

with major depression and severe COPD over 26 weeks. Integration of PST into adherence 

procedures did not significantly improved outcomes of depression. PID-C matches the skill 

set of bachelor and masters-level clinicians employed by home healthcare and pulmonary 

rehabilitation programs and can be integrated in comprehensive care programs for COPD 

patients. Severe disability, anxiety, neuroticism, and low self-efficacy were associated with 

an unfavorable course of depression. This profile may identify depressed COPD patients at 

risk for poor outcomes and in need of close follow-up and targeted interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram of participant progress through the phases of the randomized trial.
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Figure 2. Distinct trajectories of depression severity of patients with major depression and severe 
COPD randomly assigned to receive PID-C or PSA
Legend to Figure 2: Latent class growth modeling (LCGM) identified two subgroups with 

distinct depression trajectories.

Ham-D: 24-item Hamilton Depression Rating Scale
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FIGURE 3. Distinct trajectories of depression severity of patients with major depression and 
severe COPD treated with PID-C (top) and PSA (bottom)
Legend to Figure 3: Latent class growth modeling (LCGM) identified subgroups with 

distinct depression trajectories in PID-C (top) and PSA (bottom) treated patients.

Ham-D: 24-item Hamilton Depression Rating Scale
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