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Background: Hospital readmissions are costly to the healthcare system. Understanding
patient factors associated with hospital readmission will facilitate targeting of
interventions designed to reduce readmissions. Depressive symptoms are associated with
poor patient outcomes and may impact hospital readmission.
Objective: To investigate the association between depressive symptoms and 30-day
unplanned hospital readmission. Non-adherence to discharge instructions was examined
as a potential mediator of this association.
Methods: We conducted a prospective cohort study of hospitalized patients ages 65 and
older. Depressive symptoms were measured within 72 hours of admission to the
University of Maryland Medical Center and defined as a score of > 6 on the Geriatric
Depression Scale-15. Patients were then contacted three times post-hospital discharge to

ascertain incident deaths, unplanned hospital readmissions, and adherence to discharge
instructions.
Results: 750 patients were enrolled in the study. Depressive symptoms were not
associated with 30-day unplanned hospital readmission (RR 1.20; 95% CI 0.83, 1.72).
Depressive symptoms were associated with non-adherence to the medication domain of
the discharge instructions (OR 1.75; 95% CI 1.02, 2.99), but not with follow-up
appointments (OR 1.25; 95% CI 0.62, 2.52), lifestyle recommendations (RR 0.94; 95%
CI 0.75, 1.17), or overall non-adherence to the discharge instructions (COR 1.17; 95% CI
0.78, 1.75). Non-adherence to one or more domains of the discharge instructions at 5
days (OR 1.58; 95% CI 0.94, 2.65) or 15 days (OR 1.37; 95% CI 0.68, 2.74) post-hospital
discharge was not significantly associated with 30-day unplanned hospital readmission.
Because a significant association between depressive symptoms and 30-day unplanned
hospital readmission was not observed, mediation was not assessed.
Conclusions: In this sample of hospitalized adults aged 65 and older, neither depressive
symptoms nor non-adherence to discharge instructions was significantly associated with
30-day unplanned hospital readmission. Hence, targeting interventions toward patients
with depressive symptoms may not result in decreased hospital readmission. While
depressive symptoms were associated with non-adherence to medication, other factors
may play a greater role in predicting non-adherence to the discharge instructions. Further
research is needed to identify predictors of non-adherence to the discharge instructions as
well as to understand perceived barriers to non- adherence.
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I.

INTRODUCTION AND OBJECTIVES

Unplanned hospital readmissions are prevalent poor health outcomes that are
associated with considerable excess costs to the healthcare system. Previous research has
indicated that 20% of Medicare patients discharged from the hospital are readmitted to
the hospital within 30 days, and 34% are readmitted within 90 days.1 Hospital
readmissions are costly as well, accounting for $15 billion in Medicare spending in
2007.2 In response, the Medicare Payment Advisory Commission has tied 30-day
readmission rates to Medicare reimbursements beginning in 2013 as an incentive for
hospitals to reduce their readmission rates. The rates for three diagnoses-related groups
(acute myocardial infarction, heart failure and pneumonia) will be targeted initially;
however the number of targeted diagnoses groups will expand in 2014.2 Consequently,
hospitals have a strong financial incentive to reduce readmissions, primarily through
patient education and post-discharge interventions.3-5 Several studies have sought to
identify patient factors associated with hospital readmission to aid hospitals in more
efficiently and effectively targeting discharge interventions. Factors previously identified
include older age, male sex, previous hospital admission within the past year of the index
1

admission, longer hospital length of stay and greater comorbidity.6-8 These characteristics
describe a large proportion of Medicare beneficiaries but provide few targets for anything
other than broad-based interventions.
Depression and depressive symptoms are associated with increased mortality and
could also impact hospital readmissions, especially in older adults.9-11 However, previous
research examining the effect of depressive symptoms on hospital readmission has
primarily focused on patients with specific illnesses such as heart failure, age groups that
included much younger patients (> 18 years old), or readmission outcomes that varied
from 30 days to 1 year.12-16 While these studies have reported a positive association
between depressive symptoms and hospital readmission, identifying potential predictors
of unplanned 30-day readmission in an older, more general patient population may better
assist discharge planners, and be more in line with current hospital initiatives to reduce
readmissions, particularly among Medicare enrollees.
The present study investigated the association between depressive symptoms and
unplanned 30-day hospital readmission in a cohort of adult patients aged 65 and older
who were admitted to general medical or surgical services of a tertiary-care facility. We
hypothesized that depressive symptoms would be positively associated with 30-day
hospital readmission. If depressive symptoms are independent predictors of unplanned
hospital readmission, screening older adults for depression could identify those at
increased risk of rehospitalization. These patients could then benefit from a two-pronged
approach to reducing hospital readmission risk: treatment for depressive symptoms and
targeted discharge interventions.
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Previous research on hospital readmissions has focused on patient characteristics
associated with readmission.1, 6, 8, 17 However, few studies have examined the underlying
cause or mechanism of hospital readmission. For example, non-adherence to discharge
instructions could impact hospital readmission through adverse drug events requiring
hospitalization or a lack of follow-up care leading to exacerbation of a treatable medical
problem.18, 19 Furthermore, depressive symptoms have been reported to negatively impact
adherence to medical treatment, including medication adherence.20, 21 Therefore, this
study examined non-adherence to discharge instructions as a predictor of hospital
readmission and as a mediator of the potential depressive symptom – hospital
readmission association.
The primary objectives of this study were to determine the association between
depressive symptoms and unplanned 30-day hospital readmission in a cohort of
community-dwelling adults aged 65 and older discharged from a large, urban, tertiarycare hospital and to determine the role of non-adherence to discharge instructions in that
association.
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Aim 1. Depressive Symptoms and Unplanned Hospital Readmission in Older Adults
To determine the association between depressive symptoms and unplanned 30day hospital readmission in a cohort of community-dwelling adults aged 65 and older
discharged from a large, urban, tertiary-care hospital.
Hypothesis 1: Depressive symptoms will be positively associated with the
incidence of unplanned 30-day hospital readmission in our study population after
adjusting for important confounders including but not limited to comorbid illnesses,
demographics, and previous healthcare utilization.
Aim 2. Role of Non-Adherence to Discharge Instructions
To determine the role of non-adherence to discharge instructions in the
association between depressive symptoms and hospital readmission in communitydwelling older adults.
Hypothesis 2: Non-adherence to discharge instructions will be a significant
mediator of the association between depressive symptoms and hospital readmission
Hypothesis 2a: Depressive symptoms will be associated with increased nonadherence to discharge instructions
Hypothesis 2b: Non-adherence to discharge instructions will be associated with
30-day hospital readmission
Hypothesis 2c: There will be an indirect (mediated) effect of depressive
symptoms on 30-day unplanned hospital readmission through non-adherence to discharge
instructions.
4

II.

BACKGROUND

A review of the scientific literature on the associations between depressive
symptoms, adherence, and hospital readmission was conducted and the results are
summarized below. First, research on the association between depressive symptoms and
hospital readmission, including definitions and prevalence, is discussed. A review of
studies examining the association between depressive symptoms and non-adherence
follows. Finally, literature reporting on the association between non-adherence and
hospital readmission is summarized.
A. Depressive Symptoms and Hospital Readmission in Older Adults
i. Definition and prevalence of depressive symptoms
Depression is defined and discussed in several ways, from a clinical diagnosis of
major depressive disorder to sub-clinical or sub-syndromal ‘symptoms’ of depression.
The differences between these involve severity and duration of symptoms, as described
below. This study focused on depressive symptoms, including those that may not meet
the criteria for major depressive disorder, because they are associated with poor health
outcomes such as disability, heart failure and increased mortality.22, 23 Symptoms of
5

depression include changes in appetite or weight, sleep, and psychomotor activity;
decreased energy; feelings of worthlessness or guilt; difficulty thinking, concentrating, or
making decisions; or recurrent thoughts of death or suicidal ideation, plans, or attempts.24
A clinical diagnosis of major depressive disorder is based on criteria defined by the
Diagnostic and Statistical Manual of Mental Disorders – 4th Edition (DSM-IV-TR).
These criteria stipulate a period of at least two weeks during which there is either
depressed mood or the loss of interest or pleasure in nearly all activities, and at least four
of the depressive symptoms listed above.24 Minor depressive disorder requires the same
duration of symptoms, but only two to less than four symptoms need be present.24 Other
terms describing milder depressive symptoms are mild depression, not otherwise
specified, sub-syndromal depression and sub-clinical depression.24, 25 The prevalence of
depressive symptoms has been estimated as 13-35% in community dwelling (i.e. not
institutionalized) or hospitalized adults aged 55 and older.10, 26, 27 Depression in the elderly
may present as loss of appetite, sleep difficulties or fatigue and is often undiagnosed
either because its symptoms are not evident or because they resemble those of a cooccurring illness.14, 28 Depression is often comorbid with other illnesses whose incidence
increases with age, particularly cardiovascular disease, stroke and diabetes.22, 28 In
addition, depression can complicate the outcomes of chronic illnesses and is associated
with increases in functional disability, cognitive impairment, and mortality.22, 23
ii. Defining hospital readmissions
Hospital readmissions can be defined using multiple approaches. An important
distinction is a planned vs. unplanned hospital readmission. Unplanned hospital
readmissions account for approximately 90% of 30-day hospital readmissions in
6

Medicare beneficiaries and are viewed as having the greatest potential for prevention.1
Previous retrospective studies were limited in their ability to determine whether a
readmission was planned or unplanned.1, 6 This prospective study examined 30-day
hospital readmissions and specifically targeted unplanned hospital readmissions.
The time period examined after the initial hospital discharge is crucial. A hospital
readmission occurring shortly after discharge may be related to the initial hospitalization,
while it might be difficult to determine whether a readmission occurring a year or more
after the initial discharge was related. This study will focus on a shorter, 30-day time
period between hospital discharge and readmission. While from a patient perspective, any
hospital readmission is a poor outcome, this 30-day time period has been chosen by the
Centers for Medicare and Medicaid Services as a marker of hospital care quality.2
Consequently, there is currently much focus on the 30-day period following discharge.
The location of the hospital readmission can likewise impact results. Studies
examining only readmissions to the index facility may underestimate the prevalence of
hospital readmission. This study followed patients prospectively to ensure that all
hospital readmissions were documented.
iii. Studies in general medical and surgical patients
Few studies have examined the association between depressive symptoms and
hospital readmission in general medical and surgical patients. These studies are described
in more detail below and listed in Table 1. Four of these studies were conducted in older
patients. Depressive symptoms were evaluated most often with the Geriatric Depression
Scale-15 (GDS-15), a validated screening tool for depression designed for use in elderly
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hospitalized patients.29 Outcomes evaluated included time to readmission, as well as a
dichotomous outcome of 30-day to 6-month readmission. Two of the studies had an
inclusion criterion of a previous hospital admission in the past 6 months. Despite the
variance in exposure and outcome measurements, a positive association between
depressive symptoms and hospital readmission was reported.
Marcantonio et al. (1999) examined factors associated with unplanned hospital
readmission within 30 days of hospital discharge in a matched case control study among
patients aged 65 and older in a Medicare managed care plan. A history of depression, as
determined by medical chart review, was reported to be associated with 30-day
unplanned hospital readmission.7 Bula et al. (2001) evaluated the association between
depressive symptoms and hospital readmission using the GDS-15 in 401 patients aged 75
and older. Depressive symptoms were observed to be positively associated with 6-month
hospital readmission.30 Kartha et al. (2007) observed a positive association between
depressive symptoms, measured using the Patient Health questionnaire-9 (PHQ-9), and
90-day hospital readmission in patients aged 18 and older with at least one previous
hospitalization in the past 6 months.31 Mitchell et al. (2010) investigated the impact of
depressive symptoms on hospital utilization in 738 hospital inpatients ages 18 and older.
Depressive symptoms, assessed using the PHQ-9, were found to be associated with 30day hospital utilization.32 Sheenen et al. (2010) examined patients aged 65 and older
discharged to home health care to determine if depression was associated with hospital
readmission. Depression was defined by Diagnostic and Statistical Manual of Mental
Disorders (DSM) criteria for major or minor depression, and was observed to be
associated with shorter time to hospital readmission.33 Mudge et al. (2011) investigated
8

patients aged 50 or older with at least one hospital admission within the past 6 months.
Depressive symptoms, defined using the GDS-15, were found to be associated with 6
month hospital readmission.34
The limitations of these studies as a body of work, particularly with regard to the
aims of this study, are that they include patients under the age of 65; examine hospital
readmissions occurring over a wide range of time rather than limiting to the 30-day
window; report on composite events such as hospital readmission or utilization and do
not use consistent measurements of depressive symptoms across studies.
iv. Studies in heart failure patients
More studies examining the effect of depression on hospital readmission or
mortality have been conducted in patients with heart failure.12-16, 35 These studies,
described in more detail below and listed in Table 1, were conducted in patients aged 18
and older and examined the effect of major depression or depressive symptoms on time to
cardiovascular-related hospital readmission or death, or the risk of cardiovascular-related
hospital readmission during a specified time interval. Depressive symptoms were
assessed using a variety of methodologies such as structured interviews and self-report
questionnaires, and composite outcomes such as cardiovascular-related hospital
readmission or death were often used. Readmission outcomes varied from 30-days to 1year. Despite these varied methods and outcomes, a positive association between
depressive symptoms and hospital readmission was generally observed.
Jiang et al. (2001) reported that major depression, defined by DSM-IV criteria,
was associated with increased all-cause mortality and one-year hospital readmission to
9

any hospital in 357 heart failure patients aged 18 and older when controlling for age,
stage of heart failure and ejection fraction. Mild depression defined as a score of 10 or
greater on the Beck Depression Inventory (BDI) but not meeting the DSM-IV criteria for
major depression, was not associated with either increased all-cause mortality or one-year
hospital readmission.16 Rumsfeld et al. (2005) examined outcomes related to depressive
symptoms in 634 patients with acute myocardial infarction complicated by heart failure.
This was a planned sub-study of a multi-center international clinical trial. Depressive
symptoms, measured by the Medical Outcomes Study–Depression (MOS-D)
questionnaire, were associated with decreased time to cardiovascular death or
hospitalization.15 Song et al. (2009) examined hospitalized heart failure patients aged 18
and older with preserved left ventricular systolic function and observed that depressive
symptoms, measured with the BDI, were associated with 6-month hospital readmission.12
Sherwood et al. (2007) evaluated the effect of depressive symptoms on prognosis in
outpatients with Stage I-IV heart failure. Depressive symptoms measured with the BDI
were associated with shorter time to cardiovascular-related hospital admission or death.35
Muzzarelli et al. (2010) examined factors associated with readmission or death in heart
failure patients aged 60 and older. Depressive symptoms, measured with the GDS-15
were associated with 90-day, but not 30-day, hospital readmission or death.13 This may
indicate that the mechanism by which depressive symptoms influence hospital
readmission acts over a longer period of time. Identification and effects of both somatic
and cognitive depressive symptoms on patient outcomes after acute myocardial infarction
were examined in a study by Smolderen et al. (2009). Interestingly, cognitive depressive
symptoms, including sadness, pessimism, and anhedonia, which are associated with
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greater identification by physicians, were not associated with poorer outcomes in
patients, while somatic symptoms, including fatigue, loss of energy, and sleep
disturbances, were associated both with increased mortality and shorter time to hospital
readmission.14
Limitations of this previous research are that these studies focused only on heart
failure patients rather than examining a general patient population; included patients
under the age of 65; examined hospital readmissions occurring over a wide range of time
rather than limiting to the thirty day window; reported on composite events such as
hospital readmission or utilization, which could include emergency department use;
focused primarily on cardiovascular readmission events and did not use consistent
measurements of depressive symptoms.
In summary, the literature on the association between depressive symptoms and
hospital readmission displays much heterogeneity in patient population as well as in
exposure and outcome definition. While existing literature points to a positive association
between depressive symptoms and 30-day hospital readmissions, depressive symptoms
have yet to be firmly established as an independent predictor of 30-day hospital
readmissions (now a target for Medicare reimbursement decisions) in a general
population of hospitalized adults aged 65 and older. Furthermore, little is known about
the mechanism by which this occurs.
This study examined a general population of community dwelling adults aged 65
and older who were admitted to the general medical and surgical services of a tertiary
care hospital. We utilized the GDS-15, an instrument specifically designed to evaluate

11

depressive symptoms in older inpatients, and focused on the 30-day window of hospital
readmissions that is a target of Medicare’s efforts to reduce healthcare expenditures.2, 29
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Retrospective
cohort
Prospective
cohort
Prospective
cohort

Mitchell et al.
2010

Sheeran et al.
2010

Mudge et al.
2011

Case-control

Marcantonio et al.
1999

Prospective
cohort

Prospective
cohort

Smolderen et al.
2009

Song et al.
2009

Prospective
cohort

Muzzarelli et al.
2010

Prospective
cohort

Prospective
cohort

Sherwood et al.
2007

Kartha et al.
2007

Prospective
cohort

Rumsfeld et al.
2005

Prospective
cohort

Prospective
cohort

Jiang et al.
2001

Bula et al.
2001

Study Design

Reference

142 patients > 50

539 patients > 65

738 patients > 18

165 heart failure patients >
18

144 patients > 18

649 patients > 75

157 patients > 65

2347 patients > 18 with
acute MI

622 heart failure patients >
60

634 heart failure patients >
18 with acute myocardial
infarction
204 heart failure patients >
18

357 heart failure patients >
18

Patients

Geriatric Depression Scale15, cut-off 5

DSM criteria for major or
minor depression

Patient Health
Questionnaire-9, cut-off 5

Beck Depression
Inventory, continuous

Patient Health
Questionnaire-9,
continuous

Geriatric Depression Scale15, cut-off 6

history of depression

Patient Health
Questionnaire-9, cut-off 10

Geriatric Depression Scale15, continuous

Medical Outcomes Study–
Depression, cut-off
>=0.06.
Beck Depression
Inventory, cut-off 10

Depressive Symptoms
Measured
DSM criteria for major
depression

Table 1. Studies examining depressive symptoms and hospital readmission

6-month hospital readmission

60-day hospital readmission

30-day hospital utilization

Time to heart failure
rehospitalization

90-day hospital readmission

Time to hospital readmission

30-day hospital readmission

1-year hospital readmission

90-day hospital readmission or
death

3-year cardiovascular
rehospitalization

2-year cardiovascular
hospitalization

90-day and 1-year hospital
readmission

Readmission Outcome

Significantly shorter
time to hospital
readmission
OR 3.0
(95% CI 1.3–6.8)

RtR 1.73
(95% CI 1.27-2.36)

HR 1.05
(95%CI 1.02-1.08)

OR 3.34
(95% CI 1.20-9.25)

HR 1.50
(95% CI 1.03-2.17)

OR 3.2
(95% CI 1.4–7.9)

HR 1.23
(95% CI 1.04 ,1.46)

OR 1.08
(95% CI 1.01-1.15)

HR 1.56
(95% CI 1.07-2.29)

HR 1.41
(95% CI 1.03-1.93)

OR 2.57
(95% CI 1.16-5.68)

Results

B. Depressive Symptoms and Non-Adherence
This study examined depressive symptoms as predictors of non-adherence to
medical recommendations related to medication, follow-up appointments or lifestyle
modifications such as smoking cessation or diet that are contained within the discharge
instructions. This is a heterogeneous group of recommendations and varying levels of
adherence to the different domains was expected and is discussed in detail in the analysis
section. This review first examines the literature on depressive symptoms as predictors of
non-adherence to medical recommendations. Following this, the literature on nonadherence to medical recommendations as predictors of hospital readmission is reviewed.
i. Definition and prevalence of adherence
Adherence to long-term therapy is defined by the World Health Organization as
"the extent to which a person's behavior—taking medication, following a diet, and/or
executing lifestyle changes corresponds with agreed recommendations from a health care
provider”.36 Because a minimal level of adherence to a prescribed medication is required
to ensure that the patient received the full benefits of the medication, most research on
patient adherence focuses on this area. Prevalence estimates of patient adherence to
medication vary due to the myriad ways that adherence is measured and defined. In a
large systematic review of 76 studies encompassing adherence to any medication regime,
Claxton et al. (2001) determined the average adherence rate to be 71% with a range of
34%-97%.37 Adherence was observed to decrease as the number of medication doses
required daily increased. The World Health Organization estimates adherence to long
term medication therapy in developed countries at 50%. 38
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Methods of measuring medication adherence range from directly observable
phenomena such as the measurement of a metabolite in the blood to indirect methods
such as patient self-report, pill counts and prescription refill rates.39 Medication adherence
is generally defined by the number of doses taken (or absent) divided by the number of
doses prescribed for a given time period and is described for each medication
individually.40 Proportion of days covered, based on the total number of days supplied for
filled prescriptions during the observation interval is another method used to define
adherence. For either method, a value of greater than 80% and less than 120% is
considered to be adherent. Measurement of adherence to follow-up appointments and
lifestyle modifications or behaviors relies primarily on patient self-report or follow-up
with health care providers to determine if an appointment took place.20, 41, 42 Studies
assessing adherence to follow-up appointments and lifestyle modifications were
conducted in both hospitalized and non-hospitalized patients and examined adherence to
self-care and follow-up appointments cross-sectionally and post-discharge.19, 20, 42-44
ii. Depressive symptoms and non-adherence to medication
Several studies have examined the association between depressive symptoms and
non-adherence to medication.21, 42, 45-48 These studies, described in more detail below and
listed in Table 2, examined adherence to a variety of medications using pill-counts,
electronic monitoring and prescription refill records. Adherence was defined differently
between the studies. Depressive symptoms were assessed using methods ranging from a
structured interview using DSM criteria to a single question. Study populations were 18
and older. Despite the many differences in exposure and outcome measurement, the
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majority of these studies reported a positive association between depressive symptoms
and non-adherence to medication.
Carney et al (1995) investigated the impact of major depression on adherence to a
twice daily aspirin regime in a small sample of 55 patients aged 65 and older hospitalized
with coronary artery disease. Adherence was monitored electronically and defined as a
percentage of the number of days post-hospital discharge that 2 pills were removed from
the aspirin container. Major depression, as determined using DSM-III criteria, was
observed to be associated with non-adherence.45 Billups et al. (2000) examined the
association between depressive symptoms, defined using the SF-36 mental health index,
and adherence to medication in 1,054 patients at high risk of non-compliance based upon
specific criteria including five or more drugs in the current regimen, twelve or more
doses/day, three or more concurrent disease states, four or more changes in the drug
regimen in the past year, and history of noncompliance. Refill histories derived from
automated pharmacy data were used to measure adherence. Adherence was defined as the
number of days with the drug divided by the number of days in the study period, and 80%
or greater was considered compliant. Scores on the mental health index were not
observed to be associated with medication non-adherence.47 Gray et al. (2001) examined
medication adherence in 147 hospital inpatients aged 65 and older who were discharged
to home health care. Depressive symptoms were assessed using a single question.
Medication adherence was assessed with pill counts and was defined as between 70% and
120% compliance. Depressive symptoms were not found to be associated with
medication non-adherence.46 Benner et al. (2002) also investigated medication adherence
in 34,501 Medicaid enrollees aged 65 and older. Adherence to statin medication was
16

determined using prescription refill claims from the medical record and defined as 80%
or greater compliance. A history of depression in the medical record was observed to be
associated with sub-optimal adherence.48
Grenard et al. (2010) conducted a systematic review and meta-analysis of 31
studies that included 18,045 participants examining the association between depressive
symptoms and medication non-adherence in the treatment of chronic disease. Both
depressive symptoms and adherence were measured using a variety of instruments.
Depressed patients were observed to have significantly increased odds of being nonadherent.21
The primary limitations of these studies are the lack of consistent measurement of
depressive symptoms and definition of adherence across studies, and a focus on specific
types of medicine. Furthermore, one of the two studies that reported no effect of
depressive symptoms on medication adherence assessed depressive symptoms with a
single question about feeling sad or depressed that may not be a valid measure of
depression in hospitalized older adults.46
This study aimed to examine the association between depressive symptoms in
older inpatients and adherence to a variety of medical recommendations, including
adherence to all prescribed medication, in the discharge instructions. Hence, we used the
GDS-15, an instrument validated in elderly hospital inpatients, to assess depressive
symptoms and a series of questions (Appendix 1) to assess self-reported adherence to
medication as well as other recommendations in the discharge instructions.29
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iii. Depressive symptoms and non-adherence to disease self-management or lifestyle
modifications
Previous studies examined the association between depression and non-adherence
to disease self-management or lifestyle modifications. The majority of these, listed in
Table 2 and described in more detail below, have focused on self-care in diabetic
patients.41, 42, 44 Not only is diabetes a chronic disease requiring a great deal of self-care
and monitoring, but the validated Summary of Diabetes Self-Care Activities instrument is
available to measure adherence to self-care activities in diabetic patients.49
Ciechanowski et al. (2000) used a cross-sectional study of 367 diabetic adults
enrolled at health clinics to investigate the relationship between depressive symptoms,
measured using the 20-item depression sub-scale of the Hopkins Symptom Checklist-90,
and diabetes self-care, assessed using the Summary of Diabetes Self-Care Activities.
Adherence to medication was also examined. Depressive symptoms were observed to be
correlated with decreased adherence to diabetes self-care and medication regimes.41 Lin
et al. (2004) also used a cross-sectional design to examine the relationship between
depressive symptoms and adherence to diabetes self-care in 4,385 diabetic adults enrolled
in a diabetes registry. Depressive symptoms were measured using the PHQ-9 and
adherence to self-care was assessed using the Summary of Diabetes Self-Care Activities.
Depression was correlated with decreased adherence to diabetes self-care.44 Finally,
Wagner at al. (2010) examined the association between lifetime major depressive
disorder and adherence to diabetes self-care in 153 diabetic women who were not
depressed at screening. Lifetime major depressive disorder was assessed using DSM-IV
criteria and diabetes self-care was assessed using the Summary of Diabetes Self-Care
18

Activities questionnaire. Women with lifetime major depressive disorder were observed
to be more likely to be non-adherent to diabetes self-care.42
DiMatteo et al. (2000) conducted a meta-analysis of 12 studies examining the
association between depressive symptoms and adherence to medication, lifestyle or selfcare recommendations in patients whose illnesses included cancer, end-stage renal
disease, renal transplants and arthritis. Depressive symptoms were measured using a
variety of instruments and adherence was assessed using both direct and indirect
methods. Depressed patients were significantly more likely to be non-adherent.20
Limitations of these studies as a body of work include the use of populations aged
under 65 and inconsistent measures of depressive symptoms and adherence definition.
Furthermore, one study focused only on women and the majority of studies did not
examine adherence post-hospital discharge. This study aimed to evaluate adherence to
medical recommendations post-hospital discharge, including adherence to diet, exercise
and follow-up appointments contained within the discharge instructions and used
questions designed specifically for this study that were based on patient self-report.
In summary, the majority of studies examining the association between depressive
symptoms and adherence to medication and diabetes self-care activities have reported a
positive association despite the variable methods applied in measuring depressive
symptoms and defining adherence. However, few studies have examined adherence to
medical recommendations other than diabetes self-care. Adherence to diet, exercise and
follow-up appointments could also impact hospital readmission. Therefore, it is important
to examine these outcomes in this study. The association between depressive symptoms
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in community dwelling adults aged 65 and older and adherence to medical
recommendations contained within the discharge instructions had not been adequately
assessed.
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Prospective
cohort
Prospective
cohort
Prospective
cohort
Retrospective
cohort
Meta-analysis,
31 studies
Crosssectional

Meta-analysis,
12 small
studies
Crosssectional

Retrospective
cohort

Carney et al.
1995

Billups et al.
2000

Gray et al.
2001

Benner et al.
2002

Grenard et al.
2010

Ciechanowski et al.
2000

DiMatteo et al.
2000

Wagner et al.
2010

Lin et al.
2004

Study Design

Reference

153 diabetic women > 18

4,385 diabetic patients >
18

676 children and adults

367 diabetic patients > 18

18,245 patients > 18 with
chronic disease

34,501 Medicaid enrollees
> 65on statin therapy

147 patients > 65taking 2-3
medications

1,054 VA patients with
high risk of non-adherence

55 patients > 65 with CAD

Patients

Lifetime major depressive
disorder using DSM
criteria

Patient Health
Questionnaire-9

Variety

20 items from Hopkins
Symptom Checlist-90

Variety

Depression from medical
record

Single question

SF-36 mental health
questions

Depressive Symptoms
Measured
DSM criteria for major
depression

Summary of Diabetes SelfCare Activities

Adherence to medication, selfcare and medical
recommendations
Summary of Diabetes SelfCare Activities

Summary of Diabetes SelfCare Activities

Medication adherence variety

Medication adherence from
refill histories

Medication adherence from
refill histories

Medication adherence from
refill histories

Medication adherence electronic monitoring

Non-Adherence Outcome

Table 2. Studies examining depressive symptoms and non-adherence to medication or self-care activities

Depressive
symptoms
associated with nonadherence to selfcare (ORs range 1.32.1)
HR 1.05
(95%CI 1.02-1.08)

Depressive
symptoms
associated with nonadherence
OR 3.03
(95% CI 1.96,4.89).

OR 1.76
(95% CI 1.33 ,2.57)

OR 1.19
(95% CI 1.11-1.28)

OR 0.90
(95% CI 0.33-2.43)

Patients with
depression less
likely to adhere
OR 1.00
(95% CI 0.99-1.01)

Results

C. Non-Adherence and Hospital Readmission
Few studies have examined the association between general non-adherence to
medical recommendations and hospital admission. These studies, listed in Table 3,
focused primarily on adherence to medications prescribed for specific chronic or acute
conditions.18, 50-54 Adherence was defined exclusively by the proportion of days covered
using documented prescription refills, often to the medications used to treat a specific
condition such as hypertension. Proportion of days covered is based on the total number
of days supplied for filled prescriptions during the observation interval. Hospital
admission timeframes ranged from 30-days to 16 months. In general, a positive
association between non-adherence to medication and hospital admission was observed.
i. Non-Adherence to Medication and Hospital Readmission
Sokol et al. (2005) evaluated the effect of medication adherence on hospitalization
risk using a database containing information on 137,277 patients aged 64 and under.
Patients with diabetes, hypertension, hypercholesteremia and congestive heart failure
were examined separately. Adherence to medications used specifically to treat these
conditions was defined as the proportion of days covered, with 80% as the cut-off.
Hospitalization risk was defined as the risk of one or more hospitalizations during a 12month period. For all conditions, hospitalization rates were lowest for patients who had
the highest level of medication adherence. Although this difference was significant, no
multivariable modeling was introduced.52
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Ho et al. (2006) examined the association between adherence to antihypertensives, oral hypoglycemics and statins and 16-month hospitalization in 11,532
patients with diabetes using data from Kaiser Permanente. The proportion of days
covered was obtained from the medical record and adherence was defined as 80% or
greater. Non-adherence to medication was reported to be associated with significantly
increased odds of hospitalization.51
Working with the same database, Ho et al. (2008) also examined the association
between adherence to cardiovascular medications and cardiovascular-related hospital
readmission in 15,767 patients with coronary artery disease. The proportion of days
covered was obtained from the medical record and adherence was defined as 80% or
greater. Non-adherence to ACE inhibitors and statins was positively associated with
shorter time to hospitalization in an adjusted Cox model.50
Sun et al. (2008) used a national pharmacy benefits database to analyze the
association between adherence to cardiovascular medications and one year
hospitalization in 1,495 patients with either myocardial infarction or heart failure.
Adherence was defined as 80% or greater proportion of days covered. In heart failure
patients, medication adherence was associated with significantly decreased odds of
hospitalization. However, this association was not observed in patients with myocardial
infarction.53
Wu et al. (2010) reported on the association between adherence to antihypertensive medications and both all-cause and cardiovascular hospital admissions over
a two-year period in a sample of 29,685 hypertensive patients. Adherence was defined as
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a proportion of days covered of 80% or more. Non-adherence was associated with
increased cardiovascular and all-cause hospitalization.54
ii. Non-Adherence to Follow-Up Appointments and Hospital Readmission
Nelson et al. (2000) evaluated the association between patient attendance at a
follow-up appointment and 90, 180, 270 and 365-day hospital readmission in 3,113
psychiatric patients for whom a follow-up appointment was made by the hospital. Nonattendance at a follow-up appointment was significantly associated with hospital
readmission at 270 and 365, but not 90 or 180 days.19
Grafft et al. (2010) examined the effect of a documented follow-up appointment
on time to hospital readmission in 4,989 general medical inpatients. The appointment
documentation included date, time and location of the appointment written in the
patient’s records. Documentation of a follow-up appointment was not observed to be
associated with hospital readmission.43
The primary limitation of these studies with regard to the aims of this study is that
they focus almost exclusively on medication adherence or scheduling a follow-up
appointment. Furthermore, the majority of these studies were retrospective cohort studies.
This study examined adherence to lifestyle, follow-up medical appointments and
medication recommendations using a stronger prospective cohort methodology. Methods
of assessing adherence to other types of medical recommendations are not as clear-cut as
the methods employed to assess medication adherence. Because of the lack of previously
documented methods for assessing adherence to medical recommendations for general
medical patients, an instrument for that purpose was designed specifically for this study,
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as further discussed below. This instrument was used in conjunction with patients’
medical charts to assess adherence. Furthermore, the outcome examined in these studies
was hospital admission, rather than 30-day unplanned hospital readmission as in this
study. Finally, these studies focused on patients with specific chronic diseases and
utilized populations aged under 65 while this study examined general medical and
surgical inpatients aged 65 and older.
In summary, the majority of studies examining the association between adherence
and hospital admission focused on medication adherence. While medication adherence is
clearly important, adherence to other medical recommendations may be as well. Current
literature is inconclusive about the impact of adherence to other medical
recommendations on hospital readmission. This study addressed this topic, which is
increasingly important as hospitals search for ways to reduce unplanned readmissions
through the implementation of interventions designed to improve adherence to
medication and follow-up appointments.3, 5, 55
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Study Design
Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort
Prospective
cohort

Retrospective
cohort

Reference

Sokol et al.
2005

Ho et al.
2006

Ho et al.
2008

Sun et al.
2008

Wu et al.
2010

Nelson et al.
2000

Grafft et al.
2010

4989 general internal
medicine inpatients

3113 psychiatric patients

29,685 hypertensive
patients

1495 MI and HF patients >
18

15,767 patients with prior
MI, PCI or CABG surgery

137,277 patients aged < 65
with diabetes,
hypertension,
hypercholesterolemia or
CHF
11,532 patients with
diabetes

Patients

Documented follow-up
appointment in medical
record

Medication adherence from
refill histories to antihypertensives
Attendance at scheduled
follow-up appointment

Medication adherence from
refill histories

Medication adherence from
refill histories to antihypertensives, statins and
oral hypoglycemics
Medication adherence from
refill histories to CV
medications

Medication adherence from
refill histories

Non-adherence Outcome

30 and 180-day hospital
readmission

90,180,270 and 365-day
hospital readmission

CV and all-cause
hospitalization

12-month hospitalization

16-month CV hospitalization

16-month hospitalization

Hospitalization risk over 12
months

Hospital Admission

Table 3. Studies examining non-adherence to medication or follow-up appointments and hospital admission

Non-adherence
associated with
increased odds of
hospitalization
Non-adherence
associated with
increased odds of
hospitalization for
all drugs
HF patients: OR =
0.34 (95% CI, 0.210.55), MI patients:
OR =0.66
(95% CI, 0.31-1.41)
Non-adherence: OR
= 1.47 (95% CI
1.21, 1.78)
Significant
association between
non-adherence at
270 and 365, but not
90 or 180 days
No association
between
documented
appointment and
readmission

Patients with high
adherence had
significantly less
hospitalization risk

Results

D. Conceptual Model
This study examined the association between depressive symptoms and 30-day
unplanned hospital readmission in adults aged 65 and older. Furthermore, we assessed
adherence to medication, follow-up appointment, and lifestyle recommendations such as
diet, exercise and smoking cessation as possible mediators of this association. Hence, as
our conceptual model illustrates, three sets of confounders need to be identified and
measured (Figure 1).
We first identified potential confounders of the association between depressive
symptoms and 30-day unplanned readmission. Based on previous studies, age, sex, and
the number or types of comorbidities could be associated with both depressive symptoms
and hospital readmission.1, 56, 57 Social isolation may be associated with depression, but
has not yet been examined as a predictor of 30-day hospital readmission.56 One study that
examined living alone as a predictor of hospital readmission reported a negative finding.6
In this study, we measured social isolation within the community using the Lubben Social
Network Scale and examined it as a potential predictor of both depressive symptoms and
30-day unplanned hospital readmission.58
Similarly, we identified potential confounders of the association between
depression and non-adherence to discharge instructions. Previous literature indicates that
age, cognitive impairment, and number of chronic conditions could confound the
association between depressive symptoms and non-adherence to discharge instructions.39,
47

Finally, potential confounders of the association between non-adherence to discharge
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instructions and 30-day hospital readmission include age, cognitive impairment and the
number of chronic conditions.7, 39, 47

Figure 1. Conceptual model of the association between Depressive Symptoms, Non-adherence and Hospital
Readmission

Potential Confounders

Potential Confounders

-Age
-Cognitive impairment
-Number of comorbidities

-Age
-Cognitive impairment
-Number of comorbidities

Non-Adherence to Discharge Instructions
-Medication
-Lifestyle modifications (smoking, diet, exercise)
-Follow-up appointments

30-Day Unplanned
Hospital Readmission

Depressive Symptoms

Potential Confounders
-Age
-Sex
-Number of comorbidities
-Types of comorbidities
-Social network
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III.

RESEARCH DESIGN AND METHODS

A. Study Design
We conducted a prospective cohort study of community-dwelling persons aged 65
and older who were admitted to the general medical and surgical units of the University
of Maryland Medical Center. We administered a baseline questionnaire (Appendix I) and
contacted patients by phone at three time points post-hospital discharge to assess the
effect of depressive symptoms on 30-day unplanned hospital readmission. The baseline
questionnaire consisted of three validated instruments in addition to questions about
demographics and health care utilization. A more detailed explanation of the baseline
questionnaire can be found in section III.C.ii of this dissertation. We examined nonadherence to discharge instructions as a potential mediator of the association between
depressive symptoms and hospital readmission. The University of Maryland Institutional
Review Board approved this study.
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B. Study Population
The target population of this study was community-dwelling adult patients aged
65 and older. Community dwelling patients were those patients not residing in a nursing
home, long-term care, or assisted living facility. The sample population was communitydwelling adult patients aged 65 and older who were admitted to general medical and
surgical services of the University of Maryland Medical Center (UMMC). UMMC is a
757-bed, tertiary-care referral center in Baltimore, MD. The patient population at UMMC
is approximately 46% male, 46% African American and 53% Caucasian. Patients
admitted directly to the psychiatric, obstetrical, intensive care units were excluded
because they differ in important ways from the general patient population that is the focus
of this study. We also excluded patients admitted from nursing homes and long term care
facilities. These patients are much more ill than the general patient population we wished
to study and have limited control over their health care decisions. Finally, non-English
speakers and patients unable to communicate verbally were excluded.
Previous studies in older populations suggest that proxy respondents are not
reliable sources of information on depressive symptoms and that individuals who score
less than 15 on the MMSE may not accurately report their depressive symptoms.29, 59, 60
Therefore, screening for cognitive impairment was part of our consent process and
individuals who scored less than 15 on the MMSE were excluded from the study.
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C. Data Collection
i. Patient Identification
Patients were eligible for the study if they were aged 65 or older, spoke English
and were not admitted from a nursing home or admitted to the intensive care, obstetrics
and gynecology or psychiatric units. As previously described, these patients differ from
the general medical and surgical population we wished to study. A partial HIPPA waiver
for subject recruitment was granted to this study by the Institutional Review Board at the
University of Maryland, Baltimore to allow us to receive a daily list of admissions to
UMMC meeting baseline inclusion criteria. Study personnel received a daily list of all
adult patients eligible for the study who were admitted during the previous 24 hours from
UMMC’s central data repository (CDR). The UMMC CDR is an ORACLE-based
relational database containing patients’ administrative, pharmacy, and laboratory data.
Preliminary data indicated that approximately 20 patients meeting our inclusion criteria
were admitted to UMMC on a daily basis. However, patients were frequently unavailable
for enrollment because they were absent from their rooms, with a healthcare worker or
sleeping. Therefore, our goal was to enroll 20 patients per week. We randomized our
daily list of admitted patients using a random number generator and approached patients
within 72 hours of hospital admission in the randomized order to prevent bias based on
time of admission. Prior to approaching patients in their rooms, we briefly described the
study to the charge nurse or patient’s nurse. We ensured that the patient was capable of
talking to us and then approached patients in their rooms and invited them to participate
in the study. If a patient expressed interest in participating in the study, we began the
informed consent process.
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ii. Baseline Data Collection
We administered a questionnaire at baseline to consented study participants
(Appendix I). We described the potential for emotional discomfort that could be
experienced by answering questions about feelings. Moving hospital patients to another
room to conduct the baseline interview was infeasible, therefore we discussed the private
nature of the questions that we asked about feelings and the patient’s the right not to
answer any questions that made them feel uncomfortable.
Previous research suggests that age, sex, social network, cognitive impairment,
and number and types of comorbidities may be potential confounders in our study. Our
conceptual model describes the potential relationships between depressive symptoms,
non-adherence to discharge instructions, 30-day unplanned hospital readmission and
potential confounders in this study (Figure 1). We collected information on all of these
covariates from the baseline questionnaire, patients’ electronic medical records, and the
UMMC CDR. We also collected information on race, education, previous healthcare
utilization, smoking and alcohol use, and history of falls. Finally, we collected contact
information for the patient as well as for another person who would be knowledgeable
about potential hospital readmissions. We assessed the patients’ ability to perform
activities of daily living including feeding, dressing, and bathing using Katz’s disability
in Activities of Daily Living (ADL).61 Katz’s ADL is one of the most widely used
measures in gerontological studies and has prognostic value in predicting hospital
readmissions in older adults.30 Table 4 lists the measurement occasions of the constructs
and variables we measured.
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We assessed the prevalence of depressive symptoms using the 15-item Geriatric
Depression Scale (GDS), social isolation using the 6-item Lubben Social Network Scale
(LSNS-6) and cognitive impairment with the Mini-Mental State Examination (MMSE).29,
58, 62

We chose the 15-item GDS over other validated measures because it does not include

somatic symptoms, which may be more common in older persons and not directly related
to depression.14, 22 A score of greater than or equal to 6 on the 15-item GDS was used to
define the presence of depressive symptoms. This score has been observed to have a
sensitivity of 83% and a specificity of 69% to detect depression in elderly inpatients.60
The GDS-15 has been validated in patients with a MMSE of 15 and higher.63The LSNS-6
has been validated as a measure of social isolation in community dwelling adults. A cutpoint of less than 12 has been suggested to define social isolation, and was utilized in this
study.58
In addition to the questionnaire, we collected data on admission and discharge
diagnoses (including both the primary diagnosis and up to 15 comorbid medical
conditions), number of medications prescribed at discharge, discharge instructions, and
hospital readmissions to UMMC from patients’ electronic medical records. Diagnosis and
comorbid condition data are based on the International Classification of Diseases, 9th
revision (ICD-9).64
We used the UMMC CDR to collect data on the Charlson Comorbidity Index
(CCI), an aggregate measure of comorbidity, as well as new and continuing medications
at discharge.65

We reviewed the instructions patients received upon discharge from the

hospital during the index admission. At UMMC, patient discharge instructions include
information about newly prescribed and continuing medications, follow-up appointments,
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dietary, physical activity, and smoking and alcohol usage recommendations. These
instructions are reviewed with the patient by the clinical staff and the patient receives a
copy of the documents and instructions upon discharge.
iii. Telephone Follow-Up
We followed up with study participants by telephone at 5, 15 and 31 days post
discharge from the index hospital admission. During these telephone calls, we collected
information on any hospital readmissions that occurred post discharge as well as
adherence to discharge instructions. A hospital readmission was defined as an overnight
stay at any inpatient facility, excluding overnight stays in emergency departments. The
focus of this study was on unplanned hospital readmissions. Therefore, if a hospital
readmission occurred, study participants were asked if the hospital readmission was
planned or unplanned. If the patient had a readmission, we collected data on the date and
location of the readmission, reason for readmission, and the primary diagnosis if possible.
If the patient was unavailable at the follow-up call, outcome information was obtained
from the contact person indicated by the patient at enrollment.
We created a series of questions to assess adherence to discharge instructions in
three domains. (Appendix 1) These domains are medication, follow-up appointments and
lifestyle modifications. Each domain was scored on a dichotomous scale, with a score of
one indicating adherence. Detailed information about the creation of adherence scores
follows. The adherence scores for the individual domains were added together to create a
summary adherence score at each measurement occasion. Summary adherence scores
ranged from 0-3 with 3 indicating the highest level of adherence.
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Patient responses to adherence questions were compared to the written discharge
instructions obtained from patient charts. We obtained written discharge summaries,
including information on diet, exercise, follow-up appointments, and medications
prescribed at discharge from Horizon Patient Folder, an online healthcare document
management system. Similar information was also obtained and/or supplemented from
Powerchart, an online digital medical chart. In addition, we assessed the presence of a
signed receipt of the discharge instructions in Horizon Patient Folder.
We measured medication adherence by asking questions about new and continued
medications prescribed at discharge. Study participants were considered non-adherent if
their answers concerning new and continuing prescriptions conflicted with information
obtained from the written discharge summary. If they had not filled their new
prescriptions by day 5, they were considered non-adherent. The Morisky Medication
Adherence Scale, a four-question scale designed to assess general medication adherence,
was used to assess adherence to all medications prescribed (includes both newly
prescribed and continuing medications).66 The scale includes questions such as ‘Do you
ever forget to take your medication?’(Appendix I). Each ‘yes’ answer received one point,
and a score of > 2 indicated non-adherence to the medication domain of the discharge
instrcutions in this study.
Adherence to follow-up appointments was assessed by asking study participants if
they were told to schedule a follow-up appointment, whether the hospital made an
appointment for them, if they had attempted to schedule an appointment, if they had
successfully scheduled the appointment, if the date of the scheduled appointment had
passed and if they actually attended the follow-up appointment. As before, if there was a
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discrepancy between patients’ responses and information obtained from the written
discharge summary except as noted below, study participants were considered nonadherent. If the study participant was told to schedule an appointment and had not tried or
not succeeded in making the appointment at the 5-day follow-up, they were still
considered adherent. However, if they had not successfully scheduled the follow-up
appointment at the 15-day follow-up call, they were considered non-adherent. If patients
had not attended the scheduled appointment if the date had already passed, they were
considered non-adherent. If a patient reported a follow-up appointment when one was not
present in the discharge instructions, we treated it as if it were present.
Adherence to lifestyle modification instructions was assessed by asking if
participants were told to follow a specific diet, stop smoking, stop consuming alcohol or
begin or increase exercising (including prescribed physical therapy). In constructing the
lifestyle modifications adherence measure, an effort was made to ensure that it was
highly sensitive by keeping the ‘adherence’ bar relatively low. If information obtained
from the written discharge summary conflicted with participant’s responses, they were
considered non-adherent. If diet instructions were given, participants were considered
non-adherent if the diet was followed less than 3 times/week. If exercise instructions,
including physical therapy instructions, were given, patients were considered nonadherent if they exercised less than once per week. If smoking or alcohol cessation
instructions were given, participants were considered non-adherent if they had not tried to
stop smoking or consuming alcohol, had not been successful in stopping, and had not
reduced smoking or alcohol consumption. If a patient reported lifestyle recommendations
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to us that were not present in the discharge instructions, we treated them as if they were
present.
We asked study participants all questions on adherence at the 5-day follow-up
call. At the 15-day and 31-day follow-up calls, we asked study participants only those
questions about newly prescribed medications and follow-up appointments that were not
answered at the 5-day follow-up call. All other questions regarding medication adherence
and lifestyle modifications were asked unless the question establishing whether a
particular instruction was given was answered negatively at the 5-day follow-up call. For
example, if a study participant denies being told to follow a specific type of diet at
discharge, then we did not ask again if they were told to follow a specific type of diet at
discharge. That negative answer was assumed to carry through the next 2 follow-up calls.
In the event that the study participant was unable to communicate directly with us
or did not direct their own medical care (including medications, appointments, or diet),
we assessed patient adherence through caregiver report.
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X

Smoking/Alcohol

X
X
X
X
X

Length of Hospital Stay
Height/Weight
Discharge to Location
Discharge Instructions
Hospital Readmissions

X

Current Location

X

X

X

X

X

15-Day
Follow-Up

X

X

X

X

X

X

31-Day
Follow-Up

Mini Mental State Examination; 2 Geriatric Depression Scale-15; 3 Lubben Social Network Scale; 4 Katz’s Activities of
Daily Living; 5 Morisky Medication Adherence Scale

X

Lifestyle Modifications

1

X

X

X

X

X

Follow-up Appointments

Medication Adherence

X

Discharge Diagnoses

5

X

X

5-Day
Follow-Up

Measurement Occasion
Chart Review

Admission Diagnoses

Admission/Discharge Date

Functional Status

X

X

History of Falls
4

X

X

X

Healthcare Utilization

Social Isolation

3

Depressive Symptoms

X

Demographics
2

X

Baseline
Cognitive Impairment1

Construct/Variable

Table 4. Measurement Occasions of Constructs and Variables Measured

D. Analysis
i. Analysis of Association between Depressive Symptoms and 30-day Unplanned
Hospital Readmission
The objective of Aim 1 was to quantify the association between depressive
symptoms at hospital admission and unplanned 30-day hospital readmission in adult
inpatients aged 65 and older. The GDS-15 was dichotomized at 6 with a score of > 6
defined as the presence of depressive symptoms. Our primary outcome, 30-day
unplanned hospital readmission, was a dichotomous outcome. First, we examined the
frequency of depressive symptoms (our independent variable) and 30-day unplanned
hospital readmission (our dependent variable) as well as distributions of covariates in
univariate analysis. In bivariate analysis, we assessed associations between our
independent and dependent variables and the covariates using chi-square analysis for
categorical covariates and t-tests for continuous covariates. Statistical significance was
defined as p <0.05. Covariates that were significantly associated with our exposure and
our outcome as well as covariates known to be associated from our conceptual model
were considered for inclusion in our regression model.
We utilized a log-binomial regression model to estimate the relative risk of 30day unplanned hospital readmission in our study population. Our primary log-binomial
model regression model contained an indicator variable for prevalent depressive
symptoms and modeled the log relative risk of 30-day unplanned hospital readmission.
Effect modifiers identified using the Breslow-Day test (with a p-value of 0.05 or less) and
their main effects were also examined in the model. Our final regression model included
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terms for depressive symptoms, age, sex, Charlson Comorbidity Index score , social
isolation risk, > 2 hospital admissions in the past 6 months, and self-rated health of
‘good’ or better .
ii. Analysis of the Association between Depressive Symptoms and Non-Adherence to
Discharge Instructions
The first objective of Aim 2 was to quantify the association between depressive
symptoms and non-adherence to discharge instructions in our study population. The GDS
was dichotomized at 6 with those scoring > 6 considered as having depressive symptoms.
For our primary hypothesis, we used the non-adherence scores in each domain as well as
the summary adherence score.
We first examined the frequency and distribution of our exposure (depressive
symptoms), outcomes (all adherence measures), and covariates. Each adherence measure
(medication, appointments, lifestyle, and summary) was examined at 5, 15 and 31 days
post-discharge. We assessed the association of both our exposure and outcome variables
with covariates using chi-square analysis for dichotomous covariates and Student’s t-tests
for continuous covariates. For bivariate analysis, the summary adherence measure was
dichotomized as non-adherent in one or more domains of the discharge instructions vs.
adherent in all domains. Statistical significance was defined as p <0.05. Covariates that
were associated with the exposure and the outcomes, as well as potential confounders
identified from the literature, were included in our regression models. Effect modifiers
identified using the Breslow-Day test (with a p-value of 0.05 or less) and their main
effects were also examined in the model.
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To allow for the correlation of adherence measures over time, we used
generalized estimating equations (GEE). GEEs with a logistic regression model were
used to model baseline patient characteristics with non-adherence to medication and
appointments over time. We utilized a log-binomial model of the GEE for lifestyle nonadherence over time due to its high prevalence. Finally, we used a cumulative logit model
of the GEE to examine the association of baseline patient characteristics with our ordinal
summary adherence measure over time. In each case, the dependent variable was
modeled as a function of depressive symptoms and time.
The association between baseline depressive symptoms and non-adherence may
change over time. To examine this possibility, a depressive symptoms*time interaction
term was added to each GEE model. If this interaction term was not significant at the
p=0.05 level, it was dropped from the model.
Based on our bivariate analysis and the literature, all models were adjusted for the
following baseline variables: depressive symptoms, time since hospital discharge
(categorical), age, > 1 ADL disability, < high school graduate, > 2 falls/last 6 months,
risk of social isolation, continuous MMSE score, and number of medications prescribed
at discharge. Covariance among repeated measures was modeled as unstructured or
independent. Odds ratios (OR), risk ratios (RR), and cumulative odds ratios (COR) were
reported.
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iii. Analysis of the Association between Non-Adherence to Discharge Instructions
and 30-Day Unplanned Hospital Readmission
The second objective of Aim 2 was to quantify the association between nonadherence to discharge instructions and unplanned 30-day hospital readmission in our
study population.
We first examined the frequency of all adherence measures at each time point. We
assessed the association of each adherence measure at the 5 and 15-day follow-up calls
with covariates using chi-square analysis for dichotomous covariates and Student’s t-tests
for continuous covariates. We also examined the association of the summary adherence
measure with covariates at the 5 and 15 day follow-up occasions using the Wilcoxon test
for dichotomous covariates, and Spearman’s correlation for continuous covariates.
Statistical significance was defined as p <0.05.
We next examined the frequency our primary outcome, 30-day unplanned
hospital readmission. We assessed the association of covariates with our outcome using
chi-square analysis for dichotomous covariates and Student’s t-tests for continuous
covariates. Covariates observed to be associated with both our exposures and our
outcome, as well as any potential confounders identified in our conceptual model, were
considered for inclusion in our regression models.
We constructed two logistic regression models (a 5-day and a 15-day model) to
examine the association between our summary adherence score and 30-day unplanned
hospital readmission. For these models, we dichotomized the summary adherence score
as ‘non-adherent in one or more domains’ and ‘adherent in all domains’. Our final
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regression models contained indicator variables for 1) the dichotomized adherence score
at 5 days and 2) the dichotomized adherence score at 15 days, and were adjusted for the
following baseline variables: age, MMSE score, Charlson score, depressive symptoms,
number of medications at discharge, and a presence of a discharge diagnosis of heart
disease. Odds ratios (OR) and 95% confidence intervals (CI) were reported.
Similarly, we constructed two logistic regression models to examine the
association between non-adherence to each domain of the discharge instructions and 30day unplanned hospital readmission. These models were identical to those described
above except they included the individual domain adherence measures at 5 and 15 days.
iv. Analysis of Non-Adherence to Discharge Instructions as a Mediator of the
Association between Depressive Symptoms and 30-Day Unplanned Hospital
Readmission
The final objective of Aim 2, hypothesis 2c, was to examine non-adherence to
discharge instructions as a mediator of the association between depressive symptoms and
30-day unplanned hospital readmission. In this study, a statistically significant
association between depressive symptoms at baseline and 30-day unplanned hospital
readmission was not observed. Therefore, mediation could not be examined and this
analysis portion of the dissertation was removed.
E. Sample Size Calculation
This study was primarily powered to address Aim 1. The objective of Aim1 was
to determine if a significant difference in 30-day hospital readmissions existed between
patients with and without depressive symptoms. Previous research indicates that the
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percentage of elderly inpatients scoring 6 or greater on the 15-item GDS is 20%.30 Data
from the UMMC CDR from 2007-2009 shows that 13% of patients aged 65 and older
were readmitted to UMMC within 30 days of discharge. Based on a 20% prevalence of
depressive symptoms defined as a GDS score of > 6 and a 13% incidence of 30-day
hospital readmission, we performed power calculations to determine the necessary study
sample size using a two-tailed p-value of 0.05. Our study had 80% power to detect a
significant odds-ratio of 2.0 or greater (for example, if the proportion re-hospitalized
were 16.5% and 9%, respectively, in the depressed and non-depressed groups) with 600
patients. Based on our assumptions, this would lead to 120 people in the ‘depressed’
group and 480 people with GDS scores of < 6. Calculations were also made to account
for potential loss to follow-up. Enrolling 750 patients allowed for a 10% loss to follow-up
while still maintaining a minimum of 80% power. Therefore, we enrolled 750 patients
into this study.
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IV. RESULTS
The following three manuscripts report the results of the research outlined in this
dissertation. Manuscript 1 presents the results of Aim 1: the association between
depressive symptoms and 30-day unplanned hospital readmission. Manuscript 2 presents
the results of Aim 2a: the association between depressive symptoms and non-adherence
to discharge instructions. Manuscript 3 presents the results of aim 2b: the association
between non-adherence to discharge instructions and 30-day unplanned hospital
readmission. Because a significant association between depressive symptoms and 30-day
unplanned hospital readmission was not observed, mediation (Aim 2c) was not assessed.
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V. DEPRESSIVE SYMPTOMS AND HOSPITAL READMISSION IN OLDER
ADULTSa

Introduction
Unplanned hospital readmission has been targeted for improvement initiatives to
reduce healthcare costs and improve patient outcomes. Previous research suggests that
20% of Medicare beneficiaries are readmitted to the hospital within 30 days of discharge,
and 34% are readmitted within 90 days.1 Hospital readmissions are costly as well,
accounting for $15 billion in Medicare spending in 2007.2 In response, the Medicare
Payment Advisory Commission has tied 30-day readmission rates for certain readmission
diagnoses thought to be potentially preventable to Medicare reimbursements beginning in
2013 as an incentive for hospitals to reduce their readmission rates. Three diagnosesrelated groups (acute myocardial infarction, heart failure and pneumonia) will be targeted
initially; however the number of targeted diagnoses groups will expand in 2014.3
Multifaceted interventions such as Project RED that aim to reduce hospital
readmissions have been observed to be effective; however the high costs of these
a
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interventions dictate that they must be targeted toward patients at highest risk of
readmission.4-6 To aid this process, several patient characteristics associated with hospital
readmission have been identified. These include older age, male sex, recent previous
hospital admission, longer hospital length of stay and greater comorbidity.7-9 These
characteristics describe a large proportion of Medicare beneficiaries but provide few
targets for anything other than broad-based interventions.
Depression and depressive symptoms are associated with increased mortality and
may impact hospital readmissions among Medicare beneficiaries.10-12 However, previous
research examining the effect of depressive symptoms on hospital readmission has
primarily focused on patients with specific illnesses such as heart failure, age groups that
included much younger patients (> 18 years old), or readmission outcomes that varied
from 30 days to 1 year.13-17 While these studies have reported a positive association
between depressive symptoms and hospital readmission, identifying potential predictors
of unplanned 30-day readmission in an older, more general patient population may better
assist discharge planners and be more in line with current hospital initiatives to reduce
readmissions.
This paper reports results from a prospective cohort study that investigated the
association between depressive symptoms and unplanned 30-day hospital readmission
among patients aged 65 and older who were admitted to the general medical or surgical
services of a tertiary-care facility. We hypothesized that depressive symptoms would be
positively associated with 30-day hospital readmission. If this is the case, screening for
and treating depression in this patient population may provide an additional means of
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reducing hospital readmission in addition to furnishing a target population for current
initiatives.
Methods
Study Design and Study Population
A prospective cohort study of community-dwelling adults aged 65 and older
admitted to the hospital was conducted to investigate the association between depressive
symptoms and unplanned 30-day hospital readmission. Study participants were enrolled
in their rooms within 72 hours of hospital admission. Following hospital discharge,
participants or identified contacts were followed-up by phone at three time points (5, 15,
and 31 days) post-discharge to ascertain deaths and unplanned readmission events.
The study population consisted of community-dwelling adults aged 65 and older
who were admitted to the general medical and surgical services of the University of
Maryland Medical Center (UMMC) between July 1, 2011 and August 9, 2012 and met
inclusion criteria. UMMC is a 757-bed, tertiary-care hospital in Baltimore, MD. Patients
admitted to psychiatric, obstetrical, and intensive care units as well as patients residing in
a nursing home represent a different patient population than the general medical and
surgical patients that were our focus in this study, therefore these patients were excluded.
Most of the study documents were not validated in a language other than English;
therefore patients who did not speak English were excluded from the study. Finally, the
15-item Geriatric Depression scale (GDS-15), our primary exposure measure, is validated
only among patients with a Mini-Mental State Examination (MMSE) score of 15 or
greater.18 Therefore patients with an MMSE score of less than 15 were excluded. This
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study was approved by the Institutional Review Board at the University of Maryland
Baltimore and all participants provided informed consent prior to participating.
Admission and discharge information on patients meeting our inclusion criteria
were collected daily from the UMMC Clinical Data Repository (CDR), a relational
database including patients’ administrative, demographic, and outcome data that has been
used extensively in published epidemiologic studies.19-21
Sample size was calculated based upon on a hospital readmission rate of 13%,
20% prevalence of depressive symptoms, and 10% loss to follow-up. The 13%
readmission rate among adults aged 65 and older was obtained from 5 years of data on
30-day hospital readmission to UMMC from the UMMC CDR. Based on these
assumptions, a sample size of 750 would allow 80% power to detect a doubling of the
risk of 30-day unplanned readmission among study participants with depressive
symptoms.
Measures
All study participants were administered a questionnaire including four validated
survey instruments in their hospital rooms within 72 hours of hospital admission.
Prevalent clinically significant depressive symptoms, our primary exposure, were
assessed using the 15-item Geriatric Depression Scale (GDS-15), and were defined as a
score of 6 or greater.22 This cut-off has been observed to have a sensitivity of 83% and a
specificity of 69% to detect depression in elderly inpatients.23 We also assessed Katz’s
disabilities in Activities of Daily Living, a scale ranging from 0-5 with 5 indicating the
highest level of disability, cognitive impairment with the 30-item MMSE, and social
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isolation using the 6-item Lubben Social Network Scale (LSNS-6).1818, 22, 24, 25 The LSNS-6
has been validated as a measure of social isolation in community dwelling adults. A cutpoint of less than12 has been suggested to define social isolation, and was utilized in this
study.24
In addition to the questionnaire, data on admission and discharge diagnoses
(including both the primary diagnosis and up to 15 comorbid medical conditions),
number of medications prescribed at discharge, discharge instructions, and hospital
readmissions to UMMC were collected from patients’ medical charts.
Data on the Charlson Comorbidity Index score, a measure of aggregate
comorbidity, and new and continued medications prescribed at discharge were collected
from the CDR.26 Data in the CDR have been validated against patients paper medical
charts and have demonstrated predictive values exceeding 99%.19, 28
Disease categories defined by the Centers for Medicare and Medicaid Services
Chronic Condition Data Warehouse and the 2006 National Hospital Discharge Survey
were used to create disease categories based on patients’ discharge diagnosis
International Classification of Diseases, Ninth Revision (ICD-9) codes.29, 30 The following
categories were created: cancer (140-208, 230-234), heart disease (391-392.0, 393-398,
402, 404, 410-416, 420-429), diseases of the digestive system (520-579), diseases of the
musculoskeletal system (710-739), and complications of surgical and medical care (996999). The remaining diagnoses were grouped as ‘other’.
Study participants were followed by telephone at 5, 15 and 31 days after
discharge from the index hospital admission to determine the incidence of 30-day
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unplanned hospital readmission, the primary outcome. During these telephone calls,
information was collected about any hospital readmissions that occurred post discharge,
including date, place, reason for readmission, and whether the readmission was planned
or unplanned. An unplanned hospital readmission was defined as an overnight stay at any
inpatient facility that did not occur in the emergency department and was not previously
scheduled. If the patient was unavailable at the follow-up call, outcome information was
obtained from the contact person indicated by the patient at enrollment.
Data Analysis
The primary exposure (clinically-significant depressive symptoms) and outcome
(30-day hospital readmission) were treated as dichotomous variables. Initially, the
frequency distribution of our exposure, outcome, and covariates were examined.
Association of both the exposure and outcome variables with covariates was examined
using chi-square analysis for dichotomous covariates and Student’s t-tests for continuous
covariates to assess potential confounding. Statistical significance was defined as p
<0.05. Covariates that were significantly associated with the exposure (depressive
symptoms) and the outcome (30-day unplanned hospital readmission), as well as
covariates known to be associated from the literature were considered for inclusion in the
regression model.
To better estimate risk, a log-binomial regression model was utilized to estimate
the relative risk of 30-day unplanned hospital readmission in the study population. The
primary log-binomial model regression model contained an indicator variable for
prevalent depressive symptoms and modeled the log relative risk of 30-day unplanned
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hospital readmission. Effect modifiers identified using the Breslow-Day test (with a pvalue of 0.05 or less) and their main effects were also examined in the model. All data
analysis was performed with SAS version 9.2 (SAS Institute Inc., Cary, NC).
Results
During the study period, 3,699 patients aged 65 and older were admitted to the
general medical and surgical units at UMMC. Of these, 146 (4%) were not competent to
participate and 61(2%) did not speak English. Of the remaining 3,492, 750 (21%) were
enrolled into our study. Reasons for non-participation included refusal (21%), already
discharged from hospital (16%), already participating in study (6%), and inaccessibility
of the patient due to procedures, therapy, or sleep (25%). Patients who enrolled in the
study were younger, with a mean age (standard deviation (sd)) of 73.2 (6.5) years vs. 73.9
(6.9) years, p=0.01. They also had a slightly longer length of stay (6.2 days vs. 5.9 days,
p<0.001) and were more likely to be Caucasian (70% vs. 60%, p<0.001). Participants did
not differ from non-participants by sex (49% female vs. 52% female, p=0.08) or Charlson
Comorbidity Index score (2.5(sd 2.3) vs. 2.6 (sd 2.4), p=0.7).
Of the 750 participants enrolled into the study, 13 (1.7%) were deceased at
discharge, 4 (0.5%) withdrew from the study, and 17 (2.3%) were lost to follow-up at 31days. This left a total of 716 (95%) patients for whom data on our primary outcome was
ascertained. Table 5 presents characteristics of the entire sample by depressive symptom
status.
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Table 5. Characteristics of the Study Population of Hospitalized Patients at
University of Maryland Medical Center, 2011-2012 by Depressive Symptom Status,
n=750
Characteristic

Age in years, mean (sd)

Total
N=750

Depressive
Symptoms1
n=140

pvalue2

72.8 (6.5)

No
Depressive
Symptoms
n=610
73.4 (6.6)

73.2

27.0 (2.7)

27.8 (2.4)

0.001

0.3

(6.5)
3

MMSE , mean (sd)

27.7
(2.4)

Length of stay in days, mean (sd)

6.2 (9.5)

6.1 (5.5)

6.2 (10.2)

0.8

Female sex, n(%)

366 (49)

74 (53)

292 (48)

0.3

White race, n(%)

540 (72)

101 (72)

439 (72)

1.0

Married, n(%)

433 (58)

72 (51)

361 (59)

0.1

30-Day Unplanned Hospital

142 (19)

33 (24)

109 (18)

0.1

Self-rated health > good, n(%)

439 (59)

41 (30)

398 (65)

<0.001

Disabilities in ADLS4 > 1, n(%)

141 (19)

43 (31)

98 (16)

<0.001

> High school education, n(%)

636 (85)

110 (79)

526 (86)

0.02

>2 hospital admissions in last 6 months,

184 (25)

50 (36)

134 (22)

<0.001

> 2 falls in last 6 months, n(%)

108 (14)

35 (25)

73 (12)

<0.001

Lives alone, n(%)

199 (27)

35 (25)

164 (27)

0.7

Social isolation5 risk, n(%)

89 (12)

34 (24)

55 (9)

<0.001

10.2

11.2 (5.4)

10.0 (4.5)

0.01

Readmission, n(%)

n(%)

Number of medications at discharge,
mean (sd)

(4.7)
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Table 5 Continued
Primary Discharge Diagnosis, n(%)
Cancer

97 (13)

20 (14)

77 (13)

0.6

Heart Disease

151 (20)

27 (19)

124 (20)

0.8

Diseases of Digestive System

93 (12)

17 (12)

76 (12)

0.9

Complications from Medical Care

83 (11)

19 (14)

64 (10)

0.3

Diseases of Musculoskeletal

65 (9)

11 (8)

54 (9)

0.7

261 (35)

46 (33)

215 (35)

0.6

2.5 (2.3)

3.1 (2.4)

2.4 (2.3)

0.004

6.2 (9.5)

6.1 (5.5)

6.2 (10.2)

0.8

System
Other
Charlson Co-Morbidity Index Score,
mean (sd)
Length of Hospital Stay in days, mean
(sd)
1

Geriatric Depression Scale-15 > 6, 2Chi-square for categorical variables, Student’s t-test
for continuous variables, 3Mini Mental State Examination, 4Katz’s Activities of Daily
Living, 5Lubben Social Network Scale-6 <12

Mean age was 73.2 years (standard deviation (sd) 6.5) and mean MMSE score
was 27.9 (sd 8.1). Length of hospital stay was skewed, with a median (interquartile
range) of 4 (2,7) days. Nineteen percent of the sample had depressive symptoms (GDS15 mean 3.2 (s.d. 2.8)) and 19% experienced an unplanned 30-day hospital readmission.
Among those readmitted, 48% were admitted to UMMC. The most prevalent discharge
diagnosis was heart disease (20%). The ‘other’ category comprised 35% of discharge
diagnoses and included (as a percentage of ‘other’): septicemia (3%), stroke/transient
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ischemic attack (7%), chronic kidney disease (17%), diseases of the respiratory system
(11%), fractures (3%), diseases of the nervous system (3%), and symptoms (15%).
Patients with depressive symptoms had greater baseline morbidity compared to
other patients. This was reflected by differences in self-rated health of ‘good’ or better
(30% vs. 65%, p<0.001), > 1 disability in ADLS (31% vs. 16%, p<0.001), > 2 hospital
admissions in the past 6 months (36% vs. 22%, p<0.001), > 2 falls in the last 6 months
(25% vs. 12%, p<0.001), number of medications prescribed at discharge (11.2 vs. 10.0,
p=0.01), and mean Charlson Comorbidity Index score (3.1 vs. 2.4, p=0.004). Among
patients with depressive symptoms, 48% had been told by a doctor that they were
depressed and 32% were currently taking antidepressants whereas among those who had
been told by a doctor that they were depressed, 67% were taking antidepressants.
Based on the bivariate analyses and previous research, the final regression model
included terms for age, sex, Charlson Comorbidity Index score, social isolation risk, > 2
hospital admissions in the past 6 months, and self-rated health of ‘good’ or better.
In the adjusted model, depressive symptoms increased the risk of 30-day
unplanned hospital readmission by 20%, but this increase was not significant. (Table 6)
Age (3% increase in risk per year of age), Charlson Comorbidity Index score (7%
increase in risk for each point) and > 2 hospital admissions in the past 6 months (53%
increase in risk) significantly predicted 30-day unplanned hospital readmission.
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Table 6. Relative Risks (RR) and 95% Confidence Intervals (95% CI) of 30-Day
Unplanned Hospital Readmission, n=716
Characteristic
Depressive Symptoms

Unadjusted RR
(95% CI)
1.31 (0.93, 1.84)

Adjusted RR
(95% CI)
1.20 (0.83, 1.72)

Age, per year

1.03 (1.00, 1.05)

Female sex

0.88 (0.65, 1.18)

Charlson Comorbidity Index Score

1.07 (1.01, 1.14)

> 2 admissions/last 6 months

1.53 (1.12, 2.09)

Self-rated health > ‘good’

0.90 (0.65, 1.24)

Social Isolation

0.72 (0.43, 1.21)

Secondary analyses also examined the effect of increasing GDS-15 score (as a
continuous variable) on 30-day unplanned hospital readmission (data not shown). After
adjusting for covariates, there was no significant effect of a single unit increase in GDS15 score on 30-day unplanned hospital readmission.
Discussion
Depressive symptoms were observed to be associated with a positive increase in
the odds of unplanned 30-day hospital readmission, however; this association didn’t
achieve statistical significance. Previous studies have reported positive associations
between depression and hospital readmission.13-17 Nonetheless, the effect size in this
study is smaller than those reported in prior studies, even though our sample size was
larger than most. A focus on patients aged 65 and older and 30-day unplanned
readmission as an outcome made this study different from previous studies in ways that
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may have impacted the size of the effect we observed. Previous research examining the
effect of depressive symptoms on hospital readmission has primarily focused on patients
with specific illnesses such as heart failure, age groups that included much younger
patients (> 18 years old), or readmission outcomes that varied from 30 days to 1 year.13-17
Furthermore, instruments used to measure depressive symptoms in prior studies were not
consistent, and included somatic measures, which can be confused with symptoms of
comorbid illness, especially among older adults. In this study, we used the Geriatric
Depression Scale-15, which does not include somatic measures and was designed
specifically to evaluate depressive symptoms among older adults.22 This variability in
previous studies may have resulted in the smaller effect size observed in this study.
This study was powered at 80% to detect a doubling of the odds of 30-day
unplanned hospital readmission among depressed patients based on a sample size of 750
and the assumptions described in the methods. The observed prevalence of depressive
symptoms, incidence of 30-day unplanned hospital readmission, and loss to follow-up did
not impact the power calculation negatively, and would have increased power somewhat.
However, the observed association between depressive symptoms and 30-day unplanned
hospital readmission suggests a smaller population effect than assumed in the sample size
calculations, leading to a loss of statistical power. While the effect size was larger in
certain sub-groups (e.g. adjusted OR 1.69 (95% CI 0.89, 3.02) in patients with a
discharge diagnosis of heart disease), it still remained below previous estimates.
Nevertheless, it is important to note that we assessed our outcome on over 97% of study
participants, mitigating potential outcome assessment bias. Furthermore, our observed
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incidence of 30-day unplanned hospital readmission is consistent with that reported in a
national study of Medicare enrollees, lending increased validity to our results.1
Patients with greater depressive symptoms may have been less likely to enroll in
the study, leading to a ‘depressive symptom’ cohort that may have had less severe
symptoms. Nonetheless, our reported prevalence of depressive symptoms (19%) is
consistent with prior research in older hospitalized populations (range 14% - 25%),
indicating that our sample was representative of the general hospitalized population of
adults aged 65 and older in terms of depressive symptom prevalence.31-33 Furthermore, the
GDS-15 has good sensitivity (83%) to detect depression in elderly inpatients, helping
ensure that those in our ‘depressive symptom’ cohort truly had depressive symptoms.23
This study was conducted at a single site, yet reports incidence of 30-day
unplanned hospital readmission and prevalence of depressive symptoms that are
consistent with national samples, helping to support its generalizability.1, 31-33
Furthermore, many previously observed associations, such as those between increasing
age and comorbidities as well as prior hospital admissions with unplanned 30-day
hospital readmission, were confirmed by this study.1, 7, 9, 14, 34-36 It is of note that only 48%
of readmissions were to the index facility. This has implications for institutions
attempting to reduce readmissions, especially for tertiary care facilities.
The state of Maryland enjoys a unique position as a Medicare waiver state not
subject to national Medicare reimbursement policy. Nonetheless, the Maryland Health
Services Cost Review Commission has implemented its own financial initiatives to
reduce readmissions at participating hospitals, including UMMC. These ongoing efforts
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to reduce hospital readmissions could have impacted results of this study by targeting
sicker patients who tend to have more depressive symptoms.
The adjusted increase in risk associated with depressive symptoms in this study,
while not significant, was 20%. Hospitals interested in effectively utilizing limited funds
to reduce hospital readmission among adults aged 65 and older could achieve a potential
overall reduction of up to 4% by targeting patients with depressive symptoms at
admission. Furthermore, the low prevalence of ‘doctor-recognized’ depression among
those exhibiting depressive symptoms presents an opportunity for a public health
intervention to increase screening and treatment for depression among older adults.
Future research is needed to determine the cost effectiveness of screening for depression
to identify patients at greater risk of readmission as well as the efficacy of interventions
to reduce hospital readmission in this patient population.
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VI. DEPRESSIVE SYMPTOMS AND NON-ADHERENCE TO DISCHARGE
INSTRUCTIONS IN OLDER ADULTSa

Introduction
Care transitions can be times of increased vulnerability to adverse events,
particularly for older patients with complex care needs.1 Discharge instructions represent
physicians’ recommendations regarding medications, follow-up appointments, and other
advice designed to ensure the best possible outcomes for patients who are transitioning
from the hospital to home or another healthcare setting. The Joint Commission on
Accreditation of Healthcare Organizations (Joint Commission) recommends that
hospitals provide written instructions covering six categories (activity, diet, weight,
follow-up appointments, discharge medications, and worsening symptoms) to all patients
with a diagnosis of heart failure, and many hospitals provide some or all of the above
information to all patients.2
Discharge processes include discussion of the discharge instructions prior to
hospital discharge, typically by a nurse, but patients may not always understand or be
a

J. S. Albrecht, A.L. Gruber-Baldini, J.M. Hirshon, C.H. Brown, R. Goldberg, J.H. Rosenberg, A.C.
Comer, J.P. Furuno

65

compliant with these recommendations.3-5 Few studies have reported on the prevalence of
non-adherence to discharge instructions specifically, however a systematic review of 76
studies examining medication adherence reported a mean adherence of 71%, while one
study examining adherence to diet and activity recommendations in patients on warfarin
therapy reported adherence of only 51%.6, 7
Previously identified patient characteristics associated with non-adherence to
medication include depression, cognitive impairment, number of chronic conditions,
increasing number of medications, non-white race, and lower income.8-12 Depression is
also the most common predictor of non-adherence to diabetes self-care activities.13-15
However, the association between depression and non-adherence to discharge
instructions is unclear.
Given that non-adherence is associated with poorer patient outcomes such as
increased hospitalization and mortality, understanding patient characteristics that might
predict non-adherence to discharge instructions could facilitate the targeting of
interventions designed to improve adherence.16-19 In particular, because depression is
associated with non-adherence to both medication and diabetes self-care activities, we
hypothesized that depressive symptoms would be positively associated with nonadherence to discharge instructions among adults aged 65 and older admitted to the
general medical and surgical services of a tertiary care hospital.8-14, 20
Methods
Study Design and Study Population
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A prospective cohort study of community-dwelling adults aged 65 and older
admitted to the hospital was conducted to assess the association between depressive
symptoms and 30-day unplanned hospital readmission. As part of that study, the
association between depressive symptoms and non-adherence to discharge instructions
was also examined. Study participants were enrolled in their rooms within 72 hours of
hospital admission. Participants were followed-up by phone at three time points (5, 15,
and 31 days) post-hospital discharge to ascertain adherence to discharge instructions as
well as incident deaths and unplanned hospital readmissions. Patients were no longer
followed once they experienced an unplanned hospital readmission.
The study population consisted of community-dwelling adults aged 65 and older
who were admitted to the general medical and surgical services of the University of
Maryland Medical Center (UMMC) between July 1, 2011 and August 9, 2012 and met
inclusion criteria. UMMC is a 757-bed, tertiary-care hospital in Baltimore, MD. Patients
admitted to psychiatric, obstetrical, and intensive care units as well as patients residing in
a nursing home represent a different patient population than the general medical and
surgical patients that were our focus in this study, therefore these patients were excluded.
Also excluded were those who could not communicate in English and those with a MiniMental State Examination (MMSE) score of less than 15 because some of the study
instruments were not validated in a language other than English or for those with severe
cognitive impairment. This study was approved by the Institutional Review Board at the
University of Maryland Baltimore and all participants provided informed consent prior to
participating.
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Admission and discharge information on patients meeting our inclusion criteria
were collected daily from the UMMC Clinical Data Repository (CDR), a relational
database including patients’ administrative, demographic, and outcome data that has been
used extensively in published epidemiologic studies.21-23
Baseline Measures
A baseline questionnaire was administered to study participants in their hospital
rooms within 72 hours of hospital admission. Prevalent clinically-significant depressive
symptoms were defined as a score of 6 or greater using the 15-item Geriatric Depression
Scale (GDS).24 This cut-point has been observed to have a sensitivity of 83% and a
specificity of 69% to detect depression in elderly inpatients.25We also measured disability
in Katz’s Activities of Daily Living, cognitive impairment using the Mini-Mental State
Examination (MMSE), and social isolation with the 6-item Lubben Social Network Scale
(LSNS-6).24, 26-28 The LSNS-6 has been validated as a measure of social isolation in
community dwelling adults. A cut-point of less than12 has been suggested to define
social isolation, and was utilized in this study. 28
In addition to the questionnaire, data on admission and discharge diagnoses
(including both the primary diagnosis and up to 15 comorbid medical conditions),
number of medications prescribed at discharge, discharge instructions, and hospital
readmissions to UMMC were collected from patients’ medical charts. Patient receipt of
discharge instructions was defined by the presence of a receipt of discharge instructions
form in the patients’ charts.
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Data on the Charlson Comorbidity Index score, a measure of aggregate
comorbidity, and new and continued medications prescribed at discharge were collected
from the CDR.29 Data in the CDR have been validated against patients paper medical
charts and have demonstrated predictive values exceeding 99%.21, 30
Disease categories were created based on patient discharge diagnosis International
Classification of Diseases, Ninth Revision (ICD-9) codes using category definitions
found in the CMS chronic conditions warehouse and the 2006 National Hospital
Discharge Survey.31, 32The following categories were created: cancer (140-208, 230-234),
heart disease (391-392.0, 393-398, 402, 404, 410-416, 420-429), diseases of the digestive
system (520-579), diseases of the musculoskeletal system (710-739), and complications
of surgical and medical care (996-999). The remaining diagnoses were grouped as
‘other’.
Assessment of Non-Adherence
Three domains of adherence were defined within the discharge instructions:
medications, follow-up appointments, and lifestyle modifications (including diet,
exercise, and smoking and alcohol cessation). Adherence measures were based on selfreport in conjunction with information obtained from patients’ charts. In addition to selfreported recall of new and continued prescriptions at discharge, the medication adherence
measure was based on self-reported adherence to all medication using the Morisky
Medication Adherence Scale .33 The follow-up appointment adherence measure was
composed of self-reported instructions to make a follow-up appointment, attempts to
schedule the appointment if needed, and attendance at the appointment. The lifestyle
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recommendation adherence measure was based on self-reported recommendations
concerning diet, smoking or alcohol cessation, and exercise, including physical therapy.
In constructing the lifestyle modifications adherence measure, an effort was made to
ensure that it was highly sensitive by keeping the ‘adherence’ bar relatively low. The
specificity of the measure may have suffered as a consequence of this decision.
Nonetheless, given the great variability in discharge instructions regarding lifestyle
modifications, high sensitivity was the most conservative option. Therefore, adherence to
diet was based on reporting the recommendation and following the diet 3 or more
times/week. Adherence to exercise was based on reporting the recommendation as well
as participating in the exercise at least once/week. Adherence to smoking and alcohol
cessation was based on attempting to quit, reducing the activity and successfully quitting.
A summary non-adherence score for each follow-up time was constructed by summing
the adherence scores for each domain and ranged from 0-3, with 3 indicating the highest
level of adherence.
We further examined complexity of the discharge instructions by summing all
potential discharge recommendations (including medications, follow-up appointments,
diet, exercise, and smoking and alcohol cessation) from the written discharge
instructions. This variable ranged from 0-5 with 5 indicating the highest level of
complexity.
Patients could be non-adherent in two ways: they could self-report as nonadherent or their answers could conflict with the information obtained from their
discharge instructions. For example, if a patient reported no diet recommendation, but
their discharge instructions indicated a diabetic diet, there were considered non-adherent.
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Only one non-adherent answer was necessary to obtain a score of non-adherent
(dichotomous variable) for that domain at that follow-up call. For example, the person
reporting no diet recommendations would be non-adherent to lifestyle instructions for
that follow-up call. If a death or unplanned readmission event occurred prior to the
scheduled follow-up call, no adherence information was collected. If a patient was
discharged to another healthcare facility, we were often able to ascertain deaths and
unplanned readmission events, but not adherence information. Finally, in the event that
the study participant was unable to communicate with us or did not direct their own
medical care (including medications, appointments, or diet), we assessed patient
adherence through caregiver report.
Data Analysis
The frequency and distribution of the exposure (depressive symptoms), outcomes
(adherence measures), and covariates were examined initially. Each adherence measure
(medications, appointments, lifestyle, and summary) was examined at 5, 15 and 31 days
post-discharge. The association of both our exposure and outcome variables with
covariates was assessed using chi-square analysis for dichotomous covariates and
Student’s t-tests for continuous covariates. For bivariate analysis, the summary adherence
measure was dichotomized as non-adherent in one or more domains of the discharge
instructions vs. adherent in all domains. Statistical significance was defined as p <0.05.
Covariates that were significantly associated with the exposure and the outcomes, as well
as potential confounders identified from the literature, were included in the multivariate
regression models.

71

To allow for the correlation of adherence measures over time, we used
generalized estimating equations (GEE). GEEs with a logistic regression model were
used to model baseline patient characteristics with non-adherence to medication and
appointments over time. A log-binomial model of the GEE was utilized for lifestyle nonadherence over time due to its high prevalence. Finally, a cumulative logit model of the
GEE was used to examine the association of baseline patient characteristics with our
ordinal summary adherence measure over time. The proportional odds assumption for the
cumulative model was tested prior to reporting results. In each case, the dependent
variable was modeled as a function of baseline depressive symptoms, time, and the
interaction of depressive symptoms and time. The interaction term was not significant in
any of our models; therefore it was removed.
Based on initial bivariate analysis and the literature, all models were adjusted for
the following baseline variables: age, > 1 ADL disability, < high school graduate, > 2
falls/last 6 months, risk of social isolation, MMSE score, number of medications
prescribed at discharge. Covariance matrix was modeled as unstructured or independent.
Odds ratios (OR), risk ratios (RR), and cumulative odds ratios (COR) are reported.
Sensitivity analyses were performed on patients discharged to nursing facilities by setting
their adherence measures to adherent and examining effect estimates. All data analysis
was performed with SAS version 9.2 (SAS Institute Inc., Cary, NC).
Results
A total of 3,699 patients aged 65 and older were admitted to the general medical
and surgical units at UMMC during the 13 month study period. Of these, 146 (4%) were
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not competent to participate and 61(2%) did not speak English. Of the remaining 3,492,
750 (21%) enrolled in the study. Reasons for non-enrollment included refusal (21%),
discharge from hospital (16%), already participating in study (6%), and inaccessibility of
the patient due to procedures, therapy, or sleep (25%). Patients who enrolled in the study
were younger, with a mean age (standard deviation (sd)) of 73.2 (6.5) years vs. 73.9 (6.9)
years, p=0.01.They also had a slightly longer length of stay (6.2 days vs. 5.9 days,
p<0.001) and were more likely to be white (70% vs. 60%, p<0.001). Participants did not
differ from non-participants by sex (49% female vs. 52% female, p=0.08) or Charlson
Comorbidity Index score (2.5(sd 2.3) vs. 2.6 (sd 2.4), p=0.7).
Of the 750 participants enrolled in the study, 13 (1.7%) were deceased at
discharge and 3 (0.4%) withdrew prior to the 5-day follow-up call, leaving 734
participants at 5-days post-hospital discharge. Characteristics of the sample by depressive
symptom status are presented on Table 7.
Mean age was 73.2 years (standard deviation (sd) 6.5). Length of hospital stay
was skewed, with a median (interquartile range) of 4 (2,7) days. Nineteen percent of the
sample had depressive symptoms. The most prevalent discharge diagnosis was heart
disease (20. The ‘other’ category accounted for 35% of discharge diagnoses and included
(as a percentage of ‘other’): septicemia (3%), stroke/transient ischemic attack (7%),
chronic kidney disease (17%), diseases of the respiratory system (11%), fractures (3%),
diseases of the nervous system (3%), and symptoms (15%).
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Table 7. Characteristics of the Study Population of Hospitalized Patients at
University of Maryland Medical Center, 2011-2012 by Depressive Symptom Status,
n=750
Characteristic
Total
Depressive
No
pN=750
Symptoms1 Depressive value2
n=140
Symptoms
n=610
Age in years, mean (sd)
73.2 (6.5)
72.8 (6.5)
73.4 (6.6)
0.3
MMSE , mean (sd)

27.7 (2.4)

27.0 (2.7)

27.8 (2.4)

0.001

Length of stay in days, mean (sd)

6.2 (9.5)

6.1 (5.5)

6.2 (10.2)

0.8

Female sex, n(%)

366 (49)

74 (53)

292 (48)

0.3

White race, n(%)

540 (72)

101 (72)

439 (72)

1.0

Married, n(%)

433 (58)

72 (51)

361 (59)

0.1

30-Day Unplanned Hospital

142 (19)

33 (24)

109 (18)

0.1

Self-rated health > good, n(%)

439 (59)

41 (30)

398 (65)

<0.001

Disabilities in ADLS3 > 1, n(%)

141 (19)

43 (31)

98 (16)

<0.001

> High school education, n(%)

636 (85)

110 (79)

526 (86)

0.02

>2 hospital admissions in last 6

184 (25)

50 (36)

134 (22)

<0.001

Current antidepressant usage, n(%)

100 (13)

45 (32)

55 (9)

<0.001

> 2 falls in last 6 months, n(%)

108 (14)

35 (25)

73 (12)

<0.001

Lives alone, n(%)

199 (27)

35 (25)

164 (27)

0.7

Social isolation4 risk, n(%)

89 (12)

34 (24)

55 (9)

<0.001

10.2 (4.7)

11.2 (5.4)

10.0 (4.5)

0.01

Readmission, n(%)

months, n(%)

Number of medications at discharge,
mean (sd)
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Table 7 Continued
Primary Discharge Diagnosis, n(%)
Cancer

97 (13)

20 (14)

77 (13)

0.6

Heart Disease

151 (20)

27 (19)

124 (20)

0.8

Diseases of Digestive System

93 (12)

17 (12)

76 (12)

0.9

Complications from Medical

83 (11)

19 (14)

64 (10)

0.3

65 (9)

11 (8)

54 (9)

0.7

261 (35)

46 (33)

215 (35)

0.6

2.5 (2.3)

3.1 (2.4)

2.4 (2.3)

0.004

6.2 (9.5)

6.1 (5.5)

6.2 (10.2)

0.8

Care
Diseases of Musculoskeletal
System
Other
Charlson Co-Morbidity Index Score,
mean (sd)
Length of Hospital Stay in days,
mean (sd)
1

Geriatric Depression Scale-15 > 6, 2Chi-square for categorical variables, Students t-test
for continuous variables, 3 Katz’s Activities of Daily Living, 4Lubben Social Network
Scale-6 <12

Study participants with depressive symptoms differed significantly from other
participants in several ways that indicated increased morbidity.(Table 7) These included:
self-rated health of good or better (41(30%) vs. 398 (65%), <0.001), > 1 ADL disability
(43 (31%) vs. 98 (16%), p<0.001), > 2 hospital admissions in the last 6 months (50
(36%) vs. 134 (22%), p<0.001), > 2 falls in the last 6 months (35 (25%) vs. 73 (12%),
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p<0.001), Charlson comorbidity index score (3.1 (sd 2.4) vs. 2.4 (sd 2.3), p=0.004), and
number of medications prescribed at discharge (11.2 (sd 5.4) vs. 10.0 (sd 4.5), p=0.01) .
Based on patients’ charts, 100% of participants were prescribed medications at
discharge (may have been new or continued), 97% were told to follow-up with the
hospital, clinic, or private physician, and 63% received lifestyle recommendations.
Eighty-one percent of participants had documentation of the receipt of discharge
instructions.
5-Day Follow-Up
At five days post-hospital discharge, 2/734 (<1%) died, 46/734 (6%) had an
unplanned hospital readmission, and 41/734 (6%) were missing. Adherence information
was obtained on 557/645 (86%), and 53/557 (10%) of these were from caregiver report.
Of these participants, 63/556 (11%) were non-adherent to medications, 32/549 (6%) were
non-adherent to follow-up appointments, and 260/557 (47%) were non-adherent to
lifestyle recommendations.(Table 8) There were 255/557 (46%) participants who were
adherent in all three domains, 238/557 (43%) were adherent to two of the three domains,
and 64/557 (11%) were adherent to one of three domains. No participants were nonadherent in all three domains at the 5-day follow-up. Patients whose adherence
information was assessed by caregiver report were more likely to be adherent in all three
domains compared to those whose adherence was self-reported (60% vs. 44%, p=0.03).
Finally, discharge instruction complexity was significantly negatively correlated with
adherence at all follow-up times. However, depressive symptoms were not significantly
associated with discharge complexity.
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In Table 9, only those covariates significantly associated with any adherence
domain at any follow-up time are presented. For ease of presentation, we have omitted
frequencies, percentages, and p-values. An ‘X’ in any box indicates significance at a pvalue of <0.05. Complete frequency, percentages, and p-value information is given in
Tables 16-27 in the Appendix. Depressive symptoms were not significant predictors of
non-adherence in any domain at the 5-day follow-up. From initial bivariate analysis,
significant baseline predictors of non-adherence to medication at 5-days post hospital
discharge included female sex, non-white race, not currently married, and > 1 disability
in ADLs. There were no significant predictors of non-adherence to follow-up
appointments at 5-days post-discharge. However, a primary discharge diagnosis of heart
disease significantly predicted adherence in this domain. Social isolation risk, number of
medications at discharge, and a primary discharge diagnosis of heart disease significantly
predicted non-adherence to lifestyle recommendations. In contrast, a primary discharge
diagnosis of cancer significantly predicted adherence to lifestyle recommendations. A
discharge diagnosis of cancer significantly predicted adherence on the 5-day
dichotomized summary adherence measure while a discharge diagnosis of heart disease
predicted non-adherence.
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15-Day Follow-Up
There remained 686 (includes the 645 that were followed-up plus 41 who were
missing at 5-days post-discharge) study participants at the 15-day follow-up call. Of
these, 4/686 (<1%) died, 1/686 (<1%) withdrew, 49/686 (7%) had an unplanned hospital
readmission, and 26/686 (4%) were missing. Adherence information was assessed on
547/606 (90%) and 51/547 (9%) of these were from caregiver report. Of these, 65/547
(12%) were non-adherent to medications, 57/540 (11%) were non-adherent to follow-up
appointments, and 240/545 (44%) were non-adherent to lifestyle modifications.(Table 8)
There were 248/547 (45%) participants who were adherent in all three domains, 242/547
(44%) were adherent to two of the three domains, and 56/547 (10%) were adherent to one
of three domains. Only 1/547 (<1%) participant was non-adherent in all three domains at
the 15-day follow-up. Patients whose adherence information was assessed by caregiver
report were no more likely to be adherent in all three domains compared to those whose
adherence was self-reported (49% vs. 44%, p=0.5).
There were no significant baseline predictors of non-adherence to medication at
the 15-day follow-up. (Table 9) Significant predictors of non-adherence to follow-up
appointments included depressive symptoms, non-white race, and social isolation. A
primary discharge diagnosis of cancer significantly predicted adherence to follow-up
appointments. The number of medications at discharge and a primary discharge diagnosis
of heart disease significantly predicted non-adherence to lifestyle recommendations,
while a discharge diagnosis of cancer again predicted adherence. A discharge diagnosis
of cancer significantly increased adherence to all three domains of the discharge
instructions while increased number of medications at discharge and lower MMSE scores
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significantly predicted non-adherence in one or more domains. There was no association
between non-adherence in one domain at 5 days, and non-adherence to a different domain
at 15-days.
Of patients contacted at day five, 60% reported that a follow-up appointment had
been scheduled for them prior to hospital discharge. To determine if patients with a
scheduled follow-up appointment at discharge were more likely to be adherent to
appiontments at 15 days, we ran a chi-square analysis. Patients with a scheduled followup appointment at discharge were more likely to be adherent to appointments at day 15
(97% vs. 91%, p=0.006).
31-Day Follow-Up
There were 632 (606 contacted plus 26 missing at 15-days post-discharge) study
participants remaining at the 31-day follow-up call. Of these, 8/632 (1%) died, 47/632
(7%) had an unplanned hospital readmission, and 17/632 (3%) were missing. Adherence
information was obtained on 502/560 (90%) and 36/502 (7%) of these were from
caregiver report. Of these, 68/501 (14%) were non-adherent to medications, 36/497 (7%)
were non-adherent to follow-up appointments, and 234/502 (47%) were non-adherent to
lifestyle modifications.(Table 8)There were 217/502 (43%) participants who were
adherent in all three domains, 230/502 (46%) were adherent to two of the three domains,
and 51/502 (10%) were adherent to one of three domains. Four participants (1%) were
non-adherent in all three domains at the 31-day follow-up. Patients whose adherence
information was assessed by caregiver report were no more likely to be adherent in all
three domains compared to those whose adherence was self-reported (50% vs. 42%,
p=0.4).
81

At the 31-day follow-up, depressive symptoms, non-white race, less than high
school education, > 2 falls in the last 6 months, and living alone were significant bivariate
predictors of medication non-adherence. (Table 9) Significant predictors of nonadherence to follow-up appointments included non-white race, social isolation, and > 2
falls in the last 6 months. Number of medications at discharge and a discharge diagnosis
of heart disease significantly predicted non-adherence to lifestyle modifications, while
female sex and a discharge diagnosis of cancer predicted adherence. Female sex,
increased number of medications at discharge, and MMSE score significantly predicted
non-adherence to one or more domains of the discharge instructions while a discharge
diagnosis of cancer significantly predicted adherence to all domains. There was no
association between non-adherence in one domain at 5 days or 15 days, and nonadherence to a different domain at 31-days.
Non-Adherence over Time
In the adjusted GEE model, depressive symptoms significantly predicted nonadherence to medications over the 5, 15, and 31-day post hospital discharge assessment
points (odds ratio (OR) 1.75; 95% confidence interval (CI) 1.02, 2.99)). (Table 10) Time
was not significant, indicating no change in medication non-adherence over time. There
were no other significant predictors of non-adherence to medication over time.
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Table 10. Adjusted Predictors of Non-Adherence over the 31 Days Post-Hospital
Discharge
Medication
Depressive Symptoms1

Unadjusted OR (95% CI)

OR (95% CI)

1.76 (1.08, 2.86)

1.75 (1.02, 2.99)

Age (per year)

0.99 (0.96, 1.03)

> 1 ADL Disability

1.34 (0.77, 2.34)

< high school education

1.57 (0.88, 2.83)

> 2 falls/last 6 months

1.28 (0.67, 2.47)

Social Isolation Risk2

0.71 (0.33, 1.53)

Medications/Discharge

0.96 (0.92, 1.01)

(each)
MMSE3 (point)
Appointments
Depressive Symptoms

0.95 (0.87, 1.05)
Unadjusted OR (95% CI)

OR (95% CI)

1.79 (0.94, 3.43)

1.25 (0.62, 2.52)

Age (per year)

1.01 (0.97, 1.05)

> 1 ADL Disability

1.25 (0.67, 2.35)

< high school education

0.85 (0.41, 1.79)

> 2 falls/last 6 months

1.77 (0.92, 3.42)

Social Isolation Risk

2.29 (1.12, 4.68)

Medications/Discharge

1.01 (0.96, 1.06)

(each)
MMSE (point)
Lifestyle Modifications
Depressive Symptoms

0.97 (0.86, 1.08)
Unadjusted RR (95% CI)

RR (95% CI)

1.08 (0.88, 1.33)

0.94 (0.75, 1.17)
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Table 10 Continued
Age (per year)

1.01 (0.99, 1.02)

> 1 ADL Disability

0.84 (0.67, 1.06)

< high school education

1.03 (0.82, 1.28)

> 2 falls/last 6 months

0.95 (0.75, 1.21)

Social Isolation Risk

1.32 (1.08, 1.61)

Medications/Discharge

1.02 (1.01, 1.04)

(each)
MMSE (point)
Adherence Summary Score
Depressive Symptoms

0.99 (0.95, 1.03)
Unadjusted COR (95% CI)

COR (95% CI)

1.42 (0.98, 2.09)

1.17 (0.78, 1.75)

Age (per year)

1.01 (0.99, 1.02)

> 1 ADL Disability

0.92 (0.61, 1.38)

< high school education

1.17 (0.77, 1.78)

> 2 falls/last 6 months

1.23 (0.79, 1.92)

Social Isolation Risk

1.55 (0.94, 2.56)

Medications/Discharge

1.03 (1.00, 1.07)

(each)
MMSE (point)

0.96 (0.89, 1.03)

In the second adjusted GEE model, depressive symptoms were not significantly
associated with non-adherence to follow-up appointments over the 5, 15, and 31-day post
hospital discharge assessment points (OR 1.15; 95% CI 0.53, 2.51). (Table 10) Time was
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not significant, indicating no change in appointment adherence over time. Social isolation
risk (OR 3.07; 95%CI 1.46, 6.46) was the only significant predictor of non-adherence to
follow-up appointments over the 31 days post-hospital discharge.
The adjusted GEE model for non-adherence to lifestyle recommendations utilized
a log-binomial model to more accurately estimate risk due to the high prevalence (47%)
of non-adherence in this domain. Therefore, risk ratios (RR) are reported in Table 10.
Depressive symptoms were not significantly associated with non-adherence to lifestyle
recommendations over the 31 days post hospital discharge (RR 0.94; 95% CI 0.75, 1.17).
Time was not significant, indicating no change in adherence to lifestyle instructions over
time. Significant predictors of non-adherence to lifestyle recommendations included
social isolation risk (RR 1.32; 95% CI 1.08, 1.61) and number of medications at
discharge (RR 1.02/unit increase; 95% CI 1.01, 1.04).
The final adjusted model reports the cumulative odds ratio (COR) of having a
lower summary adherence score (decreased adherence) over the 31 days post-hospital
discharge. (Table 10) Depressive symptoms were not associated with a lower summary
score (COR 1.17; 95% CI 0.78, 1.75). Time was not significant, indicating no change in
the odds of having a lower summary adherence score over time. Number of medications
at discharge (COR 1.03 (95% CI 1.00, 1.07) was the only significant predictor of a lower
summary adherence score.
Discussion
Depressive symptoms were associated with non-adherence to medication
instructions, but not to follow-up appointments, lifestyle recommendations, or overall
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adherence. The prevalence of non-adherence to discharge instructions ranged from 6% to
47% in the study sample and varied greatly by domain. Community-dwelling older adults
were most likely to adhere to the follow-up appointment portion of their discharge
instructions and least likely to adhere to lifestyle recommendations over the 31-day
period following hospital discharge.
The association between depression and non-adherence to medication has been
previously observed in older adults.10, 12, 34, 35 This study supports previous research and
extends it to include self-reported overall adherence to medication.
Depression has been previously reported to predict non-adherence to diabetes
self-care activities, including diet, medication and exercise instructions.13, 14, 20 It was also
observed to be associated with drop-out of cardiac rehabilitation program following acute
myocardial infarction.36 In contrast, depressive symptoms were not associated with nonadherence to either follow-up appointment or lifestyle instructions in this study
population. Our older and more general inpatient population may have had more risk
factors for non-adherence (eg. increased age, comorbidities, and medications) so that the
effect of depressive symptoms may have been attenuated. For example, social isolation
risk predicted non-adherence to follow-up appointments and reduced the effect size of
depressive symptoms by 30% when it was added to our regression model. Individuals at
greater risk of social isolation may lack transportation and this may have a much greater
effect on non-adherence than depression in this study population.
The observed non-adherence to follow-up appointment recommendations ranged
from 6%-11% over the 31-days post discharge, and contrasts with previous studies that
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have reported non-attendance ranging from 22%-44%.37, 38 However, these studies
focused on attendance of younger patients referred to psychiatric follow-up
appointments, and therefore reflect the experiences of a different patient population. This
study helps to establish a baseline for non-adherence to follow-up appointments among
adults aged 65 and older.
Similarly, prior reports of non-adherence to medication have indicated greater
non-adherence (29% - 58%) than what was reported here (11% - 14%).10, 12 In considering
this, it is important to note that the assessment of medication adherence in this study
differs from methods used in prior studies. In this study, patients’ recall of new or
continued prescriptions, as well as self-reported adherence to ‘all medication’ was
assessed. This generalized measure may be less specific than measures of medication
adherence (eg. proportion of days covered) used in previous studies and may be
responsible for the decreased prevalence of medication non-adherence reported here.
Studies assessing adherence to diet and exercise recommendations have reported
high frequencies of non-adherence. One study examining patient recall of and adherence
to treatment recommendations reported adherence to diet recommendations ranging from
48% to 76% and adherence to exercise recommendations ranging from 19% to 24%,
while another study focusing on patients receiving warfarin therapy reported adherence
of 51% to health regimens.6,39 The findings reported here are consistent with these results.
Social isolation risk was an important predictor of non-adherence to follow-up
appointments and lifestyle modifications. Previous research has indicated an association
between lack of social support and non-adherence to medical treatment.40 This study
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extends these findings to the discharge instructions. Similarly, while the number of
medications a patient takes has been previously identified as a predictor of non-adherence
to medication regimes, this study extends this association to lifestyle recommendations
and the summary non-adherence score.41, 42
Patients with a scheduled follow-up appointment at discharge were more likely to
adhere to appointments. The practice of scheduling follow-up appointments for patients
has been incorporated into successful interventions aimed at reducing hospital
readmission.43,44 Adherence to instructions to follow-up post discharge is clearly greatly
increased by this process.
This study has limitations that require consideration. Reliance on patient (or
caregiver) report to assess adherence may have biased results in this study. However,
both patients and caregivers may be more likely exaggerate rather than minimize
adherence. In this study, there was no significant difference in the association between
depressive symptoms and non-adherence, controlling for caregiver vs. participant
response. Therefore, the use of proxies in this study most likely did not induce bias.
Exaggeration of adherence would have the overall effect of decreasing the association
between depressive symptoms and non-adherence.
In creating domains of discharge instructions, exercise, diet, smoking, and alcohol
cessation recommendations were grouped together. Still, it is possible that some
covariates may predict non-adherence to diet better than to exercise, and those results
would be masked by our method. Similarly, the summary adherence measure assumes an
equality of domains that may not reflect reality. While patients who were discharged to a

88

nursing facility were less likely to have complete adherence information, the sensitivity
analysis we conducted on these patients indicated no change in effect estimates.
This is the first study to assess the association between baseline depressive
symptoms and non-adherence over time to all components of the discharge instructions in
patients aged 65 and older. We have introduced a novel method for assessing adherence
to discharge instructions and created a summary adherence measure based on three
discharge instruction domains. This study provides valuable information not only on the
association between depressive symptoms and non-adherence to discharge instructions,
but on other predictors of non-adherence as well. Furthermore, consistency of the
reported prevalence of non-adherence with prior reports and confirmation of previously
identified predictors of non-adherence lend strength to our conclusions.
This study can help healthcare providers identify patients who may be at greater
risk of non-adherence to different domains of the discharge instructions. These patients
could then receive targeted instruction or other interventions for that particular domain to
aid in increasing adherence. Future research should explore more fully the association
between social isolation and non-adherence, and focus on methods of increasing
adherence within the different domains, rather than targeting general non-adherence.
Furthermore, research on the association between non-adherence to the different domains
of the discharge instructions and outcomes, particularly in the domain of lifestyle
recommendations, is needed. Finally, qualitative research to understand perceived
barriers to adherence as well as the decision-making process involved would facilitate
implementation of interventions to increase adherence to the different domains of the
discharge instructions.
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VII. NON-ADHERENCE TO DISCHARGE INSTRUCTIONS AND 30-DAY
UNPLANNED HOSPITAL READMISSION IN OLDER ADULTSa

Introduction
Efforts to reduce unplanned hospital readmission have primarily focused on the
discharge planning process, including improving patient understanding of and adherence
to the discharge instructions.1, 2 Currently, the Joint Commission on Accreditation of
Healthcare Organizations (JCAHO) recommends that hospitals provide written
instructions covering six categories (activity, diet, weight, follow-up appointments,
discharge medications, and worsening symptoms) to all patients with a diagnosis of heart
failure, and many hospitals provide some or all of this information to all patients.3
Whether improved discharge instructions result in better patient outcomes such as
reduced hospital utilization is unclear. While Van Such observed that the inclusion of all
six JCAHO recommended categories in the discharge instructions of heart failure patients
a
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was associated with reduced hospital readmission, Showalter reported that the
introduction of standardized electronic discharge instructions was not associated with
reduced hospitalization.4, 5 This discrepancy in findings may be due to the frequency of
patient compliance with the discharge instructions. Prior studies have reported a wide
variation in adherence rates, with mean medication adherence ranging from 42% -71%,
follow-up appointment adherence ranging from 56%-78%, and adherence to exercise and
diet recommendations ranging from 19%-76%.6-11
Studies examining outcomes of non-adherence have yielded mixed results. Nonadherence to medications is associated with increased hospitalization and mortality, while
non-adherence to follow-up appointments has not been observed to be associated with
hospital readmission.9,12,15-17 Research on the outcomes of non-adherence to other
components of the discharge instructions is lacking.
Given the increased focus on reducing hospital readmissions through a reengineered discharge planning process, elucidating the role that patient non-adherence to
discharge instructions plays in hospital readmission is critical.2 In this study, we analyzed
the association between non-adherence to discharge instructions and 30-day unplanned
hospital readmission. We hypothesized that non-adherence to the discharge instructions
would be associated with increased 30-day unplanned hospital readmission.
Methods
Study Design and Study Population
A prospective cohort study of community-dwelling adults aged 65 and older
admitted to the hospital was conducted to assess the association between depressive
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symptoms and 30-day unplanned hospital readmission. As part of that study, the
association between non-adherence to discharge instructions and 30-day unplanned
hospital readmission was also examined. Study participants were enrolled in their rooms
within 72 hours of hospital admission. Participants were followed-up by phone at three
time points (5, 15, and 31 days) post-hospital discharge to ascertain adherence to
discharge instructions as well as incident deaths and unplanned hospital readmissions.
Patients who experienced an unplanned hospital readmission were no longer followed.
The study population consisted of community-dwelling adults aged 65 and older
who were admitted to the general medical and surgical services of the University of
Maryland Medical Center (UMMC) between July 1, 2011 and August 9, 2012. UMMC is
a 757-bed, tertiary-care hospital in Baltimore, MD. Patients admitted to psychiatric,
obstetrical, and intensive care units as well as patients admitted from a nursing home
represent a different patient population than the general medical and surgical patients that
were the focus in this study, therefore these patients were excluded. Also excluded were
those who could not communicate in English and those with a Mini-Mental State
Examination (MMSE) score of less than 15 because some of the study instruments were
not validated in a language other than English or for those with severe cognitive
impairment.18 This study was approved by the Institutional Review Board at the
University of Maryland, Baltimore and all participants provided informed consent prior
to participating.
Admission and discharge information on patients meeting the inclusion criteria
were collected daily from the UMMC Clinical Data Repository (CDR), a relational
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database including patients’ administrative, demographic, and outcome data that has been
used extensively in published epidemiologic studies.19-21
Baseline Measures
A baseline questionnaire was administered to study participants in their hospital
rooms within 72 hours of hospital admission. Prevalent clinically-significant depressive
symptoms were defined as a score of 6 or greater using the 15-item Geriatric Depression
Scale (GDS).22 This cut-point has been observed to have a sensitivity of 83% and a
specificity of 69% to detect depression in elderly inpatients.23 We also measured
disability in Katz’s Activities of Daily Living, cognitive impairment using the MiniMental State Examination (MMSE), and social isolation with the 6-item Lubben Social
Network Scale (LSNS-6).18, 22, 24, 25 The LSNS-6 has been validated as a measure of social
isolation in community dwelling adults. A cut-point of less than12 has been suggested to
define social isolation, and was utilized in this study. 24
In addition to the questionnaire, data on admission and discharge diagnoses
(including both the primary diagnosis and up to 15 comorbid medical conditions),
number of medications prescribed at discharge, discharge instructions, and hospital
readmissions to UMMC were collected from patients’ medical charts. Patient receipt of
discharge instructions was defined by the presence of a receipt of discharge instructions
form in patients’ charts.
Data on the Charlson Comorbidity Index score, a measure of aggregate
comorbidity, and new and continued medications prescribed at discharge were collected
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from the CDR.26 Data in the CDR have been validated against patients paper medical
charts and have demonstrated predictive values exceeding 99%.19, 27
Disease categories were created based on patient discharge diagnosis International
Classification of Diseases, Ninth Revision (ICD-9) codes using category definitions
found in the CMS chronic conditions warehouse and the 2006 National Hospital
Discharge Survey.28, 29The following categories were created: cancer (140-208, 230-234),
heart disease (391-392.0, 393-398, 402, 404, 410-416, 420-429), diseases of the digestive
system (520-579), diseases of the musculoskeletal system (710-739), and complications
of surgical and medical care (996-999). The remaining diagnoses were grouped as
‘other’.
Assessment of Non-Adherence
Three domains of adherence were defined within the discharge instructions:
medications, follow-up appointments, and lifestyle modifications (including diet,
exercise, and smoking and alcohol cessation). Adherence measures were based on selfreport in conjunction with information obtained from patients’ charts. In addition to selfreported recall of new and continued prescriptions at discharge, the medication adherence
measure was based on self-reported adherence to all medication using the Morisky
Medication Adherence Scale.30 The follow-up appointment adherence measure was
composed of self-reported instructions to make a follow-up appointment, attempts to
schedule the appointment if needed, and attendance at the appointment. The lifestyle
recommendation adherence measure was based on self-reported recommendations
concerning diet, smoking or alcohol cessation, and exercise, including physical therapy.
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In constructing the lifestyle modifications adherence measure, an effort was made to
ensure that it was highly sensitive by keeping the ‘adherence’ bar relatively low. The
specificity of the measure may have suffered as a consequence of this decision.
Nonetheless, given the great variability in discharge instructions regarding lifestyle
modifications, high sensitivity was the most conservative option. Therefore, adherence to
diet was based on reporting the recommendation and following the diet 3 or more
times/week. Adherence to exercise was based on reporting the recommendation as well
as participating in the exercise at least once/week. Adherence to smoking and alcohol
cessation was based on attempting to quit, reducing the activity and successfully quitting.
A summary non-adherence score for each follow-up time was constructed by
summing the adherence scores for each domain and ranged from 0-3, with 3 indicating
the highest level of adherence.
Patients could be non-adherent in two ways: they could self-report as nonadherent or their answers could conflict with the information obtained from their
discharge instructions. For example, if a patient reported no diet recommendation, but
their discharge instructions indicated a diabetic diet, there were considered non-adherent.
Only one non-adherent answer was necessary to obtain a score of non-adherent
(dichotomous variable) for that domain at that follow-up call. In the above example, the
person reporting no diet recommendations would be non-adherent to lifestyle instructions
for that follow-up call. If a death or unplanned readmission event occurred prior to the
scheduled follow-up call, no adherence information was collected. If a patient was
discharged to another healthcare facility, we were often able to ascertain deaths and
unplanned readmission events, but not adherence information. In the event that the study
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participant was unable to communicate directly with us or did not direct their own
medical care (including medications, appointments, or diet), we assessed patient
adherence through caregiver report. Because we were interested in non-adherence to
discharge instructions as a predictive factor, we did not examine non-adherence at 30days post-discharge for this study.
Outcome Measures
The outcome measure was an unplanned hospital readmission occurring within 30
days post-hospital discharge. An unplanned hospital readmission was defined as a selfreported (confirmed by patient chart for those admitted to UMMC) overnight stay at any
inpatient facility that did not occur in the emergency room and was not previously
scheduled.
Data Analysis
The frequency distribution of exposure (non-adherence measures) and covariates
were examined initially. The association of the summary adherence measure with
covariates at each of the follow-up occasions was examined using the Wilcoxon Rank
Sum test for dichotomous covariates, and Spearman’s correlation for continuous
covariates. The association of each individual adherence measure at each follow-up
occasion with covariates was also assessed using chi-square analysis for dichotomous
covariates and Student’s t-tests for continuous covariates. Statistical significance was
defined as p <0.05.
The frequency of hospital readmission was also examined. The association of
covariates with hospital readmission was assessed and those observed to be associated
103

with the exposures and the outcome, as well as any potential confounders identified from
the literature, were considered for inclusion in our regression models.
Two logistic regression models (5-day and 15-day summary adherence score)
were constructed to examine the association between our summary adherence score and
30-day unplanned hospital readmission. For these models, the summary adherence score
was dichotomized as ‘non-adherent in one or more domains’ versus ‘adherent in all
domains’. We modeled the log-odds of 30-day unplanned hospital readmission based on
1) 5-day summary adherence and 2) 15-day summary adherence. The final regression
models contained an indicator variable for non-adherence to one or more domains of the
discharge instructions and were adjusted for the following baseline variables: age, MMSE
score, Charlson score, and a discharge diagnosis of heart disease. Because adherence
measures on patients discharged to other healthcare facilities were more likely to be
missing, sensitivity analyses were performed by setting their adherence measures to alladherent and examining effect estimates.
As a sub-analysis, the association between non-adherence in individual domains
of the discharge instructions at the 5 and 15-day follow-up and 30-day unplanned hospital
readmission was simultaneously assessed. Two logistic regression models (5 and 15-day)
were constructed that were identical to those described above except that they contained
indicator variables for non-adherence in each domain of the discharge instructions at 1) 5
and 2) 15 days. Odds ratios (OR) and 95% confidence intervals (CI) are reported. All
data analysis was performed with SAS version 9.2 (SAS Institute Inc., Cary, NC).
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Results
Of the 3,699 patients aged 65 and older admitted to the general medical and
surgical units at UMMC during the study period, 146 (4%) were not competent to
participate, and 61(2%) did not speak English. A total of 750 (21%) of the remaining
3,492 were enrolled into our study. Reasons for non-participation included refusal (21%),
discharge from hospital (16%), already participating in study (6%), and inaccessibility of
the patient due to procedures, therapy, or sleep (25%). Patients who enrolled in the study
were younger, with a mean age (standard deviation (sd)) of 73.2 (6.5) years vs. 73.9 (6.9)
years, p=0.01. They also had a slightly longer mean length of stay (6.2 days vs. 5.9 days,
p<0.001) and were more likely to be Caucasian (72% vs. 60%, p<0.001). Participants did
not differ from non-participants by sex (49% female vs. 52% female, p=0.08) or Charlson
Comorbidity Index score (2.5(sd 2.3) vs. 2.6 (sd 2.4), p=0.7).
Of the 750 participants enrolled into the study, 13 (1.7%) were deceased at
discharge, 4 (0.5%) withdrew from the study, and 17 (2.3%) were lost to follow-up at 31days. This left a total of 716 (95%) patients for whom data on the outcome was
ascertained. Characteristics of the study sample are presented in Table 11.
Mean age was 73 years (standard deviation (sd) 6.5) and mean MMSE score was
27.9 (sd 8.1).(Table 11) Length of hospital stay was skewed, with a median (interquartile
range) of 4(2,7) days. The most prevalent discharge diagnosis was heart disease (20%).
The ‘other’ category accounted for 35% of discharge diagnoses and included (as a
percentage of ‘other’): septicemia (3%), stroke/transient ischemic attack (7%), chronic
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kidney disease (17%), diseases of the respiratory system (11%), fractures (3%), diseases
of the nervous system (3%), and symptoms (15%).
Table 11. Characteristics of the Study Population of Hospitalized Patients at
University of Maryland Medical Center, 2011-2012, n=750
Characteristic
Age in years, mean (sd)

Total
N=750
73.2 (6.5)

MMSE , mean (sd)

27.7 (2.4)

Length of hospital stay in days, mean (sd)

6.2 (9.5)

Female sex, n(%)

366 (49)

White race, n(%)

540 (72)

Married, n(%)

433 (58)

30-Day Unplanned Hospital Readmission, n(%)

142 (19)

Self-rated health > good, n(%)

439 (59)

Disabilities in ADLS1 > 1, n(%)

141 (19)

> High school education, n(%)

636 (85)

>2 hospital admissions in last 6 months, n(%)

184 (25)

Depressive symptoms2, n(%)

140 (19)

> 2 falls in last 6 months, n(%)

108 (14)

Lives alone, n(%)

199 (27)

Social isolation3 risk, n(%)

89 (12)

Number of medications at discharge, mean (sd)

10.2 (4.7)

Primary Discharge Diagnosis, n(%)
Cancer

97 (13)

Heart Disease

151 (20)
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Table 11 Continued
Diseases of Digestive System

93 (12)

Complications from Medical Care

83 (11)

Diseases of Musculoskeletal System

65 (9)

Other

261 (35)

Charlson Co-Morbidity Index Score, mean (sd)

2.5 (2.3)

1

Katz’s Activities of Daily Living, 2 Geriatric Depression Scale-15 > 6 , 3Lubben Social
Network Scale-6 <12

From patient charts, 100% of participants were prescribed medication(s) at
discharge, 97% were told to make a follow-up appointment, and 63% received lifestyle
recommendations. Eighty-one percent had documentation of the receipt of discharge
instructions.
5-Day Follow-Up
At five days post-hospital discharge, 2/734 (<1%) were deceased, 46/734 (6%)
had an unplanned hospital readmission, and 41/734 (6%) were missing. We were unable
to communicate directly with 88/645 (14%) of study participants at the 5-day follow-up
and obtained outcome information from proxies. In most cases, this was because the
participant was discharged to another healthcare facility. Our sensitivity analysis
indicated no difference in effect estimates due to the use of proxy respondents to assess
outcomes. Adherence information was obtained on 557/645 (86%) and 53/557 (10%) of
these were from caregiver report. Of these participants, 255/557 (46%) were adherent in
all three domains of the discharge instructions, 238/557 (43%) were adherent to two of
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the three domains, and 64/557 (11%) were adherent to one of three domains. (Table 12)
All participants were adherent in at least one domain at the 5-day follow-up. With regard
to the individual domains, 63/556 (11%) were non-adherent to medications, 32/549 (6%)
were non-adherent to follow-up appointments, and 260/557 (47%) were non-adherent to
lifestyle recommendations. Patients whose adherence information was assessed by
caregiver report were more likely to be adherent in all three domains compared to those
whose adherence was self-reported (60% vs. 44%, p=0.03).
Table 12. Prevalence of Non-adherence to Discharge Instructions over Time
Non-Adherence Measure

5-days Post-Hospital
Discharge, n=5571

15-days Post-Hospital
Discharge, n=5471

Medication, n(%)

63 (11)

65 (12)

Follow-Up Appointments,
n(%)

32 (6)

57 (11)

Lifestyle
Recommendations, n(%)

260 (47)

240 (44)

Adherent in all domains,
n(%)

255 (46)

248 (45)

Non-adherence in one
domain, n(%)

238 (43)

242 (44)

Non-adherence in two
domains, n(%)

64 (11)

56 (10)

Non-adherence in three
0
domains, n(%)
1
Number assessed varied slightly for each domain
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1 (<1)

15-Day Follow-Up
There remained 686 (includes the 645 that were followed-up plus 41 who were
missing at 5-days post-discharge) study participants at the 15-day follow-up call. Of
these, 4/686 (<1%) died, 1/686 (<1%) withdrew, 49/686 (7%) had an unplanned hospital
readmission, and 26/686 (4%) were missing. Adherence information was assessed on
547/606 (90%) and 51/547 (9%) of these were from caregiver report. Of these, 248/547
(45%) were adherent in all three domains, 242/547 (44%) were adherent to two of the
three domains, and 56/547 (10%) were adherent to one of three domains. (Table 12) Only
1/547 (<1%) participant was non-adherent in all three domains at the 15-day follow-up.
In the individual domains, 65/547 (12%) were non-adherent to medications, 57/540
(11%) were non-adherent to follow-up appointments, and 240/545 (44%) were nonadherent to lifestyle modifications. Patients whose adherence information was assessed
by caregiver report were no more likely to be adherent in all three domains compared to
those whose adherence was self-reported (49% vs. 44%, p=0.5).
31-Day Follow-Up
There were 632 study participants remaining at the 31-day follow-up call. Of
these, 8/632 (1.3%) were deceased, 47/632 (7.4%) experienced an unplanned hospital
readmission, and 17/632 (2.7%) were missing. The incidence of all 30-day unplanned
hospital readmission was 142/733 (19%).
Bivariate Analysis
The following baseline covariates were significantly associated with one or more
of our adherence measures at the 5 or 15-day follow-up call: female sex, black race, not
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currently married, one or more disabilities in Katz’s Activities of Daily Living, social
isolation risk (from Lubben’s scale), number of medications at discharge, Charlson
comorbidity index score, depressive symptoms, and a discharge diagnosis of cancer or
heart disease.(Table 13) For ease of presentation, we have omitted frequency, percent,
and p-values. An ‘X’ in any box indicates a significant association with non-adherence
(adherence) at a p-value of <0.05. Complete frequency, percent, and p-value information
is given in Tables 16-23 in the Appendix.
Age, self-rated health less than ‘good’, two or more hospital admissions in the last
six months, Charlson score, and discharge diagnoses of heart disease or musculoskeletal
disease were significantly associated with 30-day unplanned hospital readmission. (data
not shown)
Adjusted Analysis
In the unadjusted model, non-adherence in one or more domains of the discharge
instructions at the 5-day follow-up was associated with an increase in the odds of 30-day
unplanned hospital readmission (OR 1.65; 95% CI 1.00, 2.70). (Table 14) However, this
association was attenuated when additional covariates were added to the model (OR 1.58;
95% CI 0.94, 2.65). Age (OR 1.06; 95% CI 1.01, 1.09) and Charlson score (OR 1.15;
95% CI 1.04, 1.28) significantly predicted hospital readmission in this model. Nonadherence in one or more domains of the discharge instructions at the 15-day follow-up
was not significantly associated with increased odds of 30-day unplanned hospital
readmission (OR 1.37; 95% CI 0.68, 2.74). Charlson score (OR 1.17; 95% CI 1.03, 1.34)
was a significant predictor of hospital readmission.
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Table 14. Odds ratios (OR) and 95% confidence intervals (CI) of 30-day unplanned
hospital readmission for the summary discharge instruction adherence measure
5-day summary adherence and 30-day
unplanned readmission
Non-adherence in > 1 domain

Unadjusted
OR (95% CI)
1.65 (1.00, 2.70)

Adjusted
OR (95% CI)
1.58 (0.94, 2.65)

Age, each year

1.06 (1.01, 1.09)

MMSE1, each point

0.93 (0.84, 1.03)

Charlson2, each point

1.15 (1.04, 1.28)

Heart disease

1.34 (0.75, 2.39)

15-day summary adherence and 30-day
unplanned readmission
Non-adherence in > 1 domain

Unadjusted
OR (95% CI)
1.43 (0.73, 2.81)

Adjusted
OR (95% CI)
1.37 (0.68, 2.74)

Age, each year

1.01 (0.96, 1.07)

MMSE1, each point

0.93 (0.81, 1.06)

Charlson2, each point

1.17 (1.03, 1.34)

Heart disease
1

1.50 (0.69, 3.29)
2

Mini-Mental State Examination, Charlson comorbidity index score,

In sub-analysis, there was no association between non-adherence in any
individual domain (examined simultaneously) of the discharge instructions at 5 or 15
days and 30-day unplanned hospital readmission. (Table 15) Age (OR 1.05; 95% CI 1.01,
1.09) and Charlson score (OR 1.14; 95% CI 1.03, 1.27) were significant predictors of 30day unplanned hospital readmission when the 5-day adherence measures were in the
model. However, when 15-day adherence measures were examined, only the Charlson
score remained a significant predictor of 30-day unplanned hospital readmission (OR
1.18; 95% CI 1.03, 1.34). We further examined each individual domain of the discharge
instructions, as well as combinations of two domains at both 5 or 15 days and 30-day
unplanned hospital readmission (data not shown). Non-adherence was not a significant
predictor of 30-day unplanned hospital readmission.
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Table 15. Odds ratios (OR) and 95% confidence intervals (CI) of 30-day unplanned
hospital readmission for individual domains of the discharge instructions
5-day non-adherence and 30-day
unplanned readmission
Non-adherence medication

Unadjusted1
OR (95% CI)
0.86 (0.39, 1.87)

Adjusted
OR (95% CI)
0.86 (0.39, 1.92)

Non-adherence appointments

1.44 (0.57, 3.62)

1.15 (0.41, 3.21)

Non-adherence lifestyle

1.42 (0.88, 2.28)

1.40 (0.83, 2.33)

Age, each year

1.05 (1.01, 1.09)

MMSE2, each point

0.93 (0.83, 1.03)

Charlson3, each point

1.14 (1.03, 1.27)

Heart disease

1.21 (0.66, 2.23)

15-day non-adherence and 30-day
unplanned readmission
Non-adherence medication

Unadjusted1
OR (95% CI)
0.83 (0.29, 2.43)

Adjusted
OR (95% CI)
0.86 (0.29, 2.54)

Non-adherence appointments

1.60 (0.64, 4.00)

1.68 (0.66, 4.28)

Non-adherence lifestyle

1.22 (0.63, 2.34)

1.16 (0.59, 2.30)

Age, each year

1.01 (0.96, 1.07)

MMSE2, each point

0.93 (0.81, 1.06)

Charlson3, each point

1.18 (1.03, 1.34)

Heart disease

1.56 (0.70, 3.45)

1

The unadjusted models contain only a single predictor, 2Mini-Mental State
Examination, 3Charlson comorbidity index score

Discussion
Non-adherence to discharge instructions did not increase the odds of 30-day
hospital readmission. After controlling for other confounders in our study sample, age
and increased co-morbidity were the most important predictors of hospital readmission.
Previous research has consistently reported a positive association between
medication non-adherence and hospital readmission that was not found in this study.12-15
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In considering this, it is important to note that our assessment of medication adherence
differs greatly from methods used in prior studies. In this study, we assessed patients’
recall of new or continued prescriptions, as well as self-reported adherence to ‘all
medication’. This generalized measure contrasts with the more exact measures of
medication adherence (e.g., proportion of days covered) used in previous studies and may
be responsible for a dilution of effect as well as the increased prevalence of medication
adherence reported in this study.
Non-adherence to follow-up appointments was not observed to be associated with
hospital readmission, mirroring results in previous studies assessing the association
between attendance at scheduled follow-up appointments and hospital readmission.9, 16
This study extends these results to adults aged 65 and older who have been told to
schedule or attend a scheduled follow-up appointment following hospital discharge.
Two clinical trials have reported a decrease in hospital utilization following
implementation of discharge planning interventions.1,2 However, the results reported here
are not necessarily contradictory. Project RED focused on patient education, medication
reconciliation, and care provider communication, along with ensuring follow-up
appointment adherence among patients aged 18 and older.2 With the exception of
appointment adherence, these issues were not examined in our study. In addition, while
patient education may increase adherence, the Project RED study was not designed to
address that question. The intervention proposed by Naylor et al. effectively reduced
readmissions among hospitalized elders at high risk of hospital readmission.1 This
program involved multiple visits and communication with advance practice nurses which
would likely have increased adherence but would also have given patients the opportunity
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to have health problems evaluated and treated at home rather than returning to the
hospital.
Our estimates for both medication and appointment non-adherence are lower than
previously reported values. Prior reports of medication non-adherence in this population
ranged from 21%-58% compared to the 11%-12% non-adherence rate reported here.6, 31
As previously discussed, the construction of our medication adherence measure may have
impacted these results. Similarly, previously reported rates of non-adherence to follow-up
appointments ranged from 22%-44% compared to the 6%-11% we observed.9, 11
However, these studies focused on attendance at psychiatric follow-up appointments in a
younger patient population, and therefore have little in common with this study.
Lifestyle recommendations are common in the discharge instructions but
adherence to them is low. In this study, 63% of participants received diet, exercise,
smoking or alcohol recommendations in the discharge instructions; however adherence
was only 53%-56%. These results are consistent with those of prior studies reporting
adherence to diet and exercise recommendations ranging from 19% (exercise) to 76%
(diet).7, 8 While this study did not report an association between non-adherence to lifestyle
recommendations and hospital readmission, it is possible that it is associated with poor
outcomes that were not measured in this study. Given the low rate of adherence to
lifestyle recommendations reported in this study and others, more research is needed to
understand outcomes of non-adherence as well as potential ways to increase adherence to
lifestyle recommendations. 7, 8

115

It is important to consider the results of this study in light of certain limitations.
The adherence measures are based on patient (or care-provider) report. This may
introduce some bias, but it is likely to be non-differential. Furthermore, there was no
difference in the association between non-adherence and hospital readmission,
controlling for caregiver vs. participant report.
The medication adherence measure is not granular enough to discern nonadherence to specific medications which may greatly affect outcomes. So while it does
provide an estimate of overall medication adherence, it may not be comparable with
medication adherence measures based on proportion of days covered. Exercise, diet,
smoking, and alcohol cessation recommendations were grouped together to create
domains of discharge instructions. However, it is possible that one of these (for example,
diet) may exert a greater effect than others on hospital readmission, and this effect would
be masked by our method.
This study was conducted at a single site, yet we observed an incidence of 30-day
unplanned hospital readmission that is consistent with national samples, helping to
increase its generalizability.3232-35 Furthermore, previously observed associations such as
those between increasing age and comorbidities with unplanned 30-day hospital
readmission, were confirmed by this study.32, 36-38
The state of Maryland enjoys a unique position as a Medicare waiver state not
subject to national Medicare reimbursement policy. Nonetheless, the Maryland Health
Services Cost Review Commission has implemented its own financial initiatives to
reduce readmissions at participating hospitals, including UMMC. These ongoing efforts
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to reduce hospital readmissions could have impacted results of this study. However, it is
unclear how these efforts would have a differential impact on hospital readmission based
upon whether individuals who were adherent or not to discharge instructions.
Nevertheless, this study introduced a novel methodology for assessing adherence
to discharge instructions and creating a summary adherence measure. Our study design
allowed assessment of adherence over time while excellent follow-up ensured a very
small (<3%) loss to follow-up. In addition, we reported on the association between
lifestyle recommendations in the discharge instructions and hospital readmission for the
first time. This study adds to the literature on outcomes of non-adherence and provides a
baseline for adherence to discharge instructions in adults aged 65 and older.
In conclusion, results from this study suggest that non-adherence to discharge
instructions, controlling for age and Charlson Comorbidity Index Score, does not increase
the odds of 30-day unplanned hospital readmission among adults aged 65 and older.
Future studies should seek to refine this discharge instruction adherence measure and
look to replicate these results in different patient populations.
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VIII.

DISCUSSION

The research summarized in this dissertation was based upon a prospective cohort
study (n=750) that investigated the association between baseline depressive symptoms,
defined as a score of > 6 on the GDS-15, and unplanned 30-day hospital readmission
among adults aged 65 and older. Assessing non-adherence to discharge instructions as a
potential mediator of this association was the second aim.
While this study presupposes that hospital readmission is always a negative
outcome, that does not mean that all readmissions are preventable or markers of poor care
quality. The current emphasis on unplanned hospital readmissions is in reality focused
on potentially preventable readmissions and is driven by MEDPAC payment rubrics.
Nonetheless, there is clearly room for improvement in reducing unplanned hospital
readmissions and the goal of this study was to aid in that process.
Results from this study suggest that the risk of 30-day unplanned hospital
readmission associated with depressive symptoms is significantly less than what has been
previously reported. Depressive symptoms were associated with non-adherence to
medication instructions, but not with non-adherence to follow-up appointment or lifestyle
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modification domains of the discharge instructions, or with the summary adherence
measure. Non-adherence to the discharge instructions did not significantly increase the
risk of 30-day unplanned hospital readmission. Because a significant association between
depressive symptoms and 30-day unplanned hospital readmission was not observed,
mediation was not assessed.
A. Depressive Symptoms and Hospital Readmission
Depressive symptoms were observed to be associated with a positive increase in
the odds of unplanned 30-day hospital readmission, however; this association didn’t
achieve statistical significance. Previous studies have reported positive associations
between depression and hospital readmission.7,30-32,34 Nonetheless, the effect size in this
study is smaller than those reported in prior studies, even though our sample size was
larger than most. A focus on patients aged 65 and older and 30-day unplanned
readmission as an outcome made this study different from previous studies in ways that
may have impacted the size of the effect we observed. Previous research examining the
effect of depressive symptoms on hospital readmission has primarily focused on patients
with specific illnesses such as heart failure, age groups that included much younger
patients (> 18 years old), or readmission outcomes that varied from 30 days to 1 year. 7,1216,30-32,34

Furthermore, instruments used to measure depressive symptoms were not

consistent, and included somatic measures, which can be confused with symptoms of
comorbid illness, especially among older adults. In this study, we used the Geriatric
Depression Scale-15, which does not include somatic measures and was designed
specifically to evaluate depressive symptoms among older adults, to assess depressive

125

symptoms. 29 This variability in previous studies may have resulted in the smaller effect
size observed in this study.
The adjusted increase in risk associated with depressive symptoms in this study,
while not significant, was 20%. The results of this study suggest that hospitals interested
in effectively utilizing limited funds to reduce hospital readmission among adults aged 65
and older could achieve a potential overall reduction of up to 4% by targeting patients
with depressive symptoms at admission. Future research is needed to determine the cost
effectiveness of screening for depression to identify patients at greater risk of readmission
as well as the efficacy of interventions to reduce hospital readmission in this patient
population.
B. Depressive Symptoms and Non-Adherence to Discharge Instructions
Depressive symptoms were associated with non-adherence to medication
instructions, but not to follow-up appointments, lifestyle recommendations, or overall
adherence. The association between depression and non-adherence to medication has
been previously observed in older adults.21, 39, 45, 48 This study supports prior research and
extends it to include self-reported overall adherence to medication.
Depression has been previously reported to predict non-adherence to diabetes
self-care activities, including diet, medication and exercise instructions.41, 42, 69 It was also
observed to be associated with drop-out of cardiac rehabilitation program following acute
myocardial infarction.70 In contrast, depressive symptoms were not associated with nonadherence to either follow-up appointment or lifestyle instructions in this study
population. Our older and more general inpatient population may have more risk factors
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for non-adherence (eg. increased age, comorbidities, and medications) so that the effect
of depressive symptoms is attenuated. For example, social isolation risk predicted nonadherence to follow-up appointments and reduced the effect size of depressive symptoms
by 30% when it was added to our regression model. Individuals at greater risk of social
isolation may lack transportation and this may have a greater effect on non-adherence
than depression in our study population. The relationship between depression, social
isolation and non-adherence to discharge instructions requires further exploration.
C. Non-Adherence to Discharge Instructions and Hospital Readmission
Non-adherence to discharge instructions did not significantly increase the odds of
30-day hospital readmission. After controlling for confounders in our study sample, age
and increased morbidity were the most important predictors of hospital readmission.
Previous research has consistently reported a positive association between
medication non-adherence and hospital readmission that was not observed in this study.5052, 54

In considering this, it is important to note that our assessment of medication

adherence differs greatly from methods used in prior studies. In this study, we assessed
patients’ recall of new or continued prescriptions, as well as self-reported adherence to
‘all medication’. This generalized measure contrasts with the more exact measures of
medication adherence (eg. proportion of days covered) used in previous studies and may
have led to the misclassification as ‘adherent’ many who may have been ‘non-adherent’
by a more stringent measure. Assuming this misclassification was non-differential, bias
would have been toward the null effect.
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Non-adherence to follow-up appointments was not observed to be associated with
hospital readmission, mirroring results in previous studies assessing the association
between attendance at scheduled follow-up appointments and hospital readmission. 19, 71
This study extends these results to adults aged 65 and older who have been told to
schedule or attend a scheduled follow-up appointment following hospital discharge.
D. Strengths and Limitations
This study was powered at 80% to detect a doubling of the odds of 30-day
unplanned hospital readmission among depressed patients based on a sample size of 750
and the assumptions described in the methods. The observed prevalence of depressive
symptoms, incidence of 30-day unplanned hospital readmission, and loss to follow-up did
not impact the power calculation negatively, and would have increased power somewhat.
However, the observed association between depressive symptoms and 30-day unplanned
hospital readmission suggests a smaller population effect than assumed in the sample size
calculations, leading to a loss of statistical power. While the effect size was larger in
certain sub-groups (e.g. adjusted OR 1.69 (95% CI 0.89, 3.02) in patients with a
discharge diagnosis of heart disease), it still remained below previous estimates.
Nevertheless, it is important to note that we assessed our outcome on over 97% of study
participants, mitigating potential outcome assessment bias. Furthermore, our observed
incidence of 30-day unplanned hospital readmission is consistent with that reported in a
national study of Medicare enrollees, lending increased validity to our results.1
This study was conducted at a single site, yet reports incidence of 30-day
unplanned hospital readmission consistent with national samples, helping to support its
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generalizability.1 Prevalence of depressive symptoms in this sample is also consistent
with national estimates, implying that if patients with more severe depressive symptoms
were less likely to participate in this study, other studies most likely experienced the
same problem.26, 72, 73 Furthermore, many previously observed associations, such as those
between increasing age, comorbidities, and prior hospital admissions with unplanned 30day hospital readmission, were confirmed by this study.1, 6-8, 13, 34, 74
The state of Maryland enjoys a unique position as a Medicare waiver state not
directly subject to national Medicare reimbursement policy. Nonetheless, the Maryland
Health Services Cost Review Commission has implemented its own financial initiatives
to reduce readmissions at participating hospitals, including UMMC. These ongoing
efforts to reduce hospital readmissions could have impacted results of this study if
patients with greater numbers of comorbidities or previous hospital admissions within the
past 6 months were targeted, because these patients also tend to have a greater burden of
depressive symptoms. This could have had the effect of decreasing the observed risk of
unplanned hospital readmission among those with depressive symptoms.
Inherent in this study is the assumption that patients received copies of their
discharge instructions, and that these instructions accurately reflected patient discharge
summaries obtained from Horizon Patient Folder and Powerchart. Eighty-one percent of
patient charts contained documented receipt of discharge instructions. However, patients
discharged to a nursing facility were much less likely to receive discharge instructions
compared to patients discharged to home or home healthcare (21% vs. 96% and 95%,
respectively, p<0.001). Nonetheless, results from sensitivity analyses conducted by
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setting all patients discharged to nursing facilities as ‘completely adherent’ indicated no
significant difference in effect estimates.
The adherence measures are partly based on patient (or caregiver) report. This
could introduce bias because patients and caregivers may be more likely to over-report
adherence, which would result in an underestimate of the effect of depressive symptoms
on non-adherence as well as the effect of non-adherence on hospital readmission. In
creating domains of discharge instructions, exercise, diet, smoking, and alcohol cessation
recommendations were grouped together. Nonetheless, it is possible that some covariates
may predict non-adherence to diet better than to exercise, and those results would be
masked by this method. Similarly, the summary adherence measure assumes an equality
of domains that may not reflect reality. The effect of this type of potential error on our
results is difficult to predict.
Still, this is the first study to assess the association between baseline depressive
symptoms and non-adherence over time to all components of the discharge instructions in
patients aged 65 and older. We have introduced a novel method for assessing adherence
to discharge instructions and created a summary adherence measure based on three
discharge instruction domains. This study provides valuable information not only on the
association between depressive symptoms and non-adherence to discharge instructions,
but on other predictors of non-adherence as well. In addition, we reported on the
association between non-adherence to lifestyle recommendations in the discharge
instructions and hospital readmission for the first time. This study adds to the literature
on outcomes of non-adherence and provides a baseline measure of adherence to discharge
instructions in adults aged 65 and older.
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E. Summary and Implications of Research
In this sample of hospitalized adults aged 65 and older, increasing age, comorbid
illness, and previous hospital admissions exerted a stronger influence on 30-day
unplanned hospital readmission than either depressive symptoms or non-adherence to
discharge instructions. While depressive symptoms were associated with non-adherence
to medication, social isolation risk played a greater role in predicting non-adherence to
other domains of the discharge instructions.
The adjusted increase in risk associated with depressive symptoms in this study,
while not significant, was 20%. The results of this study suggest that hospitals interested
in effectively utilizing limited funds to reduce hospital readmission among adults aged 65
and older could achieve a potential overall reduction of up to 4% by targeting patients
with depressive symptoms at admission.
Many current efforts to reduce hospital readmissions focus on increasing
documentation and facilitating patient understanding of discharge instructions.43-45 In this
study, 19% of participants did not have documented receipt of the discharge instructions.
While documentation alone will not increase adherence, ensuring that all patients receive
a copy of their discharge instructions might. Increasing patient understanding of the
benefits and consequences of adherence to exercise and diet recommendations, not by
simply handing over written instruction, but by carefully explaining how changes in diet
and exercise routine could be made, would likely increase adherence as well. Patient
education about diet and exercise is a component of one successfully implemented
intervention to reduce rehospitalizations among older adults.4
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Scheduling follow-up appointments for patients prior to hospital discharge was
observed to increase patient adherence to follow-up appointments in this study. The
practice of scheduling follow-up appointments for patients prior to hospital discharge has
been incorporated into successful interventions aimed at reducing hospital readmission.4,
75

Although adherence to instructions to follow-up post discharge was increased by this

process, it was not observe to decrease unplanned hospital readmission.
This study did not report a significant association between non-adherence to
lifestyle recommendations and hospital readmission, but it is possible that it is associated
with poor outcomes that were not measured in this study. Considering the low rate of
adherence to lifestyle recommendations reported in this study and others, more research
is needed to understand outcomes of non-adherence as well as potential ways to increase
adherence to lifestyle recommendations.76,77 Based on results reported here, healthcare
providers can identify patients who may be at greater risk of non-adherence to lifestyle as
well as other domains of the discharge instructions. These patients could then receive
targeted instruction or other interventions for that particular domain to aid in increasing
adherence.
Future research is needed to determine the cost efficiency of screening for
depression to identify patients at greater risk of readmission as well as the efficacy of
interventions to reduce hospital readmission in this patient population. The discharge
instruction adherence measure should be refined and validated by linking to outside data
sources. Findings on non-adherence to discharge instructions should be replicated in
different patient populations. Furthermore, methods of increasing adherence within the
different domains of the discharge instructions, rather than targeting general non132

adherence may be needed. Finally, qualitative research to understand perceived barriers
to adherence as well as the decision-making process involved would facilitate
implementation of interventions to increase adherence to the different domains of the
discharge instructions.
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APPENDIX II: TABLES
Table 16. Bivariate Predictors of 5 day Non-Adherence to Medication, n=556
Baseline predictors
Non-Adherent
Adherent

p-value1

n=63

n=493

Age in years, mean (sd)

72.8 (6.5)

72.8 (6.1)

1.0

MMSE, mean (sd)

27.8 (2.0)

28.0 (2.2)

0.7

Female Sex, n(%)

39 (62)

229 (46)

0.02

White race, n(%)

40 (63)

376 (76)

0.03

Married, n(%)

30 (48)

307 (62)

0.03

Self-rated health > good, n(%)

36 (57)

309 (63)

0.4

Disabilities in ADLS3 > 1, n(%)

16 (25)

72 (15)

0.03

> High school education, n(%)

54 (86)

428 (87)

0.8

>2 hospital admissions/last 6 months, n(%)

10 (16)

113 (23)

0.2

> 2 falls in last 6 months, n(%)

7 (11)

58 (12)

0.9

Lives alone, n(%)

18 (29)

110 (22)

0.3

Social isolation4 risk, n(%)

5 (8)

53 (11)

0.5

Depressive symptoms, n(%)

13 (21)

81 (16)

0.4

No# of meds at discharge, mean (sd)

9.6 (5.3)

10.3 (4.8)

0.2

Cancer

6 (10)

63 (13)

0.5

Heart Disease

11 (17)

104 (21)

0.5

Diseases of Digestive System

8 (13)

63 (13)

1.0

Complications from Medical Care

6 (10)

61 (12)

0.5

Diseases of Musculoskeletal System

8 (13)

38 (8)

0.2

Other

24 (38)

164 (33)

0.4

Charlson Co-Morbidity Index, mean (sd)

2.3 (2.4)

2.4 (2.2)

0.8

Length of Hospital Stay in days, mean (sd)

4.0 (3.4)

5.0 (4.6)

0.07

Primary Discharge Diagnosis, n(%)
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Table 17. Bivariate Predictors of 5 day Non-Adherence to Follow-up Appointments, n=549

Baseline predictors

p-value1

Non-Adherent

Adherent

n=32

n=517

Age in years, mean (sd)

74.7 (6.5)

72.7 (6.1)

0.08

MMSE, mean (sd)

27.7 (1.8)

27.9 (2.2)

0.6

Female sex, n(%)

13 (41)

253 (49)

0.3

White race, n(%)

20 (63)

392 (76)

0.09

Married, n(%)

15 (47)

318 (62)

0.1

Self-rated health > good, n(%)

24 (75)

317 (61)

0.1

Disabilities in ADLS3 > 1, n(%)

4 (13)

82 (16)

0.6

> High school education, n(%)

27 (84)

448 (87)

0.7

>2 hospital admissions in last 6

5 (17)

116 (22)

0.4

> 2 falls in last 6 months, n(%)

6 (19)

59 (11)

0.3

Lives alone, n(%)

11 (34)

116 (22)

0.1

Social isolation4 risk, n(%)

6 (19)

51 (10)

0.1

Depressive symptoms, n(%)

9 (28)

84 (16)

0.08

10.6 (4.6)

10.2 (4.9)

0.7

Cancer

3 (9)

66 (13)

0.8

Heart Disease

1 (3)

110 (21)

0.01

Diseases of Digestive System

5 (16)

65 (13)

0.6

Complications from Medical

5 (16)

62 (12)

0.6

months, n(%)

Number of medications at discharge,
mean (sd)
Primary Discharge Diagnosis, n(%)
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Table 17 Continued

Charlson Co-Morbidity Index, mean (sd)

2.3 (2.4)

2.4 (2.2)

0.8

Length of Hospital Stay in days, mean (sd)

4.0 (3.4)

5.0 (4.6)

0.07
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Table 18. Bivariate Predictors of 5 day Non-Adherence to Lifestyle Modifications, n=557
Baseline predictors

Non-adherent
n=260
73.0 (6.5)

Adherent
n=295
72.6 (5.9)

p-value

MMSE, mean (sd)

27.9 (2.1)

28.0 (2.1)

0.4

Female sex, n(%)

115 (44)

153 (52)

0.06

White race, n(%)

197 (75)

220 (75)

0.9

Married, n(%)

160 (61)

178 (60)

0.9

Self-rated health > good, n(%)

156 (60)

190 (64)

0.2

Disabilities in ADLS3 > 1, n(%)

41 (16)

47 (16)

0.9

> High school education, n(%)

226 (86)

257 (87)

0.8

>2 hospital admissions in last 6 months, n(%)

57 (22)

66 (22)

0.9

> 2 falls in last 6 months, n(%)

29 (11)

36 (12)

0.7

Lives alone, n(%)

59 (23)

69 (23)

0.8

Social isolation4 risk, n(%)

35 (13)

23 (8)

0.04

Depressive symptoms, n(%)

47 (18)

47 (16)

0.5

10.8 (4.9)

9.8 (4.8)

0.02

Cancer

17 (6)

52 (18)

<0.001

Heart Disease

70 (27)

45 (15)

<0.001

Diseases of Digestive System

37 (14)

34 (12)

0.4

Complications from Medical Care

27 (10)

40 (14)

0.2

Diseases of Musculoskeletal System

24 (9)

22 (7)

0.5

Other

87 (33)

102 (35)

0.7

Charlson Co-Morbidity Index Score, mean (sd)

2.2 (2.0)

2.6 (2.4)

0.03

Length of Hospital Stay in days, mean (sd)

5.0 (4.6)

4.8 (4.4)

0.5

Age in years, mean (sd)

Number of medications at discharge, mean (sd)

0.5

Primary Discharge Diagnosis, n(%)
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Table 19. Bivariate Predictors of 5 day Non-Adherence > 1 Domain of the Discharge Instructions,
n=557
Baseline predictors
Non-adherent
Adherent
p-value
n=302
n=255
Age in years, mean (sd)
73.1 (6.4)
72.5 (5.9)
0.3
MMSE, mean (sd)

27.8 (2.1)

28.1 (2.2)

0.1

Female sex, n(%)

136 (45)

132 (52)

0.1

White race, n(%)

222 (74)

195 (76)

0.4

Married, n(%)

178 (59)

160 (63)

0.4

Self-rated health > good, n(%)

184 (61)

162 (64)

0.5

Disabilities in ADLS3 > 1, n(%)

41 (16)

40 (16)

0.9

> High school education, n(%)

260 (86)

223 (87)

0.6

>2 hospital admissions in last 6 months, n(%)

61 (20)

62 (24)

0.2

> 2 falls in last 6 months, n(%)

37 (12)

28 (11)

0.6

Lives alone, n(%)

70 (23)

58 (23)

0.9

Social isolation4 risk, n(%)

36 (12)

22 (9)

0.2

Depressive symptoms, n(%)

56 (19)

38 (15)

0.3

10.5 (4.9)

10.0 (4.9)

0.2

Cancer

22 (7)

47 (18)

<0.001

Heart Disease

73 (24)

42 (16)

0.03

Diseases of Digestive System

43 (14)

28 (11)

0.3

Complications from Medical Care

32 (10)

35 (14)

0.3

Diseases of Musculoskeletal System

30 (9)

16 (6)

0.1

102 (34)

87 (34)

0.9

2.2 (2.0)

2.6 (2.4)

0.08

4.8 (4.4)

5.0 (4.5)

0.8

Number of medications at discharge, mean
(sd)
Primary Discharge Diagnosis, n(%)

Other
Charlson Co-Morbidity Index Score, mean
(sd)
Length of Stay
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Table 20. Bivariate Predictors of 15 day Non-Adherence to Medication, n=547
Baseline predictors
Non-Adherent
Adherent
n=65
n=482
Age in years, mean (sd)
72.6 (6.3)
72.6 (6.0)

p-value1
1.0

MMSE, mean (sd)

27.8 (5.4)

28.0 (4.9)

0.3

Female Sex, n(%)

38 (58)

231 (48)

0.1

White race, n(%)

42 (65)

354 (73)

0.1

Married, n(%)

35 (54)

288 (60)

0.4

Self-rated health > good, n(%)

37 (57)

297 (62)

0.5

Disabilities in ADLS3 > 1, n(%)

16 (25)

78 (16)

0.09

> High school education, n(%)

55 (85)

416 (86)

0.7

>2 hospital admissions/last 6 months, n(%)

12 (18)

100 (21)

0.7

> 2 falls in last 6 months, n(%)

9 (14)

55 (12)

0.6

Lives alone, n(%)

19 (29)

115 (24)

0.3

Social isolation4 risk, n(%)

5 (8)

58 (12)

0.3

Depressive symptoms, n(%)

13 (20)

80 (17)

0.5

No# of meds at discharge, mean (sd)

9.6 (5.3)

10.3 (4.8)

0.3

6 (9)

58 (12)

0.5

Heart Disease

11 (17)

94 (20)

0.6

Diseases of Digestive System

10 (15)

58 (12)

0.4

Complications from Medical Care

5 (8)

63 (13)

0.2

Diseases of Musculoskeletal System

8 (12)

45 (9)

0.4

Other

25 (38)

164 (34)

0.5

Primary Discharge Diagnosis, n(%)
Cancer

Charlson Co-Morbidity Index, mean (sd)

2.4 (2.4)

2.4 (2.3)

1.0

Length of Hospital Stay in days, mean (sd)

4.1 (3.6)

4.9 (4.5)

0.1
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Table 21. Bivariate Predictors of 15 day Non-Adherence to Follow-up Appointments, n=520
Non-Adherent
n=43
72.2 (5.2)

Adherent
n=497
72.6 (6.1)

p-value1

MMSE, mean (sd)

27.8 (2.0)

27.9 (2.2)

0.6

Female sex, n(%)

20 (47)

245 (49)

0.7

White race, n(%)

24 (56)

367 (74)

0.01

Married, n(%)

21 (49)

296 (60)

0.2

Self-rated health > good, n(%)

28 (65)

303 (61)

0.6

Disabilities in ADLS3 > 1, n(%)

10 (23)

82 (17)

0.3

> High school education, n(%)

38 (88)

428 (86)

0.7

>2 hospital admissions in last 6 months, n(%)

9 (21)

101 (20)

0.9

> 2 falls in last 6 months, n(%)

8 (19)

57 (11)

0.2

Lives alone, n(%)

15 (35)

119 (24)

0.1

Social isolation4 risk, n(%)

12 (29)

50 (10)

0.001

Depressive symptoms, n(%)

12 (28)

79 (16)

0.04

10.1 (4.6)

10.2 (4.9)

0.9

Cancer

1 (2)

61 (12)

0.05

Heart Disease

6 (14)

98 (20)

0.4

Diseases of Digestive System

8 (19)

60 (12)

0.2

Complications from Medical Care

8 (19)

60 (12)

0.2

Diseases of Musculoskeletal System

3 (7)

49 (10)

0.8

17 (40)

169 (34)

0.5

Charlson Co-Morbidity Index, mean (sd)

2.5 (2.3)

2.4 (2.3)

0.7

Length of Hospital Stay in days, mean (sd)

5.0 (4.2)

4.8 (4.4)

0.7

Baseline predictors
Age in years, mean (sd)

Number of medications at discharge, mean (sd)

0.7

Primary Discharge Diagnosis, n(%)

Other
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Table 22. Bivariate Predictors of 15 day Non-Adherence to Lifestyle Modifications, n=545

Baseline predictors

Non-adherent
n=240
72.8 (6.3)

Adherent
n=305
72.4 (5.8)

p-value

MMSE, mean (sd)

27.8 (2.3)

28.1 (2.1)

0.8

Female sex, n(%)

109 (44)

159 (52)

0.1

White race, n(%)

178 (74)

216 (71)

0.4

Married, n(%)

146 (61)

175 (57)

0.4

Self-rated health > good, n(%)

143 (60)

190 (62)

0.5

Disabilities in ADLS3 > 1, n(%)

38 (16)

56 (18)

0.4

> High school education, n(%)

204 (85)

266 (87)

0.5

>2 hospital admissions in last 6

53 (22)

58 (19)

0.4

> 2 falls in last 6 months, n(%)

29 (12)

36 (12)

0.9

Lives alone, n(%)

58 (24)

76 (25)

0.8

Social isolation4 risk, n(%)

32 (13)

31 (10)

0.3

Depressive symptoms, n(%)

44 (18)

49 (16)

0.5

11.1 (4.9)

9.5 (4.9)

<0.001

Age in years, mean (sd)

0.5

months, n(%)

Number of medications at discharge,
mean (sd)
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Table 22 Continued

Primary Discharge Diagnosis, n(%)
Cancer

1 (2)

61 (12)

0.05

Heart Disease

6 (14)

98 (20)

0.4

Diseases of Digestive System

8 (19)

60 (12)

0.2

Complications from Medical Care

8 (19)

60 (12)

0.2

Diseases of Musculoskeletal

3 (7)

49 (10)

0.8

17 (40)

169 (34)

0.5

Charlson Co-Morbidity Index, mean (sd)

2.5 (2.3)

2.4 (2.3)

0.7

Length of Hospital Stay in days, mean

5.0 (4.2)

4.8 (4.4)

0.7

System
Other

(sd)
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Table 23. Bivariate Predictors of 15 day Non-Adherence > 1 domain of the
Discharge Instructions, n=547
Baseline predictors

Non-adherent
n=306
72.8 (6.2)

Adherent
n=241
72.3 (5.8)

pvalue
0.3

MMSE, mean (sd)

27.7 (2.2)

28.2 (2.1)

0.03

Female sex, n(%)

144 (47)

125 (52)

0.3

White race, n(%)

216 (71)

180 (75)

0.3

Married, n(%)

180 (59)

143 (59)

0.9

Self-rated health > good, n(%)

182 (59)

152 (63)

0.4

Disabilities in ADLS3 > 1, n(%)

56 (18)

38 (16)

0.4

> High school education, n(%)

258 (84)

213 (88)

0.2

>2 hospital admissions in last 6 months, n(%)

66 (22)

46 (19)

0.5

> 2 falls in last 6 months, n(%)

42 (14)

24 (10)

0.2

Lives alone, n(%)

75 (25)

59 (25)

1.0

Social isolation4 risk, n(%)

41 (13)

22 (9)

0.1

Depressive symptoms, n(%)

58 (19)

35 (15)

0.2

10.6 (4.9)

9.7 (4.9)

0.02

Cancer

20 (7)

44 (18)

<0.001

Heart Disease

66 (22)

39 (16)

0.1

Diseases of Digestive System

43 (14)

25 (10)

0.2

Complications from Medical Care

39 (13)

29 (12)

0.8

Diseases of Musculoskeletal System

32 (10)

21 (9)

0.5

Other

106 (35)

83 (34)

1.0

Age in years, mean (sd)

Number of medications at discharge, mean (sd)
Primary Discharge Diagnosis, n(%)
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Table 23 Continued
Charlson Co-Morbidity Index Score, mean (sd)

2.3 (2.2)

2.5 (2.4)

0.4

Length of Stay

4.7 (4.2)

5.0 (4.6)

0.4
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Table 24. Bivariate Predictors of 31 day Non-Adherence to Medication, n=501
Baseline predictors

Non-adherent
n=306
72.8 (6.2)

Adherent
n=241
72.3 (5.8)

p-value

MMSE, mean (sd)

27.7 (2.2)

28.2 (2.1)

0.03

Female sex, n(%)

144 (47)

125 (52)

0.3

White race, n(%)

216 (71)

180 (75)

0.3

Married, n(%)

180 (59)

143 (59)

0.9

Self-rated health > good, n(%)

182 (59)

152 (63)

0.4

Disabilities in ADLS3 > 1, n(%)

56 (18)

38 (16)

0.4

> High school education, n(%)

258 (84)

213 (88)

0.2

>2 hospital admissions in last 6 months,

66 (22)

46 (19)

0.5

> 2 falls in last 6 months, n(%)

42 (14)

24 (10)

0.2

Lives alone, n(%)

75 (25)

59 (25)

1.0

Social isolation4 risk, n(%)

41 (13)

22 (9)

0.1

Depressive symptoms, n(%)

58 (19)

35 (15)

0.2

10.6 (4.9)

9.7 (4.9)

0.02

Cancer

20 (7)

44 (18)

<0.001

Heart Disease

66 (22)

39 (16)

0.1

Diseases of Digestive System

43 (14)

25 (10)

0.2

Complications from Medical Care

39 (13)

29 (12)

0.8

Age in years, mean (sd)

0.3

n(%)

Number of medications at discharge, mean
(sd)
Primary Discharge Diagnosis, n(%)
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Table 24 Continued
Diseases of Musculoskeletal System

32 (10)

21 (9)

0.5

Other

106 (35)

83 (34)

1.0

2.3 (2.2)

2.5 (2.4)

0.4

4.7 (4.2)

5.0 (4.6)

0.4

Charlson Co-Morbidity Index Score, mean
(sd)
Length of Stay
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Table 25. Bivariate Predictors of 31 day Non-Adherence to Follow-up
Appointments, n=497
Baseline predictors

Non-Adherent
n=36
73.9 (6.3)

Adherent
n=461
72.5 (6.1)

pvalue1
0.2

MMSE, mean (sd)

27.6 (2.3)

27.9 (2.2)

0.3

Female sex, n(%)

15 (42)

231 (50)

0.3

White race, n(%)

18 (50)

340 (74)

0.002

Married, n(%)

18 (50)

275 (60)

0.3

Self-rated health > good, n(%)

22 (61)

294 (64)

0.7

Disabilities in ADLS3 > 1, n(%)

7 (19)

78 (17)

0.7

> High school education, n(%)

30 (83)

398 (86)

0.6

>2 hospital admissions in last 6 months, n(%)

8 (22)

86 (19)

0.6

> 2 falls in last 6 months, n(%)

9 (25)

53 (12)

0.03

Lives alone, n(%)

12 (35)

113 (25)

0.2

Social isolation4 risk, n(%)

12 (34)

44 (10)

<0.001

Depressive symptoms, n(%)

9 (25)

70 (15)

0.1

10.0 (3.9)

10.2 (5.0)

0.8

Cancer

1 (3)

52 (11)

0.2

Heart Disease

4 (11)

91 (20)

0.2

Diseases of Digestive System

7 (19)

54 (12)

0.2

Complications from Medical Care

6 (17)

55 (12)

0.4

Age in years, mean (sd)

Number of medications at discharge, mean
(sd)
Primary Discharge Diagnosis, n(%)
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Table 25 Continued
Diseases of Musculoskeletal System

4 (11)

49 (11)

1.0

Other

14 (39)

160 (35)

0.6

2.3 (2.2)

2.3 (2.2)

1.0

4.7 (4.3)

5.0 (4.7)

0.7

Charlson Comorbidity Index score, mean
(sd)
Length of Stay in days, mean(sd)
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Table 26. Bivariate Predictors of 31 day Non-Adherence to Lifestyle Modifications,
n=502
Baseline predictors

Non-adherent
n=234
72.7 (6.2)

Adherent
n=268
72.6 (6.0)

p-value

MMSE, mean (sd)

27.8 (2.3)

28.0 (2.2)

0.2

Female sex, n(%)

104 (44)

144 (54)

0.04

White race, n(%)

173 (74)

189 (71)

0.4

Married, n(%)

140 (60)

155 (58)

0.7

Self-rated health > good, n(%)

152 (65)

165 (62)

0.4

Disabilities in ADLS3 > 1, n(%)

33 (14)

53 (20)

0.09

> High school education, n(%)

200 (85)

233 (87)

0.6

>2 hospital admissions in last 6 months,

46 (20)

50 (19)

0.8

> 2 falls in last 6 months, n(%)

31 (13)

32 (12)

0.7

Lives alone, n(%)

64 (27)

63 (24)

0.3

Social isolation4 risk, n(%)

33 (14)

25 (9)

0.1

Depressive symptoms, n(%)

37 (16)

44 (16)

0.8

10.9 (4.9)

9.5 (4.8)

0.001

Cancer

18 (8)

35 (13)

0.05

Heart Disease

56 (24)

39 (15)

0.007

Diseases of Digestive System

34 (15)

28 (11)

0.2

Complications from Medical Care

25 (11)

37 (14)

0.3

Diseases of Musculoskeletal System

29 (12)

25 (9)

0.3

Age in years, mean (sd)

0.8

n(%)

Number of medications at discharge, mean
(sd)
Primary Discharge Diagnosis, n(%)
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Charlson Co-Morbidity Index, mean

2.2 (2.1)

2.3 (2.3)

0.7

5.1 (4.5)

4.8 (4.7)

0.4

(sd)
Length of Hospital Stay in days,
mean(SD)
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Table 27. Bivariate Predictors of 31 day Non-Adherence > 1 domain of the
discharge instructions, n=502

Baseline predictors

Non-adherent
n=287
72.9 (6.3)

Adherent
n=215
72.3 (5.8)

p-value

MMSE, mean (sd)

27.7 (2.3)

28.2 (2.1)

0.02

Female sex, n(%)

128 (45)

120 (56)

0.02

White race, n(%)

202 (70)

160 (74)

0.3

Married, n(%)

171 (60)

124 (58)

0.7

Self-rated health > good, n(%)

177 (62)

140 (65)

0.4

Disabilities in ADLS3 > 1, n(%)

45 (16)

41 (19)

0.3

> High school education, n(%)

244 (85)

189 (88)

0.4

>2 hospital admissions in last 6

57 (20)

39 (18)

0.6

> 2 falls in last 6 months, n(%)

40 (14)

23 (11)

0.3

Lives alone, n(%)

76 (26)

51 (24)

0.5

Social isolation4 risk, n(%)

40 (14)

18 (8)

0.06

Depressive symptoms, n(%)

48 (17)

33 (15)

0.7

10.6 (4.8)

9.6 (4.9)

0.02

Age in years, mean (sd)

0.3

months, n(%)

Number of medications at discharge,
mean (sd)
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Table 27 Continued
Primary Discharge Diagnosis, n(%)
Cancer

22 (8)

31 (14)

0.01

Heart Disease

61 (21)

34 (16)

0.1

Diseases of Digestive System

42 (15)

20 (9)

0.07

Complications from Medical Care

32 (11)

30 (14)

0.3

Diseases of Musculoskeletal

36 (13)

18 (8)

0.1

94 (33)

82 (38)

0.2

2.3 (2.2)

2.2 (2.2)

0.7

5.1 (4.7)

4.7 (4.5)

0.4

System
Other
Charlson Co-Morbidity Index Score,
mean (sd)
Length of Stay
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