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Objective: Although death or readmission shortly after hospital discharge is frequent, identifying inpatients at
higher risk is difficult. We evaluated whether in-hospital depressive symptoms (hereafter “depression”) are as-
sociated with short-term readmission or mortality after discharge from medical wards.
Methods: Depression was assessed at discharge in a prospective inpatient cohort from 2 Canadian hospitals (7
medical wards) and defined as scores ≥11 on the 27-point Patient Health Questionnaire (PHQ-9). Primary out-
come was all-cause readmission or mortality 90 days postdischarge.
Results:Of 495medical patients [median age 64 years, 51%women, top 3 admitting diagnoses heart failure (10%),
pneumonia (10%) and chronic obstructive pulmonary disease (8%)], 127 (26%) screened positive for depression
at discharge. Comparedwith nondepressed patients, those with depression weremore frequently readmitted or
died: 27/127 (21%) vs. 58/368 (16%)within 30 days and 46 (36%) vs. 91 (25%)within 90days [adjusted odds ratio
(aOR) 2.00, 95% confidence interval 1.25–3.17, P=.004, adjusted for age, sex and readmission/death prediction
scores]. History of depression did not predict 90-day events (aOR 1.05, 95% CI 0.64–1.72, P=.84). Depression
persisted in 40% of patients at 30 days and 17% at 90 days.
Conclusions: Depression was common, underrecognized and often persisted postdischarge. Current symptoms of
depression, but not history, identified greater risk of short-term events independent of current risk prediction rules.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

Short-term readmissions or early deaths after hospital discharge are
commonandcostlyandare therefore receiving increasedattention.Between
10% and 40% of patients discharged from hospital are readmitted within
30 days [1–3], accounting for at least 11% of total hospitalization costs [4].
Medical patients account for over two thirds of all 30-day readmissions

and their readmissions are longer and more expensive compared to non-
medical readmissions [4]. Thus, General Internal Medicine (GIM) wards
are often the target for interventions to reduce readmission rates [4].

While many interventions have been tried to improve discharge
transitions and reduce adverse events after medical hospitalization,
their effects have been inconsistent and surprisingly few interventions
have improved patient outcomes [5–7]. Risk stratification may increase
the effectiveness of postdischarge interventions by targeting those at
highest risk. Of 46 interventions to reduce 30-day readmissions, the
only effective isolated intervention observed had targeted a high-risk
subgroup [5]. However, current models of risk prediction are less than
perfect and it is important to determine if there are other as yet uniden-
tified or novel risk factors [8,9].

Depressionmay represent an underrecognized and potentiallymod-
ifiable independent risk factor for unexpected readmission or early
death. Depression is often poorly detected and undertreated in acute
care settings [10,11], is common in adults with chronic disease and
has been associated with worse long-term clinical outcomes [12–15].
Clinical symptoms of depression may range from dysthymia (mild
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persistent symptoms) to major depressive disorders and can be accu-
rately and rapidly assessed by well-validated screening questionnaires,
such as the Patient Health Questionnaire (PHQ-9) [16,17]. However, the
prognostic value of the PHQ-9 for posthospital outcomes is rarely
assessed despite evidence amongdepressed cardiac patients supporting
a 9% increased risk of readmission with each additional point [18]. Fur-
ther, although approximately 30–40% of hospitalized adults report
some form of depression [11,19], relatively few readmission risk predic-
tion models include depression. Of 26 models to predict risk of hospital
readmission [9], only 5 [20–24] specified a history of depression (based
on claims data or chart review) and none captured depressive symp-
tomatology at the time of discharge.

Therefore, we studied whether the presence of moderate-to-severe
depressive symptoms (hereafter, for brevity, referred to as “depres-
sion”) at the time of discharge independently predict all-cause
readmissions or early mortality after discharge in a representative co-
hort of internal medicine patients.

2. Methods

2.1. Setting and subjects

This study was conducted at two tertiary-care teaching facilities in
Edmonton, Alberta, Canada (University of Alberta and Royal Alexandra
hospitals). As discussed in full elsewhere [25], we enrolled adult
Albertans hospitalized on 7 GIM wards who were being discharged
back to the community between October 2013 and November 2014.
The Health Research Ethics Board at the University of Alberta approved
all study procedures (project ID Pro00036880) and all patients provided
written informed consent.

We excluded individuals with severe cognitive impairment (≥5 er-
rors on the Short PortableMental Status Questionnaire) [26], communi-
cation barriers (e.g., non-English speaking or aphasia) or foreshortened
life expectancy precluding 90-day follow-up [25]. Trained research as-
sistants administered all baseline questionnaires and functional tests
at the bedside within 48 h prior to discharge. Different research person-
nel (blinded to baseline assessments and with independent adjudica-
tion of events by medical experts) contacted patients at 30 days and
90 days postdischarge to collect outcomes data verified using provincial
electronic medical records.

2.2. Independent variable of interest (depression)

Depressive symptoms were assessed prior to discharge using the
previously validated 27-point PHQ-9 [16]. The PHQ-9 is a self-report
measure based on the 9 diagnostic criteria for major depression in the
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition. For
our main analysis, we used a cutoff score of 11 or greater, which has
been shown to optimize accuracy in the hospital setting (89% sensitivity
and 89% specificity) for detection of depression [17,27]. Of note, hospital
attending staff were informed if PHQ-9 scores ≥14 or patients reported
suicidal ideation. We repeated the PHQ-9 in all patients 30 days and
90 days after discharge and examined other cutpoints for defining de-
pression in sensitivity analyses.

2.3. Outcomes

The primary outcomewas all-cause readmission or mortality within
90 days after discharge from the index hospitalization, which accounts
for competing risks during follow-up and can be adjusted for using
the LACE Index.

2.4. Data collection and measurements

We collected a wide range of sociodemographic and clinical factors
at baseline. LACE Index scores were calculated for each patient and

range from 1 to 19. This is a validated scoring system commonly used to
risk adjust the rate of a 30-day readmission or death that includes length
of hospital stay (L), acuity on index admission (A), Charlson Comorbidity
Index (C) and number of emergency department visits during the
6months prior to admission (E). The LACE Index has been previously val-
idated in both Canada and the US, in both general medical patients and
populations with specific discharge diagnoses (e.g., heart failure), and it
has reasonable accuracy with a c-statistic of about 0.7 [2,8,28].

2.5. Statistical analyses

First, we compared patient characteristics and outcomes according
to baseline depression status. We then sequentially fit multiple logistic
regression models to predict the likelihood of readmission or mortality
at 30 days and 90 days in patients with depression (PHQ-9≥11) com-
pared to thosewithout depression.Modelswere built “by hand” and po-
tential confounders (based on literature review, clinical judgment,
bivariate P values b0.1 or greater than 10% changes in beta coefficients
when included in models) were evaluated. The final parsimonious
model adjusted for age, sex and the LACE Index. We undertook a series
of sensitivity analyses to consider other recommended PHQ-9 cutpoints
[16,29] and to see if a history of depression (as identified by attending
staff in the medical chart) could substitute for directly measured de-
pressive symptoms. We also assessed effect modification by exploring
the association between depression and postdischarge outcomes in
tertiles of LACE scores (1–9, 10–12 and 13–19). All analyses were
done in STATA 13 (StataCorp LP, College Station, TX, USA, 2013).

3. Results

3.1. Participants

Primary outcome data were collected for all 495 patients in our co-
hort at 30 days and 97% of these patients were accounted for at
90 days (Fig. 1). Overall, the median age was 64 years [interquartile
range (IQR) 51–78] and 51% were women; 115 (23%) had depression
documented by the attending medical team in their chart (Table 1).
The most common reasons for admission were heart failure (10%),
pneumonia (10%), chronic obstructive pulmonary disease (COPD)
(8%), urinary tract infection (5%) and acute diabetic complications
(5%). Themedian Charlson Index score was 2 (IQR 1–4) and themedian
length of stay in hospital was 5 days (IQR 4–9).

3.2. Prevalence and correlates of depression

The PHQ-9 identified 127 (26%) patients with scores ≥11 and, of
those, only 58 (46%) had depression noted in their charts. On the
other hand, 57 (50%) of those with depression recorded in their charts
had PHQ-9 scores b11. In general, depressed and nondepressed patients
were fairly comparable, although depressed patients were significantly
younger, had higher anxiety scores and more problems with self-care
and reported lower rates of medication adherence (Table 1).

3.3. Readmission or mortality according to depression

Overall, 85 (17%) patients were readmitted or died within 30 days
and 137 (28%) patients were readmitted or died within 90 days of dis-
charge from hospital (Fig. 2). Depressed patients were readmitted or
died more frequently than nondepressed patients: 46 (36%) vs. 91
(25%) within 90 days after discharge (P=.01) (Fig. 2). In multivariable
analysis adjusted for age, sex and LACE score, depressionwas associated
with an increased risk of readmission or mortality within 90 days [ad-
justed odds ratio (aOR) 2.00, 95% confidence interval (CI) 1.25–3.17,
P=.004] (Table 2). When the composite endpoint was disaggregated,
it was evident that readmissions were driving results (Table 2).
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