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Abstract
Objective: To identify trajectories of cognitive-affective depressive symptoms 
among acutely hospitalized older patients and whether trajectories are related 
to prognostic baseline factors and three-month outcomes such as functional 
decline, falls, unplanned readmissions, and mortality.
Methods: Prospective multicenter cohort of acutely hospitalized patients aged 
≥70. Depressive trajectories were based on Group Based Trajectory Modeling, 
using the Geriatric Depression Scale-15. Outcomes were functional decline, falls, 
unplanned readmission, and mortality within three months post-discharge.
Results: The analytic sample included 398 patients (mean age = 79.6 years; SD 
= 6.6). Three distinct depressive symptoms trajectories were identified: minimal 
(63.6%), mild persistent (25.4%), and severe persistent (11.0%). Unadjusted 
results showed that, compared to the minimal symptoms group, the mild and 
severe persistent groups showed a significantly higher risk of functional decline 
(mild: OR = 3.9, p < .001; severe: OR = 3.0, p = .04), falls (mild: OR = 2.0, p = 
.02; severe: OR = 6.0, p < .001), and mortality (mild: OR = 2.2, p = .05; severe: 
OR = 3.4, p = .009). Patients with mild or severe persistent symptoms were 
more malnourished, anxious, and functionally limited and had more medical 
comorbidities at admission.
Conclusion: Nearly 40% of the acutely hospitalized older adults exhibited mild 
to severe levels of cognitive-affective depressive symptoms. In light of the 
substantially elevated risk of serious complications and the fact that elevated 
depressive symptoms was not a transient phenomenon identification of these 
patients is needed. This further emphasizes the need for acute care hospitals, 
as a point of engagement with older adults, to develop discharge or screening 
procedures for managing cognitive-affective depressive symptoms.
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Introduction
Depressive symptoms are highly prevalent among hospitalized older adults, 
whereby studies report that more than one-third display clinically elevated 
depressive symptoms.1, 2 Importantly, depression is associated with adverse 
outcomes, including functional decline,3, 4 falls,5, 6 readmissions,7 and mortality.4, 

7, 8

The course of depressive symptoms after hospitalization can be transient,2, 4 

increasing, or persistent,1 and the dynamic course could differentially impact 
post-hospitalization recovery.4 For example, Ciro et al1 found that the vast majority 
(81%) of acutely hospitalized older patients with severe depressive symptoms 
during hospitalization were still depressed at three months post-discharge.1 
This is in line with abundant research reporting that elevated late-life depressive 
symptomatology is often not a transient phenomenon in different settings (e.g., 
primary care, community based and other clinical samples).9, 10 Previous research 
has shown that the first month after acute hospital discharge has been identified 
as a critical period for recovery among older patients.11 However, the limited 
number of longitudinal studies that focused on depressive symptoms during 
those first critical months post-discharge performed only a single post-hospita-
lization assessment, making it difficult to infer a time course.1, 2, 4 Furthermore, 
perhaps more importantly, previous research distinguished the symptomatology 
of depression in somatic symptoms (e.g., fatigue and insomnia) and cognitive-af-
fective symptoms (e.g., anhedonia, negative thoughts, and hopelessness).12 
Several recent cardiac studies have shown that somatic symptoms of 
depression, but not cognitive-affective symptoms are associated with adverse 
health outcomes.13-20 However, these studies investigated depressive symptoms 
by means of measurements involving both somatic symptoms and cognitive-af-
fective symptoms,1, 4 which may therefore result in confounding, as most somatic 
depressive symptoms overlap with medical illness symptoms or features of the 
aging process.21 Even though somatic symptoms have shown an additional and 
consistent effect on adverse outcomes, identifying the course of cognitive-af-
fective symptoms solely in the short term has generally not been a focus of 
study.

A more fine-grained understanding of the course of cognitive-affective 
depressive symptoms that develop during acute hospitalization and up to three 
months post-discharge may provide useful information for acute hospital settings 
in identifying older patients who are vulnerable to severe cognitive-affective 
depressive symptoms post-hospitalization. Therefore, the aims of the present 
study were to identify the distinct trajectories of cognitive-affective depressive 
symptoms from acute hospitalization up to three months post-discharge. Also 
we investigated whether baseline variables are associated with trajectory group 
membership, and if such distinct trajectories are associated with short-term 
adverse outcomes within three months of post-discharge. Therefore, we 
developed a Group-Based Trajectory Model (GBTM) to fit cognitive-affective 
depressive symptoms after acute hospitalization and examined how these 
trajectories correlate with the outcomes.
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Materials and methods
Design
The current analysis drew on the Hospital-ADL study, previously described in 
detail elsewhere.22 In brief, the Hospital-ADL study is a multicenter prospective 
cohort study that aims to investigate the cognitive, behavioral, psychosocial, 
physical, and biological factors that may be associated with adverse outcomes 
in acutely hospitalized older adults, including functional decline, falls, unplanned 
readmission and mortality. These adverse outcomes are common among 
hospitalized older patients11, 23-29 and also highly associated with depressive 
symptoms.3-8 Six hospitals in the Netherlands participated: 1) Amsterdam 
University Medical Centers (UMC), location Academic Medical Center (AMC), 
Amsterdam; 2) Isala, Zwolle; 3) Tergooi Hospital, Blaricum; 4) Medical Center 
(MC) Slotervaart, Amsterdam; 5) BovenIJ Hospital, Amsterdam, and; 6) Meander 
MC, Amersfoort. Local approval was additionally provided by all six participating 
hospitals. Data was collected between October 1st, 2015 and June 1st, 2017, and 
the study was approved by the Institutional Review Board of the Amsterdam UMC 
location AMC in the Netherlands (Protocol ID: AMC2015_150). The research was 
performed according to the Dutch Medical Research Involving Human Subjects 
Act and the principles of the Declaration of Helsinki (1964).

Study sample
A total of 401 participants were recruited from those who were acutely admitted 
(i.e., unplanned admission, often via the emergency department) at Departments 
of Internal Medicine, Cardiology, or Geriatrics at one of the six Dutch hospitals. 
Inclusion criteria were: 1) admitted for ≥48 h; 2) Dutch language proficiency 
sufficient to complete questionnaires; and 3) a Mini Mental State Examination 
(MMSE) score of 15 or higher.30 It is important to note that we were not able 
to include delirious patients due to the short timeframe of inclusion, i.e., within 
48 h after admission. Delirium was often still present at this time point, due to 
which an MMSE could not be performed or patients scored below 15 points. 
The Confusion Assessment Method (CAM) was used to identify the presence 
of delirium.31 Patients were excluded if they: 1) had a life expectancy of three 
months or less, according to the attending Medical Doctor, or 2) were disabled 
in all six basic Activities of Daily Livings (ADL), as determined by the Katz-6 ADL 
index.32 Due to the fact that this study is part of The Hospital-ADL study aimed 
to identify predictors of functional decline, this study has decided to exclude 
participants who were already fully disabled in all six basic ADL at the start of 
the study.22

Procedures
Two researchers (RVS and LR) contacted eligible patients within 48 h of hospital 
admission. Patients were informed about the objectives and procedures of the 
study. All participants provided written informed consent before inclusion. A 
trained geriatric team completed personal interviews at baseline (i.e., within 48 h 
of admission), at discharge, and at one, two and three months post-discharge. All 
interviews were performed face-to-face in the hospital or at participants’ home 
or residence, with exception of the interview at two months post-discharge, 
which took place by telephone.
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Measurements
Depressive symptoms. Depressive symptoms were assessed using the Geriatric 
Depression Scale-15 (GDS-15), which is a short version of the GDS-30,33 
comprising 15 symptom items scored on a binary (yes/no) scale, assessing 
symptom experience over the preceding week, whereby a score of six or above 
is considered indicative of clinically relevant depressive symptoms. Regarding 
the criterion validity, the GDS-15 has a sensitivity of 0.805 and a specificity of 
0.750, using worldwide pooled studies.34 Because the somatic symptoms of 
depression can also be caused by medical symptoms and may be intrinsic to 
the aging process, thus artificially inflating depression scores,34 the GDS-15 
was specifically designed to minimize such confounding by excluding somatic 
symptoms.35

Baseline variables. The baseline variables selected for the present analysis 
were demographic variables (i.e., age, sex, marital status, and living arrangements), 
admission department, hospital admission diagnosis, comorbidity of chronic 
conditions, malnutrition, premorbid activities of daily living (ADL) functioning, 
cognitive impairment, and anxiety at admission. The number and severity 
of comorbidities were scored with the Charlson Comorbidity Index (CCI),36 
while malnourishment was measured using the Short Nutritional Assessment 
Questionnaire (SNAQ). The total score of the SNAQ is the sum of the raw scores 
(range: 0–7), wherein a score of 2 or higher was defined as malnutrition.37 
Premorbid ADL functioning was measured with the Katz-6 ADL index score 
formulated as two weeks before admission (range: 0–6). The Katz-ADL index 
score assesses the degree of independence on the following six activities of 
daily living: bathing, dressing, toileting, use of incontinence materials, transfer 
from bed to chair, and eating.32 Higher scores indicate more dependency. 
Cognitive impairment was measured with the MMSE, a validated 30-point 
screening of cognitive impairment, whereby a score of 23 or less on the MMSE 
was defined as cognitive impairment.30 Finally, anxiety was measured with the 
State-Trait Anxiety Inventory-6 (STAI-6) on a 4-point Likert scale (range: 6–24, 
Cronbach’s α = 0.79–0.8138). The STAI-6 is a short form of the 20-item state 
scale of the Spielberger State-Trait Anxiety Inventory (STAI),39 but it maintains 
results comparable with the full form.38

Adverse short-term outcomes. The outcomes selected for the current analysis 
were functional decline, falls, unplanned readmission, and mortality within three 
months post-discharge. Functional decline was measured with the Katz-6 ADL 
index score32 and defined as the level of basic ADL functioning at three months 
post-discharge compared to self-reported premorbid ADL functioning (i.e., two 
weeks before admission) assessed retrospectively during admission. Functional 
decline was measured as well as the difference between the two following time 
points: two weeks before hospital admission and three months post-discharge. 
Only the patients measured at these two time points were included in the analysis. 
To assess if patients had experienced a fall from discharge to three months 
post-discharge the following question was asked: “Have you fallen once in the 
past month post-hospitalization?”.40 Only patients for whom data was available 
during post-hospitalization were included in the analysis of falls. Any unplanned 
readmission(s) up to three months postdischarge was registered using medical 
records, and we also retrieved this information by means of self-reporting at one, 
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two, and three months post-discharge with the following self-report question: 
“Have you been acutely hospitalized in the last one month?”.41 Only patients 
for whom data was available during post-hospitalization were included in the 
analysis of unplanned readmission. Mortality from admission until three months 
post-discharge was retrieved from medical records or by means of reports from 
family members or the general practitioner. Supplementary Figure S1 provides 
an overview of the different adverse short-term outcomes measurements and 
sample sizes.

Statistical analyses
This study used Group Based Trajectory Modeling (GBTM), a semiparametric 
analysis that provides an insightful summary of the longitudinal development 
of depressive symptoms over time by identifying subgroups with specific 
developmental patterns.42 A quadratic development over time was modeled and 
the Bayesian Information Criterion (BIC) was used to evaluate model fit, which 
balances model complexity (i.e., the number of parameters) and sample size, 
with goodness of fit to the sample data. The average posterior probabilities of 
group membership (≥0.9 is being excellent fit, and ≤0.7 a poor fit) were used to 
evaluate the adequacy of the final model.43 Due to the small sample size, model 
selection included the criterion that each trajectory group had to include at least 
10% of participants. We evaluated the appropriate number of trajectories by 
calculating the estimated log Bayes factor, which compares BIC values between 
models. To estimate the amount of bias that was introduced due to missing 
values, we performed sensitivity analysis with the patients with no missing data. 
Baseline (i.e., admission) characteristics of the total analytic sample and distinct 
trajectory groups were summarized using descriptive statistics and differences 
between depressive symptoms trajectories were tested using One-Way ANOVAs 
and Chi-square tests. The relationship between prognostic baseline covariates 
and the trajectories of depressive symptoms was assessed with multinomial 
logistic regression analyses, leading to odds ratios and 95% confidence intervals. 
The baseline variables were selected on the basis of the previous literature 
on prognostic factors for depressive symptoms. Finally, for each selected 
adverse short-term health outcome, multivariable logistic regression analyses 
were performed to compare depressive symptoms trajectory groups, with and 
without adjustment for potential confounders. The sample sizes may differ 
between analyses as we did not measure the adverse health outcomes at the 
same point in time. Three analyses were performed: 1): crude; 2): adjusted for 
demographics (i.e., age, sex, education, marital status, and living arrangements); 
and 3) additionally adjusted for medical comorbidities, malnutrition, ADL 
functioning, and cognitive functioning at admission. GBTM was performed with 
PROC TRAJ using SAS software, version 9.3 (SAS Institute Inc., Cary, North 
Carolina). All other analyses were conducted using IBM SPSS Statistics, version 
24.0, Armonk, NY: IBM Corp. Differences were considered statistically significant 
at p < .05 (2-tailed).
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Results
Baseline characteristics
Figure 1 provides an overview of the enrollment of patients. There were 1024 
acutely hospitalized patients eligible for participation in this study between 
October 2015 and February 2017. Of these unplanned admissions, 519 patients 
met the inclusion criteria and were available to be contacted. A total of 401 agreed 
to participate, of which 53.6%, 29.4%, and 17.0% were, respectively, patients from 
the Departments of Internal Medicine, Cardiology, and Geriatrics. Three patients 
had no GDS-15 data and were excluded from the total sample. Therefore, the 
analytic sample for the current study included 398 acutely hospitalized patients. 
Table 1 shows the baseline characteristics of the analytic sample (mean age = 
79.6 years (SD = 6.6); 51% men).

Identification of trajectories: minimal, mild, and severe depressive symptoms
On average, the GDS-15 was completed 4.0 times (SD = 1.4; range: 1–5); 70% 
had four or all five GDS-15 interviews. In total, 1576 GDS-15 observations were 
available for the trajectory modeling. Although a six-trajectory model showed the 
lowest BIC value (−3344.4), three of those trajectories had groups containing < 
10% of the total sample, as well as the four- and five-trajectory models. Therefore, 
we selected the three-group trajectory model (BIC = -3389.2). The results of the 
sensitivity analysis (i.e., a complete case analysis) yielded the same depressive 
symptoms trajectories as the initial analysis. Figure 2 shows the three distinct 
depressive symptoms trajectories: 1) minimal (n = 253, 63.6%); 2) persistent mild 
(n = 101, 25.4%); and 3) persistent severe depressive symptoms (n = 44, 11.0%). In 
all groups, the average posterior probability of group membership was between 

519 patients approached

505 patients did not meet inclusion criteria: 
-    163 patients could not be approached (e.g. absent due to medical examinations)
-    144 patients had a score of 14 or lower on the MMSE
-    67 patients were delirious
-    40 patients dit not speak or understand Dutch
-    39 patients had a life expectancy of three months or less
-    39 patients were too ill to participate 
-    10 other reasons (e.g. deaf)  
-    3 were disabled in all six basic ADLs as determined by the Katz-ADL index

401 patients included
in the Hospital-ADL study

118 patients did not consent to participate

398 patients included
in the analytic sample

3 patients had no GDS-15 examination

1024 unplanned admissions for ≥48h, 
patients aged ≥70 years 

Figure 1. Flow chart of the Hospital-ADL study. 
Note: MMSE=Mini Mental State Examination; ADL=Activities of Daily Living; GDS-15=Geriatric 
Depression Scale-15.
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0.85 and 0.95, which is considered a good to excellent fit.42 For the group with 
persistent severe depressive symptoms, we found a GDS-15 average score (SD) 
ranging from 9.5 (2.5) at admission to 9.1 (2.9) at three months post-discharge. 
For the group with persistent mild depressive symptoms, the GDS-15 average 
score (SD) ranged from 5.6 (1.7) to 4.7 (2.1) and from 2.4 (1.4) to 1.5 (1.4) for the 
minimal depressive symptoms.
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Figure 2. Trajectories, and their associated standard errors, of depressive symptoms from 
acute hospitalization to three months post-discharge.

Baseline variables associated with trajectory group membership
As shown in Table 1, the three trajectories significantly differ in marital status (p 
= .005), admission department (p = .001), comorbidity (p < .001), malnutrition 
(p < .001), premorbid ADL functioning (p < .001), and cognitive impairment (p 
= .017) at admission. Patient characteristics associated with trajectory group 
membership are shown in Table 2. The column in Table 2 labeled “Severe vs. 
Minimal” provides odds ratios estimating the association of baseline prognostic 
variables with the pattern of depression symptoms, comparing the severe 
persistent course to the minimal course. Not being married, being admitted 
to the Department of Geriatrics, reporting more medical comorbidities, being 
cognitively impaired, and higher anxiety scores were associated with a persistent 
severe course of depressive symptoms. The column in Table 2 labeled “Mild 
vs. Minimal” highlights the differences in prognostic factors between the mild 
persistent and minimal courses. In this regard, being admitted to the Department 
of Geriatrics, being malnourished, functionally limited, and higher anxiety scores 
were associated with a persistent mild course of depressive symptoms.
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Table 1. Baseline characteristics of analytic sample according to depressive symptoms trajectory.

Characteristics All 
patients
(N=398)

Minimal
(n=253)

 Mild 
(n=101)

Severe 
(n=44)

Global 
Test

Age, y, mean (SD) 79.6 (6.6) 79.3 (6.3) 80.5 (7.3) 79.7 (7.0) .317

Male sex, n (%) 203 (51.0) 138 (54.5) 46 (45.5) 19 (43.2) .170

Living arrangements, n (%)
Independent 
Nursing home
Senior residence 

334 (83.9)
9 (2.3)
55 (13.8)

216 (85.4)
5 (2.0)
32 (12.6)

83 (82.2)
2 (2.0)
16 (15.8)

35 (79.5)
2 (4.5)
8 (15.9)

.599

Marital status, n (%)
Married or living together
Single/divorced/widowed

206 (51.8)
192 (48.2)

142 (56.1)
111 (43.9)

51 (50.5)
50 (49.5)

13 (29.5)
31 (70.5)

.005**

Hospital sites, n (%)
Amsterdam UMC, AMC
Isala
Tergooi Hospital
MC Slotervaart
BovenIJ Hospital
Meander MC

107 (26.9)
13 (3.3)
79 (19.8)
56 (14.1)
100 (25.1)
43 (10.8)

67 (26.5)
7 (2.8)
48 (19.0)
29 (11.5)
71 (28.1)
31 (12.3)

29 (28.7)
5 (5.0)
23 (22.8)
18 (17.8)
20 (19.8)
6 (5.9)

11 (25.0)
1 (2.3)
8 (18.2)
9 (20.5)
9 (20.5)
6 (13.6)

.363

Admission department, n (%)
Cardiac
Internal Medicine
Geriatrics

118 (29.6)
213 (53.5)
67 (16.8)

85 (33.6)
140 (55.3)
28 (11.1)

23 (22.8)
52 (51.5)
26 (25.7)

10 (22.7)
21 (47.7)
13 (29.5)

.001**

Reasons of hospital admission, 
n (%)

Infection
Gastrointestinal
Cardiac
Respiratory
Cancer
Electrolyte disturbance
Renal
Other (e.g., malaise, pain, 
dizziness, and falls)

58 (14.6)
45 (11.3)
121 (30.4)
74 (18.6)
13 (3.3)
10 (2.5)
15 (3.8)
62 (15.6)

39 (15.4)
30 (11.9)
88 (34.8)
42 (16.6)
7 (2.8)
6 (2.4)
12 (4.7)
29 (11.5)

11 (10.9)
8 (7.9)
24 (23.8)
25 (24.8)
5 (5.0)
3 (3.0)
3 (3.0)
22 (21.8)

8 (18.2)
7 (15.9)
9 (20.5)
7 (15.9)
1 (2.3)
1 (2.3)
0 (0.0)
11 (25.0)

.075

CCI score, mean (SD) 2.1 (2.0) 1.9 (1.8) 2.5 (2.1) 2.9 (2.2) <.001***

Malnutrition, n (%)* 153 (38.5) 75 (29.8) 54 (53.5) 24 (54.5) <.001***

Premorbid ADL functioning, 
mean (SD)

1.6 (1.7) 1.3 (1.5) 2.0 (1.8) 2.3 (1.9) <.001***

Cognitive impairment, n (%)† 73 (19.4) 39 (16.1) 20 (21.3) 14 (35.0) .017*

STAI score, mean (SD) 11.3 (3.0) 10.3 (2.3) 12.5 (2.6) 14.7 (3.5) <.001***

GDS-15 score, mean (SD) 4.0 (2.9) 2.4 (1.4) 5.6 (1.7) 9.5 (2.6) <.001***

Note: *Score of 2 or higher on the Short Nutritional Assessment Questionnaire (range, 0–7); 
†Cognitively impaired if a score of less than 24 on the Mini-Mental State Examination (range, 0–30); 
SD = standard deviation; UMC = University Medical Centers; AMC = Academic Medical Center; MC 
= Medical Center; CCI = Charlson Comorbidity Index score; ADL = activities of daily living; STAI = 
State-Trait Anxiety Inventory; GDS-15 = Geriatric Depression Scale-15; *p < .05; **p < .01; ***p < .001 
(reference= minimal).
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Associations of trajectories with adverse short-term health outcomes
Functional decline. In total, 46 (16.8%) of the 274 patients experienced functional 
decline at three months post-discharge, when compared to their pre-admission 
ADL. The absolute percentage of functional decline was 10.6%, 31.7%, and 26.1% 
in the groups with minimal, mild, and severe depressive symptoms, respectively. 
Univariate logistic regression models show that compared with the minimal 
symptoms group, the mild depressive symptoms group had a significant higher 
risk of developing functional decline (OR = 3.9, 95% CI = 1.9–7.9, p < .001), in 
addition to the severe patients group (OR = 3.0, 95% CI = 1.0–8.4, p = .04). No 
significant differences were observed between these two groups. Adjusting 
for baseline variables, only the group with mild depressive symptoms had 
a significant higher risk of developing functional decline (OR = 3.5, 95% CI = 
1.7–7.2, p = .001) (see Table 3).

Falls. Of the 267 patients, 31.1% experienced at least one fall three months 
post-discharge. The absolute percentages of at least one fall three months 
post-discharge were 26.1%, 41.2%, and 68.0% in the minimal, mild, and severe 
depressive symptoms groups respectively. Logistic regressions showed that, 
compared with the minimal symptoms group, the severe patients group (OR = 
6.0, 95% CI = 2.4–14.8, p < .001) and the mild patients group (OR = 2.0, 95% 
CI = 1.1–3.6, p = .02) had a higher risk of experiencing at least one fall three 
months post-discharge. The two highest groups were significantly different (OR 
= 3.0, 95% CI = 1.1–8.0, p = .03). Adjusting for confounders, only the group with 
persistent severe depressive symptoms still had a significantly high risk of falling 
three months post-discharge (OR = 4.6, 95% CI = 1.6–13.1, p = .004) (see Table 
3).

Table 2. Multinomial logistic regression of baseline patient characteristics among three 
trajectories of depressive symptoms generated from the Group Based Trajectory Modeling 
(N=398).

Characteristics Severe vs. Minimal 
OR [95% CI]

 Mild vs. Minimal
OR [95% CI]

Marital status (ref: married) 4.8** [1.8–12.3] 1.3 [0.8–2.4]

Admission department (ref: cardiology)
Geriatrics
Internal Medicine

4.2** [1.1–16.2]
1.5 [0.5–4.5]

4.0** [1.6–10.3]
1.5 [0.8–2.9]

Charlson Comorbidity Index (CCI) score 1.4** [1.2–1.7] 1.1* [1.0–1.3]

Malnutrition (ref: malnourished) * 1.8 [0.8–4.4] 2.2** [1.2–3.8]

Premorbid ADL functioning 1.4 [0.9–2.0] 1.5** [1.2–1.9]

Cognitive impairment (ref: cognitive impaired)† 5.7*** [2.2–15.0] 1.7 [0.9–3.4]

State-Trait Anxiety Inventory score 1.9*** [1.6–2.3] 1.4*** [1.3–1.6]

Note: *Score of 2 or higher on the Short Nutritional Assessment Questionnaire (range: 0–7); 
†Cognitively impaired if a score of less than 24 on the Mini-Mental State Examination (range: 0–30); 
ADL = activities of daily living; OR = odds ratio; 95% CI = 95% confidence interval; *p < .05; **p < .01; 
***p < .001 (reference=minimal).
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Unplanned readmission. Of the 270 patients, 91 (33.7%) had at least one 
unplanned readmission three months post-discharge. The percentage of 
unplanned readmission three months post-discharge was 33.5%, 33.3%, and 
36.4% in the minimal, mild, and severe depressive symptoms respectively. 
As shown in Table 3, no significant differences were observed for unplanned 
readmissions between the three distinct trajectories.

Mortality. Finally, 9.3% (37 out of 397) of the patients passed away within 
three months post-discharge. The absolute percentage was 6.3%, 12.9%, and 
18.6% in the minimal, mild, and severe depressive symptoms groups respectively. 
Compared with patients in the minimal group, only the group with severe 
depressive symptoms had a significantly elevated risk of mortality three months 
post-discharge (OR = 3.4, 1.3–8.5, p = .01). The mild and severe symptoms 
groups did not differ significantly. Adjusting for confounders, none of the groups 
showed significant differences in mortality (see Table 3). Significant confounders 
were marital status (OR = 1.6, 95% CI = 1.0–2.6, p = .05) and comorbidity (OR = 
1.2, 95% CI = 1.0–1.5, p = .01).

Discussion
This study, involving 398 acutely hospitalized older patients, aims to identify  
distinct trajectories of cognitive-affective depressive symptoms from 
hospitalization up to three months post-discharge, and aims to determine 
whether these distinct trajectories are associated with adverse short-term 
outcomes during this time period. Additionally, we examined which baseline 
variables are associated with trajectory group membership. Three distinct 
trajectories of cognitive-affective depressive symptoms were identified:  
1) minimal; 2) persistent mild, and 3) persistent severe.

A significant and novel aspect of the current study is the sophisticated data 
analyses, which provided a detailed description of the trajectories of cognitive-af-
fective depressive symptoms, in addition to their prognostic factors and related 
outcomes. To our knowledge, this is the first study which examined trajectories 
of cognitive-affective depressive symptoms among acutely hospitalized older 
patients during hospitalization and in the first critical months post-discharge. 
Nearly 40% of older patients experienced persistent mild or severe depressive 
symptoms, and these patterns were unadjusted associated with a substantially 
higher risk of functional decline, falls, and mortality. No significant differences 
were observed between the three distinct trajectories for unplanned 
readmissions. Finally, the two trajectories with more depressive symptoms can 
be distinguished from the minimal depressive symptoms trajectory by several 
baseline variables, such as not being married, being admitted to the Department 
of Geriatrics, having more medical comorbidities, being cognitively impaired, 
being malnourished, and higher level of anxiety.

Another strength and unique aspect of the current study is measuring 
trajectories of depressive symptoms by using the Geriatric Depression Scale-15 
(GDS-15), which has been specifically developed for use in geriatric populations 
and purposely excludes somatic symptoms that may be confounded with 
medical illness or the aging process.34 Based on results, we suggest that 
analyses focusing on the relationship between cognitive-affective depressive 
symptoms and poor outcomes will provide substantial insights that might not 
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be discovered by studies relying on somatic symptoms. For example, most 
previous research has found a positive associations between depressive 
symptoms and readmissions,20, 44, 45 whereas the cognitive-affective depressive 
symptoms trajectories identified in the current study were not significantly 
associated with unplanned readmission. One possible explanation for this 
discrepancy could be the fact that these prior studies were performed in cardiac 
patients and measured depressive symptoms with instruments that include 
somatic measures of depression (e.g., the Center for Epidemiologic Studies 
Depression Scale (CES-D) or the Beck Depression Inventory (BDI)). Previous 
research has shown that somatic symptoms are associated with readmission 
among patients with acute myocardial infarction, while cognitive manifestations 
are not.20 Furthermore, sleep quality, loss of appetite, and fatigue can also be 
symptoms of comorbid illness, which may have resulted in larger effect sizes 
than those seen in our study.20, 44, 45

This study builds on previous research suggesting that elevated late-life 
depressive symptomatology in different settings (e.g., in primary care, 
community based care, and other clinical samples) is often not a transient 
phenomenon.9, 10 It complements previous research by looking at a persistent 
cases of cognitive-affective depressive symptoms after hospitalization (i.e., in 
secondary care). Furthermore, the present work is novel in that persistent mild 
cognitive-affective depressive symptoms were investigated, and the finding 
that they are associated with worse outcomes again complements previous 
research. The group identified as having persistent mild depressive symptoms 
showed an average score below the cut-off of six, which can be defined as 
subthreshold or minor depressive symptoms. These symptoms are at least two 
to three times more prevalent among older adults than major depression, and 
are associated with adverse short-term health outcomes.46 The present results 
are in line with evidence showing that persistent severe depressive symptoms 
are associated with functional decline, falls and mortality among older 
patients.4, 46, 47 Previous research has found that fewer patients with persistent 
severe depressive symptoms are alive and functionally independent one year 
post-discharge compared than patients with minimal depressive symptoms.4 
Adjusting for potential baseline factors caused marginal reductions in the effect 
sizes for functional decline and falls. For mortality, a larger reduction in the effect 
size was seen, caused by patients having more underlying comorbidities, being 
unmarried or widowed.

As depressive symptoms can often remain unrecognized in this population,48, 49 

this study examined a broad range of prognostic factors which could be identified 
as risk factors for each of the three patterns of depressive symptoms patterns 
after acute hospitalization, such as demographics, department of admission, 
hospital admission diagnosis, comorbidity of chronic conditions, malnutrition, 
premorbid activities of daily living (ADL) functioning, cognitive impairment, and 
anxiety. We found that relative to patients with minimal depressive symptoms, 
patients with severe persistent depressive symptoms are more likely to be 
cognitively impaired, to have been admitted to the Department of Geriatrics, 
to be unmarried, and to have higher levels of medical comorbidity and anxiety. 
Furthermore, patients with mild persistent depressive symptoms are more likely 
to be malnourished, to be functionally limited, and to have higher levels of anxiety.
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The current study has potential clinical implications. Firstly, the observation 
that nearly 40% of patients exhibit persistent mild to severe cognitive-affective 
depressive symptoms and that these symptoms do not appear to improve 
spontaneously post-discharge further emphasizes the need for acute care 
hospitals, as a point of engagement with older adults, to develop discharge or 
screening procedures for management of depressive symptoms. Secondly, GBTM 
provides an insightful summary into the longitudinal development of depressive 
symptoms by identifying subgroups with specific developmental patterns. The 
result that cognitive-affective depressive symptoms do not appear to improve 
spontaneously over time implies that patients with depressive symptoms during 
acute hospitalization might need treatment for their depressive symptoms, 
because, for the average person, they show a persistent course post-discharge. 
Thirdly, in relation to the prognostic factors for mild and severe cognitive-af-
fective depressive symptoms (i.e., cognitive impairment, unmarried status, 
medical comorbidities, anxiety, malnourishment, and functional limitations), 
future research is needed to validate these predictors in further studies which 
include a clinical diagnosis of depression as an outcome. Finally, in addition to 
temporal profiling, research could also shift its focus towards identifying distinct 
symptoms from the cognitive-affective set that are more strongly related to 
adverse short-term outcomes. For example, previous research has suggested 
that cognitive-affective depressive symptoms such as apathy and hopelessness 
predict mortality.50-54 More refined analyses such as these could provide 
information about the heterogeneity of depression and the specific cognitive-af-
fective symptoms that predict adverse outcomes among acutely hospitalized 
patients.

One of the strengths of this study is the sophisticated data analyses which 
provides acute hospital care settings with guidance for the management 
of cognitive-affective depressive symptoms. Secondly, participants were 
assessed free of delirium and severe cognitive impairment at the beginning 
of the study, which allowed us to examine the trajectory course of depressive 
symptoms more accurately during and after acute hospitalization. However, 
some limitations should also be noted as well. Firstly we were not able to include 
data on the history of depression, treatment of depression, or anti-depressant 
use because this information was often not included in the hospital records. 
As a result, we could not control for the potential effect of medication on 
cognitive-affective depressive symptoms. Future research is warranted on the 
impact of anti-depressant medication as a predictor in acutely hospitalized older 
patients. However, given the objectives of this study, the history and treatment 
of depression has little bearing. In addition, depression was not determined 
by clinical interview (e.g., DSM5 and ICD-10),33 and it is therefore not possible 
to determine what proportion met the formal criterion for major depression. 
However, whether some patients would have received a clinical diagnosis 
seemed less relevant to the objectives of the study, as the focus was on the 
severity of cognitive-affective symptomatology and not on clinical diagnosis per 
se. Thirdly, the assessment of the outcome could occur concurrently with the 
trajectory variable. Finally, no formal sample size calculation was conducted, 
since it does not exist for Group-Based Trajectory Modeling.



93

Trajectories of cognitive-affective depressive symptoms

5

References

1. Ciro CA, Ottenbacher KJ, Graham JE, 
Fisher S, Berges I, Ostir GV. Patterns and 
correlates of depression in hospitalized 
older adults. Arch Gerontol Geriatr. 
2012;54(1):202-205.

2. Hammond AJ, Yu S, Esa K, et al. Factors 
associated with persistent risk of 
depression in older people following 
discharge from an acute cardiac 
unit. International psychogeriatrics. 
2008;20(4):738-751.

3. Covinsky KE, Fortinsky RH, Palmer RM, 
Kresevic DM, Landefeld CS. Relation 
between symptoms of depression and 
health status outcomes in acutely ill 
hospitalized older persons. Annals of 
internal medicine. 1997;126(6):417-425.

4. Pierluissi E, Mehta KM, Kirby KA, et al. 
Depressive Symptoms after Hospitalization 
in Older Adults: Function and Mortality 
Outcomes. Journal of the American 
Geriatrics Society. 2012;60(12):2254-2262.

5. Gassmann KG, Rupprecht R, Freiberger E. 
Predictors for occasional and recurrent 
falls in community-dwelling older people. Z 
Gerontol Geriatr. 2009;42(1):3-10.

6. Biderman A, Cwikel J, Fried AV, Galinsky D. 
Depression and falls among community 
dwelling elderly people: a search for 
common risk factors. J Epidemiol 
Community Health. 2002;56(8):631-636.

7. Cullum S, Metcalfe C, Todd C, Brayne C. 
Does depression predict adverse outcomes 
for older medical inpatients? A prospective 
cohort study of individuals screened for a 
trial. Age Ageing. 2008;37(6):690-695.

8. Covinsky KE, Kahana E, Chin MH, Palmer 
RM, Fortinsky RH, Landefeld CS. Depressive 
symptoms and 3-year mortality in older 
hospitalized medical patients. Annals of 
internal medicine. 1999;130(7):563-569.

9. Licht-Strunk E, van der Windt DA, van 
Marwijk HW, de Haan M, Beekman AT. The 
prognosis of depression in older patients 
in general practice and the community. 
A systematic review. Family practice. 

2007;24(2):168-180.

10. Comijs HC, Nieuwesteeg J, Kok R, 
et al. The two-year course of late-life 
depression; results from the Netherlands 
study of depression in older persons. BMC 
Psychiatry. 2015;15:20.

11. Boyd CM, Landefeld CS, Counsell SR, et 
al. Recovery of activities of daily living 
in older adults after hospitalization for 
acute medical illness. J Am Geriatr Soc. 
2008;56(12):2171-2179.

12. Chilcot J, Norton S, Wellsted D, Almond M, 
Davenport A, Farrington K. A confirmatory 
factor analysis of the beck depression 
inventory-II in end-stage renal disease 
patients. Journal of Psychosomatic 
Research. 2011;71(3):148-153.

13. de Jonge P, Ormel J, van den Brink RH, et 
al. Symptom dimensions of depression 
following myocardial infarction and their 
relationship with somatic health status and 
cardiovascular prognosis. Am J Psychiatry. 
2006;163(1):138-144.

14. Doyle F, Conroy R, McGee H, Delaney 
M. Depressive symptoms in persons 
with acute coronary syndrome: specific 
symptom scales and prognosis. J 
Psychosom Res. 2010;68(2):121-130.

15. Hoen PW, Whooley MA, Martens EJ, Na 
B, van Melle JP, de Jonge P. Differential 
associations between specific depressive 
symptoms and cardiovascular prognosis 
in patients with stable coronary heart 
disease. Journal of the American College of 
Cardiology. 2010;56(11):838-844.

16. Linke SE, Rutledge T, Johnson BD, et al. 
Depressive symptom dimensions and 
cardiovascular prognosis among women 
with suspected myocardial ischemia: 
A report from the National Heart, Lung, 
and Blood Institute-sponsored Women’s 
Ischemia Syndrome Evaluation. Arch Gen 
Psychiatry. 2009;66(5):499-507.

17. Martens EJ, Hoen PW, Mittelhaeuser M, de 
Jonge P, Denollet J. Symptom dimensions 
of post-myocardial infarction depression, 



94

Chapter 5

disease severity and cardiac prognosis. 
Psychol Med. 2010;40(5):807-814.

18. Roest AM, Thombs BD, Grace SL, Stewart 
DE, Abbey SE, de Jonge P. Somatic/
affective symptoms, but not cognitive/
affective symptoms, of depression after 
acute coronary syndrome are associated 
with 12-month all-cause mortality. J Affect 
Disord. 2011;131(1-3):158-163.

19. Schiffer AA, Pelle AJ, Smith OR, 
Widdershoven JW, Hendriks EH, Pedersen 
SS. Somatic versus cognitive symptoms 
of depression as predictors of all-cause 
mortality and health status in chronic heart 
failure. The Journal of clinical psychiatry. 
2009;70(12):1667-1673.

20. Smolderen KG, Spertus JA, Reid KJ, et al. 
The association of cognitive and somatic 
depressive symptoms with depression 
recognition and outcomes after myocardial 
infarction. Circulation Cardiovascular 
quality and outcomes. 2009;2(4):328-337.

21. Kop WJ. Somatic depressive symptoms, 
vital exhaustion, and fatigue: divergent 
validity of overlapping constructs. 
Psychosom Med. 2012;74(5):442-445.

22. Reichardt LA, Aarden JJ, van Seben R, et 
al. Unravelling the potential mechanisms 
behind hospitalization-associated 
disability in older patients; the Hospital-As-
sociated Disability and impact on daily Life 
(Hospital-ADL) cohort study protocol. BMC 
Geriatr. 2016;16:59.

23. Buurman BM, Hoogerduijn JG, de Haan 
RJ, et al. Geriatric conditions in acutely 
hospitalized older patients: prevalence and 
one-year survival and functional decline. 
PloS one. 2011;6(11):e26951.

24. Boyd CM, Ricks M, Fried LP, Guralnik JM, 
Xue QL, Bandeen-Roche K. Functional 
Decline and Recovery of Activities of 
Daily Living among Hospitalized, Disabled 
Older Women: The Women’s Health 
and Aging Study I. J Am Geriatr Soc. 
2009;57(10):1757-1766.

25. Gill TM, Allore HG, Gahbauer EA, Murphy TE. 
Change in disability after hospitalization or 
restricted activity in older persons. Jama. 

2010;304(17):1919-1928.

26. Covinsky KE, Palmer RM, Fortinsky RH, 
et al. Loss of independence in activities 
of daily living in older adults hospitalized 
with medical illnesses: increased 
vulnerability with age. J Am Geriatr Soc. 
2003;51(4):451-458.

27. Kansagara D, Englander H, Salanitro A, 
et al. Risk prediction models for hospital 
readmission: a systematic review. Jama. 
2011;306(15):1688-1698.

28. Buurman BM, van Munster BC, Korevaar 
JC, Abu-Hanna A, Levi M, de Rooij SE. 
Prognostication in acutely admitted older 
patients by nurses and physicians. J Gen 
Intern Med. 2008;23(11):1883-1889.

29. Walter LC, Brand RJ, Counsell SR, et 
al. Development and validation of a 
prognostic index for 1-year mortality in 
older adults after hospitalization. Jama. 
2001;285(23):2987-2994.

30. Folstein MF, Folstein SE, McHugh PR. 
“Mini-mental state”. A practical method 
for grading the cognitive state of 
patients for the clinician. J Psychiatr Res. 
1975;12(3):189-198.

31. Inouye SK, van Dyck CH, Alessi CA, Balkin S, 
Siegal AP, Horwitz RI. Clarifying confusion: 
the confusion assessment method. A new 
method for detection of delirium. Annals of 
internal medicine. 1990;113(12):941-948.

32. Katz S, Ford AB, Moskowitz RW, Jackson 
BA, Jaffe MW. Studies of illness in the 
aged. The index of ADL: A standardized 
measure of biological and psychosocial 
function. Jama. 1963;185:914-919.

33. Yesavage JA, Sheikh JI. 9/Geriatric 
Depression Scale (GDS). Clinical 
Gerontologist. 1986;5(1-2):165-173.

34. Wancata J, Alexandrowicz R, Marquart 
B, Weiss M, Friedrich F. The criterion 
validity of the Geriatric Depression Scale: 
a systematic review. Acta psychiatrica 
Scandinavica. 2006;114(6):398-410.

35. Conradsson M, Rosendahl E, Littbrand 
H, Gustafson Y, Olofsson B, Lovheim H. 



95

Trajectories of cognitive-affective depressive symptoms

5

Usefulness of the Geriatric Depression 
Scale 15-item version among very 
old people with and without cognitive 
impairment. Aging Ment Health. 
2013;17(5):638-645.

36. Charlson ME, Pompei P, Ales KL, MacKenzie 
CR. A new method of classifying prognostic 
comorbidity in longitudinal studies: 
development and validation. Journal of 
chronic diseases. 1987;40(5):373-383.

37. Kruizenga HM, Seidell JC, de Vet HC, 
Wierdsma NJ, van Bokhorst-de van der 
Schueren MA. Development and validation 
of a hospital screening tool for malnutrition: 
the short nutritional assessment 
questionnaire (SNAQ). Clinical nutrition 
(Edinburgh, Scotland). 2005;24(1):75-82.

38. Tluczek A, Henriques JB, Brown RL. 
Support for the reliability and validity of a 
six-item state anxiety scale derived from 
the State-Trait Anxiety Inventory. Journal of 
nursing measurement. 2009;17(1):19-28.

39. Chlan L, Savik K, Weinert C. Development 
of a shortened state anxiety scale from the 
Spielberger State-Trait Anxiety Inventory 
(STAI) for patients receiving mechanical 
ventilatory support. Journal of nursing 
measurement. 2003;11(3):283-293.

40. VMS. Praktijkgids ‘Kwetsbare Ouderen’. 
VMS veiligheidsprogramma. 2009;978-94-
90101-04-6.

41. Minimale Data Set Zorgvrager Basismeting. 
http://topics-mds.eu/?page_id=366. 
Published 2011. Accessed.

42. Andruff H, Carraro N, Thompson A, 
Gaudreau P, Louvet B. Latent class 
growth modelling: a tutorial. Tutorials 
in Quantitative Methods for Psychology. 
2009;5(1):11-24.

43. Jones BL. Traj: group-based modelling of 
longitudinal data. Retrieved from: https://
www.andrew.cmu.edu/user/bjones/index.
htm. Published 2010. Accessed.

44. Song EK, Lennie TA, Moser DK. Depressive 
symptoms increase risk of rehospita-
lisation in heart failure patients with 
preserved systolic function. Journal of 

clinical nursing. 2009;18(13):1871-1877.

45. Rumsfeld JS, Jones PG, Whooley MA, 
et al. Depression predicts mortality and 
hospitalization in patients with myocardial 
infarction complicated by heart failure. Am 
Heart J. 2005;150(5):961-967.

46. Meeks TW, Vahia IV, Lavretsky H, Kulkarni 
G, Jeste DV. A tune in “a minor” can “b 
major”: a review of epidemiology, illness 
course, and public health implications of 
subthreshold depression in older adults. J 
Affect Disord. 2011;129(1-3):126-142.

47. Eggermont LHP, Penninx BWJH, Jones RN, 
Leveille SG. Depressive Symptoms, Chronic 
Pain, and Falls in Older Community-
Dwelling Adults: The MOBILIZE Boston 
Study. Journal of the American Geriatrics 
Society. 2012;60(2):230-237.

48. Cepoiu M, McCusker J, Cole MG, Sewitch 
M, Ciampi A. Recognition of depression in 
older medical inpatients. J Gen Intern Med. 
2007;22(5):559-564.

49. McCusker J, Cole M, Latimer E, et al. 
Recognition of depression in older medical 
inpatients discharged to ambulatory care 
settings: a longitudinal study. Gen Hosp 
Psychiatry. 2008;30(3):245-251.

50. Holtta EH, Laakkonen ML, Laurila JV, 
Strandberg TE, Tilvis RS, Pitkala KH. 
Apathy: prevalence, associated factors, 
and prognostic value among frail, 
older inpatients. J Am Med Dir Assoc. 
2012;13(6):541-545.

51. Anda R, Williamson D, Jones D, et al. 
Depressed affect, hopelessness, and the 
risk of ischemic heart disease in a cohort 
of U.S. adults. Epidemiology (Cambridge, 
Mass). 1993;4(4):285-294.

52. Weintraub D, Saboe K, Stern MB. Effect 
of age on geriatric depression scale 
performance in Parkinson’s disease. Mov 
Disord. 2007;22(9):1331-1335.

53. Everson SA, Goldberg DE, Kaplan 
GA, et al. Hopelessness and risk of 
mortality and incidence of myocardial 
infarction and cancer. Psychosom Med. 
1996;58(2):113-121.



96

Chapter 5

54. Furlanetto LM, von Ammon Cavanaugh 
S, Bueno JR, Creech SD, Powell LH. 
Association between depressive symptoms 

and mortality in medical inpatients. 
Psychosomatics. 2000;41(5):426-432.



97

Trajectories of cognitive-affective depressive symptoms

5

Supplementary Figure S1. Adverse short-term outcomes measurements and sample sizes.

Note: *functional decline was measured with the following formulae: ∆functional decline = 
Katz-ADL score two weeks before admission – Katz-ADL score three months post-discharge, 
whereby scores < 0 were defined as functional decline. Only the patients measured at these 
two time points were included in the analysis; †mortality from hospital admission until three 
months post-discharge was retrieved from medical records or by means of reports from family 
members or the general practitioner; ‡Falls and unplanned readmissions were measured at 
one, two, and three months post-discharge with the following self-report questions: “Have you 
fallen once in the past month post-hospitalization?” and “have you been acutely hospitalized in 
the last one month?”. Only patients for whom data was available at one of the three time points 
post-hospitalization were included in the analysis of falls and unplanned readmission.
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