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Abstract

OBJECTIVES: Depression is common in patients with cardiac disease. The importance of preoperative depression for development of
postoperative delirium (POD) following cardiac surgery is not well known. The aim is to provide a summary estimate of depression as a
predictor of POD following cardiac surgery.

METHODS: Systematic search of MEDLINE, EMBASE, Cochrane Library, Web of Science Core Collection and Psycinfo (Ovid) was per-
formed from inception to October 2019, including cohort studies reporting odds ratios (ORs) and 95% confidence intervals (CIs) for POD
following cardiac surgery in patients with preoperative depression compared to patients without depression. ORs and 95% CIs for POD
were calculated using random-effects meta-analyses. Subgroup and sensitivity analyses were performed.

These authors take responsibility for all aspects of the reliability and freedom from bias of the data presented and their discussed interpretation.

A
D

U
LT

C
A

R
D

IA
C

VC The Author(s) 2020. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.

Interactive CardioVascular and Thoracic Surgery 32 (2021) 371–379 REVIEW
doi:10.1093/icvts/ivaa277 Advance Access publication 2 December 2020

http://orcid.org/0000-0003-0891-6358


RESULTS: Seven studies were included with a combined study population of 2066 patients. The pooled prevalence of POD in the com-
bined study population was 26% and preoperative depression was present in �9% of the total study population. All studies showed a posi-
tive association between preoperative depression and POD; and in 5 studies, the association was statistically significant. Patients with de-
pression had a pooled OR of 2.31 (95% CI 1.37–3.90) for POD.

CONCLUSIONS: This systematic review and meta-analysis confirm the findings that the previous association between preoperative de-
pression and increased risk for developing POD reported for other patient groups is found also in cardiac surgery. Depression screening
prior to cardiac surgery may be effective in identifying patients at higher risk for POD.

Keywords: Depression • Postoperative delirium • Cardiac surgery • Meta-analysis

ABBREVIATIONS

CABG Coronary artery bypass grafting
CAM Confusion assessment method
CI Confidence interval
ICU Intensive care unit
OR Odds ratios
POD Postoperative delirium
TAVI Transcatheter aortic valve implantation

INTRODUCTION

Depression is a common mental disorder affecting more than
264 million people in the world [1] with a higher prevalence in
women who are more likely to develop depression during their
life compared to men [2]. Depression is a common comorbidity
in patients with cardiovascular disease and in patients undergo-
ing cardiac surgery, the incidence exceeds the general population
by 2–3 times [3]. Moreover, 22–55% of cardiac surgery patients
are affected by acute delirium postoperatively [4–7]. Delirium is a
change in cognition or development of a perceptual disturbance
that cannot be explained by pre-existing or evolving dementia.
According to the Diagnostic and Statistical Manual of Mental
Disorders, developed by the American Psychiatric Association,
the definition includes an acutely evolved shift in attention,
awareness and cognition not related to a reduced level of arousal
such as a coma [8]. Hence, delirium develops over a short period
of time, and tends to fluctuate during the day and the distur-
bance is caused by the direct physiological consequences of a
medical condition [8]. Delirium with an onset of delirious symp-
toms shortly after surgery is defined as postoperative delirium
(POD). POD can be further divided into 3 subgroups, namely hy-
peractive, hypoactive and mixed form. Symptoms of hyperactive
POD are hypervigilance, restlessness, agitation and combative-
ness, whereas hypoactive POD is characterized by lack of aware-
ness, lethargy and decreased motor activity and may therefore
be difficult to detect. Hyper- and hypoactive forms of POD fre-
quently coincide and the symptoms often fluctuate during the
day [9]. POD after cardiac surgery is associated with adverse out-
comes including higher rates of postoperative complications,
poorer long-term outcomes and increased length of hospital stay
[10]. Patients who develop POD are also more likely to experi-
ence depression and anxiety for the first 4–6 months after sur-
gery [4, 6, 10–13]. Patients with depression prior to cardiac
surgery as well as patients with delirium after cardiac surgery
have poorer long-term prognosis after cardiac surgery [10, 13–
16]. However, it is unknown whether depression precedes

delirium, and more specifically POD. Chronic inflammation has
proven to play a key role in the pathogenesis of several chronic
disorders, including cardiovascular disease and depression [3].
Furthermore, neurocognitive disorders, including POD, correlate
with and originate in a neuroinflammation triggered by a sys-
temic inflammatory activation [17–19]. With common shared
pathways, a correlation between cardiovascular disease, depres-
sion and POD is plausible. The aim of this systematic review and
meta-analysis is to investigate whether depression is a predictor
of POD after cardiac surgery. To our knowledge, this is the first
meta-analysis to investigate depression as a predictor of POD af-
ter cardiac surgery.

MATERIALS AND METHODS

Study design

A systematic literature review and meta-analysis were performed
following an established study protocol.

Search strategy

References for this systematic review—Depression as a predictor
of POD after cardiac surgery—were searched with no language or
year restrictions in the following databases: Medline (OVIDVR ),
EmbaseVR , Cochrane Library (Wiley), Web of ScienceTM Core
Collection (Thomson Reuters) and PsycINFOVR (OVIDVR ). Librarians
at the Karolinska Institutet University Library performed the
searches in October 2019, starting with identifying Medical
Subject Headings (MeSH-terms) in MEDLINE. The search strategy
comprised 3 concepts that were combined using the set operator
AND. These 3 concepts were searched using the following
MeSH-terms:

• Mood Disorders OR Depression OR Type D Personality
• Cardiovascular Surgical Procedures OR Anesthesia, Cardiac

Procedures OR Cardiopulmonary Bypass OR Cardiovascular
System/su

• Confusion OR Hallucinations OR Illusions
Each search concept was also complemented by relevant free-

text terms. For complete documentation of search strategies, see
the Supplementary Material. We followed the preferred reporting
items for systematic reviews and meta-analysis guidelines and
the European Journal of Cardiothoracic Surgery statistical primer
[20–22]. Article selection and data extraction were undertaken
by 2 reviewers (A.F., J.K.) with disagreements resolved by
consensus.
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Selection criteria

We included all cohort studies investigating the association be-
tween preoperative depression and POD after cardiac surgery.
Non-cohort studies were excluded, along with studies focusing
on postoperative depression. Abstracts, case reports, conference
presentations, editorials, reviews, expert opinions or animal stud-
ies were not included.

Data extraction

Data and characteristics of the included studies were extracted
independently by 2 investigators (A.F. and J.K.) using separate
spreadsheets. Any differences were resolved through dialogue
until consensus was reached. The data extracted included the first
author’s name, year of publication, study period, country, surgical
procedure, assessment of depression, assessment of delirium, to-
tal number of patients, number of patients in the exposed and
non-exposed groups, number of exposed patients with POD,
number of unexposed patients with POD, unadjusted and multi-
variable adjusted odds ratios (ORs) and 95% confidence intervals
(CIs).

Quality assessment

For quality assessment, the Newcastle–Ottawa scale was used.
The Newcastle–Ottawa scale is a tool for quality assessment of
non-randomized studies using a star system judged from 3 per-
spectives: selection of study groups, comparability of groups and
ascertainment of either the exposure or outcome of interest for
case-control or cohort studies. A study can be awarded stars for
high quality in each area with a maximum of 4 stars for the selec-
tion category, 2 stars for comparability and 3 stars for outcome
[23] (Supplementary Material). The Newcastle–Ottawa scale has
been recommended as a tool for quality assessment of cohort
and case–control studies [24]. In addition, the STROBE guidelines
were used [25].

Exposure

The definition of exposure was preoperative depression. The as-
sessment of depression differed between the studies using self-
assessment questionnaires or ICD-diagnoses.

Outcome

The primary outcome was POD on postoperative days 1–7. The
assessment of POD differed between the studies. All studies used
the DSM diagnostic criteria for definition/classification of POD.

Data synthesis and statistical analysis

Unadjusted and adjusted ORs and CIs were extracted from the
selected articles. In the studies lacking an OR, we manually calcu-
lated the number [26]. To take into account the clinical diversity
and methodological variation among the studies, the random-
effects model was used to calculate the summary statistics and
their 95% CIs. Results of meta-analyses are displayed in forest
plots. Publication bias was assessed through the visual

examination of a funnel plot. Data management and statistical
analyses were performed using Stata (Version.16.1 Stata Corp,
College Station, TX, USA) [27].

Sensitivity analysis

To measure the impact of individual studies on the pooled esti-
mate, a series of new meta-analyses were performed in which
the pooled estimates were calculated omitting 1 study at a time
using a random-effects model.

Subgroup analysis

Due to the different types of surgery, a separate meta-analysis
without Matsuishi et al. [28] and Tse et al. [29] was performed, as
these studies also included patients undergoing vascular surgery
and transcatheter aortic valve implantation (TAVI).

RESULTS

The literature search was finalized in October 2019. The total
number of hits were 1027 before deduplication and 697 after
deduplication. Of these, 689 articles were excluded due to title
and abstract content. The remaining 8 full-text articles were
assessed for eligibility. One study by Detroyer et al. [5] including
104 patients undergoing cardiac surgery showed no association
between depressive symptoms and POD. Unfortunately, they did
not present ORs or number of events in the depressed versus
non-depressed group. After contacting the authors without get-
ting a response, the study could not be included in the meta-
analysis. A flow chart of the screening process is shown in Fig. 1.
The articles included in the meta-analysis were published be-
tween 2004 and 2019 and comprised a total of 2.066 patients un-
dergoing cardiovascular surgery in the USA, Australia, Japan,
Brazil, Belgium and Poland. The number of patients in each study
ranged from 131 to 563. The characteristics of the included stud-
ies are presented in Table 1. The quality of the included studies
was assessed as moderate (Table 1).

Assessment of depression

Preoperative depression was present in �198 patients, i.e. 9% of
the combined study population. Humphreys et al. [30] did not
account for the ratio of depression prior to surgery. When ex-
cluding the patients from this study (173 patients), the prevalence
of preoperative depression reached 10%. Six studies defined de-
pression through self-assessment from questionnaires and 1
study through ICD-diagnoses. In the Humphreys et al. [30] study,
depression was assessed before surgery using the depression anx-
iety and stress scales. In 2 of the studies, Kazmierski et al. [31] and
Tully et al. [32], depression was assessed using the Mini
International Neuropsychiatric Interview. Oldham et al. [33] used
3 different depression scales to evaluate depression before sur-
gery: the Depression Interview and Structured Hamilton the
Hamilton Depression Rating Scale and the Patient Health
Questionnaire-9. Santos et al. [34] evaluated depression using the
Geriatric Depression Scale. Matsuishi et al. [28] assessed depres-
sive symptoms using the Hospital Anxiety and Depression Scale.
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In the Tse et al. [29] study, depression was diagnosed by physi-
cians using the DSM IV criteria.

Definition/classification and assessment of
postoperative delirium

In the total study population, the pooled prevalence of POD was
26%. When removing 2 articles that also included non-cardiac
surgery patients [28, 29], the pooled prevalence of POD was 24%.
All studies used the DSM diagnostic criteria for definition/classifi-
cation of POD [8]. For the assessment of delirium, different tools
were applied. Humphreys et al. [30] and Tully et al. [32] used the
Delirium Symptom Interview to assess POD. The Delirium
Symptom Interview combines interview questions with behav-
ioural observations and has good sensitivity (0.90) and specificity
(0.80), as well as strong inter-rater reliability (0.90) [30, 35]. Tse
et al. [29] used the confusion assessment method (CAM). The
CAM is a standardized tool, based on the DSM criteria, that helps
non-psychiatrically trained clinicians to identify and recognize
delirium [36]. In the Oldham et al. [33] study, POD was assessed
by a psychiatrist at baseline and on postoperative days 2–5 using
the CAM and the delirium index, which is a tool for evaluating
the severity of POD [37]. Matsuishi et al. [28] used the Richmond
Agitation-Sedation Scale and the confusion assessment method
for the intensive care unit (ICU), which is a development of the

CAM for use in an ICU. In 2 studies [31, 34], psychiatrists evalu-
ated POD using the DSM criteria [8].

Surgical procedure

In 3 of the studies, only patients undergoing coronary artery by-
pass grafting (CABG) were included [30, 33, 34]. In the Kazmierski
et al. [31] study, the participants underwent CABG, cardiac valve
replacement and combined procedures. Tully et al. [32] included
patients undergoing CABG with or without cardiac valve replace-
ment. In addition to cardiac surgery, Matsuishi et al. [28] included
abdominal blood vessel replacement (n = 5) and endovascular
aortic repair (n = 16). Tse et al. [29] comprised cardiac surgery
patients and patients undergoing percutaneous TAVI.

The impact of POD on length of hospital stay and
long-term mortality

Three of the studies investigated the impact of POD on length of
hospital stay. In the Kazmierski et al. [31] study, the patients who
developed POD had a longer total duration of hospitalization (18
vs 15 days) compared to patients without POD. In the Tully et al.
[32] study, patients with POD had longer hospital stay compared
to patients without POD, but the difference was not statistically
significant (P 0.13). Tse et al. [29] reported a prolonged hospital

Figure 1: PRISMA flow chart for systematic review of preoperative depression and postoperative delirium following cardiac surgery. PRISMA: preferred reporting
items for systematic reviews and meta-analysis.
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stay of 5 days for patients who developed POD. Tse et al. [29]
was the only study reporting mortality. No difference was no-
ticed in 1-year mortality between patients with POD compared
to patients without POD.

Sex and gender aspects

In the overall results, more men than women underwent cardiac
surgery which is in line with the current sex distribution among
cardiac surgery patients [38]. The prevalence of POD according
to sex was presented in 5 of the studies [29, 30, 32–34] with vari-
ous results. In one of the studies [33], women were over-
represented among the patients who developed POD. In the
other 4 studies, however, [29, 30, 32, 34], men developed POD to
a larger extent than women.

Preoperative depression and postoperative
delirium

As presented in Fig. 2, the overall pooled OR for preoperative de-
pression and POD was 2.31 (95% CI 1.37–3.90) according to a
random-effects model with a high heterogeneity (I2 = 77.10%).
Publication bias was assessed through the visual examination of a
funnel plot (Fig. 3).

Sensitivity analysis

To measure the influence of separate studies on the primary out-
come, a series of meta-analyses were carried out, omitting 1
study at a time. The results were robust with an OR between 2.06
(95% CI 1.20–3.51) and 2.78 (95% CI 1.76–4.40). When removing
the largest study by Tse et al. [29] comprising 679 patients, the
results changed slightly (OR 2.18, 95% CI 1.20–3.97). When omit-
ting Humphreys et al. [30] the OR was 2.78 (95% CI 1.76–4.40)
(Supplementary Material, Table S1).

Subgroup analysis

A pooled OR was calculated separately for studies that only in-
cluded CABG patients. As shown in Fig. 4, the OR in this analysis
was 2.36 (95% CI 1.10–5.05).

DISCUSSION

In this systematic review and meta-analysis, preoperative depres-
sion was found to be a significant predictor of POD in patients
treated with cardiac surgery, which confirms reports on other
surgical patient groups. The correlation between depression and
POD was significant even in a subgroup analysis that included
studies of CABG patients only.

The definition of depression differed between the studies, as 6
of the studies [28, 30–34] defined preoperative depression using
different questionnaires and 1 study [29] used ICD codes for de-
pression. A meta-analysis is an objective evaluation and pooling
of different study populations. Previous reports indicate an asso-
ciation between depression and POD, which is in line with the

Figure 2: Forest plot of preoperative depression and postoperative delirium following cardiac surgery.

Figure 3: Publication bias was assessed through the visual examination of a fun-
nel plot.
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findings of this meta-analysis [39–42]. However, these previous
reports have investigated POD after general surgery [39–42], not
specifically cardiac surgery. Depression is common in patients
with cardiac disease, but the association between depression and
POD in cardiac surgery patients has been sparsely studied.
Various studies report a POD prevalence of between 22% and
55% after cardiac surgery [4, 6, 7]. The pooled POD prevalence in
the total study population was 26%. Adequate delirium assess-
ment tools have been used throughout the majority of the stud-
ies [28–30, 32, 33], rendering the POD prevalence reliable.
However, 2 studies [31, 33] reported a lower POD prevalence
compared to the other studies. Possible explanations could be
that the average age of the patients in these studies was relatively
low and that assessment tools to detect POD were not used
properly. Timing of assessment is important. To assess POD once
a day is not sufficient to detect POD as the symptoms tend to
fluctuate during the day.

Previous studies show that patients developing POD have
worse long-term outcomes, such as increased length of hospital
stay, more hospital readmissions, reduced quality of life, demen-
tia and increased mortality [4, 6, 10, 13]. An equal aggravation of
long-term outcomes and increased length of hospital stay have
been demonstrated among patients with preoperative depression
undergoing cardiac surgery [14, 15, 43]. It has been suggested
that depression and delirium share common pathophysiological
pathways [44]. Stress response systems such as the limbic-
hypothalamic-pituitary-adrenal axis, inflammatory response and
sympathetic nervous system are known to affect cognition, mood
and motivation, increasing fatigue, anhedonia, reducing appetite
[17] and an activated immune response with increased expres-
sion of inflammatory factors that activate pattern recognition
receptors is strongly correlated with depression [18, 45].
Furthermore, it has been demonstrated that perioperative neuro-
cognitive disorders, including POD, correlate with and originate
in a neuroinflammation triggered by a systemic inflammatory ac-
tivation [19, 46]. With common shared pathways, a correlation
between depression and POD is plausible and should therefore
be explored more in more detail. In this respect, cardiac surgery
patients should be screened for depression prior to surgery in or-
der to identify those high-risk patients who require preventive
strategies to avoid developing POD [47]. Preventive interventions
such as the use of antipsychotics, dexmedetomidine treatment
and monitoring of bispectral index during anaesthesia can reduce

the incidence and severity of POD in elderly patients undergoing
elective surgery [48]. Furthermore, being aware of the increased
risk of POD could motivate the healthcare staff to be particularly
meticulous in exercising preventive caring activities such as using
delirium assessment tools properly, reorienting the patient, pro-
viding good sleep hygiene, maintaining nutrition and hydration,
offering therapeutic activities and cognitive stimulation, remov-
ing catheters and chest tubes as early as possible and focusing on
early mobilization after surgery [5, 44, 49]. Delays in preventive
caring activities can prolong POD, which is associated with worse
functional and cognitive recovery and higher morbidity and mor-
tality [49]. It is of value to increase the understanding about the
complexity of POD to raise a more patient-centred approach re-
garding the increased risk of developing POD among cardiac sur-
gery patients.

Depression screening is recommended by the American Heart
Association for all patients scheduled for cardiac surgery [50].
Thus, screening for depression is one way of identifying patients
at risk of POD and may be used together with other multi-
disciplinary interventions during the preoperative phase to re-
duce the incidence and severity of POD [47]. Being aware of the
strong association between depression and POD in cardiac
patients emphasizes the importance of depression screening
prior to cardiac surgery, as depression, besides predicting POD, is
associated with worse postoperative outcomes, increased mortal-
ity and hospital readmission [3, 15, 43]. Even though women are
depressed to a larger extent than men [2], men seem to develop
POD more frequently than women. It has been hypothesized
that depression is under-diagnosed in men [51]. The higher prev-
alence of POD among men might reflect this under-diagnosing.
This emphasizes the importance of depression screening in both
men and women.

Limitations

In this meta-analysis, data from 2.066 patients were collected.
The relatively high number of patients and strict inclusion criteria
represent a strength of this study. However, systematic reviews
and meta-analyses are associated with various biases. To mini-
mize the risk of bias, a strict study protocol and the STROBE
checklist were used. Only cohort studies were included; the main
limitation of observational studies is the non-randomization of

Figure 4: In a subgroup analysis, the pooled estimates were calculated including studies of coronary artery bypass grafting surgery only using a random effects model.
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exposure. As with any meta-analysis, there is a possibility that
studies were missed during the literature search, or that studies
observing no association between depression and POD never
have been published (publication bias). The studies have a high
heterogeneity primarily regarding the type of surgery that the
patients underwent. This possible publication bias is visually
demonstrated by a funnel plot. Two of the studies [28, 34] did
not report adjusted ORs. Thus, unadjusted ORs were included in
the meta-analysis. The variety in the used definitions of the diag-
nosis depression, mainly by using validated evaluation tools for
depression (depression anxiety and stress scales, the Mini
International Neuropsychiatric Interview, Depression Interview
and Structured Hamilton, Hamilton Depression Rating Scale,
Patient Health Questionnaire-9, Geriatric Depression Scale,
Hospital Anxiety and Depression Scale) does introduce varying
thresholds of the extent of disease, a misclassification of expo-
sure. However, it is probable that by requesting such tools, an
underestimation of the prevalence of depression is also plausible.
Furthermore, information on the number of patients exposed
(depressed) prior to surgery is missing in one of the studies [30].
Regarding POD, it was assessed multiple times a day in some of
the studies and in others, only once a day. The assessment tools
differed between the Delirium Symptom Interview, delirium in-
dex, CAM and the confusion assessment method for the ICU. In
2 of the studies [31, 34], no specific assessment tool was used.
Instead, physicians set the diagnosis according to the DSM IV cri-
teria for delirium. One study could not be included as the OR
and number of events in the depressed versus non-depressed
group were not presented [5].

CONCLUSION

The findings confirm a strong association between preoperative
depression and POD, which is a common and costly condition in
the postoperative care trajectory for cardiac patients. Findings
emphasize the need for structured implementation of depression
screening preoperatively in cardiac patients to identify high-risk
patients and take multi-disciplinary pre- and postoperative inter-
vention actions such as providing information to the patient,
dexmedetomidine treatment, monitoring of bispectral index dur-
ing anaesthesia, using delirium assessment tools properly, reor-
ienting the patient, providing good sleep hygiene, maintaining
nutrition and hydration, offering therapeutic activities and cogni-
tive stimulation and removing catheters and chest tubes as early
as possible after surgery. One could foresee improved quality of
life in patients, better outcome and shorter hospital stay by such
preoperative identifications, which needs to be confirmed in pro-
spective trials.

SUPPLEMENTARY MATERIAL

Supplementary material is available at ICVTS online.
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