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Summary

AIM OF TH E STUDY: In patients undergoing cardiac
surgery, preoperative depressive and anxiety symptoms
and increased postoperative C-reactive protein (CRP) lev-
els have been associated with adverse outcomes. We
tested the hypothesis that preoperative depressive and
anxiety symptoms predict elevated in-hospital CRP levels
after cardiac surgery.

METH ODS: The study participants were 96 consecutive
patients (mean age [SD], 67.6 [10.3] years, 78.1% men)
from a single cardiac surgery centre who underwent either
isolated coronary artery bypass grafting (CABG) (n = 34),
isolated valve surgery (n = 29), combined procedures (in-
cluding different combinations of CABG, valve surgery,
aortic surgery, and others) (n = 30), or other cardiac surgi-
cal procedures (n = 3). Participants self-rated depressive
and anxiety symptoms using the Patient Health Question-
naire (PHQ-9) and the General Anxiety Disorder (GAD-7)
questionnaire before undergoing elective surgery. CRP
levels were measured every 24 h up to 10 days post-
surgery. Linear mixed (random effects) regression analy-
sis examined the association between preoperative de-
pressive and anxiety symptoms and CRP levels over time,
adjusting for pre-surgery CRP levels, demographics, car-
diovascular risk factors, medications, and surgery-related
variables.

RESULTS: Before surgery, 32.2% of patients had clinically
relevant depressive symptoms (PH Q-9 score =5) and
32.2% of patients had clinically relevant anxiety symptoms
(GAD-7 score =5). More severe depressive symptoms (es-
timate [95% CI]: 0.081 [0.023, 0.139], p = 0.007) and more
severe anxiety symptoms (0.059 [0.005, 0.113], p = 0.032)
predicted CRP levels over 10 days, independent of covari-
ates. Furthermore, CRP levels were higher in patients with
than in those without clinically relevant depressive symp-
toms (0.697 [0.204, 1.191], p = 0.006) and were predict-
ed by both more severe somatic (0.132 [0.035, 0.229], p =
0.008) and cognitive (0.128 [0.014, 0.242], p = 0.029) de-
pressive symptoms.

CONCLUSIONS: Preoperative depressive and anxiety
symptoms were independent predictors of elevated CRP
levels up to 10 days post-surgery. Such a mechanism may
help explain the increased morbidity and mortality risk in
patients with depression and anxiety who undergo cardiac
surgery.

Introduction

In patients undergoing cardiac surgery, including coronary
artery bypass grafting (CABG) with and without concomi-
tant cardiac procedures, the prevalence of depression
ranges from 14% to 37% depending on the applied mea-
surement tools and thresholds [1-3]. A similar prevalence
exists for anxiety before cardiac surgery, which ranges
from 7% to 40% [3]. Preoperative depression is associated
with a 1.4-fold increased risk of postoperative early and
late mortality [3]. These results were similar to depression
assessments by self-rated questionnaires and clinical inter-
views [3]. Furthermore, preoperative depression has been
associated with an increased risk of fatal and non-fatal ma-
jor adverse cardiovascular events [4], hospital readmission,
graft disease progression, arrhythmias, and return of angi-
na symptoms [5]. Anxiety is associated with a 1.8-fold in-
creased risk of late postoperative mortality after cardiac
surgery [3]. Moreover, preoperative anxiety has been asso-
ciated with incident atrial fibrillation and acute in-hospital
cardiovascular events after CABG [5].

The biological mechanisms underlying the relationships
between depression, anxiety, and cardiovascular outcomes
are elusive [3]. One plausible explanation is excessive in-
flammation due to surgical stress. Cardiac surgery induces
a systemic inflammatory response with a profound in-
crease in C-reactive protein (CRP) levels [6, 7], reaching
a maximum of ~200 mg/L on postoperative days 2 and 3
[8, 9] and declining gradually thereafter until postoperative
day 6 [9]. CRP production reflects the trauma caused by
the surgical procedure, which probably explains why pa-
tients with perioperative events have a similar CRP course
as patients with an ordinary perioperative course [9]. Post-
operative CRP levels are of prognostic value. For example,
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in patients who underwent off-pump CABG, the maximum
CRP level on postoperative days 1-3 predicted an in-
creased risk of major adverse cardiovascular and cerebral
events after a 2-year follow-up [10]. Furthermore, eleva-
tion in CRP levels on postoperative days 1-3 is increas-
ingly studied as an early marker of postoperative com-
plications in non-cardiac surgery [11]. For example, in
patients who underwent non-cardiac vascular surgery, ele-
vated CRP levels 24 h post-surgery predicted cardiovascu-
lar incidents 1 year later [12]. A parallel line of research
has revealed the cross-sectional and bi-directional longi-
tudinal associations of depression [13—15] and anxiety
[16-18] with low-grade systemic inflammation, including
increased levels of CRP. Furthermore, depression [19] and
anxiety [20] have been associated with elevated CRP in pa-
tients with stable coronary heart disease (CHD).

Considering the existing literature, surprisingly few studies
with partially conflicting results have been conducted on
the association of depression and anxiety with early post-
operative CRP levels in patients who underwent cardiac
surgery. One study found that preoperative clinically rel-
evant depressive symptoms significantly predicted in-
creased CRP levels 4-8 days, although not 1-3 days, after
CABG surgery [21]. A second study found a significant
association between clinically relevant anxiety symptoms
before surgery and higher CRP levels 3 days but not 7 days
after aortic valve replacement [22]. In contrast, in a third
study, more severe anxiety symptoms before surgery were
significantly associated with lower CRP levels 24 h after
CABG surgery, with no other significant associations on
postoperative days 2—5 [23].

Our study aimed to elucidate whether preoperative depres-
sive and anxiety symptoms are predictive of postoperative
CRP levels in cardiac surgery patients. We hypothesized
that depressive and anxiety symptoms significantly predict
elevated CRP up to 10 days post-surgery, adjusting for sev-
eral other potential predictors of CRP levels. We further
explored whether depressive and anxiety symptoms could
differently predict the initiation of the acute inflammato-
ry response (postoperative days 1-3) and its subsidence af-
ter having reached the maximum response (postoperative
days 4-10). Finally, as depression is a heterogeneous dis-
order with different clinical presentations [24] impacting
prognosis in patients with CHD differently [25], we also
explored whether somatic and cognitive depressive symp-
toms differently predict postoperative CRP levels.

Materials and methods

Study design and participants

The Department of Cardiac Surgery, City Hospital of
Zurich - Triemli, Zurich, Switzerland, established the sin-
gle-centre prospective observational PsyCor study, a long-
term project with the goal of examining the role of psy-
chosocial factors in consecutive patients undergoing
cardiac surgery. The Ethics Committee of the Canton of
Zurich, Switzerland, approved the study. This study in-
cluded data from the first 100 consecutive adult patients
who completed the Patient Health Questionnaire (PHQ-9)
and General Anxiety Disorder (GAD-7) scale before un-
dergoing any type of elective cardiac surgery between Oc-
tober 2021 and March 2022. Data from four patients could
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not be included in the analysis: one patient completed only
one item of the PHQ-9 questionnaire, one patient did not
complete the GAD-7 scale, and data from two patients
were omitted due to ethics requirements. The final sample
included 96 study participants with complete data for the
analysis.

Measures

Patient characteristics and covariates

Several variables were collected before surgery, intraoper-
atively, or after surgery to characterize the study sample
and to serve as covariates in statistical models. The col-
lected/calculated preoperative variables were age, sex, ar-
terial hypertension, diabetes, dyslipidaemia, body mass in-
dex (BMI), smoking status (never, former, current), statin
use, antidepressant use, left ventricular function (LVEF)
assessed by transthoracic echocardiography, and European
System of Cardiac Operative Risk Evaluation (Eu-
roSCORE) II. The EuroSCORE was used as a continuous
variable in analysis and as a categorical variable to de-
scribe the degree of operative risk (low: 0-2, moderate:
2-5, high: >5) [26]. Intraoperative and postoperative col-
lected/calculated variables were type of cardiac surgery,
cardiopulmonary bypass (yes/no), type of cardiac access,
surgery duration (min), length of stay in the intensive care
unit (ICU), and postoperative length of stay in the hospital.
The latter two variables were expressed in days and were
limited to a maximum of 10 days, corresponding to the
maximum length of the observation period of our study.
The length of stay in the ICU in days was calculated based
on the number of shifts of 8 h each (number of shifts divid-
ed by 3). The type of cardiac surgery was categorized into
1) isolated CABG, 2) isolated valve surgery, 3) combined
procedures (including different combinations of CABG,
valve surgery, aortic surgery, and others), and 4) other pro-
cedures. The latter category included only three patients
who underwent tumour extirpation on the aortic valve, re-
section of the left heart appendage, and pericardiectomy.
Cardiac access was categorized into median sternotomy
and minimally invasive procedures (i.e., right or left lateral
thoracotomy, partial upper sternotomy).

Symptoms of depression and anxiety

Patients were sent home the PHQ-9 and GAD-7 question-
naires for the self-assessment of the severity of depres-
sive and anxiety symptoms in the past 2 weeks and were
asked to return the completed questionnaire to the hospi-
tal (only six patients completed the questionnaire during
the preoperative hospital stay). Because test-retest relia-
bility is good, 0.84 for the PHQ-9 [27] and 0.83 for the
GAD-7 [28], the number of days between questionnaire
completion and surgery was allowed to vary between pa-
tients; this was included as a covariate in statistical analy-
sis. The PHQ-9 is an economical and valid instrument
to assess the severity of depressive symptoms in cardiac
surgery patients [29]. The scale comprises nine symptoms,
of which five are cognitive symptoms (depressed mood,
loss of interest, feelings of worthlessness, concentration
problems, suicidal ideation) and four are somatic symp-
toms (appetite problems, sleeping difficulties, psychomo-
tor agitation/retardation, fatigue). The GAD-7 comprises
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seven items and has been used to assess the severity of anx-
iety symptoms in medical and primary care populations,
including in the cardiovascular literature [30, 31]. Typi-
cal items are “Not being able to stop or control worry-
ing” and “Feeling afraid as if something awful might hap-
pen”. Each item of the PHQ-9 and GAD-7 is rated on a
4-point Likert scale ranging from 0 = “not at all” to 3 =
“nearly every day”. A total PHQ-9 score ranging from 0 to
27 is calculated by summing individual item scores. Total
scores of 04, 5-9, 10-14, 15-19, and 20-27 define mini-
mal, mild, moderate, moderately severe, and severe symp-
tomatology, respectively [27]. Scores for somatic symp-
toms (range 0—12) and cognitive symptoms (range 0—15)
are also calculated. The total GAD-7 score ranges from
0 to 21, with total scores of 5, 10, and 15 representing
cut—offs for mild, moderate, and severe symptomatology
[28]. In our study sample, internal consistency was excel-
lent for the GAD-7 total scale (Cronbach's o = 0.91), good
for the PHQ-9 total scale (o= 0.84), and acceptable for the
somatic (o = 0.72) and the cognitive (a = 0.77) depressive
symptom subscales. For the primary analysis, we used con-
tinuous scores of the PHQ-9 and GAD-7 scales to exam-
ine whether “more severe depressive/anxiety symptoms”
were predictive of postoperative CRP levels and to take ad-
vantage of the maximum statistical power. To distinguish
between patients with and without “clinically relevant de-
pressive/anxiety symptoms”, we additionally formed a bi-
nary variable corresponding to the cut-off for “mild de-
pressive/anxiety symptoms” (score >5).

C—reactive protein

CRP values were measured in blood samples that were col-
lected before surgery and every 24 h until the patient was
discharged from the hospital or on postoperative day 10.
In routine clinical practice, CRP levels are usually tested
every 24 h for the first 2-3 postoperative days and at the
discretion of the attending cardiac surgeon thereafter. CRP
was determined in lithium-heparin plasma with a latex im-
munoturbidimetric assay (Tina-quant® C-Reactive Protein
IV, measuring range 0.6-350 mg/L, normal range <5 mg/
L) using the Cobas ¢501 module from Roche Diagnos-
tics (Rotkreuz, Switzerland). The assay was performed ac-
cording to the manufacturer's instructions at the Institute of
Laboratory Medicine, Municipal Hospital Triemli, Zurich,
Switzerland, within the clinical routine, applying usual
quality standards.

Statistical analysis

Data were analysed using IBM SPSS Statistics for Win-
dows, Version 27.0. Armonk, NY: IBM Corp; licensing for
authorized end users of the University of Zurich, Switzer-
land) and two-tailed significance at P <0.05. Descriptive
statistics are reported as means (M) and standard devia-
tions (SD) for data with normal distribution, median, and
interquartile range (IQR) for data with non-normal dis-
tribution, or n (%). Due to non-normal distribution, CRP
values were box-cox transformed prior to analysis. Box-
cox transformation is a parametric power (i.e., non-linear)
transformation procedure to find the best exponent A with
which the original values of the dependent variable are ex-
ponentiated to reduce the skewness of the data [32]. The
procedure does not try to distribute the data normally but
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instead searches for the data distribution with the small-
est standard deviation that has a high probability of being
more symmetrical and thus closer to a normal distribution.
To calculate A, which was 0.4 in our sample, we used
free software that is accessible via the internet [33]. Group
comparisons between patients with and those without clin-
ically relevant depressive symptoms and between patients
with and those without clinically relevant anxiety symp-
toms were performed using the independent-samples t-test,
Mann-Whitney U test, Pearson's chi-square test, or Fish-
er's exact test, where appropriate. Spearman's correlation
analysis was used to estimate the correlation between two
variables with a non-normal distribution.

The univariable and multivariable longitudinal association
of both continuous and categorical measures of depressive
and anxiety symptoms and covariates with CRP levels was
examined using linear mixed-effects models analysis with
random intercepts and restricted maximum likelihood esti-
mation. Mixed model regression is a robust analysis allow-
ing the estimation of an intercept and slope for each patient
based on all the available data for that patient (i.e., even
when some measurements are missing), augmented by data
from the entire sample. In other words, all regression es-
timates are calculated based on the total number of CRP
observations that are contributed by all 96 patients across
the 10 measurement time points. The covariates for the
multivariable models were selected a priori based on po-
tential associations with depressive/anxiety symptomatol-
ogy and/or CRP levels. These covariates were age, sex, hy-
pertension, diabetes, dyslipidaemia, BMI, smoking, statin
use, antidepressant use, LVEF, EuroSCORE II, pre-surgery
CRP level, type of cardiac surgery, cardiopulmonary by-
pass, type of cardiac access, surgery duration, length of
stay in the ICU, postoperative length of stay in the hospital,
and time interval between PHQ-9 and GAD-7 completion
and surgery. A covariate “time” was entered to account
for within-person changes in CRP levels between individ-
ual assessments. “Time” was coded from 1 to 10, with “1”
for CRP levels 24 h post-surgery, “2” for CRP levels 48 h
post-surgery, up to “10” for CRP levels on postoperative
day 10. A covariate “time squared” was additionally en-
tered and accounted for non-linear relationships (“up and
down”) with CRP levels over 10 days, which improved
the model fit according to Akaike's information criterion.
There were no missing values for the covariates. All co-
variates were entered as fixed effects in one block, includ-
ing “time” and “time squared”, which were both added to
the multivariable model. Fixed effects estimates are report-
ed with 95% confidence interval (CI).

The primary analysis used continuous scores of the PHQ-9
and GAD-7 as predictor variables of CRP levels. Addi-
tional analyses used depression and anxiety as binary vari-
ables. To obtain a more comprehensive understanding of
the investigated associations and their dynamics, analyses
were additionally performed with somatic depressive
symptoms, cognitive depressive symptoms, and for two
distinct postoperative periods; the latter also allowed com-
parison with previous studies [10, 11, 21, 22]. To achieve
this, instead of adding a time-by-depression or time-by-
anxiety interaction to the multivariable models, we ex-
plored whether depressive/anxiety symptoms predicted the
initiation of the acute inflammatory response (postopera-
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Table 1:

tive days 1-3) and its resolution (postoperative days 4—10),
each separately.

According to the ethical approval, the data and analytical
code are not available for open access. However, the
anonymised dataset used and analysed for this study and
the analytical code are available from the corresponding
author upon reasonable request.

Results

Patient characteristics

Table 1 shows the characteristics of the study participants.
The overall sample of 96 patients was predominantly male,
with a mean age of 68 years and a high prevalence of car-
diovascular risk factors. Surgical procedures were equally
frequent between isolated CABG, isolated valve surgery,
and combined surgical procedures. Two-thirds of the pa-
tients underwent a cardiopulmonary bypass, while invasive
and minimally invasive thoracic access were performed
equally frequently. Most patients (85.4%) stayed in the
ICU for 1 day or less, and the median postoperative hos-
pital stay was 8 days. According to the EuroSCORE II,
the operative risk was low in 62 (64.6%), moderate in 24
(25.0%), and high in 10 (10.4%) patients.

Characteristics of study participants.

Clinically relevant depressive symptoms were prevalent
in 32.3% (mild: 20.8%, moderate: 9.3%, moderately se-
vere: 1.1%, severe: 1.1%) and clinically relevant anxiety
symptoms were prevalent in 34.4% (mild: 25.0%, mod-
erate: 5.2%, severe: 4.2%) of patients. There were only
few significant differences in participant characteristics be-
tween patients with and without clinically relevant depres-
sive symptoms and between patients with and without clin-
ically relevant anxiety symptoms. Although antidepressant
use was low overall, it was significantly more frequent in
patients with versus those without clinically relevant de-
pressive symptoms (p = 0.009). There were significantly
more females than males in the patient group with clini-
cally relevant anxiety symptoms (p = 0.013), and LVEF
was significantly higher in this group than in the patient
group without clinically relevant anxiety symptoms (p =
0.009). As expected, patients with clinically relevant de-
pressive symptoms showed more severe anxiety symptoms
(p <0.001) and patients with clinically relevant anxiety
symptoms showed more severe depressive symptoms (p
<0.001). Furthermore, depressive and anxiety symptoms
were strongly correlated (r = 0.74, p <0.001). The median
time interval between completion of the questionnaires and
surgical intervention was 10.5 days and was not correlated
with total PHQ-9 (p = 0.80) and GAD-7 (p = 0.30) scores.

Variable All participants | Clinically relevant depressive symptoms Clinically relevant anxiety symptoms
(n=96) Yes (n=31) No (n = 65) Yes (n =33) No (n =63)
Age, years, M (SD) 67.6 (10.3) 67.5(10.2) 67.7 (10.4) 67.1(9.7) 67.9 (10.7)
Sex, male, n (%) 75 (78.1) 25 (80.6) 50 (76.7) 21 (63.6) 54 (85.7)
Hypertension, n (%) 71(74.0) 25 (80.6) 46 (70.8) 28 (84.8) 43 (68.3)
Diabetes, n (%) 31(32.3) 8 (25.8) 23 (35.4) 12 (36.4) 19 (30.2)
Dyslipidaemia, n (%) 63 (65.6) 20 (64.5) 43 (66.2) 23 (69.7) 40 (63.5)
BMI, kg/m?, M (SD) 27.7 (3.9) 28.0 (3.8) 27.5(3.9) 27.4 (4.1) 27.8 (3.8)
Smoking Never, n (%) 47 (49.0) 13 (41.9) 34 (52.3) 17 (51.5) 30 (47.6)
Former, n (%) 34 (35.4) 10 (32.3) 24 (36.9) 9 (27.3) 25 (39.7)
Current, n (%) 15 (15.6) 8 (25.8) 7 (10.8) 7(21.2) 8 (12.7)
Statin use, n (%) 56 (58.3) 19 (61.3) 37 (56.9) 22 (66.7) 34 (54.0)
Antidepressant use, n (%) 4(4.2) 4 (12.9) 0 (0) 3(9.1) 1(1.6)
LVEF, median (IQR) 60.0 (56.5, 65.0) [63.0(60.0, 65.0) 60.0 (55.0, 65.0) 64.0 (60.0, 65.0) 60.0 (55.0, 65.0)
CRP pre-surgery, mg/L, median (IQR) 1.40(0.73,3.38) |1.60(0.8,4.1) 1.3(0.70, 3.25) 1.10 (0.60, 3.15) 1.70 (0.80, 3.40)
EuroSCORE II, median (IQR) 1.30 (0.84, 3.05) |1.75(0.74, 3.94) 1.24 (0.86, 2.38) 1.28 (0.79, 2.66) 1.39 (0.84, 3.16)
Cardiac surgery procedures: |Isolated CABG, n (%) 34 (35.4) 12 (38.7) 22 (33.8) 11 (33.3) 23 (36.5)
Isolated valve surgery, n (%) |29 (30.2) 8 (25.8) 21(32.3) 12 (36.4) 17 (27.0)
Combined procedures, n (%) |30 (31.3) 11 (35.5) 19 (29.2) 10 (30.3) 20 (31.7)
Other, n (%) 3(3.1) 0(0) 3(4.6) 0(0) 3(4.8)
Cardiopulmonary bypass, n (%) 64 (66.7) 19 (61.3) 45 (69.2) 22 (66.7) 42 (66.7)
Cardiac access: Sternotomy, n (%) 48 (50) 15 (48.4) 33 (50.8) 15 (45.5) 33 (52.4)
Minimally invasive, n (%) 48 (50) 16 (51.6) 32 (49.2) 18 (54.5) 30 (47.6)
Surgery duration, min, M (SD) 202 (70) 216 (52) 196 (76) 201 (69) 203 (71)
Length of stay in ICU, days, median (IQR) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.0 (0.67, 1.0) 1.0 (1.0, 1.0) 1.0 (0.67, 1.0)
Postoperative length of stay, days, median (IQR) 8.0 (7.0, 10.0) 8.0 (7.0, 10.0) 8.0(7.0,9.0) 8.0 (7.0, 10.0) 8.0(7.0,9.0)
Questionnaire-to-surgery time, days, median (IQR) 10.5 (5.3, 20.0) 10.0 (8.0, 25.0) 11.0 (5.0, 19.5) 14.0 (6.0, 30.5) 10.0 (5.0, 19.0)
PHQ-9, total score, median (IQR) 3.0 (1.0,5.8) 7.0 (6.0, 11.0) 2.0 (0.5, 3.0) 6.0 (3.5, 10.0) 2.0 (0, 3.0)
PHQ-9, somatic symptom score, median (IQR) 2.0(1.0,3.0) 4.0 (3.0, 6.0) 0(0, 1.0) 4.0 (2.0, 6.0) 0(1.0,2.0)
PHQ-9, cognitive symptom score, median (IQR) 1.0 (0, 2.0) 4.0 (2.0,5.0) 0(2.0,4.0) 2.0(1.0,4.0) 0 (0, 1.0)
GAD-7, total score, median (IQR) 3.0 (1.0, 6.0) 7.0 (4.0, 11.0) 2.0 (0, 4.0) 7.0 (6.0, 10.5) 1.0 (0, 3.0)

Clinically relevant depressive symptoms refer to a total Patient Health Questionnaire (PHQ-9) score 25, and clinically relevant anxiety symptoms refer to a total Generalized Anxi-
ety Disorder Scale (GAD-7) score 25. BMI, body mass index; CABG, coronary artery bypass graft; CRP, C-reactive protein; EuroSCORE, European System for Cardiac Operative
Risk Evaluation. The ‘questionnaire-to-surgery time’ refers to the time interval between the completion of the PHQ-9 and GAD-7 questionnaires and the surgical intervention. Data
are expressed as mean (M) with standard deviation (SD) for continuous variables with normal distribution and median with interquartile range (IQR) between the 25" and 75"
percentile of the distribution for continuous variables, with non-normal distribution or frequency (n) with percentiles (%) for categorical variables.
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Table 2:

Postoperative C-reactive protein levels

Table 2 shows the median CRP values at each of the 10
postoperative measurement time points. In total, there were
463 observations for CRP, meaning that each patient con-
tributed an average of 4.8 CRP values. In the overall sam-
ple, the maximum CRP level was observed 72 h after
surgery, with a steady decline in the subsequent 4 days. A
similar pattern of postoperative CRP levels over 10 days
was present in the subgroups of patients with and without
clinically relevant depressive or anxiety symptoms.

Relationships with measures of depressive symptoms

In univariable analysis, both more severe depressive symp-
toms (PHQ-9 total score) (estimate = 0.083 [95% CI:
0.026, 0.139], p = 0.005) (table 3) and clinically relevant
depressive symptoms (PHQ-9 score >5) (0.792 [0.307,
1.277], p = 0.002) predicted significantly higher CRP lev-
els over 10 days.

Figure 1 illustrates the time course of CRP levels in pa-
tients with and without clinically relevant depressive
symptoms, which was similar to the untransformed and
transformed CRP values. Group comparison for individual
time points revealed significantly higher CRP levels in pa-
tients with than those without clinically relevant depressive
symptoms at 24 h (p = 0.012), 48 h (p = 0.042), 72 h (p
=0.001), 5 days (p = 0.028), and 6 days (p = 0.010) post-
surgery.

In multivariable analysis, more severe depressive symp-
toms (0.081 [0.023, 0.139], p = 0.007) (table 3) and clini-
cally relevant depressive symptoms (0.697 [0.204, 1.191],
p = 0.006) were significantly predictive of higher CRP
levels over 10 days, independent of covariates. More se-

C-reactive protein levels at different time points post-surgery.

vere somatic (0.132 [0.035, 0.229], p = 0.008) and cogni-
tive (0.128 [0.014, 0.242], p = 0.029) depressive symptoms
were also significantly predictive of higher CRP levels
over 10 days, independent of covariates.

The course of CRP with a maximum level on postoperative
day 3 justified the pre-planned additional analysis in which
the 10-day observation period was divided into the first 72
h post-surgery and postoperative days 4—10. The analysis
revealed that more severe depressive symptoms were sig-
nificantly predictive of elevated CRP over the first 72 h
post-surgery (0.061 [0.007, 0.115], p = 0.028) and from
postoperative days 4 to 10 (0.109 [0.034, 0.184], p =
0.005). A separate analysis predicting untransformed CRP
values revealed an increase in CRP of 3.60 mg/L (95% CI:
0.99, 6.22) with each one-point increase in the total PHQ-9
score over 10 days, when all other covariates in the model
remained constant.

Relationships with measures of anxiety symptoms

Univariable analysis revealed that more severe anxiety
symptoms (total GAD-7 score) (0.055 [0.002, 0.108], p =
0.043) (table 3), but not clinically relevant anxiety symp-
toms (GAD-7 score >5) (p = 0.60), predicted significantly
higher CRP levels over 10 days. Patients with and without
clinically relevant anxiety symptoms did not show signif-
icant differences in CRP levels at any of the 10 measure-
ment time points.

In multivariable analysis, more severe anxiety symptoms
were significantly predictive of CRP levels over the 10
postoperative days (0.059 [0.005, 0.113], p = 0.032) (table
3), whereas clinically relevant anxiety symptoms were not
(p = 0.44). More severe anxiety symptoms predicted ele-
vated CRP over the first 72 h with marginal significance

Time point All participants Clinically relevant depressive symptoms Clinically relevant anxiety symptoms
Yes No Yes No

24 h 39.4 (28.7, 59.5) 57.8 (34.6, 65.7) 38.1(23.2,51.3) 43.7 (32.7, 64.6) 38.7 (25.8, 53.0)
n=95 n=31 n =64 n=32 n =63

48 h 130 (96.2, 175) 161 (103, 221) 122 (93.2, 155) 143 (103, 198) 122 (92.6, 170)
n=93 n=31 n =62 n =32 n =61

72 h 183 (122, 239) 229 (154, 321) 143 (116, 198) 206 (143, 309) 181 (120, 218)
n =56 n=21 n=35 n=21 n=35

Day 4 118 (77.8, 178) 134 (94.5, 242) 112 (75.2, 161) 109 (62.4, 161) 118 (90.2, 179)
n=63 n=18 n=45 n=18 n=45

Day 5 99.0 (65.0, 165) 125 (81.7, 174) 85.7 (49.3, 126) 95.1(78.3, 164) 101 (57.6, 172)
n =46 n=19 n=27 n=16 n=230

Day 6 68.2 (42.9, 114) 114 (66.8, 159) 56.9 (37.2,90.7) 99.0 (54.4, 141) 59.7 (37.4, 106)
n=41 n=14 n=27 n=11 n =230

Day 7 59.1 (40.7, 102) 78.7 (44.1,124) 55.6 (39.3, 93.3) 61.7 (39.6, 85.1) 56.4 (43.3, 138)
n =232 n=13 n=19 n=13 n=19

Day 8 66.6 (28.3, 154) 169 (44.6, 187) 56.9 (16.9, 101) 36.7 (17.3, 67.5) 101 (32.3, 168)
n=16 n=5 n=1 n=4 n=12

Day 9 122 (60.1, 162) 163 (91.7, 188) 102 (30.5, 143) N/A 137.0 (66.3, 163)
n=10 n=4 n=6 n=1 n=9

Day 10 90.7 (35.6, 143) 139 (34.1, 159) 64.9 (33.0, 110) 41.8 (26.3, N/A) 94.1 (36.5, 142)
n=1 n=5 n=6 n=3 n=8

Observations n =463 n=161 n =302 n=151 n=312

Clinically relevant depressive symptoms refer to a total Patient Health Questionnaire (PHQ-9) score 25, and clinically relevant anxiety symptoms refer to a total Generalized
Anxiety Disorder Scale (GAD-7) score 25. C-reactive protein levels (mg/L) are presented as median values with an interquartile range between the 25" and 75" percentile of the

distribution.
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Table 3:

(0.048 [-0.001, 0.098], p = 0.055), although they signif-
icantly predicted elevated CRP from days 4 to 10 post-
surgery (0.084 [0.015, 0.153], p = 0.018). A separate
analysis predicting untransformed CRP values revealed a
2.83 mg/L (95% CI: 0.44, 5.23) increase in CRP with each
one-point increase in the GAD-7 total score over 10 days.

Relationships with covariates

Combined surgical procedures were significantly associat-
ed with higher CRP levels, and longer length of stay in
the ICU was significantly associated with lower CRP lev-
els over the 10 days post-surgery, both independent of the
other covariates in the model. Longer duration of surgery
was also significantly associated with higher CRP levels
over the 10 days post-surgery but was not independent of
covariates. The significant positive effect of “time’ and
the significant negative effect of “time squared’ in multi-
variable analysis indicated that the effect of time became
smaller with an increasing number of days after surgery,
reflecting the marked increase in CRP in the first 3 postop-
erative days.

Discussion

In patients undergoing elective cardiac surgery, we found
that both severe preoperative depressive and anxiety symp-

Univariable and multivariable relationships with post-surgery C-reactive protein levels over 10 days.

toms were significant predictors of higher postoperative
CRP levels over the 10 days post-surgery. Based on a de-
finition that used a binary questionnaire cut-off, clinical-
ly relevant depressive symptoms (PHQ-9 score >5) but
not clinically relevant anxiety symptoms (GAD-7 score
>5) before surgery were predictive of higher postoperative
CRP levels over 10 days. One parsimonious explanation
for this discrepancy could be that clinically relevant anxi-
ety symptoms are a weaker predictor of postoperative CRP
levels than clinically relevant depressive symptoms. Such
an interpretation is supported by the observation of signif-
icant differences in CRP levels between patients with and
without clinically relevant depressive symptoms at sever-
al of the 10 measurement time points but not between pa-
tients with and without clinically relevant anxiety symp-
toms.

We found that measures of depressive and anxiety symp-
toms significantly predicted elevated postoperative CRP
levels in both the univariable and multivariable adjusted
analyses. Because combined surgical procedures and
length of stay in the ICU emerged as the only significant
covariates, the effects of depressive and anxiety symptoms
may be clinically relevant. Although increments in CRP
were small overall, clinical relevance is substantiated by
the observed increase of 3.60 mg/L and 2.83 mg/L CRP
with each point increase on the depressive and anxiety

Parameter Univariable relationships Multivariable model for depressive Multivariable model for anxiety symptoms
symptoms (PHQ-9 total score) (GAD-7 total score)

Estimate 95% CI Estimate 95% CI Estimate 95% CI
Intercept 6.157*** 5.918, 6.397 2177 -1.022, 5.376 2.084 -1.179, 5.347
Time 0.014 —0.048, 0.077 1.046*** 0.851, 1.242 1.045** 0.850, 1.241
Time squared —-0.007* —-0.014, -0.001 -0.115*** —0.136, —0.094 -0.115*** —0.136, —0.094
Age —-0.002 —-0.026, 0.021 —-0.001 —-0.023, 0.021 0.002 —0.021, 0.025
Male sex 0.539 —-0.036, 1.113 0.381 —0.195, 0.957 0.447 —-0.163, 1.057
Hypertension 0.194 -0.352, 0.739 -0.281 —-0.830, 0.267 —-0.347 -0.913, 0.218
Diabetes —0.148 —-0.665, 0.370 —0.348 —0.887, 0.181 —-0.385 —0.924,0.154
Dyslipidaemia -0.133 -0.641, 0.375 0.319 —-0.319, 0.957 0.242 —0.408, 0.893
Body mass index 0.017 —-0.027, 0.101 0.013 —0.048, 0.074 0.019 —0.044, 0.081
Smoking 0.032 —0.298, 0.361 -0.151 —0.461, 0.158 -0.115 —0.429, 0.198
Statin use —-0.250 —-0.735, 0.235 -0.291 -0.919, 0.338 -0.310 —0.951, 0.331
Antidepressant use 0.471 —-0.714, 1.656 0.187 —1.006, 1.380 0.572 -0.574,1.717
Left ventricular ejection fraction 0.007 —-0.019, 0.033 -0.017 —0.040, 0.016 -0.014 —0.043, 0.015
C-reactive protein pre—surgery —-0.024 —0.289, 0.241 0.204 —0.082, 0.489 0.159 —0.133, 0.451
EuroSCORE |1 0.008 —-0.053, 0.070 -0.037 —0.113, 0.040 -0.035 —0.113, 0.043
Isolated CABG surgery 1.164 —0.264, 2.593 1.436 —0.022, 2.894 1.382 —-0.108, 2.873
Isolate valve surgery 0.399 -1.038, 1.837 0.772 —0.750, 2.294 0.708 —0.844, 2.260
Combined surgical procedures 1.634* 0.201, 3.067 2.349** 0.803, 3.895 2.275** 0.696, 3.854
Other surgical procedures 0 0 0
Cardiopulmonary bypass -0.191 —-0.702, 0.320 —-0.553 —1.396, 0.289 -0.690 —-1.551, 0.170
Minimally invasive access -0.272 -0.752, 0.208 0.577 -0.065, 1.219 0.585 —0.072, 1.242
Surgery duration 0.004* <0.001, 0.007 0.003 —0.001, 0.008 0.004 —0.001, 0.008
Length of stay in ICU -0.101 —0.260, 0.058 -0.262* —0.460, —0.064 -0.232* —0.435, 0.029
Postoperative length of stay -0.028 —-0.195, 0.139 0.042 —-0.117,0.202 0.050 —-0.113,0.213
Questionnaire-to-surgery time 0.004 -0.009, 0.017 0.010 -0.002, 0.023 0.012 —0.001, 0.024
PHQ-9 total score 0.083** 0.026, 0.139 0.081** 0.023, 0.139
GAD-7 total score 0.055* 0.002, 0.108 0.059* 0.005, 0.113

CABG, coronary artery bypass graft; CRP, C-reactive protein; EuroSCORE, European System for Cardiac Operative Risk Evaluation; GAD, Generalized Anxiety Disorder Scale;
ICU, intensive care unit; PHQ, Patient Health Questionnaire. The "questionnaire-to-surgery time’ refers to the time interval between the completion of the PHQ-9 and GAD-7
questionnaires and the surgical intervention. C-reactive protein values were entered as box-cox transformed values. The cardiac surgery procedure was entered as a categorical
variable. Smoking status was entered as a continuous variable. Estimates are unstandardised regression coefficients with 95% confidence interval (Cl).

Significance level: *** p <0.001; ** p <0.010; * p <0.05
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symptom scales, respectively. A 2.2-, 2.5- and 2.8-fold
higher risk for major adverse cardiovascular and cerebral
events 2 years post-CABG has been reported with maxi-
mum CRP on postoperative days 1-3 of 180-220 mg/L,
220-270 mg/L, and >270 mg/L, respectively, compared
with CRP <180 mg/L. Therefore, a patient with moderate
depressive symptoms, based on a total PHQ-9 score be-
tween 10 and 13 and a corresponding CRP increase of
~36—47 mg/L, would move up one risk category compared
with a patient with no depressive symptoms. A similar ar-
gument can be made for the event risk of a patient with se-
vere anxiety symptoms (total GAD-7 score >15) compared
with a patient with no anxiety symptoms.

Although the prevalence of clinically relevant depressive
symptoms (32.3%) and clinically relevant anxiety symp-
toms (34.4%) in our sample was consistent with the liter-
ature [1-3], less severe forms with symptom scores <10
predominated. Therefore, clinical inferences for patients at
the upper end of the PHQ-9 and GAD-7 scores should be
made with caution. The binary coding of depressive and
anxiety symptoms in our study may also lead to miscon-
ceptions about homogeneity and heterogeneity across par-
ticipants. For example, a patient with a PHQ-9 score of 5
may be much more similar to a patient with a score of 4
than to a patient with a score of 27. However, the sample
size precluded calculation of a five-category model across

Swiss Med WKkly. 2022;152:40018

the spectrum of minimal, mild, moderate, moderately se-
vere, and severe depressive and anxiety symptoms. A mod-
el with all severity levels may be calculated with future da-
ta from a larger sample.

Our findings confirmed those of a study in which clinically
relevant depressive symptoms, defined by a Beck Depres-
sion Inventory score >10 before surgery, significantly pre-
dicted elevated CRP on postoperative days 4-8 in 145
patients who underwent elective CABG with or without
valve replacement [21]. However, unlike in our study, clin-
ically relevant depressive symptoms were not significantly
predictive of CRP levels on postoperative days 1-3 [21].
Differences in the types of surgical procedures performed,
measurement tools for depressive symptoms, and covari-
ates could explain this discrepancy. In addition, we found
more severe anxiety symptoms as a marginally significant
predictor of CRP levels on postoperative days 1-3, perhaps
because depressive symptoms may affect the initiation of
the acute inflammatory response to a greater extent than
anxiety symptoms. Furthermore, our findings concur par-
tially with a study on 73 patients who underwent aortic
valve replacement that reported an association between
clinically relevant anxiety symptoms before surgery and
elevated CRP levels on postoperative day 3 [22]. However,
in that study, no significant association was found 7 days
post-surgery [22], and another study found an inverse as-

Figure 1: Time course of C-reactive protein levels in patients with and without clinically relevant depressive symptoms. The upper part of the
figure depicts the median C-reactive protein (CRP) values in original units before surgery and at each of the 10 measurement time points after
surgery in patients with clinically relevant depressive symptoms (Patient Health Questionnaire-9 score 25; "depressed”) and in patients without
clinically relevant depressive symptoms (Patient Health Questionnaire-9 score <5; "non-depressed"). The lower part of the figure shows this
group difference in mean CRP values that were box-cox transformed because of non-normal distribution. Patients with clinically relevant de-
pressive symptoms had higher absolute CRP levels than those without clinically relevant depressive symptoms on each of the 10 postopera-

tive days.

C-reactive protein levels (mg/L) over 10 days

Depressed

Non-depressed

Depressed

median of nontransformed values

mean of box-cox transformed values

Non-depressed
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sociation between more severe anxiety symptoms before
surgery and CRP levels 1 day after CABG, with no further
significant associations until postoperative day 5 [23].
There may be several explanations for these inconsistent
results. Previous studies used different measurement tools
(i.e., Hamilton Anxiety Scale and State-Trait Anxiety In-
ventory), had smaller sample sizes, made no adjustments
for covariates, and included patients undergoing one surgi-
cal procedure [22, 23].

More severe somatic and cognitive depressive symptoms
were both predictive of elevated postoperative CRP levels
in our study. This finding contrasts the results of a meta-
analysis indicating poorer prognosis in patients with CHD
with somatic depressive symptoms [25]. However, this
meta-analysis included only one study that examined de-
pressive symptoms before CABG and reported that cogni-
tive, but not somatic depressive symptoms, predicted ad-
verse cardiovascular outcomes [34].

Whether interventions to improve psychological wellbeing
before cardiac surgery [35] attenuate postoperative eleva-
tion in CRP and the biobehavioural mechanisms linking
preoperative depressive and anxiety symptoms with post-
operative CRP production is unknown. Alterations in the
neuroendocrine and autonomic nervous system might be
involved. Both cardiac surgery and acute psychosocial
stress activate the innate immune response, with increases
in pro-inflammatory cytokines and CRP [36], which is cur-
tailed by cortisol release in a feedback mechanism [37,
38]. In patients with CHD, severe anxiety symptoms were
associated with a blunted cortisol response to acute psy-
chosocial stress [39], and clinical depression was associ-
ated with insufficient glucocorticoid signalling, resulting
in increased CRP levels [40]. Moreover, individuals with
clinically relevant depressive symptoms exhibited a
stronger relationship between reduced heart rate variabil-
ity, indicating autonomic dysfunction, and elevated CRP
than their non-depressed counterparts [41].

Our study has important limitations. The data were collect-
ed as part of routine clinical practice, so CRP was not as-
sessed using a high-sensitivity assay and was not measured
every 24 h for every patient, decreasing the number of
possible observations and precluding a priori power analy-
sis. We adjusted for a number of important covariates;
however, confounding by unmeasured variables remains a
possibility. For example, increased sickness behaviour in
patients with more severe depressive symptoms due to in-
flammation may have prompted ordering a chemistry lab
at times when CRP was high. Additional clinical factors,
which were not accounted for and may have led to in-
creased CRP, include the size of the surgical incision, coag-
ulation activity, extent of inflammation, and wound charac-
teristics. Because of the high correlation of depressive and
anxiety symptoms with the resulting multicollinearity in
regression analysis, we were unable to investigate whether
depressive and anxiety symptoms predicted postoperative
CRP levels independently of each other. The sample size
did not allow for a moderator analysis to evaluate whether
depressive and anxiety were differently predictive of ele-
vated postoperative CRP in patients with isolated CABG
compared with isolated valve surgery or combined proce-
dures or in men compared with women.

Swiss Med WKkly. 2022;152:40018

Therefore, preoperative depressive and anxiety symptoms
may independently contribute to elevated CRP up to 10
days after cardiac surgery to an extent that suggests clinical
relevance. The findings of our study provide important
new information on how depression and anxiety may nega-
tively affect the prognosis of patients after cardiac surgery.
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