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Abstract

Anxiety, depressive symptoms, and physical activity may change during early recovery
after cardiac surgery. In this prospective single-center cohort, 79 adults undergoing major
open cardiac surgery were assessed preoperatively; Beck Anxiety Inventory (BAI) and Beck
Depression Inventory-II (BDI-II) scores were reassessed on postoperative days 3-7 and at
one month, and the International Physical Activity Questionnaire-Short Form was repeated
at one month. Analyses included paired nonparametric tests and adjusted mixed-effects
models. Among 59 patients with paired early assessments, median BAI scores increased
from9to 12 (p = 0.002); 9 (15.3%) showed reliable individual worsening, whereas 46 (78.0%)
showed no reliable change. Mixed-effects models identified a time effect for BAI (p = 0.010)
but not BDI-II (p = 0.473). Among 32 one-month completers, BAI scores declined, while
no BDI-II pairwise comparison survived Holm adjustment. Median total physical activity
increased from 280 to 495 MET-min/week (p = 0.017), mainly through walking; low activity
declined from 81.2% to 50.0% (p = 0.002). An inverse one-month activity-BDI-II correlation
(p = —0.40; nominal p = 0.023) did not survive Holm adjustment. Limitations include
substantial attrition, self-report, and no comparison group; these exploratory findings
establish neither clinically important deterioration nor a causal surgical effect.

Keywords: anxiety; cardiac surgery; depressive symptoms; physical activity; postoperative
recovery

1. Introduction

Cardiac surgery plays an important role in treating advanced coronary artery disease,
valvular heart disease, and other serious cardiac conditions. Although it can relieve symp-
toms and improve functional status and quality of life [1,2], the perioperative period can be
physically and psychologically demanding. Patients may face uncertainty about surgery,
concerns about complications or death, postoperative pain, and temporary dependence on
others. Admission to an intensive care unit (ICU) may further contribute to psychological
distress [1,3]. Recovery involves more than improvement in cardiac function; psychological
well-being and physical activity also warrant attention.

Anxiety and depressive symptoms are common among patients undergoing cardiac
surgery. A systematic review and meta-analysis of coronary artery bypass grafting (CABG)
reported depression rates ranging from 19% to 37% before surgery and from 15% to 33%
afterward, depending on the assessment instrument used [4]. Preoperative anxiety has
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been associated with longer hospital stays, while both anxiety and depressive symptoms
have been linked to poorer health-related quality of life [2,5]. Preoperative anxiety has
also been associated with increased long-term mortality after CABG [6]. The course of
these symptoms, however, may vary during recovery. Previous studies have reported an
increase in depressive symptoms during hospitalization or around discharge, followed by a
decline over subsequent weeks [7,8]. Changes in anxiety and depressive symptoms have
also been observed across the perioperative period in prospective CABG studies [9]. A
single psychological assessment may therefore miss changes occurring during the early
stages of recovery.

Physical activity is also relevant during this period. Patients awaiting cardiac proce-
dures, particularly CABG, often report little moderate-to-vigorous physical activity and
spend considerable time sedentary [10]. Preoperative inactivity has been associated with
depressive symptoms [11] and a higher risk of the combined outcome of rehospitalization
or mortality after surgery [12]. During longer-term follow-up, patients with higher levels
of physical activity have generally reported fewer depressive symptoms [13]. A systematic
review and meta-analysis also found that early postoperative mobilization may improve
physical function by hospital discharge [14]. Physical activity and psychological symptoms
are related aspects of recovery, but assessing one may not adequately capture the other.

Previous research has often considered these outcomes separately. Some studies
have examined depressive symptoms between the preoperative period and hospital dis-
charge [7], while others have investigated depression and physical activity during longer
follow-up [8,11,13]. The relationship between preoperative psychological symptoms and
subsequent clinical outcomes has also received considerable attention [2,5,6]. Evidence
describing anxiety, depressive symptoms, and physical activity within the same cohort
during the first postoperative month remains limited. For example, a previous study of pre-
operative physical activity and depressive symptoms did not assess anxiety [12]. Examining
all three outcomes during early recovery may help characterize aspects of postoperative
adjustment that would otherwise be considered separately.

In this prospective study, we assessed anxiety and depressive symptoms before surgery,
during the early postoperative period, and one month after surgery. Physical activity was
evaluated preoperatively and at one month. We aimed to describe changes in psychological
symptom severity across these assessments and examine changes in physical activity levels,
assessed both continuously and categorically, during the first postoperative month. Because
both domains were measured in the same participants, we additionally examined whether
physical activity was associated with anxiety and depressive symptom scores at baseline
and one month, and whether changes in the two domains were related. As no primary
outcome or time contrast was prespecified, all analyses were considered exploratory. The
preoperative-to-early postoperative change in Beck Anxiety Inventory (BAI) scores was
emphasized as the principal descriptive comparison.

2. Materials and Methods
2.1. Study Design, Setting, and Participants

This prospective single-center observational cohort study was conducted at the De-
partment of Cardiovascular Surgery, Adana City Training and Research Hospital, Tiirkiye,
between 1 June and 1 September 2026. All study assessments, including the one-month
postoperative follow-up, were completed within this data-collection period. Adults aged
>18 years undergoing major open cardiac surgery, including CABG, valvular surgery, com-
bined procedures, and other major open cardiac procedures, were eligible if they were able
to communicate in Turkish, complete the study instruments, and provide written informed
consent. All included operations were open surgical procedures performed in the operating
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theatre through a sternotomy or a thoracotomy; percutaneous and transcatheter procedures
were not eligible. Patients unable to complete the assessments reliably because of cognitive
impairment, delirium, severe communication difficulties, major neurological sequelae, or
clinical instability were excluded. Psychiatric history and psychotropic medication use were
not exclusion criteria. The STROBE checklist is available as Supplementary Materials.

2.2. Study Sample and Follow-Up

All eligible, consenting patients recruited during the predefined period were included
(baseline n = 79; paired early postoperative assessments 1 = 59; complete three-time-point
assessments 1 = 32; Figure 1). No primary outcome or time contrast was prespecified, and
no a priori sample-size calculation was performed; analyses were therefore exploratory.
Supplementary precision analysis based on observed paired differences showed a mean
preoperative-to-early postoperative BAI change of +2.15 points (95% CI 0.65-3.65; CI half-
width 1.50), with a minimum detectable mean difference of 2.10 points at 80% power
(n =59). At one month (n = 32), CI half-widths were 3.13 and 3.31 points for BAI and Beck
Depression Inventory-II (BDI-II), respectively, with corresponding minimum detectable
differences of 4.30 and 4.55 points. These retrospective estimates characterized precision
rather than established adequate power; nonsignificant findings were therefore considered
inconclusive. Primary analyses used observed data without imputation, mixed-effects
models included all available repeated observations, and multiple imputation was restricted
to missing-not-at-random sensitivity analyses.

Early postoperative assessment

E Baseline (Preoperative) Assessment not completed (n = 20, 25.3%)
E’ - Reasons for loss to follow-up
=1 Participants as;esseddand enrolled %+ Prolonged intensive care unit stay 7 (35.0%)
6' 'n(h e=s7tg) Yy  Clinical instability 5 (25.0%)
o * Postoperative delirium 3 (15.0%)
E « Early discharge 3 (15.0%)
* Declined follow-up assessment 3 (15.0%)
* Unable to contact/lost to follow- 2 (10.0%)
P
 Total 20 (100%)
-
Early Postoperative Assessment
% (during hospitalization)
2 Participants with both preoperative i
=} and early postoperative assessments One-month postoperative assessment
:'l (n = 59, 74.7%) not completed (n = 27, 45.8%)
o
. Reasons for loss to follow-up
* Unable to contact/lost to follow- 11 (40.7%)
 Did not attend follow-up visit 7 (25.9%)
* Time constraints/work or family 4 (14.8%)
o~ responsibilities
o One-Month Postoperative Assessment + Ongoing health 3(11.1%)
2 problem/rehospitalization
_— + Declined follow- t 1(3.7%
; Participants who completed the Oe;‘: e Po o'w MEisssSssmen 1 (3 7;)
9 preoperative, early postoperative, ¢ Other reasons (3.7%)
= and one-month postoperative « Total 27 (100%)
o assessments
[l (n = 32, 40.5%)

Figure 1. Participant flow across study assessments and reasons for loss to follow-up. Reasons for
non-completion were not mutually exclusive; some participants had more than one documented
reason.

2.3. Data Collection and Study Variables

Assessments were conducted preoperatively, on postoperative days 3-7 after clinical
stabilization, and at one month. BAI and BDI-II were administered at all three assessments,
whereas IPAQ-SF was administered preoperatively and at one month. Baseline variables
included demographic characteristics, smoking, psychiatric history, psychotropic medica-
tion use, body mass index (BMI), hypertension, diabetes, dyslipidemia, and left ventricular
ejection fraction. Perioperative data included surgical urgency, waiting time, procedure type,
and ICU and hospital lengths of stay. Procedures were classified as isolated CABG, isolated
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valvular surgery, combined procedures, or other major open cardiac operations, detailed in
Table 1. Exact assessment days within the postoperative window, pain intensity, analgesic
and sedative exposure, ICU status at assessment, major postoperative complications, and
rehabilitation participation were not recorded. ICU length of stay served only as an indirect
indicator of postoperative clinical course. Participant characteristics were self-reported,
while clinical and perioperative data were obtained from medical records. No study-specific
questionnaire was developed.

Table 1. Demographic, clinical, perioperative, and baseline outcome characteristics of the study cohort.

Characteristic Value

Demographic characteristics

Age, years 59.6 +£ 9.8
Male sex, n (%) 44 (55.7)
BMI, kg/m? 28.7 + 3.8
Employment status, n (%)

Homemaker 32 (40.5)
Employed 20 (25.3)
Retired 27 (34.2)
Clinical characteristics

History of psychiatric disorder, n (%) 17 (21.5)
History of psychotropic medication use, n (%) 17 (21.5)
Current smoking, n (%) 34 (43.0)
Hypertension, n (%) 45 (57.0)
Diabetes mellitus, n (%) 30 (38.0)
Dyslipidemia, n (%) 31 (39.2)
Preoperative LVEF, % 50 (45-55)
Surgical and perioperative characteristics

Urgent or emergency surgery, 1 (%) (n ="75) 20 (26.7)
Surgical procedure, n (%)

Isolated CABG 32 (40.5)
Isolated valvular surgery 21 (26.6)
Combined CABG and valvular surgery 8 (10.1)
Other major open cardiac procedure 18 (22.8)
Waiting time to surgery, days (n = 45) 15 (10-28)
ICU length of stay, days 2 (2-3.5)
Total hospital length of stay, days (n = 78) 9 (6.3-14.8)
Baseline psychological and physical activity measures

BAI score 9 (4-16)
BDI-II score 10 (6-14.5)
Physical activity category, n (%)

Low 59 (74.7)
Moderate 17 (21.5)
High 3 (3.8)

Data are mean * SD (age and BMI), median (Q1-Q3), or 1 (%); denominators are 79 unless oth-
erwise specified. IPAQ-SF categories followed the official frequency, duration, and MET-minute
criteria. The “other” procedures (n = 18) comprised aortic root, ascending aortic, or arch operations
(n =12): Bentall £ mitral valve replacement (1 = 4), aortic valve replacement with ascending aortic
replacement (n = 4), Wheat procedure (n = 1), isolated ascending aortic replacement (n = 1), arch
replacement with CABG (n = 1), and combined aortic/mitral valve replacement, CABG, and ascend-
ing aortic replacement (n = 1); atrial septal defect closure (n = 2); concomitant vascular procedures
(n =3): CABG with carotid endarterectomy (# = 1), mitral valve replacement with CABG and carotid
endarterectomy (n = 1), and mitral valve replacement with femoral pseudoaneurysm repair (n = 1);
and CABG with left ventricular repair (n = 1). BAI, Beck Anxiety Inventory; BDI-II, Beck Depres-
sion Inventory-II; BMI, body mass index; CABG, coronary artery bypass grafting; ICU, intensive
care unit; IPAQ-SF, International Physical Activity Questionnaire-Short Form; LVEF, left ventricular
ejection fraction; MET, metabolic equivalent of task; SD, standard deviation. Bold text indicates
section headings.
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2.4. Psychological Measures

Anxiety symptoms were assessed using the 21-item BAI (score range 0-63) [15], val-
idated in Turkish [16]. Depressive symptoms were measured using the 21-item BDI-II
(score range 0-63), which assesses symptoms over the preceding two weeks [17] and has
established Turkish validity and reliability [18]. Higher scores indicate greater symptom
severity. Both scales were analysed continuously and classified descriptively using con-
ventional severity bands: BAI, minimal (0-7), mild (8-15), moderate (16-25), and severe
(26-63); BDI-II, minimal (0-13), mild (14-19), moderate (20-28), and severe (29-63). These
categories are not diagnostic thresholds and have not been specifically validated for early
recovery after cardiac surgery.

2.5. Physical Activity

Physical activity was assessed using the seven-item International Physical Activity
Questionnaire-Short Form (IPAQ-SF), which records the weekly frequency and usual daily
duration of walking, moderate- and vigorous-intensity activity, together with sitting time
on a typical weekday [19]. Activity questions refer to bouts lasting at least 10 consecutive
minutes during the preceding seven days. The Turkish version has demonstrated acceptable
validity and reliability [20]. Item-level responses from 79 preoperative and 32 one-month
assessments were processed according to the official IPAQ scoring protocol [21]. Activities
lasting less than 10 min/day were recoded to zero, durations exceeding 180 min/day were
truncated, and records exceeding 960 min/day of total activity were considered invalid. Two
baseline activity entries required recoding under the 10-min rule; no duration truncation
or record exclusion was necessary. Domain-specific MET-min/week scores were calcu-
lated as MET value x days/week x minutes/day, using 3.3, 4.0, and 8.0 METs for walking,
moderate-, and vigorous-intensity activity, respectively. Total physical activity was the
sum of these three domain scores; sitting time was recorded separately and excluded from
the total. Activity was classified using the protocol’s combined frequency, duration, and
MET-minute criteria. High activity was defined as >3 days of vigorous-intensity activity
with total physical activity of >1500 MET-min/week, or >7 days of any combination of
walking, moderate- and vigorous-intensity activity with total physical activity of >3000
MET-min/week. Moderate activity was defined as >3 days of vigorous-intensity activity
for >20 min/day, >5 days of moderate-intensity activity and/or walking for >30 min/day,
or >5 days of any combination of these activities with total physical activity of >600 MET-
min/week. For the combined-day criteria, days were summed across the walking, moderate-
and vigorous-intensity domains. Participants meeting neither category were classified as
having low activity. The IPAQ-SF was self-administered by participants at the preoperative
and one-month assessments.

2.6. Statistical Analysis

Statistical analyses were performed using Python 3.12.10 (NumPy 2.5.1, pandas 3.0.5,
SciPy 1.18.0, and statsmodels 0.14.6). Categorical variables were summarized as n (%) and
continuous variables as mean + standard deviation or median (Q1-Q3). Paired BAI and BDI-
I scores were compared using Wilcoxon signed-rank tests, with effect sizes (r) and Hodges-
Lehmann differences (95% confidence intervals [CIs]). Hodges-Lehmann estimates were
obtained as the pseudomedian of the within-participant differences, that is the median of the
Walsh averages of all paired differences including zero differences, whereas zero differences
were excluded from the signed-rank test statistics; the corresponding distribution-free Cls
are approximate in the presence of ties. Three-time-point changes were assessed using
Friedman tests (Kendall’s W) and Holm-adjusted pairwise comparisons. Physical activity
was analysed continuously using paired Wilcoxon tests and categorically using Stuart—
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Maxwell and Bowker tests on the full 3 x 3 transition table, supplemented by an exact test.
The observed discordant transitions involved only two categories, yielding one degree of
freedom. Changes in low-activity prevalence were estimated with paired-proportion 95%
CIs. Sensitivity analyses included a sign test, log(MET + 1) transformation, and exclusion
of the most extreme activity change.

Follow-up attrition was examined using absolute standardized mean differences
(SMDs), including multivariate SMDs for multicategory variables, and comparisons of
early postoperative outcomes and perioperative characteristics. Completion probabilities
were estimated using logistic regression, with age, sex, and hypertension in the parsi-
monious model and expanded models for sensitivity analysis. Time-specific stabilized
inverse-probability weights, based on cumulative observation probabilities and truncated
at the 1st and 99th percentiles, were applied in generalized estimating equations with
exchangeable correlation and robust standard errors; baseline observations received unit
weights. Missing-not-at-random sensitivity analyses used delta-adjusted pattern-mixture
models for missing early and one-month outcomes, with 25 imputations per scenario, shifts
of § = —6 to +6 points, and pooling by Rubin’s rules.

Longitudinal sensitivity analyses used linear mixed-effects models with participant-
specific random intercepts and categorical time effects, fitted by restricted maximum likeli-
hood and adjusted for age, sex, BMI, hypertension, and psychiatric history. The estimand
was the covariate-adjusted mean difference between assessments under a missing-at-random
assumption conditional on observed scores and covariates. Because covariate selection
incorporated clinical considerations and observed baseline imbalances, robustness was
examined across four adjustment sets. Employment status was excluded because of its
overlap with sex. Categorical and linear time specifications were compared using likelihood-
ratio tests after maximum likelihood refitting. Model diagnostics included residual and
random-effect distributions, heteroscedasticity, convergence, variance components, intra-
class correlations, and leave-one-participant-out influence analyses. Additional robustness
analyses used log(score + 1) transformations, random-slope models, and participant-level
cluster bootstrap CIs (1000 resamples; percentile method). Overall time effects were as-
sessed using Wald tests. Exact assessment days within the postoperative days 3-7 window
were unavailable, precluding day-specific analyses.

Exploratory perioperative associations were examined using Spearman correlations
and Mann-Whitney U tests. Associations between physical activity and psychological
symptoms were examined with Spearman rank correlations in five sets of analyses: cross-
sectional associations at the preoperative assessment (1 = 79) and at one month (n = 32);
associations between preoperative-to-one-month changes in activity and in symptom scores
among participants with paired assessments (n = 32); associations between preoperative
activity and subsequent symptom change; and comparisons of symptom scores across IPAQ-
SF categories using Kruskal-Wallis tests. Total and walking MET-min/week and sitting
time were considered. Spearman correlation coefficients are reported with p values and
approximate 95% Cls obtained using Fisher’s z transformation. Because the IPAQ-SF was not
administered on postoperative days 3-7, concurrent associations could not be examined at
that assessment. These analyses comprised 24 tests, were regarded as exploratory, and were
Holm-adjusted within each set without correction across sets. Individual reliable change
was assessed using the Jacobson—Truax index, based on baseline standard deviations and
published Turkish-version internal-consistency coefficients (BAI « = 0.93; BDI-II « = 0.90),
with a two-sided 95% criterion. Reliable-change classifications were considered exploratory
because population-specific test-retest reliability was unavailable; no established cardiac
surgery-specific minimal clinically important difference was applied. Individual reliable
change was distinguished from the group-level minimum detectable mean difference.
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Severity-category transitions were assessed using exact tests. Surgical heterogeneity was
examined using Kruskal-Wallis and chi-square tests, procedure-specific score changes, and
time-by-subgroup interactions for procedure type, surgical urgency, and prolonged ICU
stay (>4 days), assessed by likelihood-ratio tests after maximum likelihood fitting. All tests
were two-sided (p < 0.05). No primary outcome, time contrast, analysis plan, or multiplicity
strategy was prespecified; all analyses were exploratory. Holm adjustment was applied to
longitudinal pairwise comparisons within each outcome and separately within each of the
five exploratory physical activity-symptom association sets; no adjustment was applied
across analysis sets or to the perioperative, subgroup and sensitivity analyses. Effect sizes
and 95% Cls were emphasized.

3. Results
3.1. Participant Characteristics and Follow-Up

The cohort included 79 participants (mean age 59.6 + 9.8 years; 55.7% male; mean BMI
28.7 + 3.8 kg/m?). Isolated CABG (40.5%) and valvular surgery (26.6%) were the most
common procedures. Baseline median BAI and BDI-II scores were 9 (Q1-Q3, 4-16) and 10
(6-14.5), respectively, and 74.7% had low physical activity according to IPAQ-SF criteria
(Table 1). Psychological assessments were available for 59 participants early postoperatively
and 32 at one month; the latter completed all three psychological assessments and paired
physical activity assessments (Figure 1).

3.2. Baseline Characteristics According to One-Month Follow-Up Completion

Baseline imbalances between one-month completers and non-completers were most
pronounced for hypertension (absolute SMD 0.57), employment status (0.53), sex (0.46),
BMI (0.45), age (0.44), physical activity category (0.42), and psychiatric history (0.39;
Supplementary Table S1). Among participants assessed early postoperatively (1 = 59),
BAI and BDI-II scores did not differ significantly by subsequent follow-up completion
(p = 0.939 and 0.749, respectively). ICU stay measures were also comparable (all p > 0.449),
whereas hospital stay was longer among completers (median 11 vs. 8 days; p = 0.028).
Early postoperative losses were predominantly related to clinical factors (15/20, 75.0%),
whereas one-month losses were mainly logistical (22/27, 81.5%); three participants (11.1%)
were lost because of ongoing illness or rehospitalization (Figure 1). These findings do not
exclude outcome-related attrition, particularly because unobserved one-month outcomes
remain unknown.

3.3. Changes in Anxiety and Depressive Symptoms

Among 59 participants with paired assessments, BAI scores increased early postopera-
tively (Hodges-Lehmann difference +2.0 points, 95% CI 1.0-3.0; p = 0.002), whereas BDI-II
scores showed no significant change (p = 0.132). Among 32 participants with complete
follow-up, BAI scores differed across assessments (Friedman p < 0.001), increasing early
postoperatively (Holm-adjusted p = 0.006) and declining by one month (p = 0.002), with
no significant difference between preoperative and one-month scores (p = 0.722). Although
the overall BDI-II comparison was significant (p = 0.004), no pairwise difference remained
significant after Holm adjustment (Table 2). Early postoperative BAI and BDI-II scores were
not significantly associated with ICU or hospital length of stay (all p > 0.3). However, BDI-II
changes differed between participants with and without prolonged ICU stay (median 0.0
vs. —3.5 points; p = 0.007), an unadjusted exploratory finding.
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Table 2. Longitudinal changes in anxiety and depressive symptom scores during the first postoperative
month.

Panel A. Preoperative to early postoperative change (paired assessments, n = 59).

Outcome  Preoperative Early . Difference (95% Wilcoxon Test Effect Size
Postoperative CI)

BAI 9 (4.5-16) 12 (5-19.5) +2 (1to 3) z =3.09; p = 0.002 r =040

BDI-II 10 (6.5-15) 10 (6-13) —1.5(-3t00) z=1.50;p=0.132 r=0.20

Panel B. Three-time-point complete-case analysis (n = 32).

Outcome  Preoperative Early . One Month Friedman Test Effect Size
Postoperative

BAI 9 (4-13.3) 12 (5.5-16.5) 6 (2-18.3) X% =18.75; p < 0.001 W =0.29

BDI-II 10 (6.8-15) 9 (6-12.3) 8 (3.8-11.3) x% =10.83; p = 0.004 W =0.17

Panel C. Pairwise comparisons after a significant Friedman test.

Holm-Adjusted

Outcome  Pairwise Comparison Hodges-Lehmann Difference (95% CI) p

BAI Early postoperative vs. preoperative ~ +2.5 (1 to 4.5) 0.006
One month vs. preoperative —0.5(=3.5t03) 0.722
One month vs. early postoperative —3.5(-5to -1.5) 0.002

BDI-II Early postoperative vs. preoperative ~ —1.5 (-4 10 0.5) 0.303
One month vs. preoperative -3 (-5.5t00) 0.303
One month vs. early postoperative -1.5(-3t00) 0.303

Scores are median (Q1-Q3). Panel A presents paired Wilcoxon signed-rank tests (effect size
r = |z|/ yn); Panel B, Friedman tests (df = 2; Kendall’s W); and Panel C, pairwise Wilcoxon tests with
Holm adjustment within each outcome. Hodges-Lehmann estimates represent the pseudomedian of
the within-participant changes (later minus earlier assessment) and were calculated as the median
of the Walsh averages of all paired differences, including zero differences. Zero differences were
excluded from the Wilcoxon signed-rank tests only. Because tied and zero differences were present,
the distribution-free 95% Cls are approximate. BAI, Beck Anxiety Inventory; BDI-II, Beck Depression
Inventory-II; CI, confidence interval.

Reliable-change thresholds were 6.3 points for BAl and £5.7 points for BDI-II. Among
59 participants, 9 (15.3%) showed reliable BAI worsening, 4 (6.8%) improvement, and 46
(78.0%) no reliable change. Movement between BAI severity categories was not significant
(exact p = 0.167), although seven participants crossed into the moderate-to-severe range
(BAI >16) and two crossed out. Detailed severity distributions and transitions are presented
in Supplementary Table S2. These findings indicate that statistically significant changes in
BAI scores did not correspond to reliable individual deterioration in most participants.

3.4. Changes in Physical Activity

IPAQ-SF data were processed according to the official scoring protocol, with mini-
mal effects of data cleaning and no invalid records. Among 32 participants with paired
assessments, total physical activity increased from 280 to 495 MET-min/week (Hodges—
Lehmann difference +116, 95% CI 49-198; p = 0.017), primarily through walking. This
finding remained significant in sensitivity analyses, whereas sitting time and moderate-
and vigorous-intensity activity showed no significant changes. Physical activity categories
also shifted (Stuart-Maxwell p = 0.002): 10 participants moved from low to moderate
activity, with no downward transitions. The proportion with low activity decreased from
81.2% to 50.0% (difference —31.2 percentage points, 95% CI —47.3 to —15.2; Table 3). Clas-
sification using the official IPAQ-SF algorithm differed from classification based solely
on total MET-minutes in 11 of 79 baseline assessments (13.9%) and 9 of 32 one-month
assessments (28.1%).
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Table 3. Physical activity measured by the IPAQ-SF before surgery and one month after surgery.

Panel A. Activity-specific and total physical activity, and sitting time.

Preoperative Preoperative One Month o
Measure (n = 79) (n = 32) (n =32) Change (95% CI) p
Walking, MET-min/week 264 (148-495) 280 (148-421) 495 (289-520) +115 (50 to 173) 0.016
Moderate activity,
MET-min /week 0 (0-0) 0 (0-0) 0 (0-0) 0(0to0) 0.285
Vigorous activity,
MET-min/week 0 (0-0) 0 (0-0) 0 (0-0) 0 (0to0) 0.317
Total physical activity, . g
MET-min /week 264 (148-495) 280 (148-421) 495 (289-520) +116 (49 to 198) 0.017
Sitting time, min/day 360 (300—420) 360 (300-420) 360 (300—420) 0 (0to0) 0.461
Panel B. IPAQ-SF category at each assessment and transitions between categories (n = 32).
Preoperative Category One Month: Low Moderate High Total
Low 16 10 0 26
Moderate 0 4 0 4
High 0 0 2 2
Total 16 14 2 32

Panel A presents median (Q1-Q3) values for the full baseline cohort (1 = 79) and the paired subsample
(n = 32). Changes are Hodges-Lehmann estimates (95% Cls) from paired Wilcoxon signed-rank tests
in the latter group. Hodges-Lehmann estimates and their confidence intervals were calculated as
described for Table 2, and zero differences were handled identically in all paired analyses. Moderate-
and vigorous-intensity activities were infrequently reported, resulting in zero medians and changes.
Sitting time was excluded from total activity. Panel B presents the paired 3 x 3 transition table based on
official IPAQ-SF criteria. Stuart—-Maxwell and Bowker tests yielded identical results ( x> =10.00,df =1;
p = 0.002), supported by an exact test (p = 0.002). Because all participants in the high-activity category
remained in that category, the Stuart-Maxwell statistic had one effective degree of freedom and was
numerically equivalent to the uncorrected McNemar statistic for the low-to-moderate transitions;
the exact test is therefore also reported to support the categorical findings. CI, confidence interval;
IPAQ-SF, International Physical Activity Questionnaire-Short Form; MET, metabolic equivalent of task.

3.5. Associations Between Physical Activity and Psychological Symptoms

Atbaseline (n =79), correlations between physical activity measures and BAI or BDI-II
scores were negligible (|p| < 0.05; all p > 0.640). At one month (n = 32), total physical
activity and walking were inversely correlated with BDI-II scores (p = —0.40, 95% CI —0.66
to —0.06; p = 0.023 and p = —0.39, 95% CI —0.65 to —0.04; p = 0.028, respectively). Changes
in walking were also inversely correlated with changes in BAI scores (p = —0.36, 95% CI
—0.63 to —0.01; p = 0.042). No other associations reached nominal significance, including
those between preoperative activity and subsequent symptom changes. Of 24 exploratory
tests, three were nominally significant, but none remained significant after within-set
Holm adjustment (minimum adjusted p = 0.139; Supplementary Table S3). These findings
require cautious interpretation given the small follow-up sample, multiple comparisons,
and substantial attrition.

3.6. Mixed-Effects and Sensitivity Analyses

Mixed-effects models included 170 observations from 79 participants. The overall
time effect was significant for BAI (Wald x? = 9.18, df = 2; p = 0.010), with higher early
postoperative scores than preoperative scores ( = +2.38, 95% CI 0.69—4.06; p = 0.006).
Scores declined by one month, with no significant difference from baseline. No overall
time effect was observed for BDI-II (p = 0.473; Table 4). Both models converged, although
residual and random-effect distributions departed from normality. Absolute residuals were
positively correlated with fitted values for BAI (Spearman p = 0.29, p < 0.001), but not
significantly for BDI-II (p = 0.14, p = 0.075). Participant-level cluster bootstrap analysis sup-
ported the early BAI increase (95% CI 0.95-3.78). Results were consistent across adjustment
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sets (BAI p = +2.27 to +2.38), log-transformed models, and random-slope specifications,
with no influential individual observations. A categorical time specification fitted BAI better
than a linear trend (likelihood-ratio p = 0.003), whereas no improvement was observed
for BDI-II (p = 0.956). Full model coefficients and variance components are provided in
Supplementary Table S4.

Table 4. Adjusted mixed-effects analysis of anxiety and depressive symptom scores over time using
all available observations.

Early Postoperative vs. One Month vs. One Month vs. Early Overall Time Effect
Outcome Preoperative, p (95% Preoperative, p (95% Postoperative, p (95% !
CI);p CI);p CI); p P
. —0.09 (=223 t02.05);  —2.47 (—4.63 to —0.31);
BAI 2.38 (0.69 to 4.06); 0.006 0.934 0.025 0.010
—0.61 (-2.32t01.09);  —1.32(—349t00.85);  —0.71 (=291 to 1.50);
BDE 0.482 0.233 0.529 0473

Linear mixed-effects models included participant-specific random intercepts and categorical time
effects, adjusted for age, sex, BMI, hypertension, and psychiatric history (79 participants; 170 observa-
tions). Models were estimated using restricted maximum likelihood. p represents adjusted mean
differences between assessment time points. BAI, Beck Anxiety Inventory; BDI-II, Beck Depression
Inventory-1I; BMI, body mass index; CI, confidence interval.

3.7. Attrition and Missing-Data Sensitivity Analyses

Hypertension was associated with lower odds of one-month follow-up completion
(OR =0.37, 95% CI1 0.14-0.99; p = 0.048), with similar estimates in expanded models (ORs
0.26-0.35), although limited events per predictor warrant caution. Inverse-probability
weighting supported the early postoperative BAI increase (p = +2.65, 95% CI 1.18-4.12;
p < 0.001), whereas BDI-II and one-month contrasts remained nonsignificant. In delta-
adjusted pattern-mixture analyses, the early BAl increase persisted under missing at random
(B =+2.99, 95% CI0.75-5.23; p = 0.009) but was attenuated when unobserved scores were
assumed to be lower (8 = —2: p = 0.051; = —4: p = 0.100). One-month estimates (47
missing assessments) were also assumption-dependent, including a nominally significant
BDI-II contrast at & = —2 (p = 0.048). Thus, informative dropout cannot be excluded, and
findings at one month remain inconclusive.

3.8. Surgical Heterogeneity and Subgroup Analyses

The cohort included 32 patients undergoing isolated CABG, 21 undergoing valvular
surgery, 8 undergoing combined procedures, and 18 undergoing other major open car-
diac procedures. Baseline age differed across groups (p = 0.005), whereas preoperative
BAI and BDI-II scores were comparable (p = 0.966 and 0.488, respectively). Although
early postoperative BAI changes varied descriptively across procedure groups, between-
group differences were not statistically significant (p = 0.112), nor were those for BDI-II
(p = 0.439; Supplementary Table S5). Adjusted mixed-effects models showed no significant
time x procedure-type interactions (BAIL p = 0.086; BDI-II, p = 0.219), or interactions with
surgical urgency or prolonged ICU stay (all p > 0.126). Given the small subgroup sizes,
these exploratory analyses had limited power to detect potentially important differences.
The findings should therefore be interpreted as preliminary aggregate observations across
a heterogeneous surgical cohort.

4. Discussion

BAI scores increased modestly in the early postoperative period and declined among
patients who completed the one-month follow-up. A similar pattern was observed in the
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mixed-effects models, although physical symptoms following surgery may have influenced
BAI scores. Acikel also reported an increase in anxiety scores on postoperative day 3
after CABG, with scores remaining elevated at one month [9]. Other studies involving
CABG and mitral valve surgery have reported reductions in anxiety over longer follow-
up periods [22,23]. Pain, sleep disturbances, physical limitations, and concerns about
complications may play a role in perioperative distress [3], but we did not assess their
individual contributions. Unlike the findings for BAI, the results for depressive symptoms
were less consistent and did not allow firm conclusions about changes over time. By one
month, physical activity had increased, mainly through walking. These findings suggest
that psychological symptoms and physical activity do not necessarily follow the same course
during early recovery.

Findings for depressive symptoms were inconclusive, consistent with the heteroge-
neous postoperative trajectories reported previously [7-9]. Interpretation of both psycholog-
ical measures is complicated by the postoperative assessment window (days 3-7), during
which pain, medication effects, sleep disruption, and clinical status may vary. Moreover,
the BDI-II's two-week recall period spans the preoperative and postoperative phases, while
somatic items in both instruments may reflect surgical recovery rather than psychological
distress. Exact assessment timing, relevant clinical exposures, and item-level data were un-
available, precluding adjustment for these factors or examination of cognitive-affective and
somatic subscales. Although early postoperative BAI scores increased, most participants
(78.0%) showed no reliable individual change, and only 15.3% met the exploratory thresh-
old for reliable worsening. These findings suggest a small average shift in self-reported
symptoms rather than established clinically important deterioration. Without a comparison
group or diagnostic assessment, neither a causal effect of surgery nor the development of
an anxiety disorder can be inferred. Nevertheless, perioperative psychological symptoms
remain relevant to postoperative care [24-26].

During the first postoperative month, physical activity increased mainly through walk-
ing. Moderate- and vigorous-intensity activities remained uncommon, however, and half of
the patients assessed at one month were still in the low-activity category. The increase may
therefore reflect a gradual return to daily activities rather than a more general recovery in
habitual physical activity. Previous studies have associated higher physical activity with
fewer depressive symptoms and preoperative inactivity with poorer outcomes after cardiac
surgery [11-13]. Early mobilization has also been shown to improve physical function by
discharge [14], although better functional capacity does not necessarily mean that patients
become more active in daily life. In a review of five randomized trials, Chen et al. found no
significant overall reduction in ICU or hospital stay with early mobilization after cardiac
surgery [27]. More recent studies have examined home-based virtual reality exercise after
open-heart surgery [28] and wearable-supported telerehabilitation following CABG [29].
The former reported improvements in functional capacity, while the latter achieved gains in
exercise capacity comparable to center-based rehabilitation. These findings concern struc-
tured rehabilitation programs, which differ from the habitual physical activity measured in
our cohort. Studies of prehabilitation and exercise-based cardiac rehabilitation have also
reported benefits for physical function, psychological symptoms, and quality of life [30-34].
Prospective research has further linked greater physical activity with a lower subsequent
risk of depression [35,36]. A prospective study by Huang et al. followed 100 cardiac surgery
patients, assessing depressive symptoms with the Patient Health Questionnaire-9, sleep
quality, and physical activity with the IPAQ-SF before surgery and on postoperative days 7
and 30 [37]. Depressive symptoms peaked on day 7, and preoperative physical activity was
inversely correlated with depressive symptoms (r = —0.44). We did not find a significant
association between these measures before surgery, and changes in BDI-II scores in our
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cohort remained inconclusive. Differences in the instruments used, assessment timing,
surgical case mix, and activity distributions may partly explain the contrasting results, but
their individual contributions are uncertain. Our study also assessed anxiety symptoms
and reliable changes in individual scores. In our exploratory analyses, physical activity was
inversely correlated with BDI-II scores at one month, while changes in walking activity were
inversely correlated with changes in BAI scores. Both findings were nominally significant,
but neither remained significant after Holm adjustment. They should therefore be viewed
as preliminary associations rather than evidence of a causal relationship or a change in the
strength of these relationships over time. Interpretation is also limited by the small number
of patients assessed at one month, substantial attrition, self-reported physical activity, and
possible residual confounding.

These findings support assessment of psychological status at more than one periop-
erative time point. Preoperative anxiety and depressive symptoms have previously been
associated with hospital length of stay, health-related quality of life, morbidity, and mor-
tality [2,5,6,24]. Other studies have linked psychological and socioeconomic factors with
postoperative length of stay, psychological resources with postoperative distress, and peri-
operative depression and anxiety with hospital readmission [38—40]. Reassessment during
early hospitalization and after discharge may therefore provide information not captured
by a single preoperative evaluation. The present results do not establish that repeated psy-
chological assessment or rehabilitation interventions improve clinical outcomes, but they
support consideration of psychological and functional recovery as separate components of
postoperative follow-up. Recent research has increasingly focused on targeted perioperative
psychological interventions and factors influencing recovery. Holzer et al. described a
protocol for randomized trials evaluating perioperative mental health interventions [41],
while Li et al. reported improvements in anxiety and depressive symptoms following a
web-based intervention after CABG, without a significant reduction in major adverse cardiac
or cerebrovascular events [42]. Emerging research has also examined illness perceptions
and expectations in relation to preoperative quality of life [43], as well as fear of disease
progression after cardiac surgery [44]. By examining anxiety and depressive symptoms
alongside physical activity and distinguishing group-level changes from reliable individual
deterioration, our study adds complementary descriptive evidence on early postoperative
recovery. These findings may inform the design and timing of future psychological and
rehabilitation interventions.

The prospective design, repeated assessments, and extensive sensitivity analyses
strengthen this study. Nevertheless, its single-center setting, modest sample size, lack
of prespecified primary outcomes or an a priori sample-size calculation, and substantial at-
trition limit precision and generalizability. One-month findings were particularly vulnerable
to selection bias, as completers differed from non-completers in several baseline charac-
teristics and hospital length of stay. Although inverse-probability weighting supported
the early BAI increase, pattern-mixture analyses demonstrated sensitivity to missing-data
assumptions. Informative dropout therefore cannot be excluded, and one-month findings
should be restricted to participants with observed follow-up data. Additional limitations
include the absence of exact assessment dates within the postoperative days 3-7 window,
incomplete perioperative clinical data, reliance on self-reported measures, and lack of struc-
tured psychiatric assessments. Although bootstrap and alternative model specifications
supported the principal findings, departures from residual normality warrant caution.
Physical activity was measured at only two time points, predominantly reflected walking,
and could not be examined in relation to rehabilitation participation. The heterogeneous
surgical cohort and small subgroup sizes limited the ability to detect procedure-specific
differences; nonsignificant interactions should not be interpreted as evidence of equivalent
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recovery trajectories. Moreover, the associations between physical activity and psycho-
logical symptoms were exploratory, and none remained significant after within-set Holm
adjustment. The limited one-month sample and absence of concurrent activity measure-
ments during postoperative days 3-7 further restrict interpretation. Accordingly, these
findings do not support temporal or causal inferences. Given these limitations and the
exploratory design, the findings should be interpreted as preliminary observations rather
than confirmatory evidence of postoperative recovery patterns.

5. Conclusions

BAI scores were higher in the early days after cardiac surgery, although reliable wors-
ening was observed in only a minority of patients. Among those assessed at one month,
anxiety scores had declined, while changes in depressive symptoms remained uncertain.
Physical activity increased mainly through walking, but half of the patients who completed
follow-up still had low activity levels. The considerable loss to follow-up, reliance on self-
reported measures, and lack of a comparison group limit the interpretation of these findings.
The results describe changes in psychological symptoms and physical activity during early
recovery, but do not establish whether surgery caused these changes or whether the two
domains are related. Studies with larger patient groups, longer follow-up, and objective
activity measurements are needed to clarify these patterns.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcdd13110600/s1, Table S1: Baseline, early postoperative, and
perioperative characteristics according to one-month follow-up completion; Table S2: Symptom
severity distributions and reliable individual change during early recovery after cardiac surgery; Table
S3: Exploratory associations between physical activity and anxiety and depressive symptom scores;
Table S4: Full fixed-effect coefficients and variance components of the adjusted mixed-effects models;
Table S5: Preoperative-to-early postoperative changes in anxiety and depressive symptom scores
according to surgical procedure group.
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Abbreviations

The following abbreviations are used in this manuscript:

BAI Beck Anxiety Inventory

BDI-II Beck Depression Inventory-II

BMI Body mass index

CABG Coronary artery bypass grafting

CI Confidence interval

IPAQ-SF  International Physical Activity Questionnaire-Short Form
MET Metabolic equivalent of task

SMD Standardized mean difference
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