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Abstract

:

This study aimed to explore the role of preoperative and postoperative C-reactive protein (CRP) levels in mediating the association between the preoperative depression symptoms and postoperative length of stay in patients undergoing coronary artery bypass grafting (CABG). Preoperative depression symptoms of 212 elective CABG patients were measured using the Beck Depression Inventory (BDI-II). The patient’s demographic and clinical parameters were collected from medical records prior to surgery. Patients were followed up during their in-hospital stay to measure early (1–3 days post-surgery) and persistent (4–6 days post-surgery) CRP response to CABG surgery. The higher persistent CRP response was significantly (p < 0.001) associated with a longer postoperative hospital stay. The binary logistic regression analysis confirmed the association of persistent CRP change with prolonged hospital stay (OR = 1.017, 95% CI = 1.005–1.029, p = 0.009). However, when the gender subgroups were analyzed separately, that remained significant (OR = 1.016, 95% CI = 1.004–1.028, p = 0.005) only for the male subgroup. There was no significant association between elevated BDI-II depression scores and longer postoperative hospital stay. Additionally, no significant influence of BDI-II scores on preoperative or postoperative CRP levels, or vice versa, was detected. Further work is needed to explore the extent and pathways through which depression might influence the postoperative recovery of CABG patients.
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1. Introduction


Coronary artery disease (CAD) is a major form of heart disease and one of the leading causes of morbidity and mortality worldwide [1]. A commonly used treatment approach is on-pump or off-pump coronary artery bypass grafting (CABG), which bypasses atherosclerotic occlusions and improves blood supply to the heart muscle, thus restoring its function and viability [2]. The traditional risk factors associated with initiation and progression of atherosclerotic lesions in the coronary artery walls include increasing age, gender, unhealthy lifestyle behaviors (physical inactivity, smoking, and unbalanced diet), obesity, high blood cholesterol levels, diabetes, hypertension, family history, and race [3,4]. In addition, the patient’s psychological state in terms of depression, anxiety, anger, and stress has also been implicated as potential risk factor in the development of an increased incidence of morbidity and mortality of CAD patients [5,6,7,8].



Depression is highly prevalent (17% to 27%) in CAD patients, including those with stable CAD, unstable angina, or myocardial infarction [9]. The prevalence of significant depressive symptoms is diagnosed in more than 20% of CAD patients, while many have subsyndromal depressive symptoms below the diagnostic threshold [7,9,10]. Therefore, depressive symptoms are frequently underdiagnosed and consequently left untreated in CAD patients, although they may exist for a long time before the onset of disease [10,11]. The bidirectional mechanisms responsible for the comorbidity of depression and CAD are complex and multifactorial [12,13,14,15,16]. Various pathophysiological triggers, including neuroendocrine dysregulation, activation of the inflammatory response, increased platelet activation and aggregation, oxidative stress, and endothelial dysfunction, may all be involved in the relationship between depressive symptoms and CAD [5,12,13,14,15,16,17,18]. Individuals with depressive disorders tend to have elevated inflammatory markers and pro-inflammatory cytokines that undermine their response to conventional antidepressant therapy [14,19,20,21,22]. Several studies indicate a bidirectional relationship between depression and inflammatory response [23,24]. However, although the depression and elevated inflammatory markers frequently covary, it is still unclear how they relate to each other, and to the onset of CAD [25]. Some reports indicate that depressive symptoms may precede and augment inflammatory processes in clinical entities such as coronary artery disease while others suggest that elevation of inflammatory biomarkers precedes depression [25,26,27,28,29]. Another possibility is that both depression and inflammation may be consequences of another underlying pathologic process [25].



Individuals with depressive disorders tend to have elevated levels of inflammatory markers and pro-inflammatory cytokines that also undermine their response to conventional antidepressant therapy [24]. Among them the C-reactive protein (CRP), a marker of acute phase response, has been used most extensively in clinical practice as a biomarker of systemic inflammation and is routinely measured across medical centers and research laboratories [30,31]. Levels of CRP are used to detect and follow disease in many fields of medicine and its kinetics after major surgery procedure is usually related to inflammatory response to infection [32].



The increased concentrations of CRP have been found in a subset of patients with depression compared with the non-depressed control group, often preceding the onset of illness [27,33,34,35,36,37]. CRP is also one of the elevated inflammatory markers in depression that shows reduced variability thus supporting greater homogeneity in terms of corresponding inflammatory phenotype [38]. Several studies have also shown the correlation between peripheral CRP levels and the increased risk of CAD [37,39,40,41,42,43,44]. The relationship between preoperative depression and increased hospital length of stay following CABG procedures was also reported [45,46,47,48,49]. However, more than half of the CABG patients are not routinely assessed and treated for depressive syndromes [45,46]. In addition, only a few studies have assessed the relationship between depression and CRP proteins in CABG patients [29,48,50]. In addition, little is known about the causal relationship between these two covariates in predicting CABG recovery. Furthermore, only one study to date showed that the effect of preoperative depression symptoms on postoperative hospital stay of CABG patients may be mediated by the post-surgery inflammation and elevated CRP levels [48]. Specifically, this association was partially mediated by a greater change in CRP from baseline preoperative values to 4–8 days post-CABG surgery.



Based on these reports, the present study aimed to assess the relationship between preoperative depressive symptoms with postoperative hospital length of stay (LOS) of patients undergoing elective CABG surgery and to examine the extent to which this association could be influenced by preoperative and postoperative CRP values. Specifically, we hypothesized that the presence of preoperative depression symptoms measured using the Beck Depression Inventory (BDI-II) would be associated with the length of postoperative hospital stay and that the effect of preoperative depression score on the length of stay would be mediated by the higher values of preoperative and postoperative CRP levels.




2. Patients, Materials, and Methods


The present study was designed as a prospective observational (non-interventional) study. All participants signed the informed consent. The Ethics Committee of the University Hospital Centre (UHC) Zagreb, Croatia, approved the study protocol (Approval number of the Ethics Committee UHC Zagreb, Class: 8.1-11/84-3).



2.1. Patients


The eligible patients undergoing elective CABG surgery (n = 257) were consecutively recruited at the Department of Cardiac Surgery, UHC Zagreb, Croatia, between December 2014 and March 2016. A flow chart displaying the recruitment and retention of participants through the present study is shown in Figure 1. Eligibility criteria included patients undergoing elective CABG surgery who were 18 years of age or older and could complete questionnaires in the Croatian language. CABG procedures encompass both on-pump and off-pump surgical procedures. Patients who were unwilling to participate (n = 22) were excluded from the study. Some patients (n = 4) died within three days of surgery and were excluded from the study due to a lack of postoperative data. Patients missing some laboratory data were also noted (n = 19) and excluded from the study.



The lack of laboratory findings in the later patient subgroup can be explained because some of the data are not extracted routinely, especially not every day. Therefore, sometimes without rigorous checking whether some of the findings were extracted, an unwanted omission can occur. Consequently, 212 CABG patients with complete data for all requested variables at baseline and follow-up were included in the present study (Figure 1).




2.2. Materials and Methods


2.2.1. Predictors


Assessment of Depressive Symptoms


The severity of the patient’s depressive symptoms at baseline (preoperative assessment) was determined by the Beck Depression Inventory (BDI-II) test [51]. Since all the participants spoke Croatian, validated Croatian versions of BDI-II were used [52]. Both questionnaires were fulfilled by each patient included in the study with the supervision and assistance of the physician when deemed necessary.



The BDI-II depression inventory test represents a 21-question multiple-choice self-report inventory, in which the patients were asked how they felt over the last two weeks [51]. Each answer to the BDI-II test ranges from 1 to 3, and the total ratings were calculated as follows: a score of 0–13 indicates patients with minimal depressive symptoms, 14–19 indicates those with mild depressive symptoms, and a score of 20–28 indicates patients with moderately expressed depressive symptoms, while a 29–63 total rating score designates CABG patients with high depressive symptoms [51]. A binary variable generated according to accepted cut-off values divides patients into a non-depressive symptom group with a BDI-II score ranging from 0 to 13 and a mildly to a severely depressed group with a BDI-II score > 13.




Baseline and Postoperative C-Reactive Protein Levels


The inflammatory activity of CABG patients included in the present study was monitored by measuring CRP values in the patient’s peripheral circulation. Baseline CRP values were determined preoperatively upon admission to the Department of Cardiac Surgery. The CRP values were measured on the first, second, third, fourth, fifth, and sixth postoperative days in the postoperative course. To obtain the samples, 5 mL of peripheral blood from each patient was drawn into plasma separator tubes by vacuum puncture from the forearm at baseline and postoperatively, as designated. Blood was subsequently centrifuged for 10 min at 3700 rpm (revolutions per minute), and the resulting plasma was placed into Eppendorf tubes and frozen at −80 °C until further analysis. CRP measurement was performed using a commercial immunoturbidimetry assay (Tina-quant® C-Reactive Protein Gen.3, Roche Diagnostics, Rotkreuz, Switzerland ) in the Roche Cobas c 501 modules (Roche Diagnostics Rotkreuz, Switzerland,) following the manufacturer’s guidelines. Overall, two summary scores of postoperative CRP values were generated. The first summary score used the mean for the CRP values measured on days 1, 2, and 3 postoperatively, while the second CRP summary score used the mean for the CRP values measured on days 4, 5, and 6 postoperatively. The postoperative CRP responses to CABG surgery were calculated as differential scores by subtracting the baseline CRP value from the mean postoperative CRP scores and termed as “early” and “persistent”, as previously described [48].





2.2.2. Outcome: Length of Stay Measure


As a measure of clinical recovery, the duration of postoperative hospital LOS reported in days was collected from the patient’s clinical records. Similar to some other clinical institutions, the policy of the Department of Cardiac Surgery, University Hospital Centre Zagreb, was to discharge patients with an uncomplicated course within seven days of the CABG procedure [48,53]. There were no changes to this discharge policy during the period of data collection. CABG patients with the poorest recovery and the most significant in-hospital complications are expected to have the longest in-hospital length of stay after a CABG procedure. The patient’s intensive care unit (ICU) length of stay was also recorded.




2.2.3. Covariates: Demographic and Clinical Measures


The patient’s clinical and demographic data were collected during the interview following admission and from the patient’s clinical records. Recorded characteristics included: age, gender, preoperative body mass index (BMI; kg/m2), preoperative hemoglobin levels, smoking status (current smoker/non-smoker), and prescribed medications, including the use of antidepressants (underlying psychiatric conditions), statins, acetylsalicylic acid, angiotensin-converting enzyme (ACE) inhibitors, and beta-blockers. Patient-related or a family history of cardiovascular disease and the existence of preoperative myocardial infarction (MI), diabetes I and II, hyperlipidemia, and hypertension were also recorded to capture the number of comorbidities in participants with coronary artery disease. The assessment of cardiac surgical risk (i.e., mortality after undergoing cardiac surgery procedures) for individual patients was assessed using the European System for Cardiac Operative Risk Evaluation (EuroSCORE) II [54] and the corresponding EuroSCORE II online calculator (http://www.euroscore.org/calc.html, accessed on 25 July 2022). In addition, the risks relative to the operative procedure, including a systolic function of the myocardium, number of grafts received intraoperatively, cardiopulmonary bypass procedure, extubating time, and extracorporeal circulation length, were recorded as well. The (post)operative infections that may cause a persistent elevation in CRP responses were also recorded.





2.3. Statistical Analysis


The normality of data distribution was analyzed by the Shapiro–Wilk test. The data for continuous variables are presented as mean ± SD (standard deviation), when normally distributed, or median and interquartile range (IQR) in cases of skewed distribution, and as frequencies (percentages) for categorical variables. Differences in variables between groups were compared using a t-test for normally distributed or a Mann–Whitney U test for continuous variables with skewed distribution. In addition, the Pearson χ2 test was used for group comparisons of categorical variables. The correlations between variables were analyzed by Spearman’s correlation analysis. To test the association between baseline depression (predictor) and postoperative hospital LOS (outcome variable), we analyzed the baseline BDI-II depression scores using the binary cut-off of 13 (≤13 vs. >13) and modeled associations between baseline depression and postoperative hospital LOS using the binary logistic regressions analysis. Furthermore, a binary cut-off of 7 days was implemented for the postoperative hospital LOS, with prolonged hospitalization defined as LOS > 7 days [48,53]. The binary logistic regression analysis results are presented as OR (odds ratios) with 95% CI (confidence interval). The covariates that might relate to the postoperative hospital LOS were included in the models of binary logistic regressions based on the statistical significance (p-value < 0.05) of Spearman’s correlation analysis and Mann–Whitney test for continuous data or the Pearson χ2 test for categorical variables. Model 2 of adjusted binary logistic regression analysis included only age and sex as covariables. Model 3 further included other demographic and clinical variables (current smoking status, EuroSCORE-II, preoperative hemoglobin levels, the use of β-blockers, extubation/ventilation time, and postoperative atrial fibrillation) that could confound or mediate the association between depressive symptoms and postoperative hospital LOS. However, to avoid double adjustment, variables such as age, gender, or insulin-dependent diabetes mellitus that are already included in the EuroSCORE-II calculation were not included in Model 3 of adjusted binary logistic regression. The same approach for non-adjusted and adjusted binary logistic regression was used to analyze the association of preoperative and post-operative CRP values (“early“ and “persistent“ post-operative CRP response) with postoperative hospital LOS (outcome variable). In addition, baseline CRP values, as a separate variable, were also included in Models 2 and 3 of binary logistic regression to assess the relative contribution of both baseline and post-operative CRP values on postoperative hospital LOS as previously described [48]. The association between depression symptoms and preoperative and postoperative CRP plasma levels was also assessed by the linear regression model. Covariates included in the linear regression analysis for changes in preoperative CRP levels and postoperative CRP response were mainly the same as the variables included in Model 3 of binary logistic regression, using the same inclusion criteria as described above. The only difference was the introduction of infection as additional covariates to control for its possible contribution to the postoperative elevation of CRP levels. To examine the hypothesis in which the relationship between the independent (BDI-II depression score) and dependent (postoperative hospital LOS) variables is affected by a third variable (CRP response), that is, to assess the indirect relationship between the predictor and outcome variable, mediation analysis was performed. For that purpose, Hayes SPSS PROCESS macro v.4.1 was used [55,56,57,58]. The 95% percentile bootstrap confidence intervals (CIs) based on 5000 samples were used to test the significance of indirect effects of depression in all analyses. In this analysis, the upper and lower CIs must be entirely above or below zero for the indirect effect to demonstrate statistical significance [59,60]. Covariates included in the mediation analysis were the same as those included in Model 3 of binary logistic regression with the addition of (post)operative infection to adjust for its impact on CRP response. All statistical analysis was performed using Statistical Product and Service Solutions (SPSS) version 29.0 (IBM Corp., Armonk, NY, USA). The two-tailed p  <  0.05 was considered significant and corrected according to the Bonferroni correction (the corrected level of significance was: Pc  =  0.05/N; N—number of independent tests). All reported p values are uncorrected unless stated otherwise.





3. Results


3.1. Patient Demographic and Clinical Data


The patient demographic, preoperative, and postoperative clinical characteristics are listed in Table 1. The mean age of the patient cohort at the time of surgery was 61.61 ± 7.94 years, with an age range of 39–80 years. The majority of patients were male (80.7%), overweight (BMI > 25 = 80.7%), and hypertensive (87.3%), with diabetes mellitus present in more than a third (36.3%) of participants. Additionally, most of the patients were on prescribed beta-blockers, acetylsalicylic acid, ACE inhibitors, and statin medications, while only two participants (0.9%) were on antidepressant therapy (Table 1).



More than half of the patients (52.4%) included in the present study received three coronary artery bypass grafts. The mean postoperative length of stay was 9.3 ± 0.3 days, with a range of 6–36 days, while the mean ICU LOS was 2.6 ± 0.1 days with a range of 1–10 days. The majority of patients were within a normal score range for baseline depressive symptoms (BDI-II ≤ 13; 87.7%). However, for 26 (12.3%) patients, the BDI-II baseline score was > 13. The median baseline plasma CRP level was 2.3 (1.0–4.7) mg/dL (Table 1).



Depressive symptoms measured by the Beck Depression Inventory were significantly associated only with the higher EuroSCORE-II values (Mann–Whitney U test, p < 0.001) (Table 2). Furthermore, 13 (6.1%) patients in our CABG cohort had a postoperative infection, with only 1 of them belonging to the group with a higher BDI-II (>13) score. Additionally, the majority of patients with elevated BDI-II (>13) scores (73.1%) had prolonged postoperative hospital LOS (>7 days), compared with 56.5% of participants within the non-depressive symptom group.



The prolonged postoperative hospital LOS was significantly associated only with older age at admission (t = 4.301, p < 0.001), lower preoperative hemoglobin levels (Mann–Whitney U test, p < 0.001), higher EuroSCORE II (Mann–Whitney U test, p < 0.001), persistent CRP change (Mann–Whitney U test, p < 0.001), and higher frequency of postoperative atrial fibrillation (χ2 = 12.45, p < 0.001) (Table 3).



Regarding the association of the patient’s depressive symptoms with the postoperative length of stay, no significant association between postoperative length of stay and binary BDI-II depression scores was detected (Table 3). Only the continuous BDI-II scores at baseline were associated (p = 0.014) with a prolonged hospital LOS. However, that association did not remain significant after the Bonferroni correction was applied. Interestingly, although only two participants in our patient cohort were under antidepressant therapy, both of them were in the non-depressive symptom group (BDI-II ≤ 13) (Table 2). On the contrary, they were equally distributed in subgroups stratified according to the extent of postoperative hospital LOS (Table 3).




3.2. The Association between Depression Symptoms, and CRP with the Length of Postoperative Hospital Stay


Table 4 shows the results of the binary logistic regression analysis used to predict the impact of baseline depression on post-operative hospital LOS.



Similar to the non-adjusted model of binary logistic regression (Model 1), the age and gender-adjusted model (Model 2) showed that patients in the mild to severe depression group (BDI-II > 13) had more than two times greater odds of a prolonged postoperative hospital LOS (>7 days) when compared to non-depressive symptom group.



However, the only variable significantly predicting the prolonged hospital LOS in Model 2 was the patient’s age (OR = 1.08, 95% CI = 1.04–1.13, p < 0.001). Model 3 of binary logistic regression included the following covariables significantly correlated (Spearman’s correlation analysis) with postoperative hospital LOS: current smoking (r = −0.213, p = 0.002), preoperative hemoglobin levels (r = −0.230, p = 0.001), the use of β-blockers (r = −0.163, p = 0.018), EuroSCORE-II (r = 0.318, p < 0.001), ventilation time (r = 0.165, p = 0.016) and postoperative atrial fibrillation (r = 0.242, p < 0.001).



Although the CABG patients in the mild to severe depression group showed a 1.21 times higher odds of prolonged hospital LOS when compared with the non-depressive symptoms group, that was not statistically significant (Table 4).



In addition, current smoking (OR = 0.21, 95% CI = 0.08–0.55, p = 0.002) and use of β-blockers (OR = 0.22, 95% CI = 0.08–0.64, p = 0.006) were the only predictors of prolonged postoperative hospital LOS in Model 3 of binary logistic regression that remained significant after Bonferroni correction was applied.



Interestingly, when the gender groups of our cohort were analyzed separately (data not shown) the mild to severe depression group of female patients showed a 4.04 times higher odds of prolonged hospital LOS compared with the non-depressive symptom group, while in the male patient group the odds of mild to severe depression group for prolonged hospital LOS was 0.793. Nevertheless, in both cases the observed values were nonsignificant.



Table 5 presents the binary logistic regression results used to predict the impact of baseline CRP levels and changes in early and persistent CRP response on postoperative hospital LOS.



Model 3 of binary logistic regression for the predictive role of persistent CRP change (4–6 days post-operatively) showed that for every unit increase in CRP levels, there was a significant 1.7% increase in the odds of prolonged hospital LOS (p = 0.005). There were no other significant predictors in this model. The baseline CRP levels, and early CRP response were non-significant predictors of postoperative hospital LOS in the fully adjusted model (Model 3) of binary logistic regression. In addition, current smoking (OR = 0.21, 95% CI = 0.08–0.55, p = 0.002) and the use of β-blockers (OR = 0.22, 95% CI = 0.08–0.65, p = 0.006) were proven as the only significant predictor of postoperative hospital LOS in Model 3 of binary logistic regression analyzing the impact of baseline CRP levels. In addition, current smoking (OR = 0.22, 95% CI = 0.09–0.60, p = 0.003) was also a significant predictor of postoperative hospital LOS in Model 3 of binary logistic regression related to early CRP changes. Interestingly, in the age (OR = 1.08, CI = 1.04–1.13, p < 0.001) and gender adjusted model for the predictive role of persistent CRP change on the length of stay, female patients had more than three times (OR = 3.20; CI = 1.38–7.39, p = 0.007) greater odds for prolonged length of stay. Age was also the only predictive factor in the age and gender adjusted model for predictive role of baseline (OR = 1.08; CI = 1.04–1.13, p < 0.001) and early CRP change (OR = 1.09; CI = 1.04–1.13, p < 0.001) on the postoperative length of stay.



Interestingly, when the gender groups of our patient cohort were analyzed separately (data not shown), the baseline CRP levels and early CRP response were also non-significant predictors of postoperative hospital LOS in the fully adjusted model (Model 3) of binary logistic regression, while for every unit increase in CRP levels, there was a significant 1.6% increase in the odds of prolonged hospital LOS (p = 0.009). On the contrary, in the female subgroup of our cohort, all three measured CRP values (baseline, early and persistent) were non-significant predictors of postoperative LOS in the fully adjusted Model 3 of binary logistic regression analysis.




3.3. The Impact of Depression on the Baseline and Postoperative CRP Levels


Since Spearman’s correlation analysis revealed a significant association of infection with CRP levels measured on days 4 (r = 0.141, p = 0.043) 5 (r = 0.194, p = 0.005) and 6 (r = 0.190, p = 0.006) this variable, together with baseline CRP values, was added as an additional covariate in models examining the impact of depression scores on early and persistent postoperative CRP change. Linear regression analysis performed to examine the cross-sectional relationship of baseline BDI-II depression score with baseline CRP levels (t = 0.35, p = 0.729) and postoperative “early”: (t = 1.0, p = 0.318) and “persistent” (t = 0.13, p = 0.899) CRP response resulted in no significant association. There were no significant predictors in the linear regression model of cross-sectional relationship between the BDI-II depression score and basal CRP levels. Preoperative hemoglobin levels (t = 2.85, p = 0.005) were the only significant predictors of early CRP change (Table 6), while current smoking (t = −3.09, p = 0.002) and (post)operative infection (t = 3.31, p = 0.001) were the only predictors of persistent CRP change after Bonferroni correction was applied (Table 7).




3.4. Mediation Analysis


The mediation models were performed to illustrate to the extent to which patients’ postoperative hospital LOS (dependent outcome variable) related to their BDI-II depressive symptom scores (independent, predictor variable) and whether the relationship was mediated by early and persistent postoperative CRP changes (mediator variables) or if patients’ postoperative early (1–3 days postoperatively) and persistent (4–6 days post-operatively) CRP changes affected the relationship between their BDI-II depression symptom score and the postoperative hospital LOS. In Figure 2 and Figure 3, pathway c’ represents the direct effect of the BDI-II score on postoperative hospital LOS after controlling for mediators, while pathway a1b1 represents the total indirect pathway of the mediators. Both the direct and indirect pathways in the presented models were non-significant. This indicates the lack of association of the BDI-II depression score with the length of postoperative hospital LOS and the non-existence of the mediation role of postoperative CRP levels. Nevertheless, a higher persistent CRP change (Figure 3) was proven as a significant predictor of postoperative hospital LOS in both mediation models as presented. As shown in Figure 2 and Figure 3, significant contributors to early and persistent CRP response were smoking status and postoperative atrial fibrillation and, in the case of persistent CRP change, concomitant (post)operative infection.





4. Discussion


The present study aimed to examine the role of preoperative and postoperative C-reactive protein (CRP) levels in mediating the association between preoperative depression symptoms and postoperative length of stay in patients undergoing coronary artery bypass grafting (CABG). No significant association between elevated BDI-II (>13) depression symptom scores and more extended (>7 days) postoperative hospital LOS was detected. Although the higher persistent CRP response was significantly associated with a longer postoperative hospital stay, no significant effect of higher BDI-II scores on early (1–3 days post-surgery) or persistent (4–6 days post-surgery) CRP response, or vice versa, was found. In our cohort, 12.3% of patients exhibited mild-to-severe depressive symptoms measured preoperatively by the BDI-II depression inventory. The obtained frequencies are within the range of 0.6% to 60% of previously published data on the prevalence of depression symptoms before CABG surgery [10,45,46,47,48,50]. This variability in reported estimates throughout the corresponding literature may be attributed to one or more of the following causes: clinical and demographic differences between patient cohorts, diverse inclusion and exclusion criteria, differences in questionnaires or clinical interviews used for measurement, different timing of measurement, and different cut-off values used for determining high or low levels of depression.



Poole et al. reported that CABG patients with elevated preoperative Beck Depression Inventory (BDI) scores had significantly higher odds of a prolonged hospital stay of greater than one week when compared with the non-depressive symptom group [48]. However, no Bonferroni or any other correction for multiple comparisons was applied in their study. The cut-off value for the BDI-II depression score was set at ≤10 for the non-depressive and >10 for the depressive CABG patient group. Notably, no statistically significant association between binary BDI-II values and hospital LOS was detected when the same cut-off values were applied to our cohort of CABG patients. The negative influence of higher depressive symptom scores on CABG patient outcomes and longer hospital stay was also reported in several other studies [45,46,47]. Thus, AbuRuz et al. (2021.) reported that every one-unit increase in preoperative depressive symptoms in their patients’ cohort resulted in an increased length of hospital stay by 0.37 days [45]. Furthermore, in their cohort, the female patients had higher levels of depressive symptoms compared to male patients, while being female increased the hospital LOS by 0.18 days [45,46]. The higher rate of preoperative depression among female CABG patients was also reported by Yang et al. (2012.) and Poole et al. (2014.) [48,50].



In our patient cohort, female CABG patients were also more prone to preoperative depression and extended hospital stay than male patients. However, that gender discrepancy was not statistically significant after applying the Bonferroni correction for multiple comparisons. Although non-significant, gender related association of prolonged hospital stay with higher depression score was also underlined by separate analysis of male and female patient subgroups within our cohort of CABG patients with females having more than a four times higher odds ratio for prolonged hospital stay compared with the male subgroup that exhibited a negative association. This coincides with the differences in the prevalence of depression between men and women and confirms the theory of the gender gap in depression etiology [10,48,50].



According to the available literature, the presence of preoperative depression increased the odds of other adverse outcomes for CABG patients, including a higher incidence of postoperative inflammation, decreased wound healing, and depressed patient resistance, all of which have a negative impact on their postoperative hospital LOS [11,49,61]. These adverse outcomes have a strong correlation with the level of CRP and other inflammatory markers [48,62]. As already stated, inflammation, the key regulator of CRP synthesis, has a prominent role in the etiology of atherosclerotic cardiovascular diseases, including CAD [12,13].



In the study by Poole et al., (2014) the association of a higher BDI score with increased odds of prolonged hospital stay was partially mediated by elevated early (baseline to 1–3 days post-operatively) and persistent (baseline to 4–8 days post-operatively) CRP response [48]. One increase in early CRP response in their patient cohort resulted in a 1% increase in the greater odds of a more extended hospital stay. In contrast, the same increase in persistent CRP response resulted in 1.3% higher odds. On the contrary, in our CABG cohort, only the persistent CRP levels were associated with a prolonged hospital LOS, with an increase of one unit in persistent CRP resulting in a 1.7% increase in the higher odds for an in-hospital stay greater than one week. Interestingly, separate analysis of gender subgroups within our cohort of CABG patients revealed significant association of persistent CRP change only among the male subgroup while none of CRP measures was associated with prolonged hospital stay in female patient subgroup.



Elevated baseline CRP has also been associated with extended postoperative hospital LOS of CABG patients [63]. In the study reported by Yang et al. (2012), elevated baseline CRP levels were identified as an independent predictor for depression (assessed with the PHQ-9 test score) present preoperatively and up to six months after the CABG procedure [50]. However, no such association was detected in our cohort of CABG patients. Poole et al. also reported the lack of association between BDI score and preoperative CRP levels [49].



In our cohort of CABG patients, smoking status was one of the major intensity indicators in early and persistent CRP response. At the same time, the presence of (post)operative infection was statistically associated only with the persistent CRP response.



In the present study, smoking status and EuroSCORE-II were associated with a postoperative hospital stay longer than one week. The association between depression and smoking in CABG patients has been reported in several studies [10,64,65]. In addition, Abbasi et al. reported that cigarette smoking was significantly more frequent in depressed young male patients with documented CAD [65].



Most of the variables included in the EuroSCORE-II have been related to anxiety and depression. Thus, EuroSCORE II operational risk values might also be accountable for risks originating from preoperative anxiety and depressive symptoms [66]. This link between baseline depression and patients’ EuroSCORE risk stratification should be further explored. Furthermore, Cromhout et al. (2019) also believe that developing a prognostic screening tool involving emotional, behavioral, social, and functional factors is necessary to complement the risk assessment by EuroSCORE [67].



Although it seems that the BDI-II scale represents a sound path for detecting depression in CABG patients, the need for careful adjustment of cut-off points and evidence-based interpretation of score values should be addressed before its usage in clinical decision-making [68].



Our study has several strengths. We examined patients undergoing CABG at a single hospital and removed the influence of inter-hospital variations in discharge policy. The study’s design allowed for a temporal relationship between depression, preoperative, and postoperative CRP levels, and length of stay to be analyzed. In addition, the repeated assessment of CRP levels allowed us to test the contribution of both preoperative and postoperative inflammation to the postoperative recovery of CABG patients. There were also some important limitations to the present study. Firstly, the study encompasses a too-small group of patients to observe the impact on operative risk and patient mortality. Furthermore, due to the relatively small cohort of CABG patients analyzed in this study, the 95% confidence intervals used to present the results of logistic regression analyses were too wide to reach a firm conclusion. Secondly, other non-medical factors, such as social housing constraints, also likely have a role in determining hospital LOS; such confounders were not able to be considered in our analyses.




5. Conclusions


Contrary to the previous reports, the present study revealed no significant association between elevated preoperative BDI-II (>13) depression symptom scores and the extent of postoperative hospital LOS in patients subjected to CABG. Additionally, the patient’s preoperative CRP levels and subsequent early (1–3 days postoperatively) and persistent (4–6 days post-operatively) CRP responses to CABG surgery were not associated with preoperative depressive symptoms measured by the BDI-II questionary. Nevertheless, higher persistent CRP responses were significantly associated with a prolonged postoperative hospital LOS; notably, when the male and female patient subgroups were analyzed separately that remained significant only for the male patient subgroup. Significant contributors to early and persistent CRP response in our cohort of CABG patients were smoking status and postoperative atrial fibrillation and, in the case of the persistent CRP change, concomitant (post)operative infection. Further work on a larger cohort of CABG patients is needed to explore the extent and pathways through which depression might influence the postoperative recovery of CABG patients.
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Figure 1. Flow diagram of coronary artery bypass grafting (CABG) patient’s recruitment and retention. 
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Figure 2. Mediation model of baseline BDI-II score and length of stay through change in early CRP. 
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Figure 3. Mediation model of baseline BDI-II score and length of stay through change in persistent CRP. 
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Table 1. Demographic, clinical, and depression characteristics of CABG patients (N = 212).
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	Characteristics
	Value





	Age (years)
	61.6 ± 7.9



	Gender (male)
	171 (80.7)



	Smoking (yes)
	32 (15.1)



	BMI (kg/m2)
	28.3 (25.8–30.7)



	Baseline medications
	



	Beta-blockers
	179 (84.4)



	Acetylsalicylic acid
	187 (88.2)



	ACE inhibitors
	132 (62.3)



	Statins
	191 (90.1)



	Antidepressants
	2 (0.9)



	Medical history
	



	Hypertension
	185 (87.3)



	Diabetes
	77 (36.3)



	Hyperlipidemia
	159 (75.0)



	Family history of cardiovascular diseases
	132 (62.3)



	Preoperative myocardial infarction (MI)
	110 (51.9)



	Clinical factors
	



	Preoperative Hemoglobin (g/l)
	141.0 (131.0–152.0)



	Ejection Fraction (%)
	55.0 (45.0–60.0)



	EuroSCORE-II
	1.1 (0.7–2.0)



	Extubating time (ET)
	7.0 (5.0–10.0)



	On pump
	193 (91.0)



	Extracorporeal Circulation length
	79.5 (63.0–98.3)



	Number of grafts
	3.0 (2.0–3.0)



	Postoperative hospital LOS (days)
	8.0 (7.0–10.0)



	Binary postoperative hospital LOS values
	



	≤7 days
	88 (41.5)



	>7 days
	124 (58.5)



	Intensive care unit LOS, days
	2.0 (2.0–3.0)



	Postoperative atrial fibrillation
	44 (20.8)



	Infection
	13 (6.1)



	Preoperative CRP
	2.3 (1.0–4.7)



	Early CRP Change score
	107.2 (86.8–146.9)



	Persistent CRP Change score
	68.5 (51.9–90.9)



	Depression symptoms
	



	Total BDI-II scores
	8.0 (5.0–11.0)



	Binary BDI-II scores
	



	None (≤13)
	186 (87.7)



	Mild to Severe (>13)
	26 (12.3)







Data are presented as counts (n) and percentages (%) for categorical variables and as mean ± standard deviation (SD) or median and interquartile range (IQR) for continuous variables. ACE, Angiotensin-converting enzyme; BMI, body mass index; CRP, high-sensitivity C-reactive protein; BDI-II, the Beck Depression Inventory; ICU, intensive care unit; LOS, length of stay.
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Table 2. Association between BDI-II depression symptom scores and patients’ demographic and clinical data.
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	Characteristics
	BDI-II ≤ 13

N = 186
	BDI-II > 13

N = 26
	p-Value





	Age (years)
	61.6 ± 7.9
	61.9 ± 8.7
	0.850



	Gender (male)
	154 (82.8)
	17 (65.4)
	0.059



	Smoking (yes)
	24 (13.0)
	8 (30.8)
	0.026



	BMI (kg/m2)
	28.2 (25.7–30.7)
	28.4 (25.6–31.8)
	0.672



	Baseline medications
	
	
	



	Beta-blockers
	160 (86.5)
	19 (76.0)
	0.224



	Acetylsalicylic acid
	165 (88.7)
	22 (84.6)
	0.521



	AC inhibitors
	114 (61.3)
	18 (69.2)
	0.520



	Statin medications
	169 (91.4)
	22 (88.0)
	0.480



	Antidepressants
	2 (1.1)
	0 (0.0)
	>0.999



	Medical history
	
	
	



	Hypertension
	163 (87.6)
	22 (84.6)
	0.752



	Diabetes
	63 (33.9)
	14 (53.8)
	0.053



	Hyperlipidemia
	141 (75.8)
	18 (69.2)
	0.630



	Family history of cardiovascular diseases
	118 (64.1)
	14 (53.8)
	0.386



	Preoperative MI
	93 (50.0)
	17 (65.4)
	0.150



	Clinical factors
	
	
	



	Preoperative Hemoglobin (g/l)
	142.0 (134.0–152.0)
	136.5 (120.3–153.5)
	0.044



	Anemia
	25 (13.4)
	8 (30.8)
	0.038



	Ejection Fraction (%)
	55.0 (45.0–60.0)
	50.0 (44.5–56.3)
	0.066



	EuroSCORE-II
	0.99 (0.68–1.71)
	2.63 (1.9–5.22)
	<0.001 *



	Extubating time (ET)
	7.0 (5.0–10.0)
	9.0 (6.75–12.25)
	0.029



	On pump
	170 (91.4)
	23 (88.5)
	0.711



	Extracorporeal Circulation length
	80.0 (63.0–99.0)
	76.0 (60.0–92.0)
	0.478



	Number of grafts
	3.0 (2.0–3.0)
	3.0 (2.0–3.0)
	0.749



	Postoperative hospital length of stay (days)
	8.0 (7.0–9.0)
	10.00 (7.00–11.25)
	0.025



	Binary postoperative hospital length of stay values
	
	
	0.137



	≤7 days
	81 (43.5)
	7 (26.9)
	



	>7 days
	105 (56.5)
	19 (73.1)
	



	Intensive care unit length of stay (days)
	3.0 (2.0–3.0)
	2.0 (2.0–3.0)
	0.175



	Postoperative atrial fibrillation
	36 (19.4)
	8 (30.8)
	0.198



	Infection
	12 (6.5)
	1 (3.8)
	>0.999



	Baseline CRP (mg/dL)
	2.1 (1.0–4.0)
	4.8 (1.6–8.3)
	0.007



	Early CRP Change score
	103.7 (86.1–145.1)
	119.9 (96.0–150.8)
	0.212



	Persistent CRP Change score
	68.1 (51.8–91.1)
	74.2 (52.1–88.4)
	0.834







Data are presented as counts (n) and percentages (%) for categorical variables and as mean ± standard deviation (SD) or median and interquartile range (IQR) for continuous variables. Statistical analysis was performed by Pearson χ2 for categorical variables and by the Mann–Whitney U test for continuous variables, respectively. BMI, body mass index; CRP, high-sensitivity C-reactive protein; BDI-II, the Beck Depression Inventory; ICU, intensive care unit; MI, myocardial infarction. * Significant p values (<Pc). Bonferroni correction for binary logistic regression analysis Pc  =  0.0016 (0.05/n − number of model comparisons).
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Table 3. Association between a postoperative hospital stay and patients’ demographic and clinical data.
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	Characteristics
	Postoperative Hospital LOS ≤ 7 Days; N = 88
	Postoperative Hospital LOS > 7 Days; N = 124
	p-Value





	Age (years)
	58.9 ± 7.8
	63.5 ± 7.5
	<0.001 *



	Gender (male)
	76 (86.4)
	95 (76.6)
	0.081



	Smoking
	21 (24.4)
	11 (8.9)
	0.003



	BMI (kg/m2)
	28.1 (25.3–30.3)
	28.4 (26.0–31.1)
	0.460



	Baseline medications
	
	
	



	Beta-blockers
	81 (92.0)
	98 (80.3)
	0.029



	Acetylsalicylic acid
	82 (93.2)
	105 (84.7)
	0.083



	AC inhibitors
	58 (65.9)
	74 (59.7)
	0.390



	Statin medications
	80 (90.9)
	111 (91.0)
	>0.999



	Antidepressants
	1 (1.1)
	1 (0.8)
	>0.999



	Medical history
	
	
	



	Hypertension
	76 (86.4)
	109 (87.9)
	0.835



	Diabetes
	23 (26.1)
	54 (43.5)
	0.013



	Hyperlipidemia
	70 (79.5)
	89 (71.8)
	0.260



	Family history of cardiovascular diseases
	54 (62.1)
	78 (63.4)
	0.885



	Preoperative MI
	42 (47.7)
	68 (54.8)
	0.331



	Clinical factors
	
	
	



	Preoperative Hemoglobin (g/l)
	146.5 (138.0–154.0)
	139.5 (127.4–151.0)
	<0.001 *



	Anemia
	7 (8.0)
	26 (21.0)
	0.012



	Ejection Fraction (%)
	55.0 (48.1–60.8)
	55.0 (45.0–60.0)
	0.325



	EuroSCORE-II
	0.9 (0.7–1.3)
	1.33 (0.9–2.7)
	<0.001 *



	Extubating time (ET)
	7.0 (5.0–9.0)
	8.0 (6.0–11.0)
	0.016



	On pump
	81 (92.0)
	112 (90.3)
	0.809



	Extracorporeal Circulation length
	78.0 (63.5–97.0)
	80.0 (63.0–100.0)
	0.763



	Number of grafts
	3.0 (2.0–3.0)
	3.0 (2.0–3.0)
	0.400



	Intensive care unit LOS, days
	2.0 (2.0–3.0)
	3.0 (2.0–3.0)
	0.022



	Postoperative atrial fibrillation
	8 (9.1)
	36 (29.0)
	<0.001 *



	Infection
	5 (5.7)
	8 (6.5)
	>0.999



	Preoperative CRP, (mg/dL)
	1.8 (1.0–3.4)
	2.5 (1.21–4.9)
	0.113



	Early CRP Change score
	102.6 (83.5–139.9)
	109.3 (92.2–148.5)
	0.112



	Persistent CRP Change score
	61.0 (48.0–78.9)
	77.9 (58.2–100.8)
	<0.001 *



	Depression symptoms
	
	
	



	Total BDI-II scores
	7.0 (4.0–10.8)
	9.0 (6.0–12.0)
	0.014



	Binary BDI-II values
	
	
	0.137



	None (≤13)
	81 (92.0)
	105 (84.7)
	



	Mild to Severe (>13)
	7 (8.0)
	19 (15.3)
	







Data are presented as counts (n) and percentages (%) for categorical variables and as mean ± standard deviation (SD) or median and interquartile range (IQR) for continuous variables. Statistical analysis was performed by Pearson χ2 for categorical variables and by the Mann–Whitney U test for continuous variables, respectively. BMI, body mass index; CRP, high-sensitivity C-reactive protein; BDI-II, the Beck Depression Inventory; ICU, intensive care unit; MI, myocardial infarction. * Significant p values (<Pc). Bonferroni correction for binary logistic regression analysis Pc  =  0.0016 (0.05/n − number of model comparisons).
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Table 4. Predictive role of depression scores for the postoperative in-hospital length of stay.
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	Binary Depression Score
	OR
	95% CI
	p-Value





	BDI-II scores
	
	
	
	



	Model 1 (n = 212)
	None (≤13)
	(Reference)
	-
	-



	
	Mild to severe depression (>13)
	0.09
	0.845.22
	0.113



	Model2 (n = 212)
	None (≤13)
	(Reference)
	-
	-



	
	Mild to severe depression
	0.03
	0.77–5.38
	0.152



	Model 3 (n = 208) *
	None (≤13)
	(Reference)
	-
	-



	
	Mild to severe depression (>13)
	0.21
	0.35–4.12
	0.763







Model 1—non-adjusted, Model 2—age and gender-adjusted, and Model 3—adjusted by current smoking status, EuroSCORE-II, preoperative hemoglobin levels, use of β-blockers, extubation/ventilation time, and postoperative atrial fibrillation. BDI-II, the Beck Depression Inventory [non-depressed = BDI-II ≤13; mild to severe depression = BDI-II > 13]; OR, odds ratio, CI, confidence interval. * Significant p values (<Pc). Bonferroni correction for Model 3 of binary logistic regression analysis Pc  =  0.007 (0.05/7 − number of comparisons). * For two patients, there is no data for current smoking status, and for two patients, there is no data for the use of β-blockers.
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Table 5. Predictive role of early and persistent C-reactive protein levels on the postoperative in-hospital length of stay.
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	CRP Measurements
	Model
	OR
	95% CI
	p-Value





	Baseline CRP
	Model 1
	1.027
	0.97–1.09
	0.378



	
	Model 2
	1.043
	0.98–1.11
	0.192



	
	Model 3
	1.007
	0.94–1.08
	0.854



	Early CRP Change (1–3 days follow-up)
	Model 1
	1.006
	0.99–1.01
	0.086



	
	Model 2
	1.009
	1.00–1.02
	0.018



	
	Model 3
	1.005
	0.99–1.01
	0.219



	Persistent CRP Change (4–6 days follow up)
	Model 1
	1.020
	1.01–1.03
	<0.001 *



	
	Model 2
	1.024
	1.01–1.04
	<0.001 *



	
	Model 3
	1.017
	1.01–1.03
	0.005 *







Model 1—non-adjusted, Model 2—age and gender-adjusted, and Model 3—adjusted by current smoking status, EuroSCORE-II, preoperative hemoglobin levels, use of β-blockers, extubation/ventilation time, and postoperative atrial fibrillation. OR, odds ratio, CI, confidence interval; * Significant p values (<Pc). Bonferroni correction for Model 3 of binary logistic regression analysis Pc  =  0.007 (0.05/7 − number of model comparisons).
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Table 6. The predictive value of the BDI-II depression score on early CRP response.
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	B
	SE
	β
	t
	p-Value





	Smoking
	−20.373
	7.932
	−0.180
	−2.568
	0.011



	EuroSCORE II
	−1.623
	1.793
	−0.069
	−0.905
	0.366



	Preoperative hemoglobin levels
	0.540
	0.189
	0.205
	2.851
	0.005 *



	Extubation/ventilation time
	0.403
	0.678
	0.041
	0.595
	0.552



	Postoperative AF
	18.007
	7.138
	0.179
	2.523
	0.012



	β-blockers
	−1.994
	7.889
	−0.017
	−0.253
	0.801



	Preoperative CRP
	1.276
	0.591
	0.154
	2.160
	0.032



	Infection
	7.868
	11.347
	0.047
	0.693
	0.489



	BDI-II score
	0.531
	0.530
	0.072
	1.001
	0.318







AF, atrial fibrillation; B, unstandardized regression coefficient; β, standardized regression coefficient; CRP, C reactive protein; SE, standard error. * Significant p values (<Pc). Bonferroni correction for linear regression analysis Pc  =  0.0055 (0.05/9 − number of model comparisons).
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Table 7. The predictive value of the BDI-II scores on persistent CRP response.
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	B
	SE
	β
	t
	p-Value





	Smoking
	−21.050
	6.804
	−0.213
	−3.094
	0.002 *



	EuroSCORE II
	−0.085
	1.538
	−0.004
	−0.055
	0.956



	Preoperative hemoglobin levels
	−0.004
	0.162
	−0.002
	−0.026
	0.979



	Extubation/ventilation time
	1.142
	0.581
	0.134
	1.965
	0.051



	Postoperative AF
	13.986
	6.123
	0.159
	2.284
	0.023



	β-blockers
	−5.932
	6.767
	−0.058
	−0.877
	0.382



	Preoperative CRP
	−0.045
	0.507
	−0.006
	−0.089
	0.929



	Infection
	32.242
	9.733
	0.219
	3.313
	0.001 *



	BDI-II score
	0.058
	0.455
	0.009
	0.127
	0.899







AF, atrial fibrillation; B, unstandardized regression coefficient; β, standardized regression coefficient; CRP, C reactive protein; SE, standard error. * Significant p values (<Pc). Bonferroni correction for linear regression analysis Pc  =  0.0055 (0.05/9 − number of model comparisons.
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