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Background: A significant proportion of patients after percutaneous coronary intervention (PCI) have or develop comorbid
depression and/or anxiety symptoms, which are associated with adverse events. The age, creatinine, and ejection fraction (ACEF)
score is a good predictor for the prognostic assessment of certain cardiac diseases. But it has never been used to predict post-PCI
depression and anxiety symptoms.

Aim: To evaluate the possible association among ACEF score at admission, post-PCI anxiety, depression, comorbid anxiety and
depression symptoms in hospital.

Methods: After exclusion, a total of 222 patients undergoing emergency or selective PCI were enrolled and completed Hospital Anxiety
and Depression Scale (HADS) to measure anxiety and depression symptoms before discharging. Patients were divided into four groups
according to HADS score (anxiety, depression, comorbid anxiety and depression, neither anxiety nor depression). Logistic regression, linear
regression and smoothed curve fitting (based on the penalized spline method) were used to analyze the relationship between ACEF score
and post-PCI anxiety, depression symptoms. Receiver operating characteristic (ROC) curve analysis were performed to assess the value of
ACEF score for predicting post-PCI anxiety, depression, comorbid anxiety and depression symptoms and to determine its critical values.
Results: Of the sample, the number of patients who were diagnosed with post-PCI anxiety, depression and comorbid anxiety
and depression symptoms were 16 (7.2%), 33 (14.9%) and 37 (16.7%), which increased with the ACEF score quartiles. In
multivariate-adjusted logistic regression analysis, the odds ratios (ORs) of post-PCI anxiety, depression symptoms were 7.701
(1.613-36.766), 6.173 (1.608-28.028) for the lowest quartile of ACEF score compared with the highest quartile. Multivariate-
adjusted linear regression and smoothed curve fitting analysis demonstrated that post-PCI anxiety and depression scores
increased with higher ACEF scores, indicating a nonlinear positive correlation. The ROC curve showed that ACEF score
was a good predictor for post-PCI anxiety, depression and comorbid anxiety and depression symptoms.

Conclusion: Higher ACEF score is positively correlated with the prevalences of anxiety and depression symptoms after PCI in
hospital, suggesting that ACEF score can be a valid predictor of depression and anxiety symptoms.
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Introduction
Percutaneous coronary intervention (PCI), which involves placing stents or balloons in the closed or obstructed coronary
arteries, is a lifesaving treatment for patients with acute myocardial infarction. However, major adverse cardiovascular
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events, including mortality, myocardial reinfarction, and ischaemia-driven target vessel revascularization remain
problems.'

Traditional factors such as diabetes mellitus, hypertension disease, hyperlipidemia and smoking partially contribute to
poor prognosis. Furthermore, psychological factors such as depression and anxiety are well-established risk factors for
the occurrence of adverse events.” In 2008, the American Heart Association issued an advisory to screen patients with
coronary artery diseases for depression.” In particular, PCI patients who had undergone surgery were more likely to
experience depression and anxiety symptoms. After PCI, approximately 23.5-66.5% of patients develop anxiety®> and
20-30% develop depression.® The presence of depression and anxiety symptoms was associated with 2.70-fold and
2.56-fold increases in the risk of adverse events, respectively.® Hence, it is critical to identify individuals at risk of
depression and anxiety symptoms early and implement interventions in a timely manner. Currently, screening for post-
PCI depression and anxiety symptoms mainly relies on various assessment scales, given the subjective nature of
assessment scales, there was a need for more objective predictive indicators and models to be explored.

Ranucci et al were the first to develop the age, creatinine, and ejection fraction (ACEF) score, which is based on the
law of parsimony, to assess mortality risk in elective cardiac operations.” Despite having only 3 variables, the ACEF
score has comparable predictive power to complex scoring models.® The ACEF score has since been validated in
a variety of other clinical practices and populations. Lee et al’ reported that the ACEF was a good predictor of 1-year
post-PCI mortality in patients with acute myocardial infarction. However, researches of the ACEF score have been
restricted to the prognostic assessment of certain cardiac diseases. There have been no studies applying the ACEF score
to the prediction of post-PCI depression and anxiety symptoms. Previous studies have shown that age and left ventricular
ejection fraction were associated with post-PCI depressive and anxiety symptoms.'®'" Accordingly, we proposed the
hypothesis that ACEF score would have predictive value of post-PCI depression and anxiety symptoms.

Materials and Methods

Participants

In this cross-sectional study, we prospectively enrolled 265 consecutive patients between December 2023 and
April 2024 at the Department of Cardiology, the Fifth Affiliated Hospital of Xinjiang Medical University. Patients
aged 18 years or older who were diagnosed with acute coronary syndrome and underwent emergency or selective PCI
were included. The exclusion criteria were as follows: (1) had a history of depression disorders, anxiety disorders or
other mental illnesses, such as schizophrenia, obsessive-compulsive disorder, substance abuse or serious suicidal
tendencies; (2) disagreed with the Hospital Anxiety and Depression Scale (HADS); (3) were unable to communicate in
Mandarin; and (4) had incomplete demographic characteristics and clinical information. Informed consent was
obtained from each patient and the study protocol conforms to the ethical guidelines of the 1975 Declaration of
Helsinki as reflected in a priori approval by the Fifth Affiliated Hospital of Xinjiang Medical University ethics
committee (XYDWFYLSk-2024-52).

Measures

Demographics

The following data were collected through the medical records, including age, sex, marital status, educational level,
medical history, number of stents, culprit vessel, emergency or elective PCI, personal history of smoking, and post-
operative medications used for at least 1 week continuously: aspirin, clopidogrel, ticagrelor, statins, S receptor blockers,
angiotensin-converting enzyme inhibitors (ACEls), angiotensin receptor blockers (ARBs) and diuretics.

Laboratory Analyses

Peripheral venous blood samples were collected before PCI. The concentrations of serum creatinine were measured and
recorded. As for left ventricular ejection fraction, patients received a conventional 2-dimensional echocardiography
examination before revascularization. Echocardiography was performed and measurements included at least 3 consecu-
tive beats for patients with sinus rhythm. The modified biplane Simpson’s rule was applied to calculate.
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Depression and Anxiety

After PCI, patients were asked to complete the HADS before they were discharged. As a self-report questionnaire, the
HADS comprises two subscales (ie, the HADS-D and HADS-A), covering 14 items in total, and each subscale comprises
seven multiple-choice items, with a score ranging from 0 to 21 for both subscales. A cut-off score of >8 points on each
subscale is considered to indicate clinically relevant levels of depression and anxiety symptoms. The internal consistency
of the HADS has been demonstrated previously, with a Cronbach’s alpha of 0.83 for the anxiety subscale (HADS-A) and
0.82 for the depression subscale (HADS-D)."?

ACEF Score Calculation
The ACEF score was calculated: ACEF = age/left ventricle ejection fraction +1 (if creatinine was >2.0 mg/dL).”

Covariables
In this study, we controlled for variables that, according to previous studies, might bias the results: age, sex, diabetes
mellitus status, hypertension status and smoking status.

Statistical Analysis
SPSS (V.26.0) and R software (V.4.4.2) were used for the statistical analysis of the collected data. All tests for statistical
significance were two-sided, and P< 0.05 was considered to indicate statistical significance.

First, according to the normality of the distribution assessed by the Shapiro—Wilk test, continuous variables are
described as the mean + standard deviation (SD) or the median and interquartile range. Categorical variables are
described as frequencies (percentages). One-way analysis of variance (ANOVA) or the Kruskal-Wallis was used to
compare continuous variables and Pearson s chi-square test and Fisher s exact test was used to compare categorical
variables among groups, Benjamini—-Hochberg correction was used for multiple comparisons.

Second, multivariable logistic regression analyses were performed to assess the relationship between ACEF score
categorized into quartile groups and presence of anxiety, depression symptoms. Meanwhile, linear trend tests across quartiles
were examined using ordinal values in separate models. Linear regression analyses and smooth curves fitting (based on the
penalized spline method) were utilized to examine the relationships of ACEF score with anxiety, depression symptoms. The
models were adjusted for variables with P< 0.05 in the univariate analysis and conventional confounding factors.

Third, the discrimination of the ACEF score for post-PCI anxiety, depression, comorbid anxiety and depression
symptoms was assessed by receiver operating characteristic (ROC) curves.

Results

A total of 265 patients who underwent PCI were included in this study, and 43 of these patients were excluded, including
2 patients who could not communicate in Mandarin, 6 patients who refused to complete the HADS, 35 patients who were
discharged from the hospital before the investigation. After exclusions, 222 patients were included in the final analysis
(Figure 1). The sample included 183 (82.4%) males and 39 (17.6%) females, with an average age of 60.36+11.07 years.
Overall, 123 (55.4%) underwent emergency PCI within 24 hours of symptom onset, while the remaining 99 (44.6%)
patients received elective PCI. Only 3(1.4%) patients’ creatinine >2.0 mg/dL, 16 (7.2%) patients were diagnosed with
post-PCI anxiety symptoms, 33 (14.9%) patients were diagnosed with post-PCI depression symptoms and 37 (16.7%)
patients were diagnosed with post-PCI comorbid anxiety and depression symptoms.

Descriptive Analysis
Table 1 summarizes the demographic characteristics of participants in the four groups, all P value were adjusted by
Benjamini—-Hochberg correction. It showed statistical significance (all P< 0.05) among groups in oral aspirin, oral
diuretics, LVEF and ACEF score. There were no statistically significant differences in the remaining variables.

In Table 2, the patients were divided into four subgroups according to the quartiles of ACEF score at admission:
Quartile 1 (n = 56):0.515-0.923, Quartile 2 (n = 55): 0.923-1.116, Quartile 3 (n = 56): 1.116-1.259, Quartile 4 (n = 55):
1.259-3.160. After adjusted by Benjamini—Hochberg correction, age, sex, education levels, smoking, oral aspirin, oral
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Assessed for eligibility(n=265)

Excluded
-Failed to complete HADS (n=43)

Included study po

pulation(n=222)

-Could not communicate in mandarin(n=2)

‘Refused to participate(n=6)

‘Discharged before investigation(n=35)

Divided into four groups according to the
post-PCI anxiety, depression symptoms

Divided into four groups according to the
ACEEF score quartiles

Anxiety(n=16)

Comorbid anxiety

Depression(n=33) and depression(n=37)

Neither anxiety nor
depression(n=136)

Q1(n=56)

Q2(n=55) | | Q3(n=55) | | Q4(n=56)

Figure | Flow chart of the study.

s

Analysed

diuretics, LVEF, ACEF score among the patients with different quartiles were statistical significantly different (all P <

0.05). Other characteristics had no statistically significant differences according to the quartiles.

In addition, we compared the proportions of post-PCI anxiety, depression and comorbid anxiety and depression symptoms

among patients stratified by ACEF quartiles. The ratios of post-PCI anxiety, depression and comorbid anxiety and depression

Table | The Demographic Characteristics of Patients According to Anxiety and Depression Symptoms

Neither Anxiety Anxiety Depression Comorbid Anxiety P value®
Nor Depression and Depression
Number of patients N=136 N=16 N=33 N=37
Age, mean £SD 59.58+10.64 58311271 60.18+11.32 64.27+11.30 0.159
Female 16(11.8%) 4(25.0%) 9(27.3%) 10(27.0%) 0.121
Married 132(97.1%) 15(93.8%) 31(93.9%) 36(97.3%) 0.785
Education levels 0.302
llliterate 3(2.2%) 1(6.3%) 2(6.1%) 3(8.1%)
Primary 15(11.0%) 2(12.5%) 9(27.3%) 6(16.2%)
Junior 43(31.6%) 6(37.5%) 13(39.4%) 15(40.5%)
Senior 46(33.8%) 4(25.0%) 4(12.2%) 9(24.3%)
College 29(21.3%) 3(18.8%) 5(15.2%) 4(10.8%)
CAD risk factors
Hypertension 82(60.3%) 10(62.5%) 19(57.6%) 16(43.2%) 0.463
Diabetes mellitus 48(35.3%) 8(50.0%) 16(48.5%) 15(40.5%) 0.589
Smoking 83(61.0%) 11(68.8%) 17(51.5%) 20(54.1%) 0.692
(Continued)
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Table | (Continued).

Neither Anxiety Anxiety Depression Comorbid Anxiety P value®
Nor Depression and Depression
Number of patients N=136 N=16 N=33 N=37
Emergency PCI 66(48.5%) 9(56.3%) 23(68.7%) 25(67.6%) 0.611
Killip 0.113
| 80(58.8%) 6(37.5%) 18(54.5%) 18(48.6%)
I 42(30.9%) 8(50.0%) 7(21.2%) 7(18.9%)
n 8(5.9%) 1(6.3%) 6(18.2%) 9(24.3%)
\% 6(4.4%) 1(6.1%) 2(6.2%) 3(8.1%)
Culprit vessel 0.121
RCA 44(32.4%) 3(18.8%) 8(24.2%) 11(29.7%)
LAD 69(50.7%) 12(75.0%) 23(69.7%) 18(48.6%)
LCX 22(16.2%) 1(6.3%) 2(6.1%) 5(13.5%)
D 1(0.7%) 0(0.0%) 0(0.0%) 3(8.1%)
Number of stents 0.113
0 22(16.2%) 0(0.0%) 10(30.0%) 10(27.0%)
| 64(47.1%) 7(43.8%) 9(27.3%) 20(54.1%)
2 39(28.7%) 8(50.0%) 10(30.3%) 7(18.9%)
23 11(8.1%) 1(6.3%) 4(12.1%) 0(0.0%)
Medication
Aspirin 122(89.7%) 14(87.5%) 29(87.9%) 23(62.2%) 0.010
Clopidogrel 50(62.2%) 6(45.5%) 15(43.2%) 16(36.8%) 0.785
Ticagrelor 86(63.2%) 10(62.5%) 18(54.5%) 21(56.8%) 0.785
Diuretics 25(18.4%) 5(31.3%) 5(15.2%) 18(48.6%) 0.010
Statins 132(97.1%) 16(100.0%) 32(97.0%) 32(86.5%) 0.121
Beta-blockers 117(86.0%) 15(93.8%) 26(78.8%) 31(83.8%) 0.691
ACEIs/ARBs 97(70.6%) 11(68.8%) 19(57.6%) 24(64.9%) 0.691
Laboratory findings
Creatinine (mg/dL) 0.84(0.26) 0.76(0.28) 0.79(0.25) 0.87(0.55) 0.245
LVEF (%) 59(11) 54(14) 55(13) 50(15) 0.004
ACEF score 1.03(0.32) 1.13(0.55) 1.15(0.34) 1.25(0.36) 0.002

Notes: TP value was corrected for multiplicity by Benjamini-Hochberg.

Table 2 Baseline Characteristics of Post-PCl Patients in ACEF Quartiles

Variables ACEF Quartiles
Quartile | Quartile 2 Quartile 3 Quartile 4 P value T
(<0.923) (0.923-1.116) (1.116-1.259) (=1.259)

Number of patients 56(25.2%) 55(24.8%) 55(24.8%) 56(25.2%)
Age, mean £SD 48.63+6.96 58.93+7.277 65.20+£8.97 68.7518.72 0.003
Female gender 2(3.6%) 11(20.0%) 13(23.6%) 13(23.2%) 0.043
Married 53(94.6%) 55(100.0%) 51(92.7%) 55(98.2%) 0.271
Education levels 0.004

llliterate 0(0.0%) 0(0.0%) 5(9.1%) 4(7.1%)

Primary 5(8.9%) 5(9.1%) 11(20.0%) 11(19.6%)

Junior 9(16.1%) 20(36.4%) 22(40.0%) 26(46.4%)

Senior 21(37.5%) 19(34.5%) 13(23.6%) 10(17.9%)

College 21(37.5%) 11(20.0%) 4(7.3%) 5(8.9%)

(Continued)
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Table 2 (Continued).

Variables ACEF Quartiles
Quartile 1 Quartile 2 Quartile 3 Quartile 4 P value T
(<0.923) (0.923-1.116) (1.116-1.259) (=1.259)
CAD risk factors
Hypertension 34(60.7%) 35(63.6%) 28(50.9%) 30(53.6%) 0.580
Diabetes mellitus 20(35.7%) 20(36.4%) 23(41.8%) 24(42.9%) 0.826
Smoking 44(78.6%) 31(56.4%) 26(47.3%) 30(53.6%) 0.011
Emergency PCI 29(51.8%) 30(54.5%) 28(50.9%) 36(64.3%) 0.466
Killip 0.004
| 38(67.9%) 41(74.5%) 29(52.7%) 14(25.0%)
Il 12(21.4%) 14(25.5%) 20(36.4%) 18(32.1%)
11l 3(5.4%) 0(0.0%) 6(10.9%) 15(26.8%)
v 3(5.4%) 0(0.0%) 0(0.0%) 9(16.1%)
Culprit vessel 0.373
RCA 14(25.0%) 16(29.1%) 23(41.8%) 13(23.2%)
LAD 33(58.9%) 31(56.4%) 22(40.0%) 36(64.3%)
LCX 8(14.3%) 7(12.7%) 10(18.2%) 5(8.9%)
D 1(1.8%) 1(1.8%) 0(0.0%) 2(3.6%)
Number of stents 0.580
0 11(19.6%) 6(10.9%) 10(18.2%) 15(26.8%)
| 25(44.6%) 26(47.3%) 28(50.9%) 21(37.5%)
2 17(30.4%) 16(29.1%) 14(25.5%) 17(30.4%)
23 3(5.4%) 7(12.7%) 3(5.5%) 3(5.4%)
Medication
Aspirin 53(94.6%) 51(92.7%) 44(80.0%) 40(71.4%) 0.006
Clopidogrel 17(30.4%) 16(29.1%) 29(52.7%) 25(44.6%) 0.064
Ticagrelor 39(69.6%) 39(70.9%) 26(47.3%) 31(55.4%) 0.054
Diuretics 6(10.7%) 1(1.8%) 15(27.3%) 31(55.4%) 0.004
Statins 55(98.2%) 52(94.5%) 53(96.4%) 52(92.9%) 0.624
Beta-blockers 49(87.5%) 46(83.6%) 43(78.2%) 51(91.1%) 0.373
ACEI /ARB 41(73.2%) 33(60.0%) 35(63.6%) 41(73.2%) 0.438
Laboratory findings
Creatinine (mg/dL) 0.84(0.24) 0.83(0.26) 0.80(0.28) 0.87(0.47) 0.248
LVEF (%) 60.00(6.00) 58.00(9.00) 56.00(11.00) 45.00(11.00) 0.002
ACEF score 0.82(0.10) 1.02(0.08) 1.18(0.07) 1.5(0.29) 0.002

Notes: TP value was corrected for multiplicity by Benjamini-Hochberg.

symptoms increased with ascending quartiles of ACEF score (P 1, geng <0.001). The numbers of patients with post-PCI
anxiety symptoms were 2(3.6%) in Q1, 3(5.5%) in Q2, 5(9.1%) in Q3 and 6(10.7%) in Q4. Numbers of patients with post-
PCI depression symptoms were 6(10.7%) in Q1, 8(14.5%) in Q2, 8(14.5%) in Q3 and 11 (19.6%) in Q4. Post-PCI comorbid
anxiety and depression symptoms were 4(7.1%) in Q1, 3(5.5%) in Q2, 8(14.5%) in Q3 and 22 (39.3%) in Q4 (Figure 2).

Logistic Regression Between ACEF Score Levels and Post-PCl Anxiety, Depression
Symptoms

As shown in Table 3, elevated ACEF score levels were dose-dependently associated with higher risks of post-PCI anxiety
and depression symptoms across progressively adjusted models. In the fully adjusted Model 3, patients in the highest
ACEF quartile (Q4) had 7.7-fold increased odds of anxiety symptoms (OR = 7.70; 95% CI: 1.61-36.77) and 6.2-fold
increased odds of depression symptoms (OR = 6.17; 95% CI: 1.61-28.03) compared to the lowest quartile (Q1).
Statistically significant positive trends were observed for both outcomes (P for treng < 0.008 for anxiety symptoms and
<0.009 for depression symptoms).
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P for trend< 0.001

90.00%

78.60%

80.00% 74.50%

14.50%
3.60% - 7.10% 5.50% . 5.50% I
Ql Q2

70.00%
60.00%

50.00%
39.30%
40.00%
30.40%

30.00%
19.60%

10.70%
Q4

Comorbid anxiety and depression symptoms M Neither anxiety nor depression symptoms

20.00%
10.70%

10.00%
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14.50% 14.50%
9.10% .
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H Depression symptoms

0.00%

B Anxiety symtoms

Figure 2 The proportion of post-PCl anxiety, depression and comorbid anxiety and depression symptoms for the quartiles of ACEF score.

Linear Regression Between ACEF Score and Post-PCl Anxiety, Depression Score
In Table 4, higher ACEF scores were statistically significant associated with increased anxiety score and depression score
after PCI. In fully adjusted models (Model 3), each 1-unit elevation in the ACEF score corresponded to a 3.50-point
increase in anxiety score (95% CI: 1.36-5.64; P = 0.001) and a 3.45-point increase in depression score (95% CI:
0.93-5.99; P = 0.008). These associations remained statistically robust across progressively adjusted models, indicating
a linear relationship between ACEF score and psychological symptom burden.

From a non-linear perspective, the positive correlations between ACEF score and anxiety score and depression score
were further corroborated by smooth curve fitting (based on the penalized spline method) (Figure 3).

Table 3 Multivariate Adjusted Odds Ratios for the Association Between ACEF Levels and Post-PCl Anxiety and
Depression Symptoms

Variable Quartiles of ACEF Score
Ql Q2 Q3 Q4 P tor trend ©
Median 0.815 1.017 1.185 1.500
Anxiety symptoms
Unadjusted 1.00(Reference) | 1.379(0.471-3.979) | 2.167(0.791-5.931) 5.250(2.025-13.609) < 0.001
Model 1* 1.00(Reference) | 1.716(0.523-5.624) | 3.787(1.089-13.173) | 11.556(3.056—43.702) < 0.001
Model 2° 1.00(Reference) | 1.761(0.514-6.035) | 2.861(0.768—10.681) | 8.166(1.758-37.931) 0.005
Model 3¢ 1.00(Reference) | 1.743(0.507-5.990) | 2.775(0.730-10.549) | 7.701(1.613-36.766) 0.008
Depression symptoms
Unadjusted 1.00(Reference) | 1.616(0.627—4.164) | 3.225(1.315-7.909) | 4.862(2.007-11.781) < 0.001
Model | 1.00(Reference) | 1.947(0.682-5.558) | 4.524(1.477-13.857) | 9.870(2.922-33.343) < 0.001
Model 2¢ 1.00(Reference) | 1.983(0.655-6.006) | 3.789(1.143-12.563) | 7.511(1.845-30.582) 0.005
Model 3 1.00(Reference) | 1.967(0.644—6.006) | 3.591(1.055-12.222) | 6.173(1.608-28.028) 0.009

Notes: *Model I: adjusted for age, sex. ®Model 2: adjusted for covariates from Model | and further adjusted for variables with P < 0.05 in univariate
analysis (Education level, Killip, Aspirin, Diuretics and Depression symptoms). “Model 3: adjusted for covariates from Model 2 and further adjusted for
conventional confounding factors (Smoking, Hypertension, Diabetes mellitus). 9Model 2: adjusted for covariates from Model | and further adjusted for
variables with P < 0.05 in univariate analysis (Education level, Killip, Aspirin, Diuretics and Anxiety symptoms). “Test for trend based on variable
containing median value for each quartile.
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Table 4 Multivariate Linear Analysis for the Association Among ACEF
Score and Post-PCl Anxiety, Depression Score

ACEF Score Anxiety Score Depression Score

£ (95% CI) P £ (95% CI) P
Unadjusted 3.351(2.0004.702) | <0.001 | 4.018(2.437-5.600) | < 0.00I
Model 1? 4.717(2.966—6.469) | < 0.001 | 5.097(3.035-7.158) | < 0.001
Model 2° 3.647(1.539-5.755) | <0.001 | 3.601(l.113-6.089) | 0.005
Model 3¢ 3.503(1.364-5.641) | 0.001 3.452(0.926-5.987) | 0.008

Notes: *Model |: adjusted for age, sex. "Model 2: adjusted for covariates from Model | and
further adjusted for variables with P < 0.05 in univariate analysis (Education level, Killip, Aspirin
and Diuretics). “Model 3: adjusted for covariates from Model 2 and further adjusted for conven-
tional confounding factors (Smoking, Hypertension, Diabetes mellitus).

ROC Curve of ACEF Score in Predicting Post-PCl Anxiety, Depression and Comorbid

Anxiety and Depression Symptoms

The ROC curve analysis demonstrated that ACEF score presented ideal accuracy as predictors of in-hospital post-PCI
anxiety, depression and comorbid anxiety and depression symptoms (Figure 4). For anxiety symptoms, the AUC of
ACEF score was 0.666 (95% CI: 0.578-0.753, P < 0.001). For depression symptoms, the AUC of ACEF score was
0.662, (95% CI: 0.584-0.740, P < 0.001) and for comorbid anxiety and depression symptoms, it was 0.701 (95% CI:
0.608-0.794, P < 0.001) (Table 5).

Discussion

This work, originally reporting on the association between ACEF score and post-PCI anxiety and depression symptoms,
has the following findings: a) the incidences of post-PCI anxiety, depression and comorbid anxiety and depression
symptoms were 16 (7.2%), 33 (14.9%) and 37 (16.7%); b) higher levels of ACEF score were significantly related to post-
PCI anxiety and depression symptoms even adjusting for potential confounders; ¢) ACEF score has an ideal accuracy in
predicting the anxiety and depression symptoms of patients after PCI.

Our study revealed that the ACEF score could predict the occurrence of anxiety and depression symptoms.
Previously, the ACEF score was mainly used for risk assessment in cardiac patients. To our knowledge, this is the
first study to explore the associations between ACEF scores and the risk of experiencing post-PCI anxiety and depression
symptoms.

The underlying mechanism between the ACEF score and post-PCI depression and anxiety symptoms might involve
the following aspects. First, regarding age, in our study, the participants in the anxiety, depression and comorbid anxiety
and depression symptoms groups were older, and this age-related vulnerability to depression and anxiety might be
explained by dysfunction of the hypothalamic—pituitary—adrenal (HPA) axis. The HPA axis is an essential modulator of
endocrine and behavioural responses to stress. Thus, malfunction of the HPA axis, mainly characterized by the abnormal
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Figure 3 The fitted smooth curve between ACEF score, anxiety score and depression score.

1838 s Neuropsychiatric Disease and Treatment 2025:21



Zhou et al

Anxiety symptoms Depression symptoms

& B
. B
= <]
w -
g Z
2 @
w 7]
00 02 04 06 08 10 00 02 04 06 0s 10
1 - specificity 1 - specificity
Comorbid anxiety and depression symptoms

08

06
£
3
=1 —
@
w

0.4 |

‘\
02 c
0o
oo 02 04 0.6 08 10

1 - specificity

Figure 4 ROC curves for post-PCl anxiety, depression and comorbid anxiety and depression symptoms.

secretion of glucocorticoids (GCs), could lead to the development of a variety of stress-dependent and age-related

diseases. With ageing, the amplitude of the diurnal rhythmic activity of the HPA axis dampens,'*'*

and evening and
night cortisol (CORT) secretion might increase in humans and primates.'*'> The activities of the HPA axis both under
basal conditions and in response to stress exposure are dependent on circadian rhythms.16 Thus, numerous publications
have demonstrated that circadian dysregulation increases the risk of various ageing-related diseases, especially anxiety,
depression and cardiovascular diseases.'>"'”'® The research by Goncharova et al'® used young adult and aged female

rhesus monkeys as models to characterize the HPA axis in response to acute stress exposure under chronic constant light
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Table 5 Characteristics of ROC Curve

AUC P 95% CI Cut-Off Value | Sensitivity | Specificity
Anxiety symptoms 0.666 | <0.001 | 0.578-0.753 1.229 52.8% 77.5%
Depression symptoms 0.662 | <0.001 | 0.584-0.740 1.102 71.4% 57.9%
Comorbid anxiety and depression symptoms | 0.701 | < 0.001 | 0.608-0.794 1.124 78.4% 56.8%

Abbreviations: AUC, area under curve; Max, maximum.

conditions, and a significant decrease in the increase in CORT levels in response to acute stress exposure was observed,
with an age-dependent mechanism. In addition, CORT levels were also associated with cardiovascular risk. Degroote

et al?*

reported that reductions in total daytime CORT production independently predict increased cardiovascular risk, as
evidenced by increased levels of biomarkers of atherothrombotic risk. Therefore, in light of the above mechanisms and
experiments, it could be speculated that older patients with coronary artery diseases are more likely to have mental
disorders.

Second, the relationships between creatinine and depression and anxiety are controversial. Previous studies have
confirmed that depression and anxiety are linked to metabolic abnormalities of peripheral body systems, such as lipid,
fatty acid and fluid balance abnormalities.>’** Bernhardsen et al*> reported on prospective data from the Finnish
Depression and Metabolic Syndrome in Adults (FDMSA) Study comparing serum metabolic biomarkers in depression
and control groups and revealed that creatinine was positively correlated with subsequent depression symptoms. The
West China Health and Ageing Trend (WCHAT) study, a large multiethnic sample, divided participants into four groups
according to comorbid anxiety and depression, anxiety only, depression only and neither, and significantly differed in
creatinine compared with the healthy group.* A meta-analysis of 23 distinctly distributed metabolites from 46 studies in
individuals with major depressive disorder (MDD) and controls suggested that MDD patients had lower creatinine
levels.”> Rather, another study based on data from the Korea National Health and Nutrition Examination Survey
demonstrated that creatinine levels were greater in females in the depression group.’® However, in other metabolomic
profile studies, no associations existed,”’*® which is in accordance with this study. In our study, the creatinine component
was rarely triggered (>2.0 mg/dL in only 1.4%), making it a non-contributing factor in most cases. We further added
a linear regression analysis comparing the performance of the full ACEF score versus a modified score excluding
creatinine. In the fully adjusted model, modified ACEF score outperformed the full ACEF score (Supplement 2). But its
inclusion in ACEF retains clinical relevance for following reasons: Even subthreshold creatinine values may reflect early
renal dysfunction, which synergizes with age and LVEF to amplify cardiovascular risk. In populations with higher renal
impairment prevalence (eg, advanced heart failure), creatinine’s contribution to ACEF may be more pronounced. Future
validation in cohorts with broader renal function profiles to dissect the relative contributions of ACEF components was
needed.

Third, in terms of LVEF, Van Melle et al'' assessed 1989 patients from the Myocardial Infarction and Depression-
Intervention Trial (MIND-IT) and demonstrated that there was a significant relationship between LV dysfunction and
depression symptoms, both during hospitalization and at 3, 6, 9, and 12 months of follow-up in post-MI patients (ie, the

1?° enrolled 896 patients and

lower the LVEF was, the greater the proportion of depression symptoms). Frasure-Smith et a
dichotomized the LVEF with a cut-off of 35%, showing a marked association between LVEF and depression scores.
A meta-analysis of 10,175 MI patients reached the same conclusion, but such a correlation existed only in male
patients.’® However, in contrast to the above large-sample studies, statistically significant differences were observed
among the 222 patients in this study, which might be explained by the fact that the study explored the state of depression
and anxiety symptoms during hospitalization and that the patients might still be in a state of acute stress.

Overall, it is reasonable to believe that the ACEF score is a reliable predictor of anxiety and depression symptoms
after PCI. Previously there have also been composite objective parameters to predict post-PCI depression and anxiety
symptoms. Li et al based on the theory that the inflammatory system was a potential pathological mechanism for the
development of depression symptoms, they found that NLR index might be useful inflammatory markers to predict post-

PCI depressive symptoms at 1 month (AUC: 0.716, 95% CI: 0.641-0.791).>" Recently, a nomogram based on the
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2005-2018 National Health and Nutrition Examination Surveys (NHANES) database was constructed to accurately and
objectively predict post-PCI depression, the simplified model variables including age, smoking, poverty to income ratio,
and insomnia (AUC: 0.772,95% CI: 0.732-0.812).** Another nomogram predicting the occurrence of post-PCI depres-
sion in acute coronary syndrome patients included female, hypertension history, Gensini score, neutrophil to lymphocyte
ratio > 3.24, palate to lymphocyte ratio > 147.74 (AUC: 0.881,95% CI: 0.824-0.938).** The ACEF score in present study
was as accurate a predictor of post-PCI anxiety and depression symptoms as the predictive models described above, with
an AUC and 0.666 (95% CI: 0.578-0.753) and 0.662 (95% CI: 0.584—0.740), respectively. And, after multivariable
adjusting, individuals in the highest quartile of ACEF score had a 7.701-fold and 6.173-fold higher risk of post-PCI
anxiety and depression than those with the lowest quartile.

What’s more, although we have excluded patients who had a history of depression disorders, anxiety disorders or
other mental illnesses, it is important to note that anxiety and depression symptoms may have existed prior to PCI in
some patients. Given the well-established association between psychological disorders and cardiovascular risk, pre-
existing anxiety and depression may exacerbate cardiovascular damage through multiple pathophysiological pathways
(eg, chronic inflammation, autonomic dysfunction, or endothelial dysfunction), thereby influencing components of the
ACEF score (such as age-related HPA axis dysregulation, abnormal creatinine metabolism, or reduced left ventricular
function). Thus, these psychological conditions could act both as triggers for cardiovascular diseases and as contributing
factors to elevated ACEF scores, forming a bidirectional association with postoperative psychological symptoms. Future
studies should systematically assess patients’ psychological status at baseline to further clarify the interplay between pre-
procedural anxiety/depression and the ACEF score.

Clinical Implications

The ACEF score, derived from routinely collected clinical parameters (age, creatinine, and ejection fraction), offers
a pragmatic advantage over dedicated psychological screening tools like HADS. Specifically, ACEF does not require
additional patient-reported data or dedicated staff time, making it inherently scalable in resource-constrained settings.
Clinicians could leverage this score to flag high-risk patients for targeted mental health assessments, particularly in
populations where formal anxiety/depression screening is underutilized.

Limitations

This study has several limitations. First, this is a heterogenous population with a relatively small cohort of patients. The
heterogeneity reflects real-world clinical diversity, as our study aimed to capture a broad spectrum of patients undergoing
PCI in routine practice. This approach enhances ecological validity but may introduce variability. Larger, multicenter
validation studies were needed. And our study included a predominantly male cohort (82.4%), with only 17.6% female
participants. This imbalance limits the statistical power to detect meaningful gender differences in outcomes. Future
studies with balanced gender representation are needed to explore potential sex-specific associations between ACEF
scores and psychological morbidity.

Second, in this study, ACEF score was only used to predict post-PCI anxiety and depression status during
hospitalization, given that anxiety and depression are considered state indicators and may change over time and
conditions. Future studies incorporating serial assessments at 1-month, 6-month and 1-year intervals are needed to
evaluate whether ACEF scores predict sustained psychological morbidity or serve as dynamic markers of mental health
trajectories.

Third, we included all comers who underwent PCI, whereas psychological preparation might be different for patients
undergoing emergency vs elective PCIL. In our study, emergency PCI patients exhibited higher anxiety scores, and
statistically significant was observed. While depression scores were numerically higher in acute PCI patients, the
difference between the two groups did not reach statistical significance, which may be attributed to factors such as the
time window of assessment, measurement tools and sample size limitations (Supplement 1).

Finally, the use of the Hospital Anxiety and Depression Scale (HADS) to assess anxiety and depressive symptoms.
Although HADS is widely adopted in clinical practice, the validity of its two-factor structure remains controversial,
which may compromise the independent distinction between anxiety and depression symptoms. Future research could
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employ multidimensional psychological assessment tools (eg, PHQ-9 and GAD-7, or combined clinical interviews) to
further validate the current findings and enhance the robustness of the results. Additionally, exploring the consistency of
associations between ACEF scores and psychological symptoms across different scales would help clarify the general-
izability of its predictive value.

Conclusion
ACEF, a simple and objective score, can be a valid predictor of anxiety and depression symptoms during hospitalization
after PCI, and higher ACEF score is positively correlated with the prevalences of depression and anxiety symptoms.
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