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Background: Depression is ubiquitous in patients with coronary artery disease (CAD).
The relationship between depression and hemoglobin A1c (HbA1c) is controversial. The
combined effect of high HbA1c and depression on prognosis is unclear, especially in
non-diabetic CAD patients. We sought to explore these associations.

Methods: 558 CAD patients were included in this prospective study. Patients were
grouped by HbA1c levels and the status of clinical depression. The average follow-up
period was about 2.2 years, and Cox proportional hazards models were used to compare
the differences of prognosis in all the groups.

Results: Clinical depression had no associations with HbA1c in all CAD patients (P
for Pearson correlation = 0.74). In the all four groups, compared to group 1 (patients
without clinical depression and low HbA1c), group 3 (without clinical depression and high
HbA1c) had a higher risk of MACE (adjusted hazard ratio [aHR], 1.97; 95% confidence
interval [Cl], 1.2-3.25) and composite events (aHR, 1.67; 95% ClI, 1.09-2.053). Group
4 (patients with clinical depression and high HbA1c) had higher HRs for MACE (aHR,
2.9; 95%Cl, 1.32-6.38) and composite events (aHR, 2.12; 95% ClI, 1.06-4.25). In CAD
patients without diabetes, patients with clinical depression and high HbA1c had a higher
risk of MACE (HR, 2.71; 95% ClI, 1.02-7.19), non-cardiac readmission (HR,3.48; 95%
Cl, 1.26-9.57) and composite events (HR,2.44; 95% Cl, 1.08-5.53) than those with no
clinical depression and low HbA1c. In patients with comorbidities of depression and
diabetes, patients with depression and high HbA1c more likely to experienced non-
cardiac readmissions (HR, 4.49; 95% ClI, 1.31-15.38) than patients with no depression
and low HbA1c only. In all the above analysis, p-values for interaction between clinical
depression and HbA1c were not statistically significant.

Conclusions: The presence of both depression and high HbA1c lead to a worse
prognosis in CAD patients than one risk factor alone, no matter with or without the
comorbidity of diabetes in these CAD patients. For patients with CAD and depression,
lower HbA1c may be required.
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INTRODUCTION

Coronary artery disease (CAD) is one of the major forms
of cardiovascular diseases. It is well known that CAD is
prevalent worldwide and has become a primary health concern
in the general population over the past several decades (1).
Depression is a prevalent mood disorder in patients with
CAD. And numerous studies suggest that depression is highly
correlated with the onset, development of CAD and means more
cardiovascular morbidities and mortalities in CAD individuals
(2-8). The prevalence of the comorbidity of depression and CAD
in hospitalized patients have even reached 51% in China (9). In
recent years, depression and glucose metabolism in CAD patients
have received increasing and widespread attention (10-15).

HbAlc, a biomarker reflecting blood glucose status over
the preceding 2-3 months, is considered the vital standard for
predicting microvascular disease and atherosclerosis (16, 17).
Previous studies have also shown that elevated HbAlc levels
probably lead to dyslipidemia, hypercoagulability, and system
inflammatory response which are well-established predictors of
future mortality and cardiac events (18-22). And a positive
association between elevated baseline HbAlc level and poor
outcomes in CAD patients with and without diabetes has been
reported (23-26).

HbAlc, a biomarker reflecting blood glucose status over
the preceding 2-3 months, is considered the vital standard
for predicting microvascular disease and atherosclerosis (8, 9).
HbAlc is believed to be a risk factor of all-cause mortality and
cardiac events (10-12). Previous studies have shown that elevated
HbAlc levels probably lead to dyslipidemia, hypercoagulability,
and system inflammatory response which are well-established
predictors of future mortality (13, 14). And elevated baseline
HbA1lc level has a positive association with poor outcomes in
CAD patients with and without diabetes (15-18).

Numerous studies have shown a significant correlation
between depression and HbAlc (27-30). While several
researchers found no correlations between depression and
HbA1c (31, 32). Previous studies have focused on the association
of HbAlc as well as depression and some debates existed, and
only separate prognostic effect of depression and HbAlc was
explored (20, 27, 28, 33). No investigators have yet explored the
co-effects of depression and HbAlc levels to poor prognosis,
especially about non-cardiac readmissions, in CAD patients. Our
study aims to answer these questions.

METHODS
Study Design and Participants

This is a prospective study conducted in Guangdong Provincial
People’s Hospital, Guangzhou, China to investigate the
association between depression, HbAlc, and poor prognosis in
CAD patients. 558 patients with CAD (at least one epicardial

Abbreviations: CAD, coronary artery disease; HbAlc, hemoglobin Alg;
aHR, adjusted hazard ratio; CI, confidence interval; MACE, Major Adverse
Cardiovascular Events; PHQ-9, Patient Health Questionnaire-9; CCR, creatinine
clearance; HDLC, High-Density Lipoprotein Cholesterol.

coronary artery stenosis >50% by coronary angiography surgery)
from October 2017 to January 2018 were included in the analysis.
Our psycho-cardiologist explained the psychiatric scale to all
the patient one day before the coronary angiography and helped
those with impaired vision or poor reading ability to complete
the scales. We excluded those who did not complete the Patient
Health Questionnaire-9. Those with missing HbAlc data and
other cardiac severe comorbidities were also excluded. The study
was approved by the Medical Ethics Committee of Guangdong
Provincial People’s Hospital. Written informed consent was
obtained from all participants. Details about recruitment and
excluded methods have been declared in our previous article (11).

Follow-Up

All patients were followed up yearly by telephone or in-
person for a total of 29 months. The average follow-up time
was 26.3 £ 0.9 months. Major Adverse Cardiovascular Events
(MACE) was defined as cardiac death, unplanned secondary
revascularization, cardiac rehospitalization, non-fatal myocardial
infarction and stroke. The composite endpoint included all-
causes mortality, readmission for any reason and all kinds
of MACEs. Readmissions were divided into cardiac and non-
cardiac readmissions.

Questionnaire and Other Data

Patient Health Questionnaire-9 (PHQ-9) was widely used to
assess depression and the Chinese version of PHQ-9 has been
validated in Chinese cardiac patients (34). The respondents were
asked 9 questions about specific symptoms, assigning values of
0 to 3 points (0-not at all, 1-several days, 2-more than half of
the days, 3-nearly every day) with the higher score on each item
representing more frequently being bothered by the symptom in
the last 2 weeks. PHQ-9 has been demonstrated to be a reliable
predictor of depression and getting a score > 5 means having
depression (35). The cut-off score of 10 or more was used to
determine clinical depression, which was showed to have 89%
sensitivity and 89% specificity (6).

HbAlc was used to evaluate each participant’s condition
of diabetes control. The Cockcroft-Gault formula was used to
calculate the creatinine clearance (CCR) through the serum
creatinine tested at admission (36). The socio-demographic
characteristics included age, gender, education, economic
situation, smoking status, marital status as well as clinical data
like diabetes medication, family medical history, hypertension,
and relevant laboratory indicators were collected.

Groupings

The HbA1lc levels were assessed by comparing with the median
value of the HbAlc value in the corresponding crowd. All of
the 558 patients were divided into four groups according to the
depression and HbA1c level. Patients without clinical depression
and low HbAlc were defined as group 1, patients with clinical
depression and low HbAlc were defined as group 2. Group
3 included participates without clinical depression and high
HbAlc, and those with clinical depression and high HbAlc were
defined as group 4.
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Patients without clinical depression and low HbAlc were
re-defined as groupl’ and group 1” in the non-diabetes and
diabetes subgroup analysis, respectively. Similarly, patients with
clinical depression and high HbAlc were divided into group3’
and group3”. Others were divided into group2’ and group2”.

Statistical Analyses
The data was described in the form of mean =+ SD,
median (interquartile range), or number and percentage when
appropriate. One-way analyses of variance and Kruskal-Wallis
rank-sum tests were used to analyze continuous variables. When
analyzing categorical data, we used the Pearson chi-squared test.

Pearson correlation was used to examine the association
between clinical depression and HbAlc. Cox proportional
hazards regression models were used to evaluate the influence
of the groups with depression and HbAlc level on MACE and
composite events in CAD patients. We compared the baseline
data first and put the variables with a baseline difference level
of <0.05 in the univariate Cox regression analysis. Variables
with a significance level of 0.05 in the univariate Cox regression
analysis [MACE: p for High-Density Lipoprotein Cholesterol
(HDLC) = 0.044; Composite endpoint: p for CCR = 0.042;
p for sex = 0.035; Non-cardiac readmissions: p for sex =
0.005; p for taking furosemide = 0.016; p for CCR<0.001]
were included in the final multivariate Cox regression. Other
variables which were considered to be most closely associated
to endpoint events, such as age, severity of coronary artery
stenosis and diabetes were also regarded as necessary adjustment
variables in the multivariate Cox regression. We adjusted sex, age,
severity of coronary artery stenosis, diabetes and HDLC in the
final multivariate MACE Cox regression. We adjusted sex, age,
severity of coronary artery stenosis, diabetes and CCR in the final
multivariate composite endpoint Cox regression. And in the final
multivariate non-cardiac readmissions Cox regression, sex, age,
severity of coronary artery stenosis, diabetes, taking furosemide,
and CCR were adjusted.

P for interaction of depression and HbAlc for the outcomes
were examined in all the Cox regressions. The level of significance
was set at p < 0.05. Data was analyzed using SPSS version 25.

RESULTS

Baseline Characteristics

The baseline of clinical characteristics of 558 CAD patients
included in this analysis was shown in Table 1. The mean age of
the participants was 63.7 &= 10.1 years, 430 (77.1%) were male. 440
(78.9%) and 118 (21.1%) were diagnosed with angina pectoris,
myocardial infarction, respectively. A total of 340 (60.9%) had
hypertension, and 195 (34.9%) were diagnosed with diabetes. 210
(37.6%) individuals had mild to severe depression. 62 participates
(11.1%) were diagnosed with clinical depression. There were
290 patients with the HbAlc values below the median level
(HbA1c<6.2%). All patients were divided into four groups: group
1 (no clinical depression and HbAlc < 6.2, n = 258), group
2 (with clinical depression and HbA1c<6.2, n = 32), group 3
(no clinical depression and HbAlc>6.2, n = 238), group 4 (with
clinical depression and HbAlc>6.2, n = 30). No association was

found between HbAlc and clinical depression (P for Pearson
correlation was 0.74).

Main Outcomes

During a mean follow-up of approximately 26.3 months, 151
(27.1%) and 105 (18.8%) experienced composite endpoint event
and MACE, respectively. 66 (11.8%) experienced a non-cardiac
readmission. In the Cox analysis, we found that group 4 had
a higher risk of MACE (Figure 1A; P = 0.012; HR, 2.47;
95%CI, 1.22-4.97) and the composite events (Figure 1B; P
= 0.041; HR, 1.92; 95% CI, 1.03-358) than group 1. P for
interaction between depression and HbA1lc for MACE was 0.34.
P for interaction between depression and HbAlc for composite
events was 0.15. After multi-variable adjustment, we found
group 4 remained at higher risk for MACE (Figure 2A; P =
0.008; HR, 2.90; 95%CI, 1.32-6.38) and the composite events
(Figure 2B; P = 0.035; HR, 2.12; 95% CI, 1.06-4.25) than group
1. Moreover, group 3 had a higher risk of MACE (Figure 2A;
P = 0.008; HR, 1.97; 95% CI, 1.20-3.25) and composite events
(Figure 2B; P = 0.02; HR, 1.67; 95% CI, 1.09-2.53) than group
1 in the multivariate adjusted model, too. While no significant
differences were found in all the four groups for non-cardiac
readmission (Supplementary Figure 1).

Subgroup Analyses
We performed the subgroup analyses to explore whether similar
findings existed in CAD patients with or without diabetes.

In the all 363 CAD patients without diabetes, 67 (18.5%)
experienced MACE and 96 (26.4%) experienced composite
events. We re-divided these 363 people into high (>5.9%) and
low (<5.9%) HbAlc groups according to the median of HbAlc.
These non-diabetic patients were re-grouped into three groups
according to the depression and HbAlc level—149 patients
without clinical depression and low HbA1c (groupl’), 15 patients
with clinical depression and high HbAlc (group3’), the residual
other patients were defined as group2’. The same conclusion
remained, group3’ still had a high risk of composite events
(Figure 3A; P = 0.045; HR, 2.71; 95% CI, 1.02-7.19) and
MACE (Figure 3B; P = 0.033; HR, 2.44; 95% CI, 1.08-5.53)
than group 1. Whats more, group3’ had a higher risk of non-
cardiac readmission, too (Figure 4; P = 0.016; HR, 3.48; 95% CI,
1.26-9.57). P for interactions between depression and HbAlc in
all the above Cox regression models were<0.05 (MACE: 0.67;
Composite events: 0.96; Non-cardiac readmission: 0.41).

There were 195 patients with the comorbidity of CAD and
diabetes. 38 (19.5%), 55 (28.2%) and 23 (11.8%) experienced
MACE, composite events and non-cardiac readmissions,
respectively. In these 195 patients, low and high HbAlc groups
were defined as HbAlc less than the 50th percentile (7.7%)
and HbAlc >7.7%, respectively. 77 patients without clinical
depression and low HbA1lc was defined as groupl”. 11 patients
with clinical depression and high HbAlc were divided into
group3”, and others were included in the group2”. Something
different was found, group3” had a high risk of non-cardiac
readmissions (Figure5; P = 0.017; HR, 4.49; 95% CI, 1.31-
15.38) than groupl” only. P for interaction between depression
and HbAlc for non-cardiac readmission was 0.88. While no
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TABLE 1 | Baseline characteristic of all CAD patients grouped by clinical depression and HbA1c level.

Varites Overall Groupings

(n = 558) Group1 (n = 258) Group2 (n = 32) Group3 (n = 238) Group4 (n = 30) P
Demographic
Age, year 63.7 + 10.1 63.6 £ 10.3 64.1 +£9.8 63.8+1.0 64.4 £10.9 0.97
Male,n (%) 430 (77.1) 212 (82.2) 21 (65.6) 175 (73.5) 22 (73.9) 0.044
BMI,kg/m? 24.5 + 3.1 243+29 23.8 + 3.6 24.7 £ 3.0 24.8 £3.9 0.21
Education,n (<6 years/6-9 153/154/118/124 64/76/56/58 13/7/3/7 63/65/52/56 13/6/7/3 0.24
years/10-12 years/>12 years)
Marriage,n
Married/Divorced or Widowed or 525/33 248/10 27/5 223/15 27/3. 0.078
Single
Medication
B-blockers,n (%) 486 (87.1) 218 (84.5) 27 (84.4) 214 (89.9) 27 (90.0) 0.29
CCB,n (%) 130 (23.3) 61 (23.6) 9(28.1) 52 (21.8) 8(26.7) 0.82
Taking furosemide, n (%) 67 (12.0) 17 (6.6) 4(12.5) 39 (16.4) 7 (23.3) 0.002
Medical history
Diabetes mellitus,n (%) 195 (34.9) 16 (6.2) 1(3.1) 155 (65.1) 23 (76.7) <0.001
Hypertension,n (%) 340 (60.9) 146 (56.6) 20 (62.5) 152 (63.9) 22 (73.9) 0.18
Family history of Diabetes, n (%) 91 (16.9) 23 (8.9) 4 (12.5) 58 (24.4) 6 (20.0) <0.001
Family history of CAD,n (%) 97 (17.4) 37 (14.4) 4 (12.5) 47 (19.7) 9(30.0) 0.092
Family history of Hypertesion, n 173 (31.0) 75(29.1) 10 (31.9) 76 (31.9) 12 (40.0) 0.64
(%)
Laboratory and technical test
Severity of coronary artery 108/112/338 64/54/140 8/10/14 35/43/160 1/5/24. 0.002
stenosis,n (1/2/3)
CCR,ml/min/1.73 m2 63.1(50.9,77.4) 64.1 (563.5,78.9) 52.5 (45.1,69.0) 63.3 (48.6,77.8) 56.4 (43.5,79.8) 0.012
LDLC,mmol/L 29409 29409 2.7+0.7 29+09 31+12 0.54
TC,mmol/L 4.2 (3.5,5.0 4.2(3.5,5.0 4.2 (3.3,4.9) 4.3(3.5,5.0) 4.0(3.5,5.9 0.94
HScrp,mg/L 2.5(0.9,8.1) 1.8(0.7,5.9) 2.9(0.8,10.8) 2.8(1.1,10.2) 5.9 (1.0,12.5) 0.017
CKMB,U/L 10.4 (8.3,13.1) 10.3(8.0,12.7) 9.9 (7.9,11.9) 10.6 (8.6,14.1) 10.6 (8.3,13.6) 0.088
HDLC,mmol/L 0.9(0.8,1.1) 1.0(0.8,1.1) 1.0(0.8,1.2) 0.9 (0.8,1.1) 0.9(0.7,1.1) 0.028

BMI, body mass index; CCB, calcium channel blockers; LVEF, left ventricular ejection fractions; CCR, creatinine clearance rate; LDL-C, low-density lipoprotein cholesterol; TC, total

cholesterol; HDLC, high density liptein cholesterol; CKMB, creatine kinase isoenzymes.

Group1: patients without clinical depression and low HbA1c; Group2: patients with clinical depression and low HbA1c; Group3: patients without clinical depression and high HbATc;

Group4: patients with clinical depression and high HbATc.

significant differences were found in the three groups for MACE
and composite events (Supplementary Figure 2).

Due to the low number of endpoint events, no multifactor
Cox regression analysis was carried out in the above two
subgroup analyses.

DISCUSSION

To our knowledge, this is the first study to explore the
relationship between HbAlc levels and depression on MACE
events and noncardiac rehospitalization in CAD patients.

In our study, no correlation was found between clinical
depression and HbAlc. This is consistent with the findings of
a previous study by Josephine Akpalu et al. (32). As for all the
CAD populations, higher HbAlc led to an increased probability
of MACE and composite endpoint events (HR for MACE and
composite events: 1.97, 1.67). This was consistent with the
conclusions of many previous studies (23, 26, 37, 38). What’s

more, when combined with clinical depression, the prognosis got
even worse (HR for MACE and composite events: 2.9, 2.12).
However, clinical depression alone did not significantly worse the
prognosis in the low HbAlc level groups (group2 vs groupl),
which warned us to pay more attention to CAD patients with
the comorbidity of clinical depression and poor glycemic control
(high HbA1c level).

Elevated inflammatory activity was proved as a potential
mechanism causing adverse cardiovascular events of depression
(8). A higher level of HbAlc is clearly associated with
higher inflammatory biomarkers such as high-sensitivity C-
reactive protein, leukocyte counts, fibrinogen, D-dimer and
so on. Individually or in combination, these inflammatory
factors associated with hyperglycemia had a direct role on
the progression of atherosclerotic artery disease and adverse
cardiovascular events (18, 26, 39-43). The dual inflammatory
effect of both depression and high HbA1lc levels may lead to the
prognosis significantly worse.
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FIGURE 1 | Cox regression curves for MACE (A) and composite endpoint (B) by the four groups of all patients. (Group1: patients without clinical depression and low
HbA1c; Group?2: patients with clinical depression and low HbA1c; Group3: patients without clinical depression and high HbA1c; Group4: patients with clinical

Month of follow up

05 15 25 35 45 55 65
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Variable p-value HR (95%Cl) Variable p-value HR (95%Cl)
Groups with depression and HbA1c Groups with depression and HbA1c
Group1 (unadjusted) Ref Group1 (unadjusted) Ref
Group2 (unadjusted) H—— 025 1.62 (0.72-3.63) Group2 (unadjusted) F—— 0.063 1.81(0.97-3.37)
Group3 (unadjusted) —— 0.018 1.67 (1.09-2.55) Group3 (unadjusted) fre—t 0.029 1.48 (1.04-2.10)
Group4 (unadjusted) ——— 0.012 2.47 (1.22-4.97) Group4 (unadjusted) ——— 0.041 1.92 (1.03-3.58)
Groups with depression and HbA1c Groups with depression and HbA1c
Group1 (adjust for MACE Model) Ref Group1 (adjust for composite endpoint Model) Ref
Group2 (adjust for MACE Model) ~ +e——— 0.40 1.42 (0.62-3.26) Group2 (adjust for composite endpoint Model) ~ H—e——— 0.13 1.63 (0.86-3.10)
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diabetes and CCR.

FIGURE 2 | Cox proportional hazard ratios for MACE (A) and composite endpoint (B) by the four groups of all CAD patients in different models. MACE Model:
Adjusted for sex, age, severity of coronary artery stenosis, diabetes and HDLC. Composite endpoint Model: Adjusted for sex, age, severity of coronary artery stenosis,

Most of previous studies have only explored the separate
effects of depression and HbAlc levels on the prognosis.
Moreover, they did not focus on non-cardiac readmissions.
Our subgroup analysis illustrated that in CAD patients without
diabetes, clinical depression and high HbAlc significantly
associated with MACE, non-cardiac readmission, and composite
endpoint. The reason may be patients with elevated HbAlc but
without known diabetes likely have diabetes that was neither
diagnosed nor treated, which causing worse prognosis without
corresponding treatment.

And in the CAD patients with diabetes in our study,
clinical depression and high HbAlc only led to more non-
cardiac readmissions. Those patients with multiple major
complications of diabetes and CAD are more likely to be
treated with insulin and control the established risk factors

such as hypertension and dyslipidemia, which are closely
associated with MACE. This difference in treatment may partly
explain the difference of outcomes. On the other hand, clinical
depression is a psychological illness that can present with
somatic symptoms. And HbA1c level has strong associations with
dyslipidemia, hypercoagulability, and system inflammatory that
may lead to multi-system diseases (26). So in addition to the
cardiovascular system-related events, non-cardiac readmissions
should also receive adequate attention and evaluation, which
is essential to improve the quality of life and longevity of
CAD patients.

Decreased exercise due to depression, sedentary lifestyle and
poor medication adherence can all contribute to high glycation.
But no relationship between depression and HbAlc was found.
The insufficiency of sample, differences in grouping patterns
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FIGURE 3 | Cox regression curves for MACE (A) and composite endpoint (B) by the four groups of CAD patients without diabetes. (Group1': patients without clinical
depression and low HbA1c; Group2’: patients with clinical depression and low HbA1c, patients without clinical depression and high HoA1c; Group3’: patients with
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FIGURE 4 | Cox regression curves for noncardiac readmission by the four
groups of CAD patients without diabetes. (Group1’: patients without clinical
depression and low HbA1c; Group2’: patients with clinical depression and low
HbA1c, patients without clinical depression and high HbA1c; Group3’:
patients with clinical depression and high HbA1c).

100 Noncardiac readmissions
N l
g =
3 Groups according to \
s depression and HbA1c level -
E 1Group 1" L
'E —Group 2 L
3 M1 Group 3"
@
% Group 3"vs1"  p=0.017 HR:4.49(1.31-15.38)

p for interaction between depression and HbA1c = 0.88

0 5 10 15 20 25 30

Month of follow up

FIGURE 5 | Cox regression curves for noncardiac readmission by the four
groups of CAD patients with diabetes. (Group1”: patients without clinical
depression and low HbA1c; Group2”: patients with clinical depression and low
HbA1c, patients without clinical depression and high HbA1c¢; Group3”:
patients with clinical depression and high HbA1c).

and adjusted variables may influence the associations between
depression and HbAlc. The relationship between them in CAD
patients still needs further investigation.

Inflammatory activity may be a key mechanism of depression
and HbA ¢ leading to poor prognosis in CAD patients. Whether
controlling the systemic inflammatory state can improve the
prognosis needs further study. Besides, increasing physical
activity may be particularly beneficial for reducing depression
and improving glycemic control at the same time (44).
Moderate exercise may significantly improve the prognosis of
CAD patients.

There are still several limitations in this study. At first,
this prospective research was conducted in a single center
from a southern central hospital, which can’t represent patients
in the entire China. Secondly, the small sample sizes of our
study might lead to inaccurate results, especially in the diabetic
and non-diabetic subgroups analysis. Thirdly, the prognostic
information of most patients was obtained through telephone
follow-up by our professional cardiologists, which might lead
to inaccurate results of re-hospitalization and MACE. Finally,
patients who experienced emergency percutaneous coronary
intervention surgery were not included in this study, which might
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lead to an underestimation of the influence of high HbAlc and
depression to poor prognosis.

CONCLUSION

In conclusion, the presence of both depression and high HbAlc
lead to a worse prognosis in CAD patients than one risk factor
alone, no matter with or without the comorbidity of diabetes in
these CAD patients. For patients with CAD and depression, lower
HbA1lc may be required.
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