International Journal of General Medicine Dove

ORIGINAL RESEARCH

Nomogram to Predict the Risk of Postoperative
Anxiety and Depression in Colorectal Cancer
Patients

Zhigiao Hu*, Hao Zhang#*, Jiaqi Wang, Huan Xiong, Yunxiao Liu, Yihao Zhu, Zewen Chang(),
Hanging Hu, Qingchao Tang

Department of Colorectal Surgery, The Second Affiliated Hospital of Harbin Medical University, Harbin, 150081, People’s Republic of China
*These authors contributed equally to this work

Correspondence: Qingchao Tang, Department of Colorectal Surgery, The Second Affiliated Hospital of Harbin Medical University, 246 Xuefu Road,
Harbin, People’s Republic of China, Tel +86-13945052628, Email 13945052628@qq.com

Purpose: To develop and validate the risk nomogram to predict the likelihood of postoperative anxiety and depression in colorectal
cancer (CRC) patients.

Methods: A total of 602 CRC patients from the Second Affiliated Hospital of Harbin Medical University were included in the study
and divided into development set and validation set with the 2:1 ratio randomly. Logistic regression model was used to determine
independent factors contributing to postoperative anxiety and depression, which were subsequently applied to build the nomogram for
predicting postoperative anxiety and depression. The performance of the risk nomogram was appraised by the area under the receiver
operating curve (AUC), calibration curves and decision curve analyses (DCA).

Results: Gender, personal status, income, adjuvant therapy, the Eastern Cooperative Oncology Group Scale (ECOG) score, comor-
bidity, postoperative complications and stoma status were significant indicators for postoperative anxiety and depression. The AUCs
for the development and validation sets were 0.792 and 0.812 for the postoperative anxiety nomogram and 0.805 and 0.825 for the
postoperative depression nomogram. Additionally, calibration curves and decision curve analyses also determined the reliable clinical
importance of the proposed nomogram.

Conclusion: The current study constructed the risk nomogram for postoperative anxiety and depression and could help clinicians
determine high-risk patients to some extent.
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Introduction
Globally, colorectal cancer (CRC) poses a major public health challenge because of its high incidence and mortality rate."
With the consistent modifies and advances of therapeutic modality, the prognosis of CRC patients has notably improved
during the past decade.”* However, mental distress secondary to the treatment seems to be an emerging challenge for us.>
According to previous studies, the prevalence of anxiety and depression among CRC patients ranged from 1.0% to
47.2% and 1.6% to 57.0%,”? respectively. Postoperative psychological disorder in the form of depression and anxiety is
a relatively common phenomenon in the current clinical practice, which might reduce patient compliance with subse-
quent treatment, decrease the quality of life and result in a poor immune status. What is more, patients suffering from
postoperative depression and anxiety are even associated with unfavorable long-term survival.'® The prevalence of
postoperative psychological disorder in CRC patients has generally been influenced by clinical and demographic factors,
such as gender, marital status, income, tumor stage and physical performance.''* Given that heterogeneous character-

istics of different patients, how likely a patient could suffer from postoperative anxiety and depression is a crucial
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question for the regular monitoring and screening of postoperative anxiety and depression in CRC patients, which is of
eminent significance for clinicians to perform prompt intervention.

Recently, nomogram is widely applied as a new method, which can quantify the risk of an outcome event by
illustrating and incorporating important factors precisely.'>'® However, targeted nomogram for postoperative psycholo-
gical disorder is still lacking. Therefore, the aim of this study was to develop and validate a nomogram to predict the
likelihood of postoperative anxiety and depression in CRC patients.

Methods

Study Population

Colorectal cancer patients from the Second Hospital of Harbin Medical University between January 2013 and June 2018 were
enrolled in the current research. Inclusion criteria included' patients receiving radical resection,” aged >18 years,” patients
diagnosed as stage I-1II colorectal cancer pathologically,* colorectal cancer was the only malignancy and> patients realizing the
severity of their disease. Exclusion criteria included' patients with unknown data,” patients with psychological or mental disease
history (preoperative HADS score >8 points) and® patients with neurological diseases or cognitive impairments and not being
accurately capable of understanding daily questions. All patients are informed upon admission that all of their treatment-related
information and the information we prospectively collect will be retained and may be used for scientific research. However, the
information we collect will be kept strictly confidential and will not have any impact on the optimal treatment the patient receives.
The Ethics Committee of the Second Hospital of Harbin Medical University agreed and approved this study. All procedures in
this study conformed to the ethical standards of our institution and were in accordance with the Declaration of Helsinki.

Covariates

In accordance with previous studies, we used pre-established candidate indicators in order to avoid selection bias and
overfitting."' '* Additionally, all variables in the model should be readily available in the current practice attempting to
improve its applicability. Therefore, sociodemographic features (personal status, income and education), health perfor-
mance status (ECOG, comorbidity and postoperative complication), tumor stage, patient-related factors (gender and age)
and treatment data (adjuvant therapy and stoma status) were reviewed. In this study, all cases were uniformly re-staged,
according to the 8th edition of the American Joint Committee on Cancer (AJCC) and Union for International Cancer
Control (UICC) staging system based on the pathological examination of surgical specimens. The Eastern Cooperative
Oncology Group Scale (ECOG) was applied to assess the patient pre-treatment performance status.'” In order to evaluate
the level of income satisfaction, a subjective 5-point scale was rated by the patients, and values of 4 and 5 were defined as
satisfactory level.'® Postoperative complications were determined using the Clavien-Dindo criteria.'® The stratifications

of the factors included were consistent with previous papers to make it more reasonable.'' ™42

Anxiety and Depression

The Hospital Anxiety and Depression Scale (HADS) was utilized to evaluate self-reported status of anxiety and depression.*!
The HADS includes 14 items (7 items for anxiety symptom and 7 items for depression symptom). The score of each item ranged
from 0 to 3 points and the total score ranged from 0 to 21 points for anxiety subscale and depression subscale. The higher points
suggested the worse anxiety and depression status. According to previous studies, patients with 8—21 points were considered to
be suffering from anxiety and depression.”' > The preoperative questionnaire was performed the day before surgery, and the
postoperative questionnaire was conducted by interview or phone at the follow-up 2 weeks after discharge.

Statistical Analysis

All patients were divided into development set and validation set with the 2:1 ratio randomly using the random number
method in SPSS software. Logistic regression model was used to determine independent indicators contributing to
postoperative anxiety and depression. Odds ratio (OR) with 95% confidence interval (CI) was posed as results. Factors
with P < 0.05 in the multivariate analysis were subsequently chosen to build the risk nomogram. The maximum point of
each indicator was set as 100. The performance of the nomogram was appraised by calibration curves, the area under the

4882 e International Journal of General Medicine 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Hu et al

receiver operating curve (AUC) and decision curve analyses (DCA). P < 0.05 (two-sided) was defined as statistically
significant. With the Youden’s index, the optimal cut-off risk scores for postoperative anxiety and depression have been
calculated to help clinicians determine high-risk patients. All statistical analyses were performed using SPSS 22.0 and
R version 3.6.1 software.

Results

Patient Characteristics

A total of 602 CRC patients were included in the study. After a random division, 401 patients (anxiety rate = 36.2, depression rate
=35.7%) were in the development set and 201 patients (anxiety rate = 41.3%, depression rate = 36.8%) were in the validation set.
No significant difference could be found in age (P = 0.604), gender (P = 0.403), personal status (P = 0.673), income (P = 0.467),
education (P = 0.534), UICC stage (P =0.294), ECOG score (P = 0.922), comorbidity (P = 0.471), postoperative complication (P
= 0.545), adjuvant therapy (P = 0.918) and stoma status (P = 0.615) between the two sets (Table 1).

Risk Factors Related to Postoperative Anxiety in the Development Set

Univariate analysis revealed the association between each factor and postoperative anxiety, including age (P = 0.516),
gender (P = 0.027), personal status (for partnership, P = 0.113; for single/widowed/divorced, P = 0.000), income
(P = 0.024), education (P = 0.857), UICC stage (P = 0.000), ECOG score (P = 0.004), comorbidity (P = 0.000),
postoperative complication (for Grade 1/2, P = 0.011; for > Grade 3, P = 0.014), adjuvant chemotherapy (P = 0.000)
and stoma status (for temporary stoma, P = 0.004; for permanent stoma, P = 0.000). Multivariate analysis indicated
that gender (OR = 2.335, 95% CI = 1.381-3.949 for female, P = 0.002; using male as the reference), personal status
(OR = 1.834, 95% CI = 0.738-4.557 for partnership, P = 0.192; OR = 4.752, 95% CI = 2.018-11.190 for single/
widowed/divorced, P = 0.000, using married as the reference), income (OR = 2.370, 95% CI = 1.381-4.068 for
unsatisfied, P = 0.002, using satisfied as the reference), ECOG score (OR = 1.615, 95% CI = 1.121-2.631 for 24
points, P = 0.034, using 0—1 point as the reference), comorbidity (OR = 2.459, 95% CI = 1.364-4.432 for 2 or more,
P = 0.003, using 0-1 as the reference), postoperative complication (OR = 1.538, 95% CI = 0.802-2.951 for Grade 1/2,
P =0.195; OR = 3.577, 95% CI = 1.034-12.369 for > Grade 3, P = 0.044, using No postoperative complication as the
reference), adjuvant chemotherapy (OR = 4.021, 95% CI = 1.788-9.044 for with adjuvant therapy, P = 0.001, using no
adjuvant therapy as the reference) and stoma status (OR = 2.295, 95% CI = 1.251-6.804 for temporary stoma,
P = 0.013; OR = 5.056, 95% CI = 2.473-10.339 for permanent stoma, P = 0.000, using no stoma as the reference)
were the statistically significant predictors related to postoperative anxiety (Table 2).

Risk Factors Related to Postoperative Depression in the Development Set

Similarly, univariate analysis revealed the association between each factor and postoperative depression, including age
(P = 0.350), gender (P = 0.002), personal status (for partnership, P = 0.050; for single/widowed/divorced, P = 0.000),
income (P = 0.037), education (P = 0.857), UICC stage (P = 0.004), ECOG score (P = 0.002), comorbidity (P = 0.000),
postoperative complication (for Grade 1/2, P = 0.004; for > Grade 3, P = 0.011), adjuvant chemotherapy (P = 0.000) and
stoma status (for temporary stoma, P = 0.001; for permanent stoma, P = 0.000). Multivariate analysis indicated that
gender (OR = 3.390, 95% CI = 1.948-5.901 for female, P = 0.000; using male as the reference), personal status
(OR =2.484, 95% CI = 0.976-6.321 for partnership, P = 0.056; OR = 3.834, 95% CI = 1.639-8.967 for single/widowed/
divorced, P = 0.002, using married as the reference), income (OR = 2.257, 95% CI = 1.307-3.898 for unsatisfied,
P = 0.004, using satisfied as the reference), ECOG score (OR = 1.635, 95% CI = 1.026-2.790 for 2—4 points, P = 0.040,
using 0—1 point as the reference), comorbidity (OR = 2.524, 95% CI = 1.379—4.620 for 2 or more, P = 0.003, using 0-1
as the reference), postoperative complication (OR = 1.670, 95% CI = 0.859-3.244 for Grade 1/2, P = 0.130; OR =4.001,
95% CI =1.119-14.310 for > Grade 3, P = 0.033, using no postoperative complication as the reference), adjuvant therapy
(OR =2.664, 95% CI = 1.211-5.862 for with adjuvant therapy, P = 0.015, using no adjuvant therapy as the reference) and
stoma status (OR = 3.880, 95% CI = 1.626-9.260 for temporary stoma, P = 0.002; OR = 6.251, 95% CI = 2.991-13.064
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Table | Characteristics of Patients in the Development and Validation Sets

Variable Development Set (N = 401) Validation Set (N = 201) P
Gender
Male 212 (52.9) 99 (49.3) 0.403
Female 189 (47.1) 102 (50.7)

Age (years)

<65 260 (64.8) 126 (62.7) 0.604

2 65 141 (35.2) 75 (37.3)

Personal status

Married 331 (82.5) 163 (81.1) 0.673
Partnership 33 (8.2) 15 (7.5)
Single/widowed/divorced 37 (9.3) 23 (11.4)

Income
Satisfied 233 (58.1) 123 (61.2) 0.467
Unsatisfied 168 (41.9) 78 (38.8)

Education
Middle school or less 291 (72.6) 141 (70.1) 0.534
Higher than middle school 110 (27.4) 60 (29.9)

UICC stage
I 256 (63.8) 137 (68.2) 0.294
n 145 (36.2) 64 (31.8)

ECOG
0-1 255 (63.6) 127 (63.2) 0.922
24 146 (36.4) 74 (36.8)

Comorbidity
0-I 313 (78.1) 162 (80.6) 0.471
2 or more 88 (21.9) 39 (194)

Postoperative complication

No 292 (72.8) 141 (70.1) 0.545
Grade 112 91 (22.7) 53 (26.4)
> Grade 3 18 (4.5) 7 (3.5)

Adjuvant therapy

No 271 (67.6) 135 (67.2) 0918
Yes 130 (32.4) 66 (32.8)
(Continued)
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Table 1 (Continued).
Variable Development Set (N = 401) Validation Set (N = 201) P
Stoma status
No 301 (75.1) 146 (72.6) 0.615
Temporary stoma 33 (82) 15 (7.5)
Permanent stoma 67 (16.7) 40 (19.9)
Anxiety rate 36.2 41.3 0.221
Depression rate 35.7 36.8 0.781
Table 2 Logistic Regression Analysis for Postoperative Anxiety in the Development Set
Variable Univariate Analyses Multivariate Analyses
HR [95% CI] P HR [95% CI] P
Gender
Male | |
Female 1.589 [1.054-2.394] 0.027 2.335 [1.381-3.949] 0.002
Age (years)
< 65 |
= 65 0.867 [0.564—1.333] 0.516
Personal status
Married | |
Partnership 1.794 [0.870-3.697] 0.113 1.834 [0.738-4.557] 0.192
Single/widowed/divorced 4.484 [2.169-9.270] 0.000 4.752 [2.018-11.190] 0.000
Income
Satisfied | |
Unsatisfied 1.625 [1.066-2.476] 0.024 2.370 [1.381-4.068] 0.002
Education
Middle school or less I
Higher than middle school 0.959 [0.607-1.515] 0.857
UICC stage
17 | |
1 2.150 [1.410-3.279] 0.000 0.574 [0.256—1.287] 0.178
ECOG
0-1 | |
24 1.872 [1.229-2.851] 0.004 1.615 [1.121-2.631] 0.034
(Continued)
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Table 2 (Continued).

Variable Univariate Analyses Multivariate Analyses
HR [95% CI] P HR [95% CI] P

Comorbidity

0-I | |

2 or more 2.672 [1.648—4.332] 0.000 2.459 [1.364-4.432] 0.003
Postoperative complication

No | |

Grade /2 1.863 [1.153-3.013] 0.011 1.538 [0.802-2.951] 0.195

2 Grade 3 3.416 [1.283-9.096] 0.014 3.577 [1.034-12.369] 0.044
Adjuvant chemotherapy

No | |

Yes 3.049 [1.972-4.713] 0.000 4.021 [1.788-9.044] 0.001
Stoma status

No | |

Temporary stoma 2.886 [1.393-5.980] 0.004 2.295 [1.251-6.840] 0.013

Permanent stoma 6.383 [3.567-11.422] 0.000 5.056 [2.473-10.339] 0.000

for permanent stoma, P = 0.000, using no stoma as the reference) were independent indicators for postoperative
depression (Table 3).

Nomogram for Postoperative Anxiety and Depression
Subsequently, gender, personal status, income, adjuvant therapy, ECOG score, comorbidity, postoperative complication
and stoma status were used to construct the risk nomogram for postoperative anxiety (Figure 1A) and depression
(Figure 1B).

In terms of nomogram for postoperative anxiety, the AUCs of the development and validation sets were 0.792 (95%
CI = 0.742-0.842) and 0.812 (95% CI = 0.747-0.877), respectively (Figure 2A). Regarding nomogram for postoperative
depression, the AUCs of the development and validation sets were 0.805 (95% CI=0.757-0.853) and 0.825 (95% CI=0.764—
0.887), respectively (Figure 2B). The calibration curves of nomograms for postoperative anxiety (Figure 3A) and depression
(Figure 3B) also demonstrated good consistencies between predicted and observed rates in development and validation sets. In
addition, DCA also indicated that the proposed nomograms for postoperative anxiety (Figure 4A) and depression (Figure 4B)
owned excellent net benefits in guiding clinical decision in both sets.

Besides, when the threshold probability was from about 20% to 100%, the use of the nomograms to predict
postoperative anxiety and depression posed greater net benefit did “treat none” or “treat all” strategies in both
development and validation sets, revealing the high effect and availability of the predictive nomograms.

Risk Stratification

Using the nomogram derived score for postoperative anxiety and depression, patients were stratified into low-risk group
and high-risk group (anxiety: risk score >168, depression: risk score >123). From Figure 5A and B, we could easily find
that patients in the high-risk group posed much higher level of postoperative anxiety and depression compared with those
in the low-risk group in both development and validation sets.
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Table 3 Logistic Regression Analysis for Postoperative Depression in the Development Set
Variable Univariate Analyses Multivariate Analyses
HR [95% CI] P HR [95% CI] P

Gender

Male | |

Female 1.897 [1.254-2.869] 0.002 3.390 [1.948-5.901] 0.000
Age (years)

< 65 |

> 65 0.814 [0.528-1.254] 0.350
Personal status

Married | |

Partnership 2.054 [0.999—4.225] 0.050 2.484 [0.976-6.321] 0.056

Single/widowed/divorced 3.586 [1.774-7.248] 0.000 3.834 [1.639-8.967] 0.002
Income

Satisfied | |

Unsatisfied 1.568 [1.028-2.391] 0.037 2.257 [1.307-3.898] 0.004
Education

Middle school or less |

Higher than middle school 1.043 [0.661-1.647] 0.857
UICC stage

1 | |

11l 1.854 [1.216-2.827] 0.004 0.877 [0.401-1.918] 0.742
ECOG

0-I | |

24 1.942 [1.273-2.962] 0.002 1.635 [1.026-2.790] 0.040
Comorbidity

(] | |

2 or more 2.754 [1.697-4.467] 0.000 2.524 [1.379-4.620] 0.003
Postoperative complication

No | |

Grade /2 2.043 [1.263-3.306] 0.004 1.670 [0.859-3.244] 0.130

2Grade 3 3.584 [1.345-9.549] 0.011 4.001 [1.119-14.310] 0.033
Adjuvant chemotherapy

No | [

Yes 2.729 [1.768—4.212] 0.000 2.664 [1.211-5.862] 0.015

(Continued)
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Table 3 (Continued).

Variable Univariate Analyses Multivariate Analyses
HR [95% CI] P HR [95% CI] P
Stoma status
No | |
Temporary stoma 3.491 [1.678-7.262] 0.001 3.880 [1.626-9.260] 0.002
Permanent stoma 7.349 [4.070-13.271] 0.000 6.251 [2.991-13.064] 0.000

Discussion

With an increasing population of CRC patients undergoing radical surgery, postoperative depression and anxiety could be
a phenomenon desired to get attention. As an emerging research area, substantial indicators linked to depression- and
anxiety-related disorders and symptoms are still inconsistent and limited in cancer-related studies. To our knowledge, this
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Figure | (A) Nomogram for postoperative anxiety. (B) Nomogram for postoperative depression.
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Figure 2 (A) ROC curves of the nomogram for postoperative anxiety in development and validation sets. (B) ROC curves of the nomogram for postoperative depression in
development and validation sets.

was the first study to develop and validate a risk nomogram to determine the risk of postoperative anxious and depression
in CRC patients.

In recent years, there were some studies exploring the prevalence of anxiety and depression in CRC patients, while
the results were varied. Sun et al found that the incidence of anxiety and depression were 32.5% and 6.6%.” Mols et al
revealed that the proportions of anxiety and depression patients were 20.9% and 19.0%, respectively.® In the 602 patients
of this study, 37.8% patients had postoperative anxiety and 36.0% patients suffered postoperative depression, which were
higher than the results in the papers abovementioned.®® The possible reason accounting for this phenomenon was that all
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Figure 3 (A) Calibration curves of the nomogram for postoperative anxiety in development and validation sets. (B) Calibration curves of the nomogram for postoperative
depression in development and validation sets.

patients in this study received radical surgery, therefore increasing the trauma on them inevitably and subsequently
making them more likely to develop anxiety and depression.

The present study showed that anxiety and depression were associated with gender (female), which was consistent
with a large sample study that included 10,153 cancer patients and showed that the prevalence of anxiety and depression
was higher in female cancer patients in all cancer types.'' Another study also performed a factor analysis of anxiety,
depression and gender, and revealed that women were more prone to depression than men (P = 0.008) and gender was an
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Figure 4 (A) Decision curve analyses the nomogram for postoperative anxiety in development and validation sets. (B) Decision curve analyses the nomogram for
postoperative depression in development and validation sets.

independent influence on anxiety (P < 0.001).>* The potential reason accounting for this phenomenon might be that
women tend to be less tolerant of malignant events than men and therefore more likely to develop depression and anxiety
after surgical trauma.

Anxiety, depression and personal status (married, partnership and single/divorced/widowed) were also correlated in
this paper. Compared with those married and having a partnership, single, divorced or widowed patients with malignancy
may lack emotional support because the patients’ main emotional confidant is their spouse,” and spouseless patients lack
emotional support and catharsis, and have insufficient ability to cope with stress, leading to the increased susceptibility to

anxiety and depression.'? This study showed that income was also associated with anxiety and depression. Similarly, one
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Figure 5 (A) The proportion of postoperative anxiety patients in the low- and high-risk group in the development and validation sets. (B) The proportion of postoperative
depression patients in the low- and high-risk group in the development and validation sets. ***P < 0.001.

previous research conducted a univariate analysis of correlates of depression among colorectal cancer survivors who
underwent resection, and income less than $30,000 was positively associated with depression screening (OR 2.20, 1.57—
3.08 95% CI, P < 0.001), and multivariate analysis showed that low income was an independent influence on depression
(OR 1.50, 1.02-2.22 95% CI, P = 0.04)."> A good economic status is a guarantee to meet the medical needs of patients.
Patients with colorectal malignancies require a high cost of treatment, and patients with lower income levels need to bear
a lot of financial pressure during the treatment process, which increases the psychological burden of patients, thus leading
to anxiety and depression.”®

What is more, consistent with previous s‘rudie:s,27‘28

the need for adjuvant therapy was also a risk indicator for
postoperative anxiety and depression. The application of adjuvant therapy could increase the financial burden and
psychological stress due to uncertainty in treatment outcomes, putting patients at increased risk of postoperative anxiety
and depression.””*® The current study also revealed that preoperative performance status is a predictor of anxiety and
depression. Patients with poor performance tend to be anxious and depressed, which is consistent with the results of other
investigations.*’

In this study, patients with stoma were associated with higher level of postoperative anxiety and depression. Similarly,
an observational, cross-sectional study showed that patients with a stoma had higher levels of anxiety and depression
than non-stoma patients (P < 0.05). Stoma surgery is a common treatment method for CRC patients, while it was found to
be related to loss of normal anal function, distortion of body image and change in personal care, which was the main
contributor to postoperative anxiety and depression.30 Also consistent with the research paper of Hellstadius et al,
patients with higher grade postoperative complications are more likely to suffer from postoperative anxiety and
depression, as a result of the longer duration of hospital stay and increased costs.’' Besides, the multivariate analysis
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showed that comorbidities were a predictor of anxiety and depression, which is consistent with a large sample of 1785
cases. This study also showed that two or more comorbidities (OR 1.78, 1.25-2.52, 95% CI, p = 0.001) were a strong
predictor of depression in patients with colorectal cancer.'> Moreover, in a study of 2552 breast cancer survivors,
Schoormans et al reported that comorbidities, specifically cardiovascular disease, negatively impacted quality of life,
which in turn led to anxiety and depression.*

However, in this study, age and education level were not significant factors for postoperative anxiety and depression.
Recently, the relationship between age and the prevalence of depression and anxiety has been explored widely, while the
results are not consistent. Zhang et al and Nikbakhsh et al concluded that patients with older age are more likely to
develop depression and aln)(if:ty.33"34 In contrast, Tavoli et al and Walker et al revealed that older patients were related to
a lower level of depression and anxiety.*> And similar to what we found, Clark et al suggested that age was not a factor
influencing the level of depression and anxiety.'* Therefore, the role of age playing in the development of postoperative
depression and anxiety needs to be further determined by more scholars. Regarding education level, we found Clark et al
achieved the same result that compared to patients with middle school or less education, those with higher education
level did not pose different incidence of depression (OR = 0.97, 95% CI = 0.68—1.38, P = 0.850)."* Until now, no article
has entirely determined the significance of education levels for anxiety and depression, and the impact of education levels
on anxiety and depression still needs to be explored.

Therefore, gender, personal status, income, adjuvant therapy, ECOG score, comorbidity, postoperative complications
and stoma status were applied to build the risk nomogram for. The AUCs for the development and validation sets were
0.792 and 0.812 for the postoperative anxiety nomogram, and 0.805 and 0.825 for the postoperative depression
nomogram. Furthermore, calibration curves and decision curve analyses also determined the reliable clinical significance
of the proposed nomogram.

Still, the authors acknowledged several study limitations. First, the results of the current study only reflect the
characteristics of our department, but not the whole cohort, meaning that the predictive model needs to be validated by
more external works. Secondly, as a retrospective study, it was inevitable to have selective bias and needed to be verified
by some prospective clinical studies. Thirdly, we only assess the postoperative anxiety and depression level at the follow-
up 2 weeks after discharge, but failed to monitor a dynamic change for these patients. Fourthly, other factors, such as
hope, optimism and resilience, could not be analyzed in this study due to the lack of information.

Conclusion

This paper revealed gender, personal status, income, adjuvant therapy, ECOG score, comorbidity, postoperative compli-
cations and stoma status for postoperative anxiety and depression. Moreover, the risk nomogram based on these five
factors could accurately predict the likelihood of anxiety and depression after surgery in CRC patients, which could
subsequently help clinicians determine high-risk patients to some extent.
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