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SYSTEMATIC REVIEW

Anxiety and Depression after Colorectal Cancer 
Surgery: A Systematic Review and Meta-Analysis of 
Short- and Long-Term Outcomes

ABSTRACT

Objective: Anxiety and depression commonly afflict colorectal cancer (CRC) surgery 
patients, but their impact on survival remains uncertain.

Methods: We systematically reviewed three databases for relevant articles. Data included 
study and patient characteristics, cancer type, anxiety/depression measures, timing, and 
prevalence. Meta-analyses, using common- or random-effects models, assessed associa-
tions. Subgroup analyses based on follow-up duration and publication bias assessment 
were performed.

Results: We analyzed seven cohort studies, examining anxiety and depression’s impact on 
mortality in colorectal cancer patients. Samples ranged from 215 to 567 for anxiety and 
215 to 46 710 for depression. Using common- or random-effects models based on hetero-
geneity, anxiety and depression showed increased mortality risk. Pooled odds ratio (OR) 
for anxiety was 1.07 (95% CI [confidence interval] 1.05–1.10), depression’s OR was 2.76 
(95% CI 1.25–6.11; random-effects). Pooled hazard ratio (HR) for anxiety was 1.33 (95% CI 
1.28–1.37; common-effects) and 1.30 (95% CI 1.19–1.43; random-effects). HRs for depres-
sion were 1.45 (95% CI 1.30–1.61; random-effects) and 1.28 (95% CI 1.25–1.32; common-
effects). Subgroup analyses revealed stronger effects on mortality in a shorter follow-up 
(0–5 years) compared to a longer follow-up (5–28 years).

Conclusion: This meta-analysis shows that anxiety and depression are linked to increased 
mortality in patients with CRC. The findings suggested that screening and treating mental 
distress improve survival and quality of life in this population.
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Introduction

Colorectal cancer (CRC) is one of the most common and deadly cancers worldwide, with an 
estimated 1.9 million new cases and 935 000 deaths in 2020.1 According to the estimates 
of the China National Cancer Center, approximately 406 000 new cases of CRC were diag-
nosed in China in 2016, accounting for 10% of all cancer cases and causing approximately 
167 000 related deaths.2 Patients with CRC face many physical and mental challenges during 
and after their diagnosis and treatment, and these challenges may affect their quality of life 
and survival outcomes. Among the mental challenges, anxiety and depression are the most 
prevalent and distressing mental health disorders in this population.3 Anxiety and depression 
can have negative impacts on adherence to treatment, immune function, pain perception, 
recovery process, and overall well-being of patients with CRC.4 Moreover, anxiety and depres-
sion may increase the risk of mortality in these patients.5

However, evidence of the associations among anxiety, depression, and mortality in patients 
with CRC is inconclusive. Previous studies have used different methods to measure and 
define anxiety and depression, particularly self-report questionnaires, clinical interviews, and 
diagnostic criteria. They vary in terms of timing and frequency of assessments, duration of 
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follow-up, adjustment for confounding factors, and statistical mod-
els used to estimate effect sizes. These methodological differences 
may explain the heterogeneity and inconsistency of the results of 
the studies. Similarly, our research has certain limitations in terms of 
generalizability. Whereas past studies primarily concentrated on spe-
cific subgroups of patients with CRC, such as those with advanced or 
metastatic disease or those undergoing specific treatments, includ-
ing chemotherapy or surgery, our study focused on postoperative 
patients with CRC. Our findings, despite contributing to the broad 
understanding of the impact of anxiety and depression on the out-
comes of patients with CRC, may not encompass all the conditions 
or stages of CRC.

To address these gaps in the literature, we conducted a systematic 
review and meta-analysis of cohort studies that evaluated the asso-
ciation of anxiety or depression, or both with mortality in patients 
with CRC. We aimed to synthesize existing evidence and quantify the 
effect sizes using standardized measures. We also aimed to explore 
the potential sources of heterogeneity in the studies by conduct-
ing subgroup analyses based on the basis of follow-up duration. We 
hypothesized that anxiety and depression would be associated with 
increased mortality risk among patients with CRC, but the effect sizes 
would vary according to the length of follow-up.

Methods

Literature Search Strategy
To systematically review and meta-analyze the short- and long-term 
outcomes of anxiety and depression after CRC surgery, we searched 
PubMed, EMBASE, and Web of Science databases from inception to 
August 2023 using a combination of relevant keywords and index 
terms related to CRC, surgery, anxiety, and depression. For example, 
in the PubMed database, we used the following search strategy: (((((​
(((((​(((((​(((Co​lorec​tal Neopl​asms[​Title​/Abst​ract]​) OR (Colorectal Neopl​
asm[T​itle/​Abstr​act])​) OR (Neoplasm, Color​ectal​[Titl​e/Abs​tract​])) OR 
(Neoplasms, Color​ectal​[Titl​e/Abs​tract​])) OR (Colorectal Tumor​s[Tit​le/
Ab​strac​t])) OR (Colorectal Tumor​[Titl​e/Abs​tract​])) OR (Tumor, Color​
ectal​[Titl​e/Abs​tract​])) OR (Tumors, Color​ectal​[Titl​e/Abs​tract​])) OR 
(Colorectal Cance​r[Tit​le/Ab​strac​t])) OR (Cancer, Color​ectal​[Titl​e/Abs​
tract​])) OR (Cancers, Color​ectal​[Titl​e/Abs​tract​])) OR (Colorectal Cance​

rs[Ti​tle/A​bstra​ct]))​ OR (Colorectal Carci​noma[​Title​/Abst​ract]​)) OR 
(Carcinoma, Color​ectal​[Titl​e/Abs​tract​])) OR (Carcinomas, Color​ectal​
[Titl​e/Abs​tract​])) OR (Colorectal Carci​nomas​[Titl​e/Abs​tract​])) AND 
((((s​urger​y[Tit​le/Ab​strac​t]) OR (surg​ical[​Title​/Abst​ract]​)) OR (oper​
ation​[Titl​e/Abs​tract​])) OR (rese​ction​[Titl​e/Abs​tract​]))) AND (((((​((((A​
nxiet​y[Tit​le/Ab​strac​t]) OR (Angs​t[Tit​le/Ab​strac​t])) OR (Social Anxie​
ty[Ti​tle/A​bstra​ct]))​ OR (Anxieties, Socia​l[Tit​le/Ab​strac​t])) OR (Anxiety, 
Socia​l[Tit​le/Ab​strac​t])) OR (Social Anxie​ties[​Title​/Abst​ract]​)) OR 
(Hype​rvigi​lance​[Titl​e/Abs​tract​])) OR (Nerv​ousne​ss[Ti​tle/A​bstra​ct]))​ 
OR (Anxi​ousne​ss[Ti​tle/A​bstra​ct]))​) AND (((((​(Depr​essio​n[Tit​le/Ab​strac​
t]) OR (Depressive Sympt​oms[T​itle/​Abstr​act])​) OR (Depressive Sympt​
om[Ti​tle/A​bstra​ct]))​ OR (Symptom, Depre​ssive​[Titl​e/Abs​tract​])) OR 
(Emotional Depre​ssion​[Titl​e/Abs​tract​])) OR (Depression, Emoti​onal[​
Title​/Abst​ract]​)). The search strategies in the EMBASE and Web of 
Science databases are shown in Supplementary File 1. We manually 
screened the reference lists of eligible studies and relevant reviews 
to identify additional studies. No language or date restrictions were 
applied.

Study Screening and Eligibility Criteria
Studies were included when they (1) enrolled adult patients under-
going CRC surgery; (2) assessed anxiety or depression, or both by 
using validated measures; and (3) reported prevalence of anxiety 
or depression, or both before surgery, within one month, between 
1 and 6 months, and beyond six months after surgery. Studies were 
excluded when they (1) had a sample size of less than 100; (2) were 
reviews, meta-analyses, case reports, or conference abstracts; and (3) 
did not report extractable data on anxiety or depression prevalence. 
Two reviewers independently screened titles, abstracts, and full texts 
using these criteria. Conflicts were resolved through discussion with 
a third reviewer.

Data Extraction and Quality Assessment
Two independent reviewers performed data extraction and quality 
assessment, and discrepancies were resolved through discussion 
or consultation with a third reviewer for consensus. Data extraction 
encompassed key details, such as first author, publication year, coun-
try of origin, study design, sample size, patient demographics, can-
cer type, the hospital anxiety and depression scale (HADS) used to 
assess anxiety and depression, the timing of assessments, and the 
prevalence of anxiety and depression at each designated time point. 
Quality assessment was conducted utilizing the Newcastle–Ottawa 
Scale,6 which evaluates the quality of studies according to sample-
selection methods, comparability of study cohorts, and adequacy of 
outcome assessments. Any disagreement between the reviewers was 
resolved through consensus discussions, and the accuracy and reli-
ability of the data extraction and quality assessment were ensured.

Statistical Analysis
We performed meta-analyses to pool the effect size estimates from 
the individual studies by using the meta package in R software with 
the RevMan5 (The Nordic Cochrane Centre, Copenhagen, Denmark) 
layout. We used odds ratios (ORs) for studies that reported binary out-
comes (e.g., mortality yes/no) and hazard ratios (HRs) for studies that 
reported time-to-event outcomes (e.g., survival time). We converted 
log ORs and log HRs to their natural units for ease of interpretation. 
We used a common-effects model when no significant heterogene-
ity was found in the studies or a random-effects model when signifi-
cant heterogeneity was found. We assessed heterogeneity by using 

MAIN POINTS
•	 This meta-analysis of seven cohort studies found that anxiety 

and depression were associated with increased mortality risk in 
patients with colorectal cancer.

•	 The pooled odds ratio for the association between anxiety and 
mortality was 1.07, and the 95% confidence interval (CI) was 1.05-
1.10. The pooled odds ratio for depression and mortality was 2.76 
(95% CI 1.25–6.11).

•	 The pooled hazard ratio for the association between anxiety and 
mortality was 1.30 (95% CI 1.19–1.43). The pooled hazard ratio for 
depression and mortality was 1.45 (95% CI 1.30–1.61).

•	 Significant heterogeneity of studies was found for anxiety and 
depression likely because of differences in follow-up periods and 
cutoffs used to define severity.

•	 Subgroup analyses showed that anxiety and depression had stron-
ger associations with mortality in the first 5 years after diagnosis 
than during long-term follow-ups of 5-28 years.
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Cochran’s Q test and I2 statistic. We conducted subgroup analyses by 
follow-up duration (0–5 years vs. 5–28 years) to explore the poten-
tial sources of heterogeneity. We assessed publication bias by using 
Egger’s test and contour-enhanced funnel plots. We performed 
Galbraith radial and Baujat plots to identify outlier studies and their 
influence on pooled results. We considered P values less than .05 sta-
tistically significant.

Results

Search Results
A systematic literature search was conducted using PubMed, EMBASE, 
and Web of Science databases, which identified 1230 records, with 
92 from PubMed, 440 from EMBASE, and 698 from Web of Science. 
After duplicates were removed, 358 records remained. The screening 
of titles and abstracts led to the exclusion of 290 records, leaving 68 
articles for a full-text review. Of these articles, four were reviews and 
meta-analyses, 10 had sample sizes less than 50, and 47 had insuf-
ficient data. Overall, seven studies met the eligibility criteria for inclu-
sion in the meta-analysis (Figure 1).

Study Characteristics
This meta-analysis included seven cohort studies conducted in the US 
and Spain. The studies examined anxiety, depression, or both after a 

cancer diagnosis (Table 1). Study sample sizes ranged from 215 to 567 
for the anxiety group and from 215 to 46 710 for the depression group. 
Data sources included the National Health Survey and Health and 
Retirement Study in the United States, the Utah Population Database 
in the United States, the Spanish National Health Survey in Spain, and 
other institution-specific cohorts. Follow-up periods spanned from 
6 months to 28 years, and most studies assessed outcomes at mul-
tiple time points within the first 5 years after diagnosis. Five studies 
examined anxiety and depression, whereas 2 studies focused only 
on depression. The diversity of data sources and the broad range of 
follow-up assessments enabled the characterization of the trajectory 
of mental outcomes from diagnosis through long-term survivorship.

Meta-Analysis of Anxiety and Mortality Risk with OR Value
In the meta-analysis including the five datasets from 2 studies, the 
pooled OR for the association between anxiety and mortality was 
1.07 with a 95% confidence interval (CI) of 1.05-1.10 (Figure 2A). 
Nearly all (99.9%) of the weight came from the study by Orive et al., 
2022. After the study by Orive et al., 2022, was excluded, the pooled 
OR was 1.01 (95% CI 0.52–1.99; Figure 2B). The pooled OR of 1.07 from 
the full meta-analysis suggests there may be a small but significant 
association between anxiety and increased mortality risk. However, 
the CI ranged from 1.05 to 1.10, indicating the precision of this esti-
mate was largely driven by the study by Orive et al., 2022.

Figure 1.  PRISMA of meta-analysis.
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It dominated the meta-analysis likely because it had a substantially 
more precise effect size estimate than the other studies, as evidenced 
by its narrow CI. Precise studies received large weights in meta-
analysis models. After the study by Orive et al., 2022, was excluded, 
the pooled effect size markedly shifted closer to the null, and the CI 

widened substantially. This result suggests significant heterogeneity 
in the findings of Orive et al., 2022, and the other studies. Potential 
sources of heterogeneity included differences in follow-up times and 
patient populations. Orive et al., 2022, conducted a 5-year follow-up, 
whereas the other studies examined outcomes within 1 year. The 

Table 1.  Characteristics of Included Studies on Mental Health Disorders (Anxiety and Depression) in Patients with CRC

Study Country
Study 

Design Data Source Follow-Up Timeline
Sample Size

Depression ScaleAnxiety Depression
Trudel-Fitzgerald et al., 20207 USA Cohort NHSa and 

HPFSb
0–28 years 567 1,056 MHI-5 | CES-D | GDS-SF

Lloyd et al., 20198 USA Cohort UPDBc 0–2, 2–5, and 5+ years 522/214/321 629/266/289 N/A
Orive et al., 20239 Spain Cohort SNHSd 0–5 years N/A 2,531 HADS-Depression: 8-14 vs ≤ 7 

| ≥ 15 vs ≤ 7
Soria-Utrilla et al., 202210 Spain Cohort This study 0–6 and 0–12 months 215 215 N/A
Weissman et al., 202111 USA Cohort This study 0–1 years N/A 46,710 N/A
Varela-Moreno et al., 202212 Spain Cohort CARESS-CCR 0–5 years N/A 619 HADS-depression: Normal 

(< 8) 1983 76 | Probable case 
(8–11) 291 11 | Positive case 

(>11) 328 13
Orive et al., 202213 Spain Cohort SNHS 0–5 years N/A N/A N/A

CRC, colorectal cancer; HADS, Hospital Anxiety and Depression Scale.
aNurses Health Study (NHS).
bHealth Professional Follow-Up Study (HPFS). 
cThe Utah Population Database (UPDB). 
dSpanish National Health Service (SNHS).

Figure 2.  Forest plots of meta-analysis of anxiety and mortality risk with Odds Ratio (OR) value. (A) Pooled ORs for anxiety and mortality 
including all studies. (B) Pooled ORs after the study by Orive et al., 2022, was excluded.
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long follow-up may have resulted in the detection of additional mor-
tality events.

Meta-Analysis of Depression and Mortality Risk with OR Value
The meta-analysis of five datasets from 2 studies found significant 
heterogeneity (I2 = 72%, Tau2 = 0.4727, χ2 = 14.51, df = 4, P < .01) in the 
relationship between depression and mortality risk. The pooled ORs 
were 2.76 (95% CI 1.25–6.11) when the random-effects model was 
used and 1.12 (95% CI 1.09–1.15) when the common-effects model 
was used (Figure 3A).

The random-effects model accounted for variability across stud-
ies and yielded a pooled OR of 2.76, suggesting that depression 
was associated with over 2.5 times the mortality risk in this popu-
lation. However, the common-effects model produced a modest 
OR of 1.12 (95% CI 1.09–1.15). This discrepancy may be due to the 

common-effects model assuming homogeneity across studies and 
the random-effects model incorporating heterogeneity.

Potential sources of heterogeneity likely include differences in fol-
low-up duration and cutoffs used in defining depression severity. For 
instance, the included studies had follow-up periods ranging from 
6 months to 5 years and used different thresholds on depression 
scales to categorize patients. We found that studies with short fol-
low-up periods (6 months to 1 year) reported stronger associations 
between depression and mortality than a 5-year follow-up study. This 
result suggests that mortality risk associated with depression is pro-
nounced in the short-term postoperative period.

The contour-enhanced funnel plot indicated no evidence of publica-
tion bias in the included studies (Figure 3B). All studies fell within the 
shaded areas representing statistical significance, and no studies fell 

Figure 3.  Forest plots of meta-analysis of depression and mortality risk with OR value. (A) Pooled OR for depression and mortality including all 
studies. (B) Contour-enhanced funnel plot of included studies.
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within the white nonsignificant areas. Small studies and those with 
low precision were symmetrically distributed at the bottom, whereas 
large and precise studies were clustered near the top. The symmetric 
funnel shape and absence of studies in the white areas suggested a 
low risk of publication bias. That is, the meta-analysis likely provided 
an accurate representation of the available evidence rather than an 
overestimate of the true effect size due to the selective publishing of 
positive studies. However, the included studies all had relatively large 
sample sizes, as evidenced by their distribution clustered at the top 
half of the plot. The lack of smaller studies in the bottom left and right 
areas indicated the underrepresentation of small negative trials. The 
contour shading showed that most studies fell within the .01 signifi-
cance level, reflecting their adequate statistical power and precision. 
This finding lent credibility to the pooled results.

Meta-Analysis of Anxiety and Mortality Risk with HR Value
The meta-analysis of 25 datasets from four studies found a significant 
relationship between anxiety and mortality risk, but substantial het-
erogeneity was observed (I2 = 90%, P < .01). The pooled HRs were 1.33 
(95% CI 1.28–1.37) when the common-effects model was used and 
1.30 (95% CI 1.19–1.43) when the random-effects model was used 
(Figure 4A).

Considerable heterogeneity, evidenced by the I2 value of 90% and a 
highly significant Q test (P < .01) indicated the presence of variability 
in effects among studies. The random-effects model yielded a pooled 
HR of 1.33, suggesting that anxiety is associated with a 33% higher 
mortality risk. The common-effects model produced a slightly lower 
estimate (1.30). The difference may be because the common-effects 
analysis did not account for the heterogeneity. The potential sources 
of heterogeneity included differences in follow-up periods, which 
ranged from 2 years to 28 years, and varying cutoffs for defining anxi-
ety severity. The studies adjusted for different sets of confounders 
and may have thus introduced variability.

Egger’sTest and Funnel Plot for Assessing Publication Bias of 
Anxiety and Mortality Risk
The Egger’s linear regression test showed no evidence of significant 
publication bias, and a P-value of .6813 (>.05) was obtained. The 
contour-enhanced funnel plot (Figure 4B) showed an asymmetrical 
distribution, and several studies by Trudel-Fitzgerald et al., 20 2020, 
fell in the white nonsignificant areas. Smaller and less precise studies 
were spread across the bottom portion, and larger and more precise 
studies were concentrated near the top center. The nonsignificant 
result indicated that the funnel plot was symmetrical and the meta-
analysis likely provided an unbiased estimate of the true effect size. 
The Egger’s test indicated no significant publication bias, and the 
contour-enhanced funnel plot appears asymmetrical. This discrep-
ancy might be attributed to several factors. Firstly, the limited num-
ber of studies included in our meta-analysis could reduce the power 
of Egger’s test to detect publication bias. A small sample of studies 
may not provide enough data points for a robust regression analysis, 
leading to a non-significant p-value. Secondly, the observed asym-
metry in the funnel plot, despite a non-significant Egger’s test, could 
be influenced by the heterogeneity of the study results, or even 
chance. Variability in study designs, populations, and methodologies 
can lead to such heterogeneity, which might manifest as asymmetry 
in the funnel plot. Therefore, while Egger’s test suggests an absence 
of publication bias, the funnel plot advises caution and highlights the 
need for a nuanced interpretation of these results.

Figure  4.  Meta-analysis of anxiety and mortality risk with HR 
values. (A) Forest plot of meta-analysis examining the association 
between anxiety and mortality risk. (B) Contour-enhanced funnel 
plot of studies included in the meta-analysis. (C) Galbraith radial 
plot showing studies outside the credibility bounds as sources of 
heterogeneity in the meta-analysis. (D) Baujat plot identifying the 
study of Lloyd et  al., 2019 (follow-up: 0–2 years) as having the 
highest influence on the pooled results.
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Galbraith Radial and Baujat Plots of Anxiety and Mortality Risk
The Galbraith plot (Figure 4C) outliers confirmed that some stud-
ies, such as those of Lloyd et  al., 2019 (follow-up: 0–2 years) and 
Varela-Moreno et al., 2022 (crude model, follow-up: 5 years), were the 
sources of the substantial heterogeneity observed in the meta-anal-
ysis. Their large and variable effect sizes skewed the pooled estimate. 
The study of Lloyd et al., 2019 (follow-up: 0–2 years), impacted the 
overall results according to the Baujat analysis (Figure 4D). The pos-
sible reason was its large sample size and extremely large effect size 
(HR = 2.84) relative to the effect sizes of other included studies. The 
heterogeneity introduced by the studies can be due to short follow-
up periods capturing acute postoperative mortality, lack of adjust-
ment for confounders, or clinical and methodological differences.

Meta-Analysis of Depression and Mortality Risk with HRValue
The meta-analysis of 25 datasets from four studies found a signifi-
cant relationship between depression and increased mortality risk, 
but substantial heterogeneity (I2 = 92%, P < .01). The pooled HRs were 
1.45 (95% CI 1.30–1.61) when the random-effects model was used 
and 1.28 (95% CI 1.25–1.32) when the common-effects model was 
used (Figure 5A).

Significant heterogeneity in the included studies was shown (high 
I2 value of 92% and statistically significant Q test; P < .01). This result 
indicated variability in the strength of association between depres-
sion and mortality risk. The random-effects model accounting for 
heterogeneity yielded a pooled HR of 1.45, suggesting that depres-
sion was associated with a 45% increase in mortality risk. The com-
mon-effects estimate was low at 1.28, likely because heterogeneity 
was unaccounted for. The sources of heterogeneity may include dif-
fering follow-up periods ranging from 2 years to 28 years, use of 
varying cutoffs to define depression severity, and inconsistencies in 
confounder adjustment among different studies.

Egger’s Test and Funnel Plot for Assessing Publication Bias of 
Depression and Mortality Risk
The Egger’s linear regression test showed evidence of possible pub-
lication bias, and a statistically significant P-value of .0138 (<.05) was 
obtained. The test evaluated funnel plot asymmetry by determining 
whether the intercept significantly deviated from zero in a regression 
of the standardized effect estimates against their precision. Here, the 
intercept was 0.0425, the standard error was 0.0882, and a t-value 
of 2.67 was considered significant. The contour-enhanced funnel 
plot showed a symmetrical distribution; all the studies fell within the 
shaded areas representing statistical significance, and none fell in the 
white nonsignificant areas (Figure 5B). Small studies and those with 
low precision were clustered symmetrically at the bottom, whereas 
large and precise studies were concentrated in the top-center por-
tion. The statistically significant Egger’s test suggested the presence 
of publication bias. However, the contour-enhanced funnel plot dem-
onstrated a symmetrical distribution, and studies clustered by preci-
sion. There were no missing studies in nonsignificant areas. Overall, 
the findings provided preliminary but inconclusive evidence regard-
ing publication bias in the meta-analysis, warranting further investi-
gation through quantitative techniques and influence analyses.

Galbraith Radial and Baujat Plots of Depression and Mortality 
Risk
The Galbraith radial plot (Figure 5C) identified several outlier studies 
falling outside the credibility bounds, including the studies of Lloyd 

Figure 5.  Meta-analysis of depression and mortality risk with an HR 
values. (A) Forest plot of meta-analysis examining the association 
between depression and mortality risk. (B) Contour-enhanced 
funnel plot of studies included in the meta-analysis. (C) Galbraith 
radial plot showing studies outside the credibility bounds as 
sources of heterogeneity in the meta-analysis. (D) Baujat plot 
identifying the study of Lloyd et al., 2019 (follow-up: 0-2 Years) as 
having the highest influence on the pooled results.
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et al., 2019 (follow-up: 0-2 years), Varela-Moreno et al., 2022 (crude 
mode, follow-up: 5 years), and Orive et al., 2023 (HADS ≥ 15, follow-
up: 5 years). These studies had large standardized effect sizes; that 
is, they were major contributors to heterogeneity. The Baujat plot 
(Figure 5D) showed that the study of Lloyd et al., 2019 (follow-up: 0–2 
years) had the highest influence on the overall meta-analysis results.

Subgroup Meta-Analysis of Anxiety and Mortality Risk with HR 
Value
For the subgroup with a follow-up period of 5 to 28 years, moder-
ate heterogeneity was found in the studies (Tau2 = 0.0087, χ2 = 43.53, 
df = 22, P < .01, I2 = 49%). The common-effects model showed that 
anxiety was associated with a 23% increase in the risk of mortality 
(HR = 1.23, 95% CI = 1.18–1.27). The random-effects model showed a 
similar result (HR = 1.25, 95% CI = 1.18–1.32). For the subgroup with a 
follow-up of 0 to 5 years, high heterogeneity was found in the studies 
(Tau2 = 0.3383, χ2 = 68.39, df = 1, P < .01, I2 = 99%). The common-effects 
model showed that anxiety was associated with a 120% increase in 
the risk of mortality (HR = 2.20, 95% CI = 2.01–2.41). The random-
effects model showed a low but still significant result (HR = 1.88, 
95% CI = 0.84-4.24). The results suggested that anxiety is a significant 
predictor of mortality in both subgroups, but the effect was stronger 

in the subgroup with a short follow-up period. This result indicated 
that anxiety had a more immediate impact on health outcomes or 
that other factors may have mediated or moderated the relationship 
between anxiety and mortality over time (Figure 6).

Subgroup Meta-Analysis of Depression and Mortality Risk with 
HR Value
For the subgroup with a follow-up of 5 to 28 years, high heterogene-
ity was found in the studies (Tau2 = 0.0440, χ2= 112.63, df = 22, P < 
.01, I2 = 80%). The common-effects model showed that depression 
was associated with a 23% increase in the risk of mortality (HR = 1.23, 
95% CI = 1.20–1.27). The random-effects model showed a higher 
result (HR = 1.41, 95% CI = 1.28–1.55). For the subgroup with a follow-
up of 0 to 5 years, extremely high heterogeneity was found in the 
studies (Tau2 = 0.3221, χ2 = 114.5, df = 1, P < .01, I2 = 99%). The com-
mon-effects model showed that depression was associated with a 
67% increase in the risk of mortality (HR = 1.67, 95% CI = 1.55–1.80). 
The random-effects model showed a similar result (HR = 1.75, 95% 
CI = 0.79–3.86). The results suggested that depression is a significant 
predictor of mortality in both subgroups, but the effect was stronger 
in the subgroup with short follow-up periods. This result indicated 
that depression exerted an immediate impact on health outcomes or 

Figure 6.  Forest plots of the subgroup meta-analysis of anxiety and mortality risk with HR values. The horizontal lines represent the 95% 
confidence intervals of the HR estimates for each study. The diamonds represent the pooled HR estimates for each subgroup. The size of the 
squares reflects the weight of each study in the meta-analysis. The vertical dashed line indicates the null value of HR = 1, which indicated that 
no association was found between anxiety and mortality. The forest plots showed that most studies and subgroups had HR estimates above 
1, indicating a positive association between anxiety and mortality. The forest plots also showed that the subgroup with a follow-up of 0-5 years 
had wider confidence intervals and more heterogeneity than the other subgroup, suggesting uncertainty and variability in the results.
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other factors that may have mediated or moderated the relationship 
between depression and mortality over time (Figure 7).

Discussion

The results of this meta-analysis suggested that anxiety and depres-
sion are associated with increased mortality risk in patients with CRC 
but showed substantial heterogeneity in the studies. The effect sizes 
varied according to follow-up duration, the definition and measure-
ment of anxiety and depression, and adjustment for confounding 
factors. The findings were consistent with previous reviews that 
reported the negative impact of mental distress on survival out-
comes in patients with cancer.14 However, this meta-analysis focused 
specifically on patients with CRC and included the most recent and 
comprehensive evidence available.

The substantial heterogeneity observed in our meta-analyses of 
the relationship among anxiety, depression, and mortality risk 
in patients with CRC can be attributed to several factors. First, the 
heterogeneity may have stemmed from differences in study design 
and methodology. The included studies varied in assessment meth-
ods for anxiety and depression, using self-reported questionnaires 

or clinical diagnoses, and this difference may have led to variable 
measured effects. Second, patient characteristics across the stud-
ies were not uniform, and variations in demographics, cancer stage, 
treatment type, and comorbidity contributed to differences in the 
observed associations between mental health conditions and mor-
tality risk. Third, the follow-up durations of the studies considerably 
varied. Studies with short follow-up periods may have captured the 
immediate effects of anxiety and depression on mortality, whereas 
those with long follow-up periods might have reflected the cumula-
tive impact of psychological factors over time. Finally, differences in 
how studies adjusted for potential confounders may have also con-
tributed to heterogeneity. Some studies might have controlled for a 
wide range of variables, whereas others may not, and this difference 
may have led to variations in the estimated effects of anxiety and 
depression on mortality.

The potential mechanisms underlying the association among anxi-
ety, depression, and mortality are not fully understood, but several 
biological and behavioral pathways have been proposed. Anxiety 
and depression may impair immune function, increase inflamma-
tion, alter hormonal levels, and interfere with DNA repair, which may 

Figure 7.  Forest plots of the subgroup meta-analysis of depression and mortality risk with an HR values. The horizontal lines represent the 
95% confidence intervals of the HR estimates for each study. The diamonds represent the pooled HR estimates for each subgroup. The size of 
a square reflects the weight of each study in the meta-analysis. The vertical dashed line indicates the null value (HR = 1), which indicates the 
absence of association between depression and mortality. The forest plots show that most studies and subgroups have HR estimates above 1, 
indicating a positive association between depression and mortality. The forest plots also show that the subgroup with a follow-up of 0 to 5 
years has wider confidence intervals and more heterogeneity than the subgroup with a follow-up of 5 to 28 years, suggesting uncertainty and 
variability in the results.
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promote tumor growth and metastasis.15-17 Anxiety and depression 
may also affect different types of health behavior, such as adherence 
to treatment, physical activity, smoking, alcohol consumption, and 
dietary habits, and may influence survival outcomes.18,19 Moreover, 
anxiety and depression may reduce quality of life, social support, 
coping skills, and self-efficacy, thereby affect mental well-being and 
resilience.20,21

The results of this meta-analysis have several implications for clinical 
practice and research. First, they highlight the importance of screen-
ing for anxiety and depression in patients with CRC, especially in the 
early postoperative period when mental distress may be prevalent 
and detrimental. Second, they suggest the need for developing and 
implementing effective psychosocial interventions to prevent and 
treat anxiety and depression in this population. Such interventions 
may include cognitive-behavioral therapy, mindfulness-based stress 
reduction, relaxation training, psychoeducation, and supportive 
care.22-24 Third, they indicate the necessity of conducting rigorous and 
homogeneous studies to examine the causal relationships among 
anxiety, depression, and mortality in patients with CRC. Moreover, 
factors such as comorbidities, socioeconomic status, treatment 
modalities, and social support networks may intricately intertwine 
with psychological well-being, resulting in a multifaceted impact 
on patient outcomes. In-depth research is essential to explore the 
complex interplay of these variables and their specific contributions 
to the mental health and survival of patients with CRC. This intricate 
relationship necessitates comprehensive investigation not only to 
deepen our understanding of underlying mechanisms but also to 
guide the development of targeted interventions aimed at improv-
ing the overall quality of life and survival prospects for patients 
with CRC.

However, the limitations of this meta-analysis should be recognized, 
including the heterogeneity of the included studies; potential pub-
lication bias; absence of data on the specific subtypes of anxiety and 
depression; potential confounding variables such as comorbidities 
and treatment modalities; and the inability to establish causality 
because of the observational nature of the studies. Besides, only 
2 studies reported the mean and standard deviation of age, while 
the others reported the age distribution in categories or percent-
ages. Hence, we could not calculate the weighted mean age for 
each study or compare the effect sizes across different age groups. 
As for the severity degree of depression’s effect on mortality, the 
effect of the severity degree of depression on mortality could not be 
assessed, as the data provided by the studies are insufficient. Only 
three studies reported the subgroup data based on different cut-
off scores of depression scales, while the others did not. Moreover, 
the studies used different types of depression scales, such as HADS, 
MHI-5, CES-D, and GDS-SF, which could not be standardized or 
compared. Thus, the pooled effect size could not be calculated. 
Therefore, despite our findings providing valuable insights, they 
should be interpreted with caution. Besides, this meta-analysis was 
not registered on a publicly available website, such as PROSPERO, 
but the steps of conducting a meta-analysis were strictly followed 
to avoid duplication and effectively avoid selection bias. For dupli-
cation avoidance, before conducting this meta-analysis, we con-
ducted a comprehensive search of relevant literature and found 
that evidence of the associations among anxiety, depression, and 
mortality in patients with CRC is inconclusive, and prior studies 

primarily paid attention to specific subgroups of patients with CRC, 
such as those with advanced or metastatic disease or those under-
going specific treatments, including chemotherapy or surgery. The 
current meta-analysis focused on postoperative patients with CRC. 
For the avoidance of selection bias, this meta-analysis established 
clear and strictly unified literature eligibility criteria. In addition, 2 
reviewers independently screened titles, abstracts, and full texts 
using the criteria, and conflicts were resolved through discussion 
with a third reviewer. Further research is needed to validate and elu-
cidate the associations among anxiety, depression, and mortality in 
patients with CRC.

Conclusion

This meta-analysis provided evidence that anxiety and depression 
are associated with increased mortality risk in patients with CRC but 
observed the substantial heterogeneity in the studies. The effect 
sizes varied according to follow-up duration, the definition and 
measurement of anxiety and depression, and the adjustment for 
confounding factors. The results suggested that anxiety and depres-
sion have biological and behavioral impacts on health outcomes 
and that psychosocial interventions improve survival and quality of 
life in this population. However, rigorous and homogeneous studies 
are needed to confirm and elucidate the causal relationships among 
anxiety, depression, and mortality in patients with CRC. The find-
ings of this meta-analysis have implications for clinical practice and 
research because they highlight the importance of screening for and 
treating mental distress in these patients.
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