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Background: Atrophic chronic gastritis (ACG) is a preneoplastic condition of gastric carcinoma. 
Numerous studies have shown anxiety and depression can affect gastrointestinal function, which may 
promote gastrointestinal disorders development and progression. Thus, we hypothesized that anxiety and 
depression may enhance the development and progression of ACG. In this study, we aimed to analyse risk 
factors for anxiety and depression in ACG patients and integrate these risk factors to construct an effective 
clinical prediction model.
Methods: In total, 118 ACG patients were included from July 2021 to May 2022. Anxiety and depression 
were assessed utilizing the Generalized Anxiety Disorder-7 (GAD-7) and Patient Health Questionnaire-9 
(PHQ-9). Data were collected on demographic characteristics, lifestyle, and dietary habits. Risk factors for 
anxiety and depression were explored with univariate analysis and multivariate stepwise logistic regression, 
and risk prediction models were built.
Results: Among 118 ACG patients, 36.4% had anxiety, 25.4% had depression, and 21.2% had both anxiety 
and depression. Poor sleep quality [odd ratio (OR) 4.32, 95% confidence interval (CI): 1.60–11.65, P=0.004] 
was positively associated with risk of anxiety, while smoking (OR 0.15, 95% CI: 0.03–0.68, P=0.014) and 
weekly exercise time (OR 0.89, 95% CI: 0.79–0.99, P=0.037) were negatively associated with risk of anxiety. 
The area under the receiver operating characteristic (ROC) curve was 80.3%, 95% CI: [0.722–0.885]. 
The sensitivity was 72.1%, and the specificity was 78.7%. Poor sleep quality (P<0.001, OR 23.89, 95% CI: 
4.05–141.05), high salt diet (P=0.004, OR 6.94, 95% CI: 1.86–25.96), family history of tumours (P=0.020, 
OR 6.10, 95% CI: 1.33–27.93), and abdominal pain (P=0.018, OR 4.44, 95% CI: 1.29–15.23) were positively 
associated with the risk of depression, with an area under the ROC curve of 77.3%, 95% CI: 0.687–0.860. 
The sensitivity was 83.3%, and the specificity was 62.5%.
Conclusions: Potential anxiety and depression in ACG patients can be identified early by referring to risk 
factors and protective factors. The prediction model could be used to detect anxiety and depression in ACG 
patients at their earliest stage and provide meaningful suggestions for ACG patients.
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Introduction

Atrophic chronic gastritis (ACG) is an inflammatory 
lesion of the gastric mucosa caused by various aetiologies. 
Multiple damages to the gastric mucosal epithelium cause 
spontaneous repair after damage and eventually lead to 
irreversible atrophy or even disappearance of the gastric 
glands (1). The global incidence rates of ACG range 
from 0 to 11% annually (2). ACG can progress to gastric 
cancer. It is estimated that the risk of progression of ACG 
to gastric adenocarcinoma ranges from 0.1% to 0.3% per 
year, which may be higher after considering the severity 
and extent of atrophic, intestinal metaplasia, and other 
factors (3). Globally, gastric cancer has the third leading 
incidence and third highest mortality of all types of cancers 
in China. In 2020, 482,300 new gastric cancer cases and 
374,000 deaths occurred in China (4). Risk factors for 
ACG, such as Helicobacter pylori (Hp), diet and environment, 
and autoimmunity, are well known. It has been recognized 
that psychosocial factors have an important influence 
on both the onset and the exacerbations of functional 
gastrointestinal disorders and on health care seeking, illness 
behavior, and therapeutic outcome (5). Studies have shown 
that mood disorders dominated by anxiety and depression 
are important risk factors for many gastrointestinal 
diseases (6), and individuals with ACG have a significantly 
higher risk of experiencing psychological distress (7). The 
incidence of anxiety in patients with ACG was reported 
to be 42.51% (8). In recent years, it has been shown that 
ACG patients are commonly accompanied by psychological 
distress (9) and often required anxiolytic drug treatment (10). 
However, there are no studies to specifically elucidated the 
association between anxiety or depression and ACG progres 
sion until now.

Previous studies have shown that anxiety and depression 
can affect gastrointestinal function and contribute 
to digestive diseases (11,12). One study suggests that 
modulation of the brain-gut axis could be a treatment in 
gastrointestinal disease (11). Brain-gut peptides secreted by 
the brain-gut axis modulate hormone signalling pathways 
to modify gastrointestinal function (13). Thus, anxiety and 
depression are likely to contribute to the progression of 
ACG by similar mechanisms. However, the risk factors for 
anxiety and depression in ACG patients are not yet fully 
understood. As anxiety and depression play an increasingly 
important role in gastrointestinal disorders, there is a 
strong need to understand the risk factors for anxiety and 
depression in ACG patients. We present the following 

article in accordance with the STROBE and TRIPOD 
reporting checklists (available at https://apm.amegroups.
com/article/view/10.21037/apm-22-730/rc).

Methods

Patients

In total, 154 patients with ACG were invited. All patients 
had at least one outpatient clinic visit to Guangzhou First 
People’s Hospital from July 2021 to May 2022. Finally, 118 
patients with ACG were included. All patients received 
gastroscopy and were diagnosed after pathological biopsy in 
our hospital or other tertiary hospitals within one year. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the Guangzhou First People’s Hospital Institutional Review 
Board (approval No. K-2021-203-01). All patients signed 
informed consent.

Inclusion and exclusion criteria

The inclusion criteria were patients who: (I) were  
25–75 years old; (II) received gastroscopy and were 
diagnosed after pathological biopsy in our hospital or other 
tertiary hospitals according to the diagnosis criteria of the 
Chinese Consensus Opinion on Chronic Gastritis (2017, 
Shanghai) (1); and (III) had a disease duration within 1 year.

The exclusion criteria were patients with: (I) a previous 
history of benign tumours; (II) a previous history of other 
chronic diseases that seriously affect survival, including 
malignancy, acute myocardial infarction in the past 2 years,  
and severe hypertension; (III) a previous history of 
psychological disorder disease; (IV) a previous history of 
antidepressant or antianxiety medication; (V) concurrent 
acute or severe digestive system diseases, including 
acute gastritis, pancreatitis, and acute hepatitis; and (VI) 
pregnancy or lactation.

Demographics, variables, and scoring

Thirty-two variables were analysed, including gender, age, 
body mass index (BMI), marital status, educational level, 
work situation, monthly income, sleep, number of family 
members, family history of tumours, weekly exercise time, 
dietary habits, smoking, drinking, and digestive symptoms. 
The two scales used in this study were the Generalized 
Anxiety Disorder Scale-7 (GAD-7) and the Patient Health 

https://apm.amegroups.com/article/view/10.21037/apm-22-730/rc
https://apm.amegroups.com/article/view/10.21037/apm-22-730/rc
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Questionnaire-9 (PHQ-9) (the authors have permission 
to use this instrument from the copyright holders). Both 
scales are quantitative assessment criteria recommended by 
the American Psychiatric Association in May 2013 and the 
Psychiatric Branch of the Chinese Medical Association on 
June 8, 2015. These two scales are easy for patients to fill 
out and have been validated in China (14,15) and around 
the world by numerous studies (16,17). The GAD-7 scale 
is used to screen and assess generalized anxiety symptoms 
and is a 7-item self-rating scale on a 4-point scale; the cut-
off of 5 points corresponds to mild anxiety, 10 to moderate 
anxiety, and 15 to severe anxiety. The PHQ-9 scale is used 
to screen and assess depressive symptoms and is a 9-item 
self-rating scale on a 4-point scale; the cut-off of 5 points 
corresponds to mild depression, 10 to moderate depression, 
and 15 to severe depression.

Dietary habits were defined as follows: a high-salt diet  
(≥6 g/day), frequent consumption of smoked foods  
(≥1 time/week), frequent consumption of grilled foods  
(≥1 time/week), frequent consumption of spicy and 
stimulating foods (hot and spicy food, dehydration food)  
(≥1 time/day) (18,19), frequent consumption of fried foods 
(≥1 time/week), and lack of fresh vegetables and fruits  
(<200 g/day) (20). Sleep was defined as whether one was 
satisfied with the quality of one’s sleep. Smoking was defined 
as follows: never smoking, currently smoking (smoking 

continuously or cumulatively for 6 months), and quitting 
smoking (stopped smoking for 6 months or more). Drinking 
alcohol status was defined as non-drinking, occasional 
drinking (<1 time per week), and frequent drinking  
(≥3 times per week). Digestive system symptoms were 
requested to last lasting more than 3 months.

Statistical analysis

Statistical analysis was conducted using SPSS software 
version 26.0 (IBM SPSS Statistics for Windows, Version 
26.0.  Armonk, NY: IBM Corp.) .  The one-sample 
Kolmogorov-Smirnov test was used to test the normality 
of continuous variables, and the normally distributed 
measures were expressed as mean ± standard deviation. 
Comparisons between groups were carried out by t-test (two 
tails, unequal variance) and Mann-Whitney nonparametric 
test. Count data are expressed as the counts (percentages), 
and the measurement data are presented as the means ± 
standard deviation. Factors identified as being significant 
(P<0.05) by univariate analysis were subsequently entered 
into a multivariate logistic regression model. A stepwise 
approach was used for sifting through large numbers of 
potential independent variables. The ROC curve was used 
to verify the accuracy of the model.

Analysis of risk factors for anxiety and depression in ACG 
patients

In total, 118 ACG patients were assessed using the 
Anxiety Disorder Scale-7 (GAD-7) and PHQ-9. They 
were stratified according to the scoring. Risk factors were 
analysed for patients with ACG with anxiety, depression, 
both anxiety and depression, moderate to severe anxiety, and 
moderate to severe depression. Univariate and multivariate 
conditional logistic regression analyses were performed. 
Identifying the independent risk factors for anxiety and 
depression and establishing risk prediction models. The 
model was evaluated through the ROC curve and validated 
by verifying the sensitivity and calibration.

Results

Demographic data

Overall, 154 patients participated in the study (Figure 1); of 
these, 118 ACG patients finally met the inclusion criteria 
and were enrolled, including 52 females and 66 males. The 

154 ACG patients were invited from 
July 01, 2021 to May 10, 2022

122 ACG patients eligible

118 ACG patients included in the final 
analysis

4 patients were not willing to participate

32 ACG patients did not meet inclusion 
criteria

•	 3 with prior malignant neoplasm;
•	 5 with previous history of other 

chronic diseases;
•	 8 with previous history of 

antidepressant or antianxiety 
medication;

•	 16 with psychological disorder disease

Figure 1 Flow diagram of the study. ACG, atrophic chronic 
gastritis.
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mean age of the patients was 52.30±12.46 years. Middle-
aged patients accounted for the majority of the ACG 
patients (52.6%). Marital status, education, work, and 
monthly income are shown in Table 1.

The status of anxiety and depression in ACG patients

The patients’ mean scores on the GAD-7 scale and PHQ-
9 scale were 4.33±4.96 and 3.71±5.19, respectively. The 
proportion of anxiety state in ACG patients was 36.4% 
(43/118). Among them, patients with moderate to severe 
anxiety accounted for 46.5% (20/43). The proportion 
of depression in ACG patients was 25.4% (30/118). 
Among them, patients with moderate to severe depression 
accounted for 40.0% (12/30). The proportion of both 
anxiety and depression states was 21.2% (25/118). Details 
are provided in Table 2.

Risk factors for anxiety and depression in ACG patients

Anxiety
Of the 118 ACG patients, 43 (36.4%) had anxiety. Univariate 
analysis showed that the following variables were associated 
with anxiety in ACG patients: age ≥60 years, poor sleep 
quality, fruit and vegetable deficiency, smoking, and belching. 
Multivariate logistic regression analysis showed that poor 
sleep quality [odds ratio (OR) 4.32, 95% confidence interval 
(CI): 1.60–11.65, P=0.004] was independent risk factor for 

Table 1 Baseline characteristics of ACG patients

Variables ACG patients (n=118)

Age, years 52.30±12.46

25–44 26 (22.0)

45–59 62 (52.6)

60–77 30 (25.4)

Gender

Male 66 (55.9)

Female 52 (44.1)

BMI, kg/m2 22.33±2.81

<18.5 11 (9.3)

18.5–23.9 75 (63.6)

24–26.9 26 (22.1)

27–29.9 5 (4.2)

≥30 1 (0.8)

Marital

Single 11 (9.3)

Married 102 (86.4)

Divorced 3 (2.6)

Widowed 2 (1.7)

Education

Low 33 (28.0)

Middle 28 (23.7)

High 57 (48.3)

Employment status

Employed 66 (56.0)

Unemployed 52 (44.0)

Monthly income,

≥4,000 CNY 67 (56.8)

<4,000 CNY 51 (43.2)

Values were presented as mean ± standard deviation or n (%). 
ACG, atrophic chronic gastritis; BMI, body mass index; CNY, 
Chinese Yuan; Low, elementary school and junior high school; 
Middle, high school, technical or vocational school; High, 
university or college.

Table 2 The status of anxiety and depression in ACG patients

Variables ACG patients (n=118)

Score

GAD-7 4.33±4.96

PHQ-9 3.71±5.19

Distribution

Anxiety 43 (36.4)

Mild 23 (19.5)

Moderate 15 (12.7)

Severe 5 (14.2)

Depression 30 (25.4)

Mild 18 (15.3)

Moderate 6 (5.1)

Severe 6 (5.1)

Both anxiety and depression 25 (21.2)

Without anxiety or depression 70 (59.3)

Values were presented as mean ± standard deviation or n (%). 
Mild: 5–10 points; Moderate: 11–15 points; Severe: 16–20 
points. GAD-7, Generalized Anxiety Disorder Scale-7; PHQ-9, 
Patient Health Questionnaire-9; ACG, atrophic chronic gastritis.
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anxiety in ACG patients. Smoking (OR 0.15, 95% CI: 0.03–
0.68, P=0.014) and weekly exercise time (OR 0.89, 95% CI: 
0.79–0.99, P=0.037) were independent protective factors in 
ACG patients. We conducted a further analysis of patients 
with moderate to severe anxiety. The results showed that 
poor sleep quality (OR 9.51, 95% CI: 1.87–48.30, P=0.007) 
was independent risk factor but weekly exercise time (OR 
0.785, 95% CI: 0.64–0.96, P=0.018) was independent 
protective factors in ACG patients.

Depression
Of the 118 ACG patients, 30 (25.4%) had depression. 
Univariate analysis showed that the following variables 
were associated with depression in ACG patients: poor 
sleep quality, high-salt diet, fruit and vegetable deficiency, 
family history of tumours, abdominal pain, and diarrhoea. 
Multivariate logistic regression analysis showed that 
poor sleep quality (OR 23.89, 95% CI: 4.05–141.05, 
P<0.001), a high-salt diet (OR 6.94, 95% CI: 1.86–25.96, 
P=0.004), family history of tumours (OR 6.10, 95% CI: 
1.33–27.93, P=0.020), and abdominal pain (OR 4.44, 95% 
CI: 1.29–15.23, P=0.018) were independent risk factors 
for depression in ACG patients. We conducted a further 
analysis of patients with moderate to severe depression. 
The results showed that poor sleep quality (OR 20.42, 95% 
CI: 1.18–351.92, P=0.038) was an independent protective 
factor.

Both anxiety and depression
Of the 118 ACG patients, 25 (21.2%) had both anxiety and 
depression. Univariate analysis showed that the following 
variables were associated with depression in ACG patients: 
poor sleep quality, high-salt diet, fruit and vegetable 
deficiency, family history of tumours, abdominal pain, and 
nausea. Multivariate logistic regression analysis showed 
that poor sleep quality (OR 21.46, 95% CI: 3.37–136.80, 
P=0.001), a high-salt diet (OR 6.81, 95% CI: 1.87–25.09, 
P=0.004), a family history of tumours (OR 7.57, 95% 
CI: 1.54–37.35, P=0.013), and abdominal pain (OR 5.42, 
95% CI: 1.49–19.74, P=0.010) were independent risk 
factors for depression in patients. Details are provided in  
Tables 3-8.

Development and validation of risk prediction models

Logist ic  regress ion models  were constructed for 
multivariate analyses and created the following formula 

(details of the assignment are shown in Table 9):
( )1 1 2 2 3 3 4 4 5 5P 1 1 x x x x xe β β β β β× + × + × + × + × ⋅⋅⋅ = ÷ +  	 [1]

P values closer to 1 indicate a greater possibility of 
anxiety/depression in ACG patients, whereas P values 
closer to 0 are associated with a lower possibility anxiety/
depression. The scores of ACG patients were calculated 
using the formulation of predictive models. The receiver 
operating characteristic (ROC) curve was displayed to 
validate the predictive accuracy of the model. 

Model 1 Anxiety
The following formula was created:

( )1 2 31.462 1.929 0.119P 1 1 x x xe × − × − × = ÷ +  	 [2]

The difference was statistically significant on the 
likelihood ratio test (P<0.001). The maximum Youden’s 
index was used to determine the optimal cut-off value. The 
area under the ROC curve was 0.803, 95% CI: 0.722–0.885. 
Maximum Youden’s index was 0.508 and the cut-off was 
0.508. At this cut-off, the sensitivity was 72.1%, and the 
specificity was 78.7%. The ROC curve showed good 
predictive power of our features (Figure 2A).

Model 2 Depression
The following formula was created:

( )1 4 5 63.173 1.937 1.809 1.490P 1 1 x x x xe × + × + × + × = ÷ +  	 [3]

The difference was statistically significant on the 
likelihood ratio test (P<0.001). The area under the ROC 
curve was 0.773, 95% CI: 0.687–0.860. Maximum Youden’s 
index was 0.458 and the cut-off was 0.458. At this cut-off, 
the sensitivity was 83.3%, and the specificity was 62.5%. 
The ROC curve showed good predictive power of our 
features (Figure 2B).

Model 3 Both anxiety and depression
The following formula was created:

( )1 4 5 63.066 1.918 2.024 1.689P 1 1 x x x xe × + × + × + × = ÷ +  	 [4]

The difference was statistically significant on the 
likelihood ratio test (P<0.001). The area under the ROC 
curve was 0.865, 95% CI: 0.786–0.944. Maximum Youden’s 
index was 0.519 and the cut-off was 0.519. At this cut-off, 
the sensitivity was 96.0%, and the specificity was 55.9%. 
The ROC curve showed good predictive power of our 
features (Figure 2C). 
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Table 4 Multivariate logistic regression analysis in ACG patients with anxiety

Variables β SE Walds P value OR (95% CI)

Poor sleep quality 1.462 0.507 8.321 0.004** 4.32 (1.60–11.65)

Smoking −1.929 0.783 6.065 0.014* 0.15 (0.03–0.68)

Weekly exercise time, hours −0.119 0.057 4.372 0.037* 0.89 (0.79–0.99)

For these tests, P≤0.05 (*) was deemed significant, P≤0.01 (**) was very significant. ACG, atrophic chronic gastritis; CI, confidence interval; 
OR, odds ratio; SE, standard error.

Table 5 Multivariate logistic regression analysis in ACG patients with depression

Variables β SE Walds P value OR (95% CI)

Poor sleep quality 3.173 0.906 12.270 <0.001*** 23.89 (4.05–141.05)

High salt diet 1.937 0.673 8.285 0.004** 6.94 (1.86–25.96)

Family history of tumors 1.809 0.776 5.431 0.020* 6.10 (1.33–27.93)

Abdominal pain 1.490 0.629 5.600 0.018* 4.44 (1.29–15.23)

For these tests, P≤0.05 (*) was deemed significant, P≤0.01 (**) was very significant, and P≤0.001 (***) extremely significant. ACG, atrophic 
chronic gastritis; CI, confidence interval; OR, odds ratio; SE, standard error.

Table 6 Multivariate logistic regression analysis in ACG patients with both anxiety and depression

Variables β SE Walds P value OR (95% CI)

Poor sleep quality 3.066 0.945 10.529 0.001*** 21.46 (3.37–136.80)

High salt diet 1.918 0.666 8.301 0.004** 6.81 (1.87–25.09)

Family history of tumors 2.024 0.814 6.180 0.013* 7.57 (1.54–37.35)

Abdominal pain 1.689 0.660 6.552 0.010** 5.42 (1.49–19.74)

For these tests, P≤0.05 (*) was deemed significant, P≤0.01 (**) was very significant, and P≤0.001 (***) extremely significant. ACG, atrophic 
chronic gastritis; CI, confidence interval; OR, odds ratio; SE, standard error.

Table 7 Multivariate logistic regression analysis in ACG patients with moderate-to-severe anxiety

Variables β SE Walds P value OR (95% CI)

Poor sleep quality 2.252 0.829 7.379 0.007** 9.51 (1.87–48.30)

Weekly exercise time, hours −0.242 0.102 5.632 0.018* 0.785 (0.64–0.96)

For these tests, P≤0.05 (*) was deemed significant, P≤0.01 (**) was very significant. ACG, atrophic chronic gastritis; CI, confidence interval; 
OR, odds ratio; SE, standard error.

Table 8 Multivariate logistic regression analysis in ACG patients with moderate-to-severe depression

Variables β SE Walds P value OR (95% CI)

Poor sleep quality 3.016 1.453 4.312 0.038* 20.42 (1.18–351.92)

For these tests, P≤0.05 (*) was deemed significant. ACG, atrophic chronic gastritis; CI, confidence interval; OR, odds ratio; SE, standard 
error.
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Model 4 Moderate to severe anxiety
The following formula was created:

( )1 22.252 0.242P 1 1 x xe × − × = ÷ +  	 [5]

The difference was statistically significant on the 
likelihood ratio test (P<0.001). The optimal cut-off value 
was determined by Youden’s index. The area under the 
ROC curve was 0.826, 95% CI: 0.744–0.907, and Youden’s 
index was 0.565. At this cut-off, the sensitivity was 80.0%, 
and the specificity was 76.5%. The ROC curve showed 
good predictive power of our features (Figure 2D).

Model 5 Moderate to severe depression
The following formula was created:

( )13.016P 1 1 xe × = ÷ +  	 [6]

The difference was statistically significant on the 
likelihood ratio test (P<0.001). The optimal cut-off value 
was determined by Youden’s index. The area under the 
ROC curve was 0.940, 95% CI: 0.892–0.989, and Youden’s 
index was 0.893. At this cut-off, the sensitivity was 100%, 
and the specificity was 89.3%. The ROC curve showed 
good predictive power of our features (Figure 2E).

Discussion

Our research assessed the state of anxiety and depression 
of ACG patients by questionnaires and further explored 
potential risk factors for anxiety and depression.

We found that ACG patients had serious anxiety and 
depression. Nearly half of ACG patients with anxiety or 
depression suffered from moderate to severe anxiety or 
depression. Given the impact of anxiety and depression 
on gastrointestinal function, this is a cautionary result. In 
further analysis, we found that poor sleep quality is a key 
risk factor for the generation and progression of anxiety and 

depression in ACG patients, particularly depression. For 
anxiety, exercise and smoking can affect the appearance and 
progression of anxiety in ACG patients. For depression, 
a high-salt diet, a family history of cancer, and long-term 
abdominal pain were likely to affect the appearance and 
progression of depression in ACG patients. We developed 
a risk prediction model for ACG patients, which allows 
clinicians to score anxiety and depression in ACG patients.

ACG patients suffer from various forms of psychological 
distress, and protective factors should be enhanced 
cumulatively to protect against psychological distress (9). 
Previous work showed that anxiety and depression are 
independent risk factors for ACG in the young and middle-
aged population (21). This study found that ACG patients 
with poor sleep quality were more likely to present with 
both anxiety and depression and to have aggravated anxiety 
and depression. Poor sleep causes abnormal corticotropin 
releasing factor (CRF) regulation (22) and impaired medial 
prefrontal cortex activity (23), which leads to anxiety and 
depression in ACG patients. With a longer duration of 
disease, anxiety and depression induce central nervous 
system (CNS), homeostatic disturbances, and gastrointestinal 
dysfunction and eventually cause ACG progression (24). 
Therefore, sleep quality may indeed be a crucial element 
for ACG patients’ sleep quality. Early and appropriate 
intervention can be exerted for ACG patients who suffer 
from poor sleep quality. 

Smoking was previously considered to be an independent 
risk factor for many diseases. However, we found that 
smoking contributes to alleviate anxiety in ACG patients. 
Nicotine improves patients’ dysphoria by increasing the 
excitability of nerve cells and stimulating the brain’s reward 
mechanism (25,26). Smoking relieves patients’ anxiety in 
the short term, but in the long run, smoking is probably 
not a wise option. With increasing amounts and duration of 
smoking, the accumulation of nicotine and other injurious 
agents in tobacco leads to gastric mucosal injury and other 
severe diseases (27). Physicians could illustrate the potential 
harm caused by smoking and convince patients to stop 
smoking. Gradually reducing the number of cigarettes 
smoked could engage more ACG patients in quitting. For 
ACG patients who already suffer from anxiety, engaging in 
moderate aerobic exercise (such as fast walking, cycling, or 
swimming) each week may potentially exert some benefits 
in anxiety (28). One study has found exercise allows ACG 
patients to experience physical improvements and changes 
in interpersonal relationships and enhances patients’ 
self-confidence (29). It also promotes an increase in the 

Table 9 Variable assignment for risk factors

Variables Symbol Assignment

Poor sleep quality x1 No =0, Yes =1

Cigarette smoking x2 No =0, Yes =1

Weekly exercise time, hours x3 1 hour =1, 2 hours =2…

High salt diet x4 No =0, Yes =1

Family history of tumors x5 No =0, Yes =1

Abdominal pain x6 No =0, Yes =1
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secretion of neurotransmitter chemicals and endorphins in 
the body (30). Furthermore, it contributes to the relief of 
anxiety and reduces their risk of developing moderate-to-
severe anxiety disorder in ACG patients.

Depression is highly prevalent among ACG patients (31),  
and a high-salt diet may cause in this population. A study 
showed that depression is associated with disturbances 
of mitochondrial function. A high-salt diet may lead to 
abnormal mitochondrial biosynthesis, which could lead to 
increased free radical production, inflammation, and insulin 
resistance, eventually leading to depression (32). Based 
on our results, dietary habits may influence depression in 
ACG patients. Doctors could give patients targeted advice 
on dietary habits. In addition, family history of cancer 
is one of the key messages in the ACG patient’s medical 
history. ACG patients with a family history of cancer may 
be unusually sensitive to ACG, thus inducing depression. 

Making patients acknowledge ACG through illness 
education is perhaps an effective way to relief depression. 
For ACG patients who suffer from long-term abdominal 
pain, appropriate intervention could be used for ACG 
patients who suffer from abdominal pain. 

In this study, we established a risk model for the prediction 
of anxiety and depression in ACG patients that showed 
relatively high predictive value. The area under the ROC curve 
over 0.7 was considered indicative of “fair” discriminative 
ability, 0.8 as “good”, and over 0.9 as “excellent” (33). It is 
generally accepted that the discriminative ability of a risk 
index should be greater than 0.8 for a prediction model to be 
considered clinically relevant (34).

Poor sleep quality, cigarette smoking and weekly exercise 
time were included in Model 1. The area under ROC 
curve was 0.803, indicating a good predictive ability. The 
sensitivity and specificity of the model were 72.1% and 
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78.7%, respectively, suggesting a good screening effect, 
which may also help to diagnose anxiety in patients with 
ACG. Poor sleep quality, high salt diet, family history 
of tumours and abdominal pain were included in Model 
2. In ACG patients, the area under the ROC curve was 
0.773, showing the good predictive capacity of the model. 
Sensitivity and specificity for this model were 83.3% 
and 62.5%, respectively, indicating the model has a good 
screening effect for depression, but may lead to a high 
rate of misdiagnosis. In Model 3, factors consistent with 
Model 2 were included. The area under the ROC curve 
was 0.865, which suggested a good predictive ability of 
the model. Sensitivity and specificity for this model were 
96.0% and 55.9%, respectively, showing that the model has 
a good screening effect for both anxiety and depression but 
diagnostic value is less than satisfactory. In Model 4, poor 
sleep quality and cigarette smoking were included. The 
area under the ROC curve was 0.826, indicating the good 
predictive ability of the model. Sensitivity and specificity 
for this model were 80.0% and 76.5%, suggesting that 
the model has a good screening effect and contributes 
to diagnostic for moderate to severe anxiety in ACG 
patients. In Model 5, poor sleep quality was included. The 
area under the ROC curve was 0.940, showing excellent 
predictive ability of the model. Sensitivity and specificity for 
this model were 100.0% and 89.3%, indicating good results 
in both screening and diagnosis.

In our research, all ACG patients underwent gastroscopy 
and biopsy for histopathology observation, which ensures 
consistency across this study. This is the first analysis of 
anxiety and depression in ACG patients in Guangzhou, 
China. To the best of our knowledge, this is the first study 
to analyse risk factors for anxiety and depression in ACG 
patients. Patients were also stratified based on scale score 
(moderate-to-severe), and risk and protective factors for the 
progression of anxiety and depression were analysed. We 
also integrated these risk factors to construct an effective 
clinical prediction model for the first time. The relationship 
between risk factors and anxiety and depression can be 
visualized in the formula. It may be useful for assessing the 
potential risk of developing anxiety and depression in ACG 
patients for health care workers. Doctors could purposefully 
focus on relieving anxiety and depression in ACG 
patients and intervene for ACG patients with potential 
risks of anxiety and depression in a timely manner. This 
approach could also avoid the adverse effects of anxiety and 
depression on ACG as much as possible, allowing better 
results with drug treatment, decreasing the cost burden of 

treatment for ACG patients, and reducing the chances of 
other diseases caused by anxiety and depression.

Our study also has some limitations. Firstly, in view 
of the small sample size, its clinical relevance could be 
questioned, and additional studies with larger sample sizes 
are needed to validate these findings. Secondly, our risk 
prediction models have some limitations. Some models 
have low specificity and may not be as accurate in diagnosis, 
which may lead to misdiagnosis. Another limitation is that 
the prediction model was not externally validated. Thirdly, 
this study is a single-centre investigation, and patients in 
different areas may reach different conclusions because of 
different environmental exposures and dietary habits. We 
will continue to include more ACG patients and follow 
these patients to collect more data. The severity of ACG 
will be stratified according to pathological biopsy results, 
and the association of anxiety and depression with ACG will 
be further explored.

Conclusions

For ACG patients, the situation in the field of anxiety and 
depression is gloomy. This study searched for risk factors 
for anxiety and depression and developed a risk prediction 
model for anxiety and depression in ACG patients. The 
prediction model is meaningful in the early identification 
and management of anxiety and depression in ACG patients 
and provide meaningful suggestions for ACG patients.
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