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Purpose: This study aims to identify potential risk factors associated with anxiety or 
depression and propose algorithms to predict anxiety and depression especially among 
university students.
Methods: We included and analyzed 881 university students from eight colleges in China in 
November 2020. Student’s basic information, lifestyles, sport habits, comorbidities, and 
mental health conditions were collected. Anxiety and depression were measured using the 
generalized anxiety disorder 7 (GAD-7) and the patient health questionnaire 9 (PHQ-9), 
respectively. A multiple linear regression analysis was used to assess the ability of 25 
potential risk factors for predicting anxiety and depression, and significant risk factors 
were included in the algorithms.
Results: Of all the included students, 44.27% lived with mild or above anxious symptoms 
and 50.62% had mild or above depressive symptoms. According to the multiple linear 
regression model, grade levels (P<0.01), member of college sports dance team (P=0.05), 
sedentary time (P=0.02), exercise frequency (P<0.01), only child status (P=0.05), addiction 
of drinking (P<0.01), and prefer eating vegetable (P<0.01) were significantly associated with 
anxiety; grade levels (P<0.01), member of college sports dance team (P<0.01), sedentary 
time (P<0.01), exercise frequency (P<0.01), academic study period during free time 
(P=0.03), only child status (P<0.01), addiction of drinking (P<0.01), prefer eating vegetables 
(P<0.01), and main types of drinking water (P<0.01) were significantly associated with 
depression. Based on these significant factors, two algorithms were successfully developed, 
and two risk groups were created according to the algorithms.
Conclusion: The study proposed two algorithms to calculate anxiety and depression, 
respectively, which can be useful tools to identify students with different risk of anxiety or 
depression. Effective measures are warranted to improve student’s sport habits and healthy 
lifestyles in order to mitigate anxiety and depression, especially among students in the high 
risk group.
Keywords: students, public health, anxiety, depression, risk factors, algorithms

Introduction
Mental disorder poses a significant challenge which has become one of crucial 
public health problems among university students. According to epidemiological 
studies, 25.2–44.0% of college students suffered from anxiety symptoms,1,2 and 
15.6–42.0% of college students had depression symptoms.1,3 University students 
were in an essential stage of transiting from adolescence to adulthood. At this stage, 
they were vulnerable to anxiety and depression possibly because of environmental 
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changes, academic pressures, or obstacles to their life 
goals.4 Notably, anxiety and depression are of great 
harm, which are detrimental to their lives and academic 
performances and may become the major reasons for 
school dropout and even suicide.5 According the recent 
study, approximately 24% of college students were identi-
fied as having suicide risk.6 Therefore, it is extremely 
warranted to develop strategies so as to early identify 
anxiety and depression.

The identification of anxiety or depression can be rea-
lized with the help of risk factors. Studies have shown that 
gender, body image, years of study, and academic perfor-
mances were associated with anxiety,7,8 while gender, 
exercise frequency,3 concern over mistakes,3 poor diet,9 

sleep problems,9,10 alcohol abuse,11 and daytime 
sleepiness3 were significantly associated with depression. 
Furthermore, some prediction models have been proposed 
to predict anxiety and depression.12–14 However, those 
models were created based on varying populations, includ-
ing patients with diabetes after limb amputation,12 chronic 
obstructive pulmonary diseases,13 and depression among 
undergraduate student under Coronavirus Disease 2019 
(COVID-19).14 Technically, these prediction models may 
not be capable of being used to predict anxiety and depres-
sion especially among college students. Thus, it is of great 
necessity for us to develop prediction models among par-
ticular university students.

Therefore, in this study, we aim to propose algorithms 
to predict anxiety and depression among university stu-
dents so as to identify those who are at a high risk of 
mental health disorders.

Materials and Methods
Samples
We included and analyzed 881 university students from 
eight colleges in China in November 2020. The eight 
universities included Xiamen University of Technology, 
Chengdu Sport University, Xiamen University, JiMei 
University, Fujian Agriculture and Forestry University, 
Southwest Jiaotong University, Shandong Sport 
University, and Chongqing Normal University. We per-
formed a survey online and students voluntarily responded 
and filled in the survey based on their real conditions. 
Student’s basic information, lifestyles, sport habits, comor-
bidities, and mental health conditions were collected in the 
survey. A database was constructed based on the survey. 
Students were excluded in the analysis if he or she was 

reluctant to take part in the survey, had an age of less than 
18 years old, or previously diagnosed with anxiety or 
depression in the hospital. This study was approved by 
the Academic Committee and Ethics Board of the Xiamen 
University of Technology (No. 2020.01). Formal consents 
were obtained from all participants and their personal 
information was all anonymized. This study was con-
ducted in line with the Declaration of Helsinki.

Evaluation of Anxiety and Depression
Anxiety and depression were measured using generalized 
anxiety disorder 7 (GAD-7)15,16 and patient health ques-
tionnaire 9 (PHQ-9),17 respectively. The GAD-7 ranged 
from 0 to 21. A score of 5 to 9 was considered as mild 
anxiety, 10 to 14 was moderate anxiety, and 15 or above 
was severe anxiety. PHQ-9, ranging from 0 to 27, had the 
same classification to the GAD-7: participants who had 
a score of 4 or less was regarded as no depression, 5 to 9 
was mild depression, 10 to 14 was moderate depression, 
and 15 or above was severe depression. GAD-7 and PHQ- 
9 were widely used measurement to assess anxiety and 
depression among university students. The reliabilities and 
validities of GAD-7 and PHQ-9 were good with the cor-
responding Cronbach alpha of 0.915 and 0.892, 
respectively.

Potential Risk Factors
In terms of previous studies and data availabilities, we 
identified 25 potential risk factors which were used to 
assess their ability to predict anxiety or depression scores 
according to the multiple linear regression model. These 
risk factors included sex (female vs male), age (˂20 years 
vs ≥20 years), grade levels (first year vs second year vs 
third year vs fourth year vs delayed graduation), profes-
sional dancer (yes vs no), member of college sports dance 
team (yes vs no), physical education student (yes vs no), 
number of dance types (0 vs 1–2 vs ≥3), body mass index 
(BMI, kg/m2) (<18.5 vs ≥18.5 and <24 vs ≥24 and <28 vs 
≥28), scholarship winner (yes vs no), time interval of 3 
kilometers running (min) (<15 vs ≥15 and <20 vs ≥20 and 
<25 vs ≥25), sedentary time per day (hour) (<1 vs ≥1 and 
<3 vs ≥3 and <6 vs ≥6), exercise frequency per week (0 vs 
1–2 vs 3–4 vs ≧5), academic study period during free time 
(hours/per day) (0 vs <1 vs ≧1 and <2 vs ≧2 and <3 vs 
≧3), only child status (yes vs no), the highest education 
level of parents (primary school vs junior or high school vs 
university vs graduate), hypertension (yes vs no), diabetes 
(yes vs no), addiction of smoking (yes vs no), addiction of 
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drinking (yes vs no), prefer eating vegetables (yes vs no), 
prefer eating barbecue (yes vs no), main types of drinking 
water (purified water vs tea vs coffee vs soda), monthly 
expenses (Renminbi, RMB) (<1000 vs ≧1000 and <2000 
vs ≧2000 and <4000 vs ≧4000), marital status (single vs 
dating vs married vs fertilized), and anxiety or depression 
history of immediate family members (yes vs no). The 
member of college sports dance team was those who 
participated in college sport dance team and attended 
dance courses four times a week (90 min per course). 
The number of dance types was defined how many types 
of dance that student knew to dance, including Waltz, 
Tango, Foxtrot, Quickstep, Latin, and others. Exercise 
frequency per week was the number of exercise that stu-
dents did every week and the time of each exercise should 
have a minimum of 30 min. Academic study period during 
free time meant that the time student spent to study by 
themselves during free time and it should not include 
formal class time. Only child status was defined that 
students had no sibling. All above-mentioned potential 
risk factors were reported by students according to their 
actual conditions.

Development of Algorithms to Predict 
Anxiety and Depression
The multiple linear regression model was used to ana-
lyze the ability of the 25 potential risk factors for 
predicting anxiety and depression and statistical signif-
icant risk factors were included in the algorithm to 
calculate anxiety and depression scores, respectively. 
The estimates of significant variables calculated and 
used to develop the algorithm when all significant 
risk factors re-entered the multiple linear regression 
model. The algorithm was shown as follows: 
Y ¼ Interceptþ a�x1þ b�x2þ c�x3þ . . .:. In the algo-
rithm, Y denoted anxiety or depression scores, x indi-
cated significant risk factors, and a, b, and c indicated 
corresponding estimates of each significant risk factor. 
The algorithms to predict anxiety and depression were 
developed respectively. Examples about how to use the 
algorithms to calculate anxiety and depression scores 
were shown in the results section. Development of risk 
groups among students according to the anxiety and 
depression algorithms was also achieved. Namely, 
there were low-risk group and high-risk group for 
anxiety or depression.

Evaluation of Algorithms to Predict 
Anxiety and Depression
Effectiveness of the two algorithms was evaluated by cali-
bration slope and R square. The calibration ability meant the 
consistency between the predicted anxiety or depression 
scores and the actual observed anxiety or depression scores. 
Calibration slope was measure by plotting deciles of the 
mean predicted anxiety or depression scores against the 
observed mean anxiety or depression scores in each decile. 
A smooth line was fitted using linear regression analysis and 
calibration slope was obtained from the smooth line. If the 
calibration slope is close to 1 and the intercept was near to 0, 
the algorithm is effective. Regarding R square, the closer the 
value was to 1, the better the algorithms.

Statistical Analysis
All statistical analyses were performed using SAS 9.2 
software. The differences among the continuous variables 
were analyzed using the t or rank test between groups. The 
multiple linear regression model was used to analyze 
potential risk factors for anxiety and depression. The dif-
ference of the observed scores between the low-risk group 
and the high-risk group was evaluated using the Wilcoxon 
rank test. A P-value of 0.05 or less was regarded as 
statistical significance (two-sided tests).

Results
Demographics
In the entire university students, 901 students completed the 
survey and 20 students were reluctant to participate in. Besides, 
20 students were excluded due to previous diagnosis of anxiety 
or depression in the hospital. Therefore, the response rate was 
97.83% (901/921) and finally 881 patients were included in the 
study. Of all the included students, 56.64% (499/881) were 
female. The majority of students had an age of less than 20 
years old (63.00%, 555/881). Professional dancer, member of 
college sport dance team, and physical education student 
accounted for 5.68% (50/881), 11.69% (103/881), and 
26.22% (231/881), respectively. Information about their family 
backgrounds, comorbidities, lifestyles, and sport habits are 
presented in Table 1. Regarding mental status, 44.27% lived 
with mild or above anxious symptoms and 50.62% had mild or 
above depressive symptoms. In detail, 9.54% (84/881) stu-
dents suffered from moderate-to-severe anxiety; 14.19% 
(125/881) students had moderate-to-severe depression. The 
above-mentioned numbers indicated that anxiety and depres-
sion were common among university students.
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Table 1 Student’s Demographics

Characteristics Sample (n=881)

Sex
Female 56.64% (499/881)

Male 43.36% (382/881)

Age (years)

˂20 63.00% (555/881)
≥20 37.00% (326/881)

Grade levels
First year 45.63% (402/881)

Second year 39.05% (344/881)

Third year 12.94% (114/881)
Fourth year 2.04% (18/881)

Delayed graduation 0.34% (3/881)

Professional dancer

Yes 5.68% (50/881)

No 94.32% (831/881)

Member of college sports dance team

Yes 11.69% (103/881)
No 88.31% (778/881)

Physical education student
Yes 26.22% (231/881)

No 73.78% (650/881)

Number of dance types

0 70.60% (622/881)

1–2 25.43% (224/881)
≥3 3.97% (35/881)

BMI (kg/m2)
<18.5 18.27% (161/881)

≥18.5 and <24 57.66% (508/881)

≥24 and <28 8.97% (79/881)
≥28 15.10% (133/881)

Scholarship winner
Yes 24.40% (215/881)

No 75.60% (666/881)

Time interval of 3 kilometers running (min)

<15 23.16% (204/881)

≥15 and <20 37.91% (334/881)
≥20 and <25 22.47% (198/881)

≥25 16.46% (145/881)

Sedentary time per day (hours)

<1 21.00% (185/881)
≥1 and <3 34.28% (302/881)

≥3 and <6 33.14% (292/881)

≥6 11.58% (102/881)

Exercise frequency per week

0 6.02% (53/881)

(Continued)

Table 1 (Continued). 

Characteristics Sample (n=881)

1–2 44.38% (391/881)
3–4 27.81% (245/881)

≧5 21.79% (192/881)

Academic study period during free time 

(hours)

0 1.48% (13/881)
<1 23.84% (210/881)

≧1 and <2 39.73% (350/881)
≧2 and <3 19.30% (170/881)

≧3 15.66% (138/881)

Only child status

Yes 40.75% (359/881)

No 59.25% (522/881)

The highest education level of parents

Primary school 14.76% (130/881)
Junior or high school 57.89% (510/881)

University 25.31% (223/881)

Graduate 2.04% (18/881)

Hypertension

Yes 1.14% (10/881)
No 98.86% (871/881)

Diabetes
Yes 0.23% (2/881)

No 99.77% (879/881)

Addiction of smoking

Yes 3.86% (34/881)

No 96.14% (847/881)

Addiction of drinking

Yes 3.52% (31/881)
No 96.48% (850/881)

Prefer eating vegetables
Yes 82.29% (725/881)

No 17.71% (156/881)

Prefer eating barbecue

Yes 34.17% (301/881)

No 65.83% (580/881)

Main types of drinking water

Purified water 89.90% (792/881)
Tea 5.45% (48/881)

Coffee 0.34% (3/881)
Soda 4.31% (38/881)

Monthly expenses (RMB)
<1000 12.49% (110/881)

≧1000 and <2000 74.57% (657/881)

(Continued)
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Risk Factors for Anxiety
According to subgroup analysis, female students had signifi-
cantly higher anxiety score as compared with male patients 
(4.51 vs 3.98, P<0.01) and higher age also showed significantly 
higher anxiety score (4.94 vs 3.89, P<0.01) (Table 2). Similar 
trends were observed in higher grade levels (P<0.01), non- 
physical education students (P<0.01), more sedentary time 
(P=0.04), less exercise frequency per week (P<0.01), less self- 
study time (P<0.01), having sibling (P=0.05), addiction of 
drinking (P<0.01), and prefer eating vegetables (P=0.01).

According to the multiple linear regression model, grade 
levels (Estimate=0.84, 95% Confident interval (CI): 0.48– 
1.20, P<0.01), member of college sports dance team 
(Estimate=−0.88, 95% CI: −1.77–0.01, P=0.05), sedentary 
time (Estimate=0.37, 95% CI: 0.07–0.67, P=0.02), exercise 
frequency (Estimate=−0.71, 95% CI: −1.03–-0.40, P<0.01), 
only child status (Estimate=−0.57, 95% CI: −1.13–-0.01, 
P=0.05), addiction of drinking (Estimate=2.41, 95% CI: 
0.89–3.92, P<0.01), and prefer eating vegetable (Estimate= 

−1.06, 95% CI: −1.79–-0.33, P<0.01) were significantly asso-
ciated with anxiety. The results meant that lower grade levels, 
member of college sports dance team, less sedentary time, 
more exercise frequency, only child status, and prefer eating 
vegetable were protective independent factors for anxiety, 
while addiction of drinking was an independent risk factor 
for anxiety.

The Algorithm to Calculate Anxiety Score
The above seven significant risk factors were included in the 
algorithm to predict anxiety (Table 2). According to the multi-
ple linear regression model, the anxiety model was developed 
as follows: Y= 4.98+0.84*grade levels-0.88*member of col-
lege sports dance team+0.37*sedentary time per day- 
0.71*exercise frequency per week-0.57*only child status 
+2.41*addiction of drinking-1.06*prefer eating vegetables. 
For example, if a senior student (4) who was member of 
college sport dance team (1), had a sedentary time of more 
than 6 hours per day (4), made exercise twice a week (2), had 
a sister (0), addicted to drinking (1), and not preferred to eat 
vegetable (0), then the predicted anxiety score was 4.98 
+0.84*4-0.88*1+0.37*4-0.71*2-0.57*0+2.41*1-1.06*0 
=9.93.

Risk Factors for Depression
Subgroup analysis showed that female (P=0.01), higher age 
(P<0.01), higher grade levels (P<0.01), lacking exercise, 
and imbalanced diets were significantly related to higher 
depression scores (Table 3). In detail, students in the sub-
group of non-member of college sports dance team 
(P=0.03), non-physical education student (P<0.01), longer 
time interval of 3 kilometers running (P=0.04), less exercise 
frequency (P<0.01), less self-study time (P<0.01), having 
sibling (P=0.02), addiction of drinking (P<0.01), not prefer 
eating vegetables (P<0.01), prefer eating barbecue (P<0.01), 
and main source of drinking water (soda) (P<0.01) were 
more likely to possess higher depression scores.

According to the multiple linear regression model, grade 
levels (Estimate=1.00, 95% CI: 0.57–1.43, P<0.01), member 
of college sports dance team (Estimate=−1.53, 95% CI: 
−2.58–-0.47, P<0.01), sedentary time (Estimate=0.51, 95% 
CI: 0.15–0.87, P<0.01), exercise frequency (Estimate=−0.86, 
95% CI: −1.23–-0.48, P<0.01), academic study period during 
free time (Estimate=−0.37, 95% CI: −0.70–-0.04, P=0.03), 
only child status (Estimate=−0.89, 95% CI: −1.56–-0.23, 
P<0.01), addiction of drinking (Estimate=3.19, 95% CI: 
1.36–5.02, P<0.01), prefer eating vegetables (Estimate= 
−1.16, 95% CI: −2.04–-0.29, P<0.01), and main types of 

Table 1 (Continued). 

Characteristics Sample (n=881)

≧2000 and <4000 11.01% (97/881)
≧4000 1.93% (17/881)

Marital status
Single 79.00% (696/881)

Dating 20.09% (177/881)
Married 0.45% (4/881)

Fertilized 0.45% (4/881)

Anxiety or depression history of immediate 

family members

Yes 1.82% (16/881)
No 98.18% (865/881)

Anxiety (GAD-7)
No 55.73% (491/881)

Mild 34.73% (306/881)

Moderate 7.04% (62/881)
Severe 2.50% (22/881)

Anxiety (GAD-7) (mean) 4.28

Depression (PHQ-9)

No 49.38% (435/881)
Mild 36.44% (321/881)

Moderate 8.51% (75/881)

Severe 5.68% (50/881)

Depression (PHQ-9) (mean) 5.42

Abbreviations: BMI, body mass index; RMB, Renminbi; GAD-7, generalized anxi-
ety disorder 7; PHQ-9, patient health questionnaire 9.
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Table 2 The Multiple Linear Regression Analysis of Characteristics for Anxiety

Characteristics GAD-7 
(Mean)

Original 
Data

t-test The Multiple Linear 
Regression

Estimates (95% CI) P

Intercept 4.98 (3.49–6.46) <0.01

Sex <0.01 Insignificance

Female 4.51 2

Male 3.98 1

Age (mean, years) <0.01 Insignificance

˂20 3.89 1
≥20 4.94 2

Grade levels <0.01 0.84 (0.48–1.20) <0.01

First year 3.60 1

Second year 4.69 2
Third year 4.86 3

Fourth year 6.94 4
Delayed graduation 9.33 5

Professional dancer 0.29 Insignificance

Yes 3.70 1

No 4.31 0

Member of college sports dance team 0.30 − 0.88 (−1.77–0.01) 0.05

Yes 3.79 1

No 4.34 0

Physical education student <0.01 Insignificance

Yes 3.43 1
No 4.58 0

Number of dance types 0.41 Insignificance

0 4.32 0

1–2 4.11 1
≥3 4.71 2

BMI (kg/m2) 0.24 Insignificance

<18.5 3.75 1

≥18.5 and <24 4.37 2
≥24 and <28 4.22 3

≥28 4.59 4

Scholarship winner 0.34 Insignificance

Yes 4.46 1
No 4.22 0

Time interval of 3 kilometers running (min) 0.06 Insignificance

<15 3.79 1

≥15 and <20 4.14 2
≥20 and <25 4.45 3

(Continued)
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Table 2 (Continued). 

Characteristics GAD-7 
(Mean)

Original 
Data

t-test The Multiple Linear 
Regression

Estimates (95% CI) P

≥25 5.03 4

Sedentary time per day (hours) 0.04 0.37 (0.07–0.67) 0.02

<1 3.77 1

≥1 and <3 4.03 2

≥3 and <6 4.48 3
≥6 5.38 4

Exercise frequency per week <0.01 − 0.71 (−1.03– −0.40) <0.01

0 5.83 1

1–2 4.90 2
3–4 3.59 3

≧5 3.47 4

Academic study period during free time (hours) <0.01 Insignificance

0 11.54 1

<1 4.24 2

≧1 and <2 3.92 3
≧2 and <3 4.42 4

≧3 4.38 5

Only child status 0.05 − 0.57 (−1.13–-0.01) 0.05

Yes 3.92 1
No 4.53 0

The highest education level of parents 0.90 Insignificance

Primary school 4.25 1

Junior or high school 4.17 2
University 4.51 3

Graduate 4.72 4

Hypertension 0.30 Insignificance

Yes 3.40 1
No 4.27 0

Diabetes 0.61 Insignificance

Yes 3.00 1

No 4.28 0

Addiction of smoking 0.20 Insignificance

Yes 5.76 1

No 4.22 0

Addiction of drinking <0.01 2.41 (0.89–3.92) <0.01

Yes 6.81 1
No 4.19 0

(Continued)
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drinking water (Estimate=0.73, 95% CI: 0.21–1.24, P<0.01) 
were significantly associated with depression. The results 
meant that lower grade levels, member of college sports 
dance team, less sedentary time, more exercise frequency, 
appropriate self-study time, only child status, and prefer eating 
vegetable were protective independent factors for depression, 
while main types of drinking water (soda) and addiction of 
drinking was independent risk factor for depression.

The Algorithm to Calculate Depression 
Score
The above nine significant risk factors were used to develop 
the algorithm to calculate depression score. The algorithm 

was created as follows (Table 3): Y=6.51+1.00*grade levels- 
1.53*member of college sports dance team+0.51*sedentary 
time per day-0.86*exercise frequency per week-0.37*aca-
demic study period during free time-0.89*only child status 
+3.19*addiction of drinking-1.16*prefer eating vegetables 
+0.73*main types of drinking water. An example was 
shown in the following: If a senior student (4) who was 
member of college sport dance team (1), had a sedentary 
time of more than 6 hours per day (4), made exercise twice 
a week (2), had a self-study time of 0 (1), had a sister (0), 
preferred to eat vegetable (1), had the habit of being 
addicted to drinking (1), and had soda as the main source 
of drinking water (4), then the predicted score was 

Table 2 (Continued). 

Characteristics GAD-7 
(Mean)

Original 
Data

t-test The Multiple Linear 
Regression

Estimates (95% CI) P

Prefer eating vegetables 0.01 −1.06 (−1.79–-0.33) <0.01

Yes 4.05 1

No 5.34 0

Prefer eating barbecue 0.22 Insignificance

Yes 4.58 1

No 4.12 0

Main types of drinking water 0.21 Insignificance

Purified water 4.18 1
Tea 4.92 2

Coffee 5.00 3

Soda 5.45 4

Monthly expenses (RMB) 0.89 Insignificance

<1000 3.91 1

≧1000 and <2000 4.30 2
≧2000 and <4000 4.48 3

≧4000 4.82 4

Marital status 0.92 Insignificance

Single 4.18 1
Dating 4.60 2

Married 4.00 3

Fertilized 7.00 4

Anxiety or depression history of your immediate family members 0.55 Insignificance

Yes 5.44 1

No 4.26 0

Notes: The anxiety model was developed as follows: Y= 4.98+0.84*grade levels-0.88*member of college sports dance team+0.37*sedentary time per day-0.71*exercise 
frequency per week-0.57*only child status+2.41*addiction of drinking-1.06*prefer eating vegetables. 
Abbreviations: BMI, body mass index; RMB, Renminbi; GAD-7, generalized anxiety disorder 7; CI, confidence interval.
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Table 3 The Multiple Regression Analysis of Characteristics for Depression

Characteristics PHQ-9 
(Mean)

Original 
Data

t-test The Multiple Linear 
Regression

Estimates (95% CI) P

Intercept 6.51 (4.36–8.67) <0.01

Sex 0.01 Insignificance

Female 5.64 2

Male 5.13 1

Age (mean, years) <0.01 Insignificance

˂20 4.91 1
≥20 6.29 2

Grade levels <0.01 1.00 (0.57–1.43) <0.01

First year 4.64 1

Second year 5.86 2
Third year 6.35 3

Fourth year 7.39 4
Delayed graduation 12.00 5

Professional dancer 0.17 Insignificance

Yes 4.34 1

No 5.48 0

Member of college sports dance team 0.03 −1.53 (−2.58–-0.47) <0.01

Yes 4.30 1

No 5.57 0

Physical education student <0.01 Insignificance

Yes 4.53 1
No 5.73 0

Number of dance types 0.44 Insignificance

0 5.45 0

1–2 5.24 1
≥3 5.97 2

BMI (kg/m2) 0.39 Insignificance

<18.5 4.77 1

≥18.5 and <24 5.51 2
≥24 and <28 5.73 3

≥28 5.65 4

Scholarship winner 0.56 Insignificance

Yes 5.62 1
No 5.35 0

Time interval of 3 kilometers running (min) 0.04 Insignificance

<15 4.85 1

≥15 and <20 5.11 2
≥20 and <25 5.81 3

(Continued)
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Table 3 (Continued). 

Characteristics PHQ-9 
(Mean)

Original 
Data

t-test The Multiple Linear 
Regression

Estimates (95% CI) P

≥25 6.40 4

Sedentary time per day (hours) 0.09 0.51 (0.15–0.87) <0.01

<1 4.91 1

≥1 and <3 5.08 2
≥3 and <6 5.61 3

≥6 6.79 4

Exercise frequency per week <0.01 − 0.86 (−1.23–-0.48) <0.01

0 7.58 1
1–2 6.05 2

3–4 4.76 3

≧5 4.38 4

Academic study period during free time (hours) <0.01 − 0.37 (−0.70–-0.04) 0.03

0 14.77 1

<1 5.60 2

≧1 and <2 5.07 3
≧2 and <3 5.44 4

≧3 5.10 5

Only child status 0.02 − 0.89 (−1.56–-0.23) <0.01

Yes 4.86 1
No 5.80 0

The highest education level of parents 0.65 Insignificance

Primary school 5.68 1
Junior or high school 5.47 2

University 5.19 3

Graduate 4.67 4

Hypertension 0.36 Insignificance

Yes 6.30 1

No 5.41 0

Diabetes 0.84 Insignificance

Yes 4.50 1
No 5.42 0

Addiction of smoking

Yes 7.62 1

No 5.33 0

Addiction of drinking <0.01 3.19 (1.36–5.02) <0.01

Yes 9.32 1

No 5.28 0

(Continued)
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Y ¼ 6:51þ 1:00 � 4 � 1:53 � 1þ 0:51 � 4 � 0:86 � 2 
� 0:37 � 1 � 0:89 � 0þ 3:19 � 1 � 1:16 � 1þ 0:73 
�4 ¼ 13:88.

Evaluation of the Two Algorithms
The calibration slopes of the anxiety and depression 
algorithms were 0.91 (95% CI: 0.71–1.12, P<0.001, 
Figure 1), and 0.98 (95% CI: 0.77–1.18, P<0.001, 
Figure 2), respectively (Table 4). The corresponding 
X–intercepts were −0.43 (95% CI: −1.84–0.48) and 
−0.15 (95% CI: −1.70–0.88) and Y-intercepts were 
0.39 (95% CI: −0.53–1.31) and 0.15 (95% CI: −1.03– 
1.32) in the two algorithms. The R-squares of the 

anxiety and depression algorithm were 0.93 and 0.94, 
respectively.

Classification of Risk Groups
In the anxiety algorithm, students with a predicted anxiety 
score of less than 6 were classified as the low-risk group 
and a predicted score of 6 or more were regarded as the 
high-risk group (Table 5). The predicted anxiety scores 
and observed anxiety scores were similar in the both 
low- and high-risk groups. The difference of the observed 
scores between the low-risk group and the high-risk group 
was statistical significant (4.04±4.15 vs 6.68±5.39, 
P<0.01). In the depression algorithm, students who had 

Table 3 (Continued). 

Characteristics PHQ-9 
(Mean)

Original 
Data

t-test The Multiple Linear 
Regression

Estimates (95% CI) P

Prefer eating vegetables <0.01 −1.16 (−2.04–-0.29) <0.01

Yes 5.12 1

No 6.82 0

Prefer eating barbecue <0.01 Insignificance

Yes 6.07 1

No 5.08 0

Main types of drinking water <0.01 0.73 (0.21–1.24) <0.01

Purified water 5.21 1
Tea 6.46 2

Coffee 5.00 3

Soda 8.45 4

Monthly expenses (RMB) 0.98 Insignificance

<1000 5.44 1

≧1000 and <2000 5.37 2

≧2000 and <4000 5.44 3
≧4000 6.88 4

Marital status 0.96 Insignificance

Single 5.34 1

Dating 5.64 2
Married 5.50 3

Fertilized 9.75 4

Anxiety or depression history of your immediate family members 0.58 Insignificance

Yes 6.44 1

No 5.40 0

Notes: The depression model was developed as follows: Y=6.51+1.00*grade levels-1.53*member of college sports dance team+0.51*sedentary time per day-0.86*exercise 
frequency per week-0.37*academic study period during free time-0.89*only child status+3.19*addiction of drinking-1.16*prefer eating vegetables+0.73*main types of drinking 
water. 
Abbreviations: BMI, body mass index; RMB, Renminbi; PHQ-9, patient health questionnaire 9; CI, confidence interval.
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a depression score of less than 8 were the risk group and 
a score of 8 or more were the high-risk group. A similar 
trend was also observed in terms of the depression 
algorithm.

Discussion
In the study, we found that 44.27% students lived with 
mild or above anxious symptoms and 50.62% of them 
suffered from depressive symptoms, which indicated that 
anxiety and depression were relatively common among 
university students. In detail, 9.54% of students had mod-
erate-to-severe anxiety and 14.19% students had 

moderate-to-severe depression. Furthermore, we identified 
several factors significantly associated with anxiety or 
depression. The significant factors associated with anxiety 
included grade levels, member of college sports dance 
team, sedentary time, exercise frequency, only child status, 
addiction of drinking, and prefer eating vegetable More 
explicitly, the results indicated that lower grade levels, 
member of college sports dance team, less sedentary 
time, more exercise frequency, only child status, and pre-
fer eating vegetable were protective independent factors 
for anxiety, while addiction of drinking was independent 
risk factor for anxiety. According to other studies, the 
incidence of anxiety ranged from 25.2% to 44.0%1,2 and 
depression varied from 15.6% to 42.0%.1,3 Different mea-
surements and classifications could explain these differ-
ences. Other studies have also pointed out that gender,18 

body image, years of study,7,8 academic performance,7,8 

sedentary behavior,19 lack of exercises, and imbalanced 
diets20 were significantly with anxiety among college stu-
dents. Our study also found that the students without 
siblings suffered from less anxiety this might be explained 
that the students in the only child status might obtain more 
attentions and cares from their parents and family 
members.

Regarding the factors significantly relating to depres-
sion, they composed of grade levels, member of college 
sports dance team, sedentary time, exercise frequency, 
academic study period during free time, only child status, 
addiction of drinking, prefer eating vegetables, and main 
types of drinking water. The results denoted that lower 
grade levels, member of college sports dance team, less 
sedentary time, more exercise frequency, appropriate self- 
study time, only child status, and prefer eating vegetable 
were protective independent factors for depression, while 
main types of drinking water (soda) and addiction of 
drinking was independent risk factor for depression. In 
other studies, gender, exercise frequency,3 concern over 
mistakes,3 poor diet,9 sleep problems,9,10 alcohol abuse,11 

sedentary behavior,19 pain duration,21 and daytime 
sleepiness3 were identified as significant risk factors for 
depression.

According to the significant risk factors identified in the 
study, we further developed the two algorithms to predict 
anxiety and depression, respectively. Besides, the calibration 
slopes and R-square confirmed that the two algorithms were 
effective tools to calculate anxiety and depression scores. 
Other studies have already proposed models to predict anxi-
ety and depression. Rodríguez-Hidalgo et al14 developed 

Figure 1 The calibration slope of the anxiety algorithm (Slope=0.91, 95% CI: 0.71– 
1.12, P<0.01).

Figure 2 The calibration slope of the depression algorithm (Slope=0.98, 95% CI: 
0.77–1.18, P<0.01).
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a predictive model for depression among undergraduate 
students in the COVID-19 pandemic in a series of 640 
students. Pedras et al12 proposed a prediction model of 
anxiety and depression using 179 patients with diabetes 
and amputation. Ebert et al22 developed a risk model to 
predict major depressive disorder in a sample of 2519 fresh-
men students. The above-mentioned models were designed 
for special populations under particular conditions. In the 
present study, we created two algorithms to predict anxiety 
and depression, respectively. Besides, the two algorithms 
were relatively easy to use and the effectiveness of the two 
algorithms were confirmed in the study. Furthermore, stu-
dents were classified into the low- and high-risk groups in 
terms of anxiety or depression algorithms. Students in the 
high-risk group had significant higher anxiety and depres-
sion scores as compared with student in the low-risk group.

In order to mitigate anxiety and depression, effective 
measures were warranted to improve student’s sport habits 
and healthy lifestyles,20 especially among students in the 
high-risk groups, such as exercising more, taking part in 
sport dance courses, abstaining from drinking, and avoid-
ing greasy restaurant meals and processed foods. Besides, 
it would be of great help for the educational official 
authorities and administration of universities to design 
and implement school-based prevention programs or struc-
tural and organizational to cushion harmful effects on the 
mental health of college students.18,23 Moreover, cogni-
tive, behavioral and mindfulness interventions contributed 
to decreased symptoms of anxiety.24 A university without 
the protection and promotion of the young’s mental health 
would put its immediate and long-term future in jeopardy.

Limitations
This study had several limitations. Firstly, Chinese stu-
dents were relatively reluctant to seek assistances to 
alleviate mental health problems and sometimes deny 
anxiety or depression because of social or cultural pres-
sure. Thus, the accuracy of the data in the study should 
be further confirmed. But, with the impact of western 
cultural and the introduction of mental healthcare, such 
situation has largely improved. Chinese students increas-
ingly had an inclination to expressive their affection and 
problems relating to mental health, which could facil-
itate the collection of accurate data and the rate of 
anxiety and depression. Secondly, the anxiety and 
depression conditions were not evaluated by interview-
ing but by self-report. However, the scales to measure 
anxiety and depression were well validated in previous 
studies which showed good concordance with clinical 
diagnoses. Thirdly, COVID-19 pandemic occurred at the 
end of 2019 and spread China in the beginning of 2020. 
Though studies have shown the pandemic might have 
negative impacts on individuals,25 the pandemic largely 
alleviated at the end of 2020 in China. At that time, 
university students were relatively normally attending 
schools under COVID-19 preventive strategies and 
guidelines and we conducted the study at that time.

Conclusions
The study proposed two algorithms to calculate anxiety 
and depression, respectively, which can be useful tools to 
identify students with different risk of anxiety and depres-
sion. Effective measures are warranted to improve 

Table 4 Effectiveness Evaluation of the Two Algorithms

Algorithms Calibration Slope (95% CI) X–Intercept (95% CI) Y-Intercept (95% CI) P* R2

Anxiety 0.91 (0.71–1.12) −0.43 (−1.84–0.48) 0.39 (−0.53–1.31) < 0.01 0.93
Depression 0.98 (0.77–1.18) −0.15 (−1.70–0.88) 0.15 (−1.03–1.32) < 0.01 0.94

Notes: *Indicates P, as compared with non-zero slope. 
Abbreviation: CI, confidence interval.

Table 5 Classification of Risk Groups in the Anxiety and Depression Algorithms

Algorithms Groups Students (n=881) Predicted Scores Observed Scores P*

Anxiety Low risk group (score<6) 801 4.03±0.99 4.04±4.15 <0.01
High risk group (score≧6) 80 6.87±0.86 6.68±5.39

Depression Low risk group (score<8) 815 5.12±1.79 5.07±4.92 <0.01

High risk group (score≧8) 66 9.34±1.33 9.76±6.73

Notes: *Indicates the difference of the observed scores between the low risk group and the high risk group (the Wilcoxon rank test).
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student’s sport habits and healthy lifestyles in order to 
mitigate anxiety and depression, especially among stu-
dents in the high-risk group.
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