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Handling Editor: Madhav Jatin Chandarana Background: Evidence is limited regarding the relationship among physical activity, anxiety, and oral
health in Chinese university students. This cross-sectional investigation aimed to assess the potential
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Methods: An online questionnaire measuring physical activity, anxiety status, and oral health
condition was completed by 1604 university students. The International Physical Activity
Questionnaire Short Form (IPAQ-SF) and Generalized Anxiety Disorder-7 (GAD-7) were selected
to evaluate physical activity and anxiety, respectively. Oral health condition was assessed through
several self-reported variables, including self-reported toothache, gingival bleeding, frequency of
tooth brushing, and use of dental floss. Multivariate logistic regression was performed to analyze
the underlying relationship between outcome variables. The control variables included age,
height, weight, gender, whether only one-child, education level, parental education level,
smoking status, drinking habits, and length of sleep. Path analysis was conducted to disentangle
the association between physical activity, anxiety, and oral health conditions.

Results: Among 1604 university students, 666 (41.5 %) were males and 938 (58.5 %) were fe-
males, with an average of 21.9 + 2.8 years. Only 833 (51.9 %) reported sufficient physical ac-
tivity, while 684 (42.6 %) of the subjects displayed varying degrees of anxiety. Self-reported
gingival bleeding was associated with insufficient physical activity (OR = 1.25; 95%CI:
1.02-1.55), anxiety (OR = 0.45; 95%CI: 0.27-0.74), frequency of tooth brushing (OR = 0.75;
95%CI: 0.60-0.95) and use of dental floss (OR = 0.75; 95%CI: 0.59-0.96), while toothache was
not directly influenced by the physical activity and anxiety among university students. Anxiety
markedly mediated the relationship between physical activity and oral health conditions.
Conclusions: Anxiety was considered a factor associated with the level of physical activity, tooth
brushing habits, and self-reported gingival bleeding among university students. Further in-
vestigations are required to elucidate whether oral health conditions could be enhanced through the
improvement of anxiety and physical activity.
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1. Background

Based on the definition approved by the World Dental Federation, oral health includes the ability to smile, taste, speak, smell, chew,
swallow, touch, and convey various emotions through facial expressions with confidence and without pain, discomfort, and disease of
the craniofacial complex [1]. As a critical component of general health, attention has been focused on the necessity of oral health in
achieving better life quality. The oral health condition is strongly linked with the physical health condition. For example, periodontal
diseases are associated with hypertension [2]. Moreover, oral problems lead to hours lost from work and adversely influence the
productivity of people [3]. A recent article summarized the oral health condition of Chinese university students and concluded that the
prevalence of dental caries and periodontal disease among university students was 30.96%-80.25 % and 20.14%-57.26 %, respec-
tively [4]. Improvements in oral health in society could increase people’s well-being [5]. Accordingly, it is critical to determine po-
tential influencing factors that affect oral health to inform the implementation of oral health management strategies.

Physical activity is defined as any bodily movement produced by the contraction of skeletal muscle that leads to energy expenditure
[6]. It can be categorized into sports, occupational, household, conditioning, or other activities in everyday life. Various investigations
have assessed the influence of physical activity on various oral complications. For instance, a previous study of 2,521 adults indicated
that increased physical activity can reduce the prevalence of periodontitis [7]. Physically active adolescents have been demonstrated
to present better oral health behavior than less active ones [8]. Another recent study reported a linear and inverse association between
physical activity and the occurrence and severity of periodontal diseases among females in Japan [9]. This may be attributed to the
positive influence of physical activity on the reduction of inflammatory cytokines such as tumor necrosis factor-alpha, interleukin 6,
and C-reactive protein [10]. Accordingly, physical activity may present potential advantages in the management of oral health con-
ditions. The World Health Organization recommends a physical activity of 150 min of brisk walking or 75 min of running every week to
keep physical fitness [11]. However, because of the COVID-19 pandemic, unprecedented changes have taken place in the lifestyle of
university students. A meta-analysis containing 57 articles with 119,094 subjects reported that during the COVID-19 pandemic,
physical activity decreased in all age groups, independent of gender [12].

Anxiety refers to the anticipation of future threats [13]. As a normal emotion, anxiety is distinguished from fear which means the
emotional response to a real or perceived imminent threat. Influenced by oral hygiene condition, oral health-related quality of life was
markedly related to emotional distress [14]. Due to the changes in lifestyles caused by the pandemic, university students were more
likely to feel anxious [15]. A longitudinal study of 1892 subjects concluded that anxiety turned out to be the most prevalent problem
for university students in China, especially for those female subjects [16]. Another study of 7,143 subjects in China concluded that the
occurrence of severe, moderate and mild anxiety among university students during the COVID-19 epidemic was 0.9 %, 2.7 % and 21.3
%, respectively [17]. The increase in anxiety may influence the academic performance of university students and increase the risk of
multiple health-related problems. For example, researchers have demonstrated that anxiety portends adverse prognoses in people with
cardiovascular disease [18]. Results from another research emphasized the association between anxiety and lower oral health-related
quality of life in the average representative of society [19]. In addition, studies have demonstrated that a high occurrence of anxiety is
linked with temporomandibular joint disorder (TMD), a broad pain disorder [20]. Accordingly, the occurrence of anxiety in Chinese
university students and its potential effect on oral health conditions need to be clarified.

On the basis of the evidence above, the objective of this study was to perform a survey to determine the relationship between
physical activity, anxiety and oral health conditions among Chinese university students during the COVID-19 pandemic, when anxiety
was prevalent extensively.

2. Methods
2.1. Study design

The present cross-sectional survey was performed from March 20th to April 20th, 2023, targeting current Chinese university
students. This survey was conducted under the Declaration of Helsinki and approved by the Ethics Committee of the Stomatological
Hospital and Dental School of Tongji University (approval number [2023]-R-29). Data were collected online through a commonly used
Chinese online questionnaire platform, Questionnaire Star. Participants were informed about the objectives, anonymity of data
collection, inclusion criteria, and the right to withdraw from this study. Only those subjects who agree with written consent to
participate in the survey could complete the questionnaire.

2.2. Participants
An online survey was used to recruit current Chinese university students at the time when they completed the questionnaire.

Participants were considered eligible if they met the following criteria: (1) at least 18 years old and (2) current student at the
university.

2.3. Measurements

2.3.1. Demographic characteristics
Questions regarding the demographic characteristics collected the following data of the subjects: age, height, weight, gender,
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whether only one-child, education level, parental education level.

2.3.2. Clinical characteristics

Several clinical characteristics were included in this study. Body mass index (BMI) was calculated according to the weight and
height of the subjects. Smoking status and drinking habits of the subjects were classified as current, never, or previous, and the length
of sleep was categorized as <6 h, 6-8 h, or >8 h.

2.3.3. International physical activity questionnaire short form (IPAQ-SF)

The level of physical activity of university students was measured using the IPAQ-SF, a 7-question questionnaire used to record the
total minutes of physical activity per week and sitting time per day [21]. The IPAQ-SF measures the physical activity of three intensity
levels: vigorous-intensity activity (8.0 metabolic equivalents, METs), moderate-intensity activity (4.0 METs), and low-intensity ac-
tivity (3.3 METs). Total physical activity per week was determined using this formula: Total MET-minutes/week = Low physical
activity (METs x min x days) + Moderate physical activity (METs x min x days) + Vigorous physical activity (METs x min x days).
Subjects were classified as sufficiently active (>600 MET-minutes/week) and insufficiently active (<600 MET-minutes/week) under
the guidelines of the IPAQ-SF [11]. The Chinese version of IPAQ-SF has been proven in current studies [22-24].

2.3.4. Generalized Anxiety Disorder 7 (GAD-7)

The anxiety of university students was evaluated by GAD-7, a 7-question scale that determines the anxiety status of subjects during
the past two weeks [25]. Each question contains 4 options (nearly every day, more than half the days, several days, not at all) with a
four-point Likert scale of 0, 1, 2 and 3, respectively. The gradation of GAD-7 based upon the scores was classified as 4 levels: no anxiety
(0-4), mild anxiety (5-9); moderate anxiety (10-14) and severe anxiety (15-21). The Chinese version of GAD-7 showed good validity,
reliability, and measurement invariance [26-28].

2.3.5. Oral health condition

The oral health condition was evaluated through several self-reported variables. Self-reported toothache and gingival bleeding
were used as the two main parameters of oral health conditions. In addition, oral health behaviors including frequency of tooth
brushing and use of dental floss were evaluated.

2.3.6. Study size

Because of the instability of the COVID-19 pandemic, it is hard to calculate the sample size. Nevertheless, our sample size (1604) is
sufficient since it significantly exceeds other similar researches assessing the physical activity or anxiety of university students, which
is approximately 1000 [29-32].

2.3.7. Statistical methods

The statistical analysis was conducted in the SPSS software (version 27.0, IBM Corp., Armonk, NY, USA). Qualitative data were
expressed as percentage values and quantitative data were described using the mean and standard deviation. A Kolmogorov-Smirnov
test was performed to evaluate the normality of distribution in our data. Differences in oral health condition were compared among
university students using the Chi-squared tests for qualitative variables and the independent-sample t-test for quantitative variables.
Spearman’s Rank Correlation Analysis was performed to evaluate the association between physical activity, anxiety, and oral health
behaviors. In addition, the underlying association between physical activity, anxiety, oral health behaviors and oral health condition
was assessed through Multivariable logistic regression analysis. The models were adjusted demographic characteristics including age,
BMI, gender, whether only one-child, parental education level, education level, smoking, drinking and sleep. Age was considered a
continuous variable, while other variables were regarded as categorical variables. Results of logistic regression analyses are presented
as odds ratio (OR) with a 95 % confidence interval (95%CI). Path analysis was conducted in Mplus 8.3 to disentangle the underlying
association between physical activity, anxiety and oral health conditions. A saturated model was used since the variables in this study
were all explicit variables. All the parameters to be estimated were exactly equal to the elements in the covariance matrix. Accordingly,
only the path coefficient was concerned while the fitting index was no longer estimated in this study. The p-value <0.05 was
considered significant.

3. Results
3.1. Sample characteristics

A total of 1844 subjects completed the survey, and 1604 fulfilled the criteria for data integrity and inclusion. The age of the subjects
ranged from 18 to 32, with an average of 21.9 + 2.8 years. Based on the height and weight collected, 270 (16.8 %) students were
considered people with overweight based on the recommended criteria for Chinese people in previous literature since they reported a
BMI larger than 24 [33]. Among the university students included, 666 (41.5 %) were males and 938 (58.5 %) were females. 758 (47.3
%) were the only child in their family. The number of undergraduate, master and doctoral students was 1081, 430 and 93, respectively.
The parental education level of the included subjects is mainly a high school degree or below (66.7 %). Most subjects were not smokers
(88.5 %), and the number of current or previous drinkers was 130 (8.1 %) and 54 (3.4 %), respectively. The number of current, never
and previous drinkers was 663 (41.3 %), 892(55.6 %) and 49 (3.1 %), respectively. Most of the subjects reported a length of sleep



Table 1
Sample characteristics.

Characteristics Category Total Self-reported toothache Self-reported gingival bleeding Tooth brushing (>2 times a day) Dental floss (>once a day)
Yes No P Yes No p Yes No P Yes No P
Age Mean (SD) 21.9(2.8) 22.0(2.8) 21.8(2.8) 0.37 22.0(2.9) 21.8(2.6) 0.31 22.0(2.7) 21.8(2.8) 0.24 22.2(2.8) 21.8(2.7) <0.01**
Gender Male 666(41.5 %) 318(37.2%) 348(46.5%) <0.01** 360 (42.2%) 306(40.7%) 0.55 417 (36.3 %) 249 (54.6 %) <0.01** 146 (41.5%) 520 (41.5%) 0.99
Female 938(58.5 %) 537 (62.8%) 401 (53.5 %) 493 (57.8%) 225(59.3 %) 731 (63.7 %) 207 (45.4 %) 206 (58.5 %) 732 (58.5 %)
Only one-child Yes 758(47.3 %) 390 (45.6 %) 368(49.1%) 0.16 384 (45.0%) 374 (49.8%) 0.06 570 (49.7 %) 188 (41.2%) <0.01** 175(49.7%) 583 (46.6 %) 0.30
No 846(52.7 %) 465 (54.4 %) 381 (50.9 %) 469 (55.0 %) 377 (50.2 %) 578 (50.3 %) 268 (58.8 %) 177 (50.3 %) 669 (53.4 %)
Education Undergraduate 1081(67.4 565 (66.1 %) 516 (68.9%) 0.42 571 (66.9 %) 510(67.9%) 0.74 759 (66.1 %) 322(70.6 %) 0.12 216 (61.4 %) 865 (69.1 %) 0.02*
%)
Master 430(26.8 %) 236 (27.6 %) 194 (25.9 %) 229 (26.8%) 201 (26.8 %) 324 (28.2%) 106 (23.2%) 115(32.7 %) 315 (25.2 %)
Doctor 93(5.8 %) 54 (6.3%) 39(5.2%) 52(6.2%) 40 (5.3 %) 65 (5.7 %) 28 (6.1 %) 21 (6.0 %) 72 (5.8 %)
Parental education level >High school 534(33.3 %) 253(29.6 %) 281 (37.5%) <0.01** 263(30.8%) 271 (36.1%) 0.03* 386 (33.6 %) 148(32.5%) 0.65 127 (36.1 %) 407 (32.5%) 0.21
<High school  1070(66.7 602 (70.4 %) 468 (62.5 %) 590 (69.2 %) 480 (63.9 %) 762 (66.4 %) 308 (67.5 %) 225(63.9 %) 845 (67.5 %)
%)
Smoking Current 130(8.1%) 69(8.1%) 61(81%) 0.67 77 (9.0 %) 53(7.1%) 0.35 73 (6.4 %) 57 (125 %) <0.01** 41 (11.6 %) 89 (7.1 %) <0.01%**
Never 1420(88.5 754 (88.2 %) 666 (88.9 %) 747 (87.6 %) 673 (89.6 %) 1043 (90.9%) 377 (82.7 %) 294 (83.5%) 1126 (89.9 %)
%)
Previous 54(3.4 %) 32(3.7%) 22(2.93 %) 29 (3.4 %) 25 (3.3 %) 32 (2.8 %) 22 (4.8 %) 17 (4.8 %) 37 (3.0 %)
Drinking Current 663(41.3 %) 367 (42.9%) 296 (39.5%) 0.29 388(45.5%) 275(36.6 %) <0.01** 444 (38.7 %) 219(48.0%) <0.01** 148(42.0%) 515(41.1 %) 0.03*
Never 892(55.6 %) 460 (53.8%) 432(57.7 %) 438 (51.3%) 454 (60.5 %) 673 (58.6 %) 219 (48.0 %) 186 (52.8%) 706 (56.4 %)
Previous 49(3.1 %) 28 (3.3 %) 21 (2.8 %) 27 (3.2 %) 22 (2.9 %) 31 (2.7 %) 18 (3.9 %) 18 (5.1 %) 31 (2.5 %)
Sleeping <6h 156(9.7 %) 93 (10.9%) 63(8.4%) 0.23 105 (12.3%) 51 (6.8 %) <0.01** 99 (8.6 %) 57 (12.5%) 0.01** 41 (11.6 %) 115(9.2%) 0.39
6-8h 1239(77.2 649 (75.9 %) 590 (78.8 %) 649 (76.1 %) 590 (78.6 %) 887 (77.3 %) 352 (77.2%) 266 (75.6 %) 973 (77.7 %)
%)
>8h 209(13.0 %) 113(13.2%) 96 (12.8 %) 99 (11.6 %) 110 (14.6 %) 162 (14.1 %) 47 (10.3 %) 45 (12.8 %) 164 (13.1 %)
Overweight Yes 1334(83.2 141 (16.5%) 129(17.2%) 0.70 145(17.0%) 125(16.6%) 0.85 166 (14.5 %) 104(22.8%) <0.01** 58 (16.5%) 212(16.9%) 0.84
%)
No 270(16.8 %) 714(83.5%) 620 (82.8 %) 708 (83.0 %) 626 (83.4 %) 982 (85.5 %) 352(77.2%) 294 (83.5%) 1040 (83.1 %)
Physical activity Insufficient 771(48.1 %) 419 (49.0%) 352(47.0%) 0.42 440 (51.6 %) 331 (44.1 %) <0.01** 518 (45.1 %) 253(55.5%) <0.01** 175(49.7%) 596 (47.6 %) 0.48
Sufficient 833(51.9 %) 436 (51.0%) 397 (53.0 %) 413 (48.4%) 420 (55.9 %) 630 (54.9 %) 203 (44.5 %) 177 (50.3 %) 656 (52.4 %)
Anxiety No 920(57.4 %) 478 (55.9%) 442(59.0%) 0.52 446 (52.3 %) 474 (63.1 %) <0.01** 708 (61.7 %) 212(46.5%) <0.01** 205(58.2%) 715 (57.1 %) 0.61
Mild 434(27.1 %) 234(27.4%) 200 (26.7 %) 232(27.2%) 202 (26.9 %) 300 (26.1 %) 134 (29.4 %) 100 (28.4 %) 334 (26.7 %)
Moderate 166(10.3 %) 94 (11.0%) 72 (9.6 %) 115(13.5%) 51 (6.8 %) 89 (7.8 %) 77 (16.9 %) 31 (8.8 %) 135 (10.8 %)
Severe 84(5.2 %) 49 (5.7 %) 35 (4.7 %) 60 (7.0 %) 24 (3.2 %) 51 (4.4 %) 33 (7.2 %) 16 (4.5 %) 68 (5.4 %)

Chi-squared tests for obesity, gender, only one-child, education, parental education level, smoking, drinking, sleeping, physical activity, anxiety, toothbrushing and dental floss; independent-sample t-test

for age.
*p < 0.05; **p < 0.01.
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between 6 and 8 h per day (77.2 %). However, 156 (9.7 %) subjects sleep less than 6 h a day. According to the guidelines of IPAQ-SF,
only 833 (51.9 %) university students in this study were considered sufficiently active. while the number of students who reported
mild, moderate and severe anxiety were 434 (27.1 %), 166 (10.3 %) and 84 (5.2 %), respectively (Table 1).

Regarding oral health behaviors, 1148 (71.6 %) students reported good tooth brushing habits (>2 times a day). However, only 352
(21.9 %) used dental floss (>once a day) in their daily life. The number of subjects who reported toothache and gingival bleeding were
855 (53.3 %) and 853 (53.2 %), respectively. Results of Chi-squared tests showed that female students and those subjects with lower
parental education levels were also more likely to report toothache. In addition, parental education level, drinking, length of sleep,
physical activity and anxiety were considered significant influencing factors for self-reported gingival bleeding. Regarding the fre-
quency of tooth brushing, most variables were considered to have an impact except age, education and parental education level. For
the use of dental floss, age, education, smoking and drinking habits were considered influencing factors (Table 1).

3.2. Association between physical activity, anxiety and oral health condition

Correlation analysis showed a significant relationship between physical activity, anxiety and tooth brushing (p < 0.05) (Table 2).
However, the use of dental floss did not present a correlation with physical activity and anxiety. After controlling various variables
(that is, age, BMI, gender, education level, whether only one-child, parental education level, smoking status, drinking habits and sleep
length), the multivariate logistic regression analysis showed a significant association between oral health behaviors, anxiety and
gingival bleeding. Those students with less anxiety (OR = 0.45; 95%CI: 0.27-0.74), better tooth brushing habits (OR = 0.75; 95%CI:
0.60-0.95) and who use dental floss (OR = 0.75; 95%CI: 0.59-0.96) were less likely to report gingival bleeding. Conversely, those
students with insufficient physical activity were more likely to report gingival bleeding (OR = 1.25; 95%CI: 1.02-1.55). However,
physical activity, anxiety, frequency of tooth brushing and use of dental floss did not directly influence the toothache based on the
logistic regression model (Table 3).

The results of path analysis showed that physical activity significantly affected anxiety status. The increase in the intensity of
exercise led to a lower level of anxiety. In addition, the anxiety status significantly affected the oral health condition and oral health
behavior. Those students with higher anxiety are more likely to report gingival bleeding and lower toothbrushing frequency. More-
over, tooth brushing also mediated the association between anxiety and self-reported gingival bleeding. Although physical activity had
no direct effect on gingival bleeding or tooth brushing, anxiety may play a mediating factor, affecting the oral health condition and oral
behavior through anxiety (Fig. 1).

4. Discussion

The present study tried to investigate physical activity, anxiety and oral health conditions and their underlying relationship among
university students in China. The questionnaire was posted online and was accessible to all students to eliminate the potential risk of
bias. In our study, we found a lower level of sufficient physical activity (51.9 %) and a higher level of anxiety (42.6 %) among uni-
versity students compared to previous studies conducted before the pandemic [34-36]. Self-reported gingival bleeding was associated
with insufficient physical activity, anxiety, tooth brushing and dental floss, while toothache was not directly influenced by the physical
activity and anxiety among university students. To the best of our knowledge, this is the first survey to draw attention to the underlying
association between physical activity, anxiety and oral health conditions among university students in China.

As an essential public approach to the prevention of many psychiatric and physical diseases, physical activity has been recom-
mended to the public by multiple medical entities [37]. As a health-promoting behavior physical activity has also been recommended
to individuals with or without disease for the purpose of improving life quality. Moreover, for university students, a positive asso-
ciation between physical activity habits and high academic achievement has been reported [38]. Accordingly, maintaining the rec-
ommended level of physical activity is essential for the development of university students. However, the results of our study showed
that only 51.9 % of students reported sufficient physical activity, which is significantly lower than those studies conducted before
COVID-19 [34,36]. A previous study evaluated the level of physical activity from 2001 to 2016 among more than 1.9 million par-
ticipants and concluded that only 17.3 % of East and Southeast Asia people reported insufficient physical activity [39]. A previous
cross-sectional survey performed on 517 university students indicated that only 11 % of respondents reported insufficient physical
activity [34]. Another study assessing the association between physical activity and inflammatory biomarkers in periodontitis also
demonstrated more than 60 % of subjects reported sufficient physical activity [36].

This may be due to the unprecedented changes in lifestyle of the COVID-19 pandemic. Due to various strict strategies during the
past three years, enormous changes have taken place in the everyday life of university students [40]. Although the pandemic coming to

Table 2
Correlation analysis between physical activity, anxiety and oral health behaviors among university students in China.
Category Physical activity Anxiety Toothbrushing Dental floss
Physical activity \
Anxiety <0.01%* \
Toothbrushing <0.01** <0.01** \
Dental floss 0.48 0.35 <0.01%** \

*p < 0.05; **p < 0.01.
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Table 3
Multivariate logistic regression of factors associated with oral health condition.
Characteristics Category Toothache Gingival bleeding
Waldx? p OR (95%CI) Waldx? p OR (95%CI)

Age Mean (SD) 0.02 0.88 1.00 (0.95-1.06) 0.79 0.38 1.02 (0.97-1.08)

Overweight No 0.26 0.61 0.93 (0.70-1.23) 0.27 0.61 1.08 (0.81-1.43)
Yes

Gender Male 14.91 <0.01%** 0.64 (0.51-0.80) <0.01 0.97 1.01 (0.80-1.27)
Female

Only one-child Yes 0.04 0.83 0.98 (0.79-1.22) 1.00 0.32 0.89 (0.72-1.12)
No

Education Undergraduate 1.53 0.22 0.72 (0.42-1.22) 0.01 0.92 0.97 (0.57-1.66)
Master 0.78 0.38 0.81 (0.50-1.30) 0.01 0.93 0.98 (0.60-1.59)
Doctor

Parental education level >High school 8.72 <0.01%* 0.71 (0.57-0.89) 2.81 0.09 0.82 (0.66-1.03)
<High school

Smoking Current 0.94 0.33 0.72 (0.37-1.40) 0.05 0.83 1.08 (0.55-2.11)
Never 1.44 0.23 0.70 (0.39-1.26) 0.16 0.69 1.13 (0.63-2.03)
Previous

Drinking Current 0.01 0.94 1.03 (0.56-1.88) 0.12 0.73 1.12 (0.60-2.06)
Never 0.40 0.53 0.82 (0.45-1.51) 0.53 0.47 0.80 (0.43-1.47)
Previous

Sleeping <6h 0.44 0.51 1.16 (0.75-1.79) 6.11 0.01* 1.76 (1.12-2.75)
6-8h 0.75 0.39 0.88 (0.65-1.18) 0.55 0.46 1.12 (0.83-1.52)
>8h

Physical activity Insufficient 0.01 0.95 1.01 (0.82-1.24) 4.42 0.04* 1.25 (1.02-1.54)
Sufficient

Anxiety No 0.72 0.40 0.82 (0.51-1.31) 9.59 <0.01%* 0.45 (0.27-0.75)
Mild 0.30 0.59 0.87 (0.54-1.42) 5.78 0.02* 0.53 (0.31-0.89)
Moderate <0.01 0.98 1.01 (0.59-1.73) 0.04 0.85 0.94 (0.52-1.70)
Severe

Toothbrushing >2 times a day 2.31 0.13 1.20 (0.95-1.51) 5.74 0.02* 0.75 (0.59-0.95)
<2 times a day

Dental floss >once a day <0.01 0.97 1.01 (0.79-1.28) 5.12 0.02* 0.75 (0.59-0.96)
<once a day

The following covariates were controlled for: age, obesity, gender, only one-child, education, parental education level, smoking, drinking, sleeping,
physical activity, anxiety, toothbrushing and dental floss.
[-0.089, -0.207] Gingival

*p < 0.05; **p < 0.01.
Physical [-0.127, -0.040] —
activity -0.093** -0.156*** bleeding

-0.267+#% -0.090*
[-0.149, -0.036]

[-0322, -0.213]\ /
**p<0.01; ***p<0.001. Tooth brushing

Fig. 1. Path analysis testing the mediation effect of anxiety on the relationship between physical activity, tooth brushing and self-reported
gingival bleeding.

an end, the influence of COVID-19 on the lifestyle of university students is unlikely to be eliminated quickly. Issues worth considering
remain, including the level of physical activity and anxiety status. Accordingly, we emphasized the influence of COVID-19 on uni-
versity students’ lifestyles in our study. The correlation analysis indicated an association between physical activity and oral health
behaviors, the multivariate logistic regression analysis also showed the relationship between physical activity and gingival bleeding,
which is consistent with the conclusions of previous studies [36,37]. For example, Sanders et al. evaluated the relationship of physical
activity with both periodontitis and their inflammatory mediators [36]. Studies have revealed that physical exercise can modulate
C-reactive protein (CRP), a by-product of vitamin K metabolism, which is significantly correlated with periodontitis [41]. The un-
derlying mechanism may be due to the anti-inflammatory activity exerted by the physical activity and the favorable effects of physical
activity on endothelial function, thus promoting periodontal health [42]. Accordingly, strategies should be taken to increase physical
activity levels among university students in China to improve oral and mental health conditions. Social support was a significant
predictor of physical activity in university students, which has been demonstrated in the previous study [43]. Establishing clubs or
groups focused on specific physical activities, such as running or cycling, can provide a supportive and motivating environment for
students. Furthermore, the use of technology-based interventions, such as mobile apps or wearable devices, has shown promise in
promoting physical activity. A previous research by Direito et al. [44] demonstrated the effectiveness of mobile apps in increasing
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physical activity levels among young adults. These interventions can provide personalized feedback, goal setting, and tracking fea-
tures, which can enhance motivation and engagement. By implementing a combination of these strategies, it is possible to create an
environment that supports and encourages physical activity levels among university students in China.

Anxiety refers to the ambiguous feelings that arise from unresolved stress, which is usually considered to negatively influence the
student’s academic performance [45]. Previous studies have concluded that the occurrence of anxiety in university students during the
epidemic was higher than the general population because of the disruption of academic planning caused by the unpredictability of the
epidemic [46]. Moreover, our study showed that 42.6 % of students reported various levels of anxiety, which is significantly higher
than the previous study performed at the beginning of the COVID-19 pandemic which found that 75.1 % of university students pre-
sented no anxiety. In addition, in our study, the level of anxiety was not only higher than that before the pandemic but also during the
peak of the pandemic [17,47]. This high level of anxiety may be due to the higher stress levels caused by academic achievement,
impaired concentration and decreased motivation. Another influencing factor is the potential risk of “revenge eating” after the campus
lockdown ends, which may affect the anxiety status of university students and should be further tracked and related to prevention [48].
Furthermore, the underlying relationship between physical activity and anxiety among university students has also been found in this
study. Accordingly, attention should be drawn to relieving anxiety symptoms by focusing on the improvement in physical activity
among university students in China. Psychological adversities like generalized anxiety may negatively influence oral health conditions.
Researchers concluded that anxiety was linked to bleeding gums [49]. Our results were in accordance with the literature. Moreover,
those students with no anxiety presented better tooth-brushing habits. Therefore, self-reported gingival bleeding may be prevented by
improving oral health behaviors among those students with anxiety.

It has been widely accepted that oral health plays a crucial role in general health. Tooth brushing and flossing are two main oral
health behaviors in improving the oral health condition. A previous study evaluated the effectiveness of flossing combined with
toothbrushing in reducing gingival and plaque indices [50]. The results indicated that flossing can significantly reduce inter-dental
plaque build-up and improve gingival health. In this study, almost all variables were considered to have an impact on flossing
except age, education and parental education level. Another cross-section study indicated that toothbrushing frequency of less than
once a day presented with a higher number of gingival units having bleeding [51]. The path analysis of our study also showed the
relationship between tooth brushing and gingival bleeding. In addition, we found that the habits of tooth brushing can be improved
through enhancing the level of physical activity and reducing anxiety. However, only 21.9 % of university students in our study used
dental floss every day, which needed to be improved. The result of this study also showed the association between self-reported
gingival bleeding and anxiety, which is consistent with the previous research [52]. Moreover, the role of physical activity has also
been proven according to the path analysis of our study. Accordingly, strategies for the prevention of periodontal diseases should focus
on the enhancement of physical activity and reduction in anxiety. However, another self-reported oral health symptom, toothache, was
concluded to present no relationship with oral health behaviors, physical activity and anxiety.

This study has several limitations. Firstly, the online survey may result in potentially biased results since some eligible subjects may
be excluded, and the use of objective self-reported data may have led to different findings, which may limit the generalizability of our
findings. A major weakness of this study was that self-reported students were not competent to detect their oral health status accu-
rately. In addition, dental pathologies are not necessarily associated with pain, and the frequency of toothbrushing per day is not
necessarily associated with the quality. Another issue that needed to be considered is that the samples in this study have certain
limitations, and the results may not be extrapolated to all university students in China. Finally, we did not rule out stress, depression,
dietary habits and other potential problems that have an impact on oral health conditions and behaviors. Further longitudinal in-
vestigations are required to better elucidate the underlying association of these influencing factors.

5. Conclusions

This is the first survey to draw attention to the underlying relationship between physical activity, anxiety and oral health conditions
among university students in China. Despite the limitations, the present study indicated that self-reported gingival bleeding presented
a significant relationship with physical activity, anxiety and oral health behaviors. Anxiety may be a risk indicator and significantly
mediated the level of physical activity, tooth brushing habits and self-reported gingival bleeding among university students in China
during the pandemic. Accordingly, strategies for the improvement of oral health conditions should draw attention to emphasize the
physical activity and anxiety status among university students. Further longitudinal investigations are required to better elucidate the
underlying association of these influencing factors.
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