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Abstract
Background  Exercise habits significantly influence the mental health of university students. However, previous 
research has often neglected the endogeneity issues in this context, leading to biased estimates and limiting the 
ability to establish a clear causal relationship. This study aimed to address endogeneity issues and investigate the 
causal effect of exercise habits on the mental health of university students.

Methods  This cross-sectional study was conducted involving 1,120 university students from China. Data on 
demographic characteristics, exercise habits, and mental health were collected using both online and offline 
questionnaires. To evaluate the mental health benefits of exercise habits, we employed both the instrumental variable 
(IV) approach and ordinary least squares (OLS) regression.

Results  The OLS estimates revealed a positive association between exercise habits and positive affect (β = 0.179, 
p < .001), life satisfaction (β = 0.134, p < .001), and self-actualization (β = 0.086, p < .001) among university students. 
The IV analysis indicated that exercise habits positively influenced positive affect (β = 0.263, p < .001), life satisfaction 
(β = 0.151, p = .006 < .01), and self-actualization (β = 0.102, p = .013 < .05). A comparison of the estimation results 
suggests that the OLS approach underestimates the mental health benefits of exercise habits.

Conclusions  This study provides preliminary causal evidence that exercise habits contribute to the promotion of 
mental health in university students. These findings offer valuable insights into potential preventive strategies for 
addressing mental health issues in this population through exercise interventions.
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Introduction
Mental health is a crucial factor for the comprehensive 
improvement of individual qualities. However, rapid 
social changes have increasingly highlighted mental 
issues among people [1]. As a specific group, university 
students’ minds are still in a developmental phase, mak-
ing them prone to various psychological issues [2, 3]. 
For nations, university students are a precious human 
resource and play a pivotal role in the country’s future 
development [4]. For individuals, university years repre-
sent a critical growth period that can significantly influ-
ence their future social integration, lifestyle, and career 
[5]. Therefore, the prevention and treatment of mental 
health issues among university students hold significant 
social importance and are a key focus across various 
sectors.

Exercise, as one of the methods for preventing and 
treating mental health issues among university students 
[6], is not only easy to implement but also cost-effective 
and practical, thereby increasingly becoming a popular 
health intervention approach. Empirical research indi-
cates that long-term exercise interventions can improve 
the mental health of various age groups [7–9], special 
populations [10, 11], and individuals with psychological 
disorders [12, 13]. However, a significant portion of the 
research also suggests that long-term exercise does not 
yield benefits for mental health [14–16]. There are three 
key factors contributing to the lack of significant findings. 
First, the relatively short duration of exercise interven-
tions may have undermined the anticipated improve-
ments in mental health outcomes [17, 18]. Second, some 
participants engaged in the interventions primarily to 
receive external rewards, lacking intrinsic motivation, 
which may have diminished the psychological benefits 
[19]. Third, in some studies, a substantial proportion of 
participants were absent during the intervention period, 
resulting in less effective outcomes [20]. From these, it 
can be inferred that the duration and autonomy of exer-
cise are closely related to the extent of mental health 
benefits. As Liwei Zhang et al. have pointed out, the 
inconsistent findings in the research on the relationship 
between long-term exercise and mental health necessi-
tate a focus on under what conditions the positive psy-
chological effects of exercise manifest [21]. Based on this, 
the article hypothesizes that characteristics reflecting an 
individual’s consistent and autonomous exercise may be 
key to promoting mental health.

Exercise habits are automated behavioral patterns 
formed through long-term repetitive exercise in a sta-
ble context [22, 23]. Exercise habits reflect the charac-
teristics of an individual’s consistent and autonomous 
exercise, providing a new perspective for exploring the 
mental health benefits of exercise. Research commonly 
suggests that exercise is controlled both habitually and 

consciously [24, 25]. Gardner et al. [26, 27] point out that 
exercise habits primarily refer to the control of behavior 
during the pre-exercise phase, termed as “habitual insti-
gation” [28, 29]. At present, studies indicate that exer-
cise habits are closely related to students’ mental health 
[30–32]. These studies have laid a foundation for under-
standing the relationship between exercise habits and 
mental health. However, most existing studies primarily 
use observational data, which carry the risk of endogene-
ity issues, potentially leading to biased estimation results.

Endogeneity refers to the issue in regression analysis 
where the independent variables are correlated with the 
residual terms, leading to biased estimation results [33]. 
Specific to the study of the relationship between exer-
cise habits and university students’ mental health, endo-
geneity issues may arise due to the potential presence of 
omitted variables and reverse causation. The instrumen-
tal variable method is widely regarded as an effective 
approach for addressing endogeneity issues and, to some 
extent, inferring causal relationships between variables. 
From the perspective of achieving the power of causal 
inference, the instrumental variable method is supe-
rior to some other methods [33] (difference-in-differ-
ence method and propensity score method). Therefore, 
an increasing number of studies have employed the IV 
method to explore causal relationships between variables 
in recent years. These include studies on the relation-
ship between exercise and mental ill-health [34], exercise 
habits and income [35], as well as exercise and deviant 
behavior [36].

The instrumental variable can successfully isolate a 
portion of the variation in the endogenous indepen-
dent variable that possesses exogenous characteristics. 
By leveraging this exogenously derived variation, an 
unbiased estimation of the dependent variable can be 
achieved (Fig. 1.). In studies employing the instrumental 
variable (IV) method, identifying effective instruments is 
a commonly encountered challenge. A valid instrumental 
variable must simultaneously satisfy three key assump-
tions: the first-stage assumption, the independence 
assumption, and the exclusion restriction assumption 
[37]. The first-stage assumption requires that the instru-
mental variable be strongly correlated with the indepen-
dent variable; the independence assumption mandates 
that the instrumental variable be uncorrelated with the 
model’s residuals; and the exclusion restriction assump-
tion stipulates that the instrumental variable can only 
affect the dependent variable through its influence on the 
independent variable.

The effectiveness of instrumental variable design is 
rooted in the research context. In the context of this 
study, designing an appropriate instrumental vari-
able requires an understanding of the daily life patterns 
of university students in China. The daily routines of 



Page 3 of 14Zhu et al. BMC Public Health         (2024) 24:3353 

Chinese university students exhibit two main charac-
teristics: First, centralized on-campus accommodation 
[38], meaning that most students live in dormitories on 
campus. Second, aside from holidays, students’ extracur-
ricular activities (such as exercise) primarily take place 
on campus [39]. The dormitories can be regarded as stu-
dents’ “home” on campus, serving as the ultimate desti-
nation for most on-campus residents. When deciding 
whether to engage in exercise, students are influenced by 
the accessibility of sports facilities around their dormito-
ries, that is, the distance between dormitory and sports 
field can affect students’ exercise behavior. Consequently, 
it can be inferred that the “Distance between Dormi-
tory and Sports Field” is associated with students’ exer-
cise habits intensity. Generally, the allocation of student 
dormitories is influenced by certain demographic factors, 
making the “Distance between Dormitory and Sports 
Field” not entirely random. If these factors are controlled 
for, the allocation of student dormitories becomes ran-
dom, and thus the distance can also be considered ran-
dom. In addition, the “Distance between Dormitory 
and Sports Field” cannot directly affect students’ mental 
health; it can only influence mental health indirectly by 
shaping students’ exercise habits. Based on these, the 
study posits that the “Distance between Dormitory and 

Sports Field” has the potential to serve as an instrumental 
variable.

Based on this, we employ the instrumental variable (IV) 
method to address endogeneity issues and explore the 
potential causal relationship between exercise habits and 
mental health among university students. In the context 
of Chinese universities, we specifically use the “Distance 
between Dormitory and Sports Field” as instrumental 
variable. This study aims to verify previous research on 
the relationship between exercise habits and the mental 
health of university students by addressing endogeneity. 
Additionally, the use of causal identification strategies 
to infer the causal relationship between exercise habits 
and mental health provides a insights and foundation for 
future longitudinal studies.

Methods
Participants
Students from three universities in a certain city were 
selected as the participants for this study. To maximize 
sample diversity, we selected a comprehensive university, 
a science and engineering university, and a teacher train-
ing university. Due to the significant differences in exer-
cise behaviors between students from sports universities 
and those from non-sports universities, which can lead 
to measurement errors, students from sports universities 

Fig. 1  Diagram of the basic approach to identifying causal relationships using the instrumental variable method. (Adapted from Huang B, Fan W & Zhu 
Y, 2022, p. 202)
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were not included as participants in the study. Question-
naires were distributed to collect data on exercise habits, 
mental health, and demographic information from stu-
dents across the three universities. A total of 1206 ques-
tionnaires were collected, and after excluding 86 invalid 
questionnaires, 1120 valid questionnaires were retained 
(Fig. 2).

In the participants, males accounted for 58.48% and 
females for 41.52%, with an average age of 21.62 years. 
Among these university students, the Han ethnic group 
is the majority, accounting for 93.04% of the total; most 
students major in science and engineering, representing 
64.38% of the total; a minority of students are from rural 
households, specifically, 30.71% of the total; the majority 
of students come from families with an annual income of 
over 14,286 dollars, comprising 54.46% of the total. The 
average strength of exercise habits among the university 
students in the sample is 50.31, with a standard deviation 
of 20.08. From the perspective of various mental health 
indicators among university students, the average score 
for positive affect in the sample is 33.66, with a standard 
deviation of 6.93; the average score for life satisfaction is 
21.02, with a standard deviation of 6.43; the score for self-
actualization is 39.9, with a standard deviation of 4.73 
(Table 1).

To ensure adequate statistical power, we performed a 
power analysis using G*Power software. The model in 
this study includes one primary predictor variable (exer-
cise habits) and 12 covariates (such as gender, age, and 
family income), resulting in a total of 13 predictor vari-
ables for the analysis. Parameters were set as follows: 
a medium effect size (f²= 0.35), a significance level of 
α = 0.01, and a target power of 0.95. The analysis indicated 
that a minimum sample size of 112 would be required to 
detect a medium effect. With 1120 valid questionnaires 
collected, this study far exceeds the minimum sample 
size, ensuring robust statistical power.

Measures
Exercise habits
The Self-Report Habit Index (SRHI) was used as the 
measurement tool for exercise habits. SRHI was devel-
oped by Verplanken and Orbell [40]. Since its develop-
ment in 2003, this scale has been used to measure various 
habitual behaviors, including exercise habits [41]. The 
Self-Report Habit Index (SRHI) begins with the lead 
statement “Behavior X is something.” and comprises 12 
items (e.g., “I do frequently”, “I do automatically”, “that’s 
typically ‘me’ “). The SRHI uses a 7-point Likert scale, 
where higher scores indicate stronger habit strength. In 
student populations across multiple countries, SRHI has 
been shown to have good internal consistency in measur-
ing exercise habits [42–45]. In our study, the Cronbach’s 
alpha coefficient for SRHI was 0.973.

Mental health
According to the World Health Organization (WHO), 
mental health is a state of well-being, “in which the indi-
vidual realizes his or her own abilities, can cope with the 
normal stresses of life, can work productively and fruit-
fully, and is able to make a contribution to his or her 
community” [46]. Therefore, we draw upon the opera-
tionalization of mental health by Compton et al. [47], 
discussing exercise habits from the perspectives of sub-
jective well-being and personal growth. For subjective 
well-being, based on the discussions by Diener and Qiao 
[48, 49], “positive affect” and “life satisfaction” are used as 
indicators to measure subjective well-being. For personal 
growth, considering that Maslow’s theory of self-actual-
ization is the most renowned theory of personal growth, 
which is highly relevant to personal growth [47]. Hence, 
self-actualization is used as an indicator to measure per-
sonal growth. In practical measurement, the positive 
affect subscale of the Positive and Negative Affect Sched-
ule (PANAS), the Satisfaction with Life Scale (SWLS), 
and the Short Index of Self-actualization are used to 
measure university students’ positive affect, life satisfac-
tion, and personal growth, respectively.

Fig. 2  Questionnaires screening process
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The Positive and Negative Affect Schedule (PANAS) 
was developed by Watson et al. [50]. PANAS begins with 
the lead statement, “Please read each word and choose 
the corresponding option based on your actual situa-
tion in the past 1–2 weeks,” measuring the respondent’s 
degree of agreement with each emotional state. The Posi-
tive Affect subscale consists of 10 items (e.g., “Excited,” 
“Inspired”) and uses a 5-point Likert scale for scoring, 
with higher scores indicating higher levels of positive 
emotions. Huang et al. conducted a study on the appli-
cability of this scale in the Chinese population and dem-
onstrated the suitability of the Chinese version of the 
Positive and Negative Affect Schedule among Chinese 
individuals [51]. In our study, the Cronbach’s alpha coef-
ficient for this scale was 0.907.

The Satisfaction with Life Scale (SWLS) was developed 
by Diener et al. [52]. The scale consists of 5 items (e.g., 
“In most ways my life is close to my ideal”), and uses a 
7-point Likert scoring system, with higher scores indicat-
ing greater life satisfaction. Xiong et al. tested the reliabil-
ity and validity of the scale, and the results indicated that 
the SWLS possesses good reliability and validity when 
used among the general population [53]. In a study on the 
relationship between altruistic behavior and subjective 
well-being among university students, the SWLS was also 
demonstrated to have good reliability and validity in this 

population [54]. In our study, the Cronbach’s alpha coef-
ficient for SWLS was 0.874.

The Short Index of Self-actualization was developed by 
Jones et al. [55], consisting of 15 items, including 7 posi-
tively scored items and 8 negatively scored items (e.g., 
“I believe that people are essentially good and can be 
trusted,” “I do not feel responsible to help anybody”). The 
scale uses a 4-point Likert scoring system, where higher 
scores indicate higher levels of self-actualization. Yang 
et al. applied the Short Index of Self-actualization as a 
measurement tool in a study on the discrepancy between 
reality and ideals among university students, where the 
scale demonstrated good reliability in this research [56]. 
In our study, the Cronbach’s alpha coefficient for this 
scale was 0.691, indicating that the reliability of the scale 
is acceptable [57].

Instrumental variable
We use the “Distance between Dormitory and Sports 
Field” as an instrumental variable. As described above, 
a valid instrumental variable must satisfy the first-stage 
assumption, the independence assumption, and the 
exclusion restriction assumption.

First, the first-stage assumption requires that the 
instrumental variable be strongly correlated with the 
independent variable (intensity of exercise habits). Stud-
ies point out that the accessibility of sports facilities is 

Table 1  Summary statistics
Variables Nature of variables Description
Independent Variable
  Exercise Habits Numeric 12–84 points (mean 50.31, standard 20.08)
Dependent Variables
  Positive Affect Numeric 10–50 points (mean 33.66, standard 6.93)
  Life Satisfaction Numeric 5–35 points (mean 21.02, standard 6.43)
  Self-actualization Numeric 25–60 points (mean 39.90, standard 4.73)
Instrumental Variable
  Distance between Dormitory and 
Sport Field

Numeric 51.22–1500 m (mean 566.29, standard 372.73)

Covariates
  Gender Categorical 0 = male (41.52%), 1 = female (58.48%)
  Age Numeric 16–33 years old (mean 21.62, standard 2.95)
  Major Categorical 0 = Arts and Humanities (35.62%), 1 = Science and Engineering (64.38%)
  Ethnicity Categorical 0 = Han ethnicity (93.04%), 1 = Ethnic minorities (6.96%)
  Father Education Categorical 1 = Elementary school and below (6.07%), 2 = Junior high school (19.20%), 

3 = High school (18.13%), 4 = Associate degree (18.30%), 5 = Bachelor’s 
degree (30.97%), 6 = Master’s degree (5.54%), 7 = Doctorate (1.79%)

  Mother Education Categorical 1 = Elementary school and below (6.07%), 2 = Junior high school (19.20%), 
3 = High school (18.13%), 4 = Associate degree (18.30%), 5 = Bachelor’s 
degree (30.97%), 6 = Master’s degree (5.54%), 7 = Doctorate (1.79%)

  Family Income Categorical 1 = Below 2,857 dollars (6.70%), 2 = 2,857 to 7,143 dollars (13.39%), 
3 = 7,143 to 14,286 dollars (25.45%), 4 = Above 14,286 dollars (54.46%)

  Household Registration Categorical 0 = Rural household registration (30.71%), 1 = Urban household registra-
tion (69.29%)

  Chronic Disease Categorical 0 = No(18.12%), 1 = Yes (81.88%)
  Mental Disorder Categorical 0 = No(97.59%), 1 = Yes (2.41%)
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associated with individuals’ motivation and frequency 
of engaging in physical activities [58–60]. The distance 
between dormitory and sports field reflects the acces-
sibility of the sports field; the shorter the distance, the 
higher the accessibility. Therefore, it is reasonable to 
believe that the closer the dormitory is to the sports 
field, the stronger the students’ motivation to exercise 
and the higher their frequency of physical activity, ulti-
mately leading to stronger exercise habits. In fact, the 
first-stage assumption can also be directly demonstrated 
by regressing the intensity of exercise habits, as shown in 
Table  2. The first-stage assumption of the instrumental 
variable holds (β = -0.010, p < .001). In addition, we con-
ducted a weak instrument test. The results show that the 
first-stage F-statistic is 30.126, which is higher than 10. 
According to Stock and Yogo [61], an F-statistic greater 
than 10 allows us to reject the null hypothesis of a weak 
instrument. The above statistical results indicate that 
the instrumental variable satisfies the first-stage effect 
assumption, and the instrumental variable used in this 
study qualifies as a strong instrument.

Secondly, the independence assumption requires that 
the instrumental variable be uncorrelated with the mod-
el’s residuals, a condition that can be satisfied by random 
variables. Typically, the allocation of dormitories is pri-
marily influenced by gender, grade, major, and school. 
When these variables are controlled for, the distribu-
tion of student dormitories is random, meaning that the 
accessibility of sports field is random for each student. 
At this point, “Distance between Dormitory and Sports 
Field” can be considered a random variable.

Finally, the exclusion restriction assumption stipu-
lates that the instrumental variable can only affect the 
dependent variable indirectly through its impact on the 
independent variable. Currently, no studies have dem-
onstrated a direct relationship between the accessibility 
of sports field and individual’s mental health. Given the 
communal nature of campus life for Chinese students, we 
believe that the “distance between the dormitory and the 
sports field” can only affect their mental health through 
its impact on their exercise behavior.

In fact, besides the first-stage assumption, the inde-
pendence and exclusion restriction assumptions of the 

instrumental variable approach cannot be tested directly 
[37], but the scientific validity and rationality of the 
choice of instrumental variables can be indirectly dem-
onstrated through previous research. For example, some 
studies use “the distance between home address and 
sports facilities” as an instrumental variable to predict 
individuals’ exercise behavior, thereby exploring the men-
tal health benefits of physical activity [62, 63].

The measurement of “Distance between Dormitory and 
Sports Field” was conducted using the “Network Analy-
sis” feature in Quantum GIS (QGIS). Specifically, the 
map data of the designated universities was imported 
into the software, and the dormitories and sports fields 
were marked. The “network analysis” function of the soft-
ware was then used to calculate the shortest path. In a 
university with multiple sports fields, we assume that the 
sports field closest to the dormitory is preferred by the 
students residing in that dormitory (Fig. 3.).

Covariates
Research indicates that gender and age [64], family eco-
nomics [65, 66], chronic diseases [64], and history of 
mental illness [67] all simultaneously affect an individu-
al’s exercise behavior and mental health. We controlled 
for these variables to minimize the impact of confound-
ing variables on the estimation results. Additionally, we 
included several commonly used demographic variables, 
such as grade, school, ethnicity, major, parental educa-
tion, and household registration.

Procedure
Before distributing the formal questionnaire, students 
from three public sports classes were selected to fill out 
the questionnaire to test its internal consistency and 
the average time taken to complete it. Through the pre-
test test, the average completion time for the question-
naire was found to be 300 s (6 min), which was used as 
the basis for screening online questionnaires. The official 
questionnaire was distributed in both offline and online 
formats. The offline questionnaires were administered 
by researchers during eight public sports classes and one 
public elective class. Researchers announced the purpose 
of the questionnaire and the method for completing it 
on-site, and waited to collect the questionnaires imme-
diately after the students had completed them. The online 
questionnaires were distributed by department counsel-
ors to the department WeChat group via QR codes and 
links, to be completed by students. Upon completing the 
questionnaire, students will receive a monetary reward 
as compensation. To ensure that students complete the 
questionnaire seriously and with high quality, both the 
online electronic questionnaire and the offline paper 
questionnaire include general instructions, section-spe-
cific guidance, and an anonymity statement.

Table 2  The first stage effect of the instrumental variable and 
weak instrument test

First-stage effect
Distance between Dormitory and Sport Field -0.010***

Constant 78.895***

Control Variables Yes
First Stage F-statistic 30.126***

N 1120
Note (1) Significance levels: *p < .05, **p < .01, ***p < .001; (2) The dependent 
variable in the model is “intensity of exercise habits”
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Statistical analysis
The statistical package Stata 15 and R programming 
language were used for data analyses. Significance level 
was set at p ≤ .05. First of all, correlation analysis was 
used to discuss the quantitative relationship between 
exercise habits and mental health indicators among 
university students. Secondly, to more visually dem-
onstrate the quantitative relationship between exercise 
habits and mental health, scatter plots were drawn for 
the strength of exercise habits against scores for positive 
affect, life satisfaction, and self-actualization. Finally, the 
instrumental variable approach was used to explore the 
causal relationship between exercise habits and mental 
health among university students. Practically, this was 
implemented using the Two Stage Least Squares (2SLS) 
method for estimation. A first-stage regression model is 
constructed to identify the impact of the instrumental 
variable on university students’ exercise habits:

	

E = α1 + β1 · iv_distance + θ1 · gender + θ2 · age
+ θ3 · grade + θ4 · major + θ5 · ethnic
+ θ6 · father_edu + θ7 ·mother_edu

+ θ8 · income + θ9 · HR + θ10 · school
+ θ11 · CD + θ12 ·MD+ εE

� (1.1)

In Eq. 1.1, “iv_distance” represents the instrumental vari-
able “Distance between Dormitory and Sports Field”. In 
order to improve the accuracy of the instrumental vari-
able method results, we controlled for a series of con-
founding variables, which from left to right are “Gender”, 
“Age”, “Grade”, “Major”, “Ethnicity”, “Father’s Education”, 
“Mother’s Education”, “Family Income”, “Household Reg-
istration”, “School”, “Chronic Diseases”, and “Mental Dis-
orders”. Performing OLS regression on the first-stage 
model yields the predicted value E’ of the endogenous 
variable, exercise habits. This predicted value, along with 
the instrumental variable and control variables from 
the first-stage regression, is used to identify the mental 
health benefits of exercise habits:

	

Y = µ1 + β2
IV,2SLS · E′ + λ1 · gender + λ2 · age

+ λ3 · grade + λ4 · speciality + λ5 · ethnic
+ λ6 · father_edu + λ7 ·mother_edu

+ λ8 · income + λ9 · hukou + λ10 · school
+ λ11 · CD + λ12 ·MD + εY

�(1.2)

In Eq.  1.2, Y represents three indicators of mental 
health—positive affect, life satisfaction, and self-actu-
alization. Under the assumption that the instrumental 
variable satisfies the first-stage effect, independence, 
and exclusion restriction assumptions, the estimated 

Fig. 3  Schematic diagram of the distances between dormitories and sports field at a certain university
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coefficient β2
IV,2SLS is the consistent estimate of the men-

tal health benefits of exercise habits.

Results
Correlation between exercise habits and mental health 
among university students
Table  3 presents the results of the correlation analysis 
between exercise habits and various indicators of men-
tal health among university students. Specifically, the 
strength of university students’ exercise habits is signifi-
cantly positively correlated with positive emotions, life 
satisfaction, and self-actualization.

To illustrate the relationship between the intensity of 
exercise habits and university students’ mental health 
more clearly, scatter plots were created for exercise habits 
against the three mental health indicators. Figures 4 and 
5, and 6 represent scatter plots of exercise habit strength 
with positive affect, life satisfaction, and self-actualiza-
tion among university students, respectively. The blue 

Table 3  Correlation between university students’ exercise habits 
and mental health

Exercise 
habits

Positive 
affect

Life satisfaction Self-
actual-
ization

Exercise Habits 1
Positive Affect 0.512** 1
Life Satisfaction 0.298** 0.662** 1
Self-actualization 0.251** 0.615** 0.520** 1
Note Significance levels: *p < .05, **p < .01 (two-tailed test)

Fig. 5  Scatter plot of exercise habit strength and life satisfaction among university students

 

Fig. 4  Scatter plot of exercise habit strength and positive affect among university students
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line in the figure represents the fitted line, and the shaded 
area around it represents the estimation error of the pre-
dicted values. In these three scatter plots, the top of each 
image features histograms and probability density curves 
of university students’ exercise habit strength, while the 
right side of each image displays histograms and prob-
ability density curves for university students’ positive 
affect, life satisfaction, and self actualization, respec-
tively. The scatter plots visually demonstrate a positive 
relationship between the strength of exercise habits and 
university students’ positive affect, life satisfaction, and 
self-actualization. However, correlation does not imply 
causation, but sometimes two variables are correlated 
because of their causal relationship [68]. Whether the 
relationship between exercise habits and mental health 
still holds after controlling for other variables, and the 
causal relationship between exercise habits and mental 
health, requires further analysis.

Ordinary least squares estimation and instrumental 
variable estimation
Table 4 presents the results of OLS and 2SLS regressions 
of exercise habits on university students’ mental health. 
Models 1, 2, and 3 provide estimates of the mental health 
benefits of exercise habits using OLS. Model 1 examines 
the impact of exercise habits on university students’ posi-
tive affect, Model 2 on their life satisfaction, and Model 
3 on their self-actualization. The results show that, after 
controlling for observable confounding variables, exer-
cise habits positively influence university students’ posi-
tive affect (β = 0.179, p < .001), life satisfaction (β = 0.134, 
p < .001), and self-actualization (β = 0.086, p < .001), indi-
cating that the exercise habits strength is a significant 
predictor of university students’ positive emotions, life 
satisfaction, and self-actualization.

Models 4, 5, and 6 estimate the mental health benefits 
of exercise habits using the 2SLS. Model 4 presents the 
2SLS regression results of exercise habits on university 
students’ positive affect, Model 5 on their life satisfaction, 

Table 4  Mental health benefits of exercise habits in university students
OLS model 2SlS model
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Variables
Positive Affect 0.179***

(0.010)
0.263***

(0.057)
Life Satisfaction 0.134***

(0.009)
0.151**

(0.055)
Self-actualization 0.086***

(0.007)
0.102*

(0.041)
Covariates Yes Yes Yes Yes Yes Yes
Constant 17.990*** 8.014 30.191*** 9.835 6.374 28.650***

R2 0.292 0.202 0.163 0.242 0.200 0.159
N 1120 1120 1120 1120 1120 1120
Note (1) Significance levels: *p < .05, **p < .01, ***p < .001; (2) Robust standard errors in parentheses

Fig. 6  Scatter plot of exercise habit strength and self actualization among university students
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and Model 6 on their self-actualization. The results indi-
cate that exercise habits positively influence university 
students’ positive affect (β = 0.263, p < .001), life satis-
faction, and self-actualization (β = 0.151, p = .006 < .01; 
β = 0.102, p = .013 < .05), which concluded that exercise 
habits can enhance university students’ mental health.

The comparison of coefficients between OLS and 2SLS 
shows that the OLS estimates are lower than those of 
2SLS, indicating that OLS underestimates the mental 
benefits of exercise habits among university students. 
This highlights the bias in OLS estimates, emphasiz-
ing the importance of using the instrumental variable 
approach for more accurate estimation of the effects of 
exercise habits.

Robustness test
To illustrate the robustness of the results obtained 
through the instrumental variable approach, a robustness 
test was conducted on the 2SLS results from the previous 
section. First, robustness test was conducted by reduc-
ing the sample size. Since extreme values in the mental 
health measures within the sample may affect the mental 
health benefits of exercise habits, we employ the practice 
of removing outliers. The operational procedure is as fol-
lows: in the scales for positive affect, life satisfaction, and 
self-actualization, participants that scored full marks or 
“1 point” on all items in any one of the scales are con-
sidered outliers and are removed accordingly. As shown 
in the estimates for Model 1 in Table  5, after removing 
the outliers, the estimated results for the mental health 
benefits of exercise habits are largely consistent with the 
2SLS estimates from the previous section, demonstrating 
the robustness of the instrumental variable estimation 
results.

Secondly, robustness tests were conducted by adding 
instrumental variables. This study employs “Distance 
between Dormitory and Sports Field” as an instrumen-
tal variable, which reflects the travel cost for students to 

exercise and is closely related to the strength of students’ 
exercise habits. In fact, within the same dormitory build-
ing, the travel cost for students to exercise can also vary 
depending on changes in the dormitory floor. By incor-
porating the instrumental variable “Dormitory Floor,” the 
travel cost required for students to exercise can be more 
precisely determined. Therefore, we attempt to incorpo-
rate the additional travel costs associated with the floor 
by using both “Distance between Dormitory and Sports 
Field” and “Dormitory Floor” as instrumental variables 
for a 2SLS regression, to test whether there are signifi-
cant changes in the estimated mental health benefits of 
exercise habits. In terms of measuring “Dormitory Floor,” 
for dormitory buildings without elevators, “Dormitory 
Floor” is quantified as the actual floor level; for dormitory 
buildings with elevators, “Dormitory Floor” is considered 
as “1st floor”1. According to the estimates from Model 2 
in Table 5, after incorporating the “Dormitory Floor,” the 
results regarding the benefits of exercise habits on mental 
health remain unchanged and the estimates are similar, 
demonstrating the robustness of the instrumental vari-
able estimation results.

Discussion
This study addresses endogeneity issues using the instru-
mental variable approach and suggests preliminary evi-
dence of a potential causal relationship between exercise 
habits and the mental health of university students. Spe-
cifically, our study provides initial evidence suggesting 
that exercise habits have a positive influence on enhanc-
ing positive affect, life satisfaction, and self-actualization. 
Notably, as the Cronbach’s alpha coefficient for the scale 
used to measure self-actualization in this study was not 
particularly ideal, the conclusion regarding the rela-
tionship between exercise habits and self-actualization 
among university students should be interpreted with 
caution. The causal relationship between the two requires 
further validation in future research. After exploring 
the relationship between exercise habits and mental 
health among university students, we conducted robust-
ness tests to assess the stability of the instrumental vari-
able estimates. The robustness tests further confirmed 
that the estimates of the mental health benefits of exer-
cise habits obtained through the instrumental variable 
approach are robust.

Some studies have focused on the benefits of exercise 
habits (or regular exercise) on mental health and have 
found a positive association between the two [69–72]. By 
addressing the endogeneity issues arising from omitted 
variables and reverse causation, we further strengthen 

1  For students living in dormitory buildings with elevators, the travel cost 
of exercising is approximately equivalent to that of the “1st floor.” Therefore, 
the “Dormitory Floor” for these students is considered as “1st floor.“.

Table 5  Robustness test of the mental health benefits of 
exercise habits among university students
Variables Model 1 Model 2
Positive Affect 0.239***(0.052) 0.272***(0.053)
N 1085
Life Satisfaction 0.135**(0.050) 0.172**(0.050)
N 1078
Self-actualization 0.108**(0.037) 0.144***(0.038)
N 1111
Instrumental Variables:
Distance between Dormitory 
and Sport Field

√ √

Dormitory Floor √
N 1120
Note (1) Significance levels: *p < .05, **p < .01, ***p < .001; (2) Robust standard 
errors in parentheses
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the evidence for the beneficial effects of exercise habits 
on mental health. First, we mitigate the estimation bias 
caused by omitted variables. For example, the timing of 
the questionnaire distribution in this study was close to 
the school’s final exam week. Research indicates that stu-
dents during exam week may experience varying degrees 
of negative emotions [73], such as stress and anxiety [74], 
which negatively impact their mental health [75]. Addi-
tionally, students during exam weeks face significant 
challenges in maintaining regular exercise routines [76], 
which can lead to a decrease in the strength of their exer-
cise habits. If changes in students’ exercise habits and 
mental health during exam weeks are not considered, 
the estimated results will be underestimated. In fact, due 
to the limitations of human knowledge, there are many 
similar confounding variables in reality that have not 
been considered, and even some considered confound-
ers are difficult to measure, such as individual ability, 
personality, and specific family factors. By employing 
the instrumental variable method, we better address the 
issue of omitted variables and correct the estimation 
bias. Second, we addressed the estimation bias caused by 
reverse causation. Research has shown that higher lev-
els of mental health are associated with habitual exercise 
[77]. Thus, there may be a reverse causation relationship 
between exercise habits and mental health. Under the 
conditions where the three assumptions of the instru-
mental variable are satisfied, the instrumental variable 
establishes a unique causal pathway from the endogenous 
independent variable to the dependent variable [37]. This 
clarifies, to some extent, the causal relationship between 
exercise habits and the mental health of university stu-
dents. Previous research, along with the findings of this 
study, collectively supports the conclusion that a causal 
relationship between exercise habits and university stu-
dents’ mental health is highly likely to exist, providing a 
foundation and inspiration for future research.

By comparing the OLS and 2SLS estimation results 
in this study, it was found that OLS underestimates the 
mental health benefits of exercise habits. We believe that 
there are two main reasons why IV estimates are larger 
than OLS estimates. On the one hand, the bias in the 
OLS estimation results may be caused by omitted vari-
ables. As mentioned above, certain unobservable omitted 
variables and reverse causation have led to an underes-
timation of the mental health benefits of exercise habits.

On the other hand, the local average treatment effect 
(LATE) of the instrumental variable method may also be 
a reason why the 2SLS estimated coefficients are larger 
than the OLS. Since the instrumental variable method 
only uses part of the exogenous variation in the inde-
pendent variable to perform regression analysis on the 
dependent variable, some subjects unaffected by the 
instrumental variable are excluded [37]. This makes the 

treatment effect obtained through the instrumental 
variable method a local average treatment effect. In our 
study, a very likely phenomenon is that students with 
lower exercise habits strength are more sensitive to “dis-
tance”. Specifically, these students’ exercise behaviors are 
more likely to be influenced by dormitory assignments, 
whereas for those students with high exercise habit 
intensity, the distance of their dormitory from the sports 
field hardly affects their exercise behaviors. When using 
“Distance between Dormitory and Sports Field” as an 
instrumental variable to estimate the effects of exercise 
habits on university students’ mental health, the results 
reflected by the instrumental variable are not based on 
the Average Treatment Effect (ATE) of the sample, but 
rather a weighted average. Since students with weaker 
exercise habits are more likely to be influenced by the 
instrumental variable, these students will carry a larger 
weight in the analysis. According to adaptation theory, as 
exercise continues, individuals will develop physiological 
and psychological adaptations to the activity [78]. Based 
on the adaptation theory, students with weaker exercise 
habits derive greater marginal benefits from physical 
activity compared to those with stronger exercise hab-
its. Since the instrumental variable model more closely 
reflects the mental benefits for students with weaker 
exercise habits, its estimated values are higher than those 
of the OLS estimates. The LATE of instrumental vari-
ables provides tentative insights into the potential role 
of promoting student participation in physical activities 
and foresting exercise habits. First, when building sports 
facilities, schools should consider placing them near 
dormitories to improve accessibility, thereby increasing 
student participation and encouraging the development 
of exercise habits. Second, when allocating dormitories, 
schools could prioritize placing specific groups (such as 
students with weaker physical conditions or those strug-
gling with obesity) on lower floors or closer to sports 
facilities to enhance their access and encourage more fre-
quent participation in physical activities, ultimately help-
ing them establish exercise habits.

This study provides potential insights on prevent-
ing mental health issues among university students 
through exercise. Our results preliminarily indicate that 
exercise habits play an important role in promoting the 
mental health development of university students. This 
may imply that university administrators may consider 
placing more emphasis on fostering students’ exercise 
habits. As Ji and Liu both have pointed out, the educa-
tional concept of “lifelong physical education” is one of 
the key focuses of university sports work in the new era 
[79, 80]. By conducting school sports programs aimed 
at cultivating exercise habits among university students, 
rather than merely increasing their frequency and dura-
tion of physical activity, it is possible that the physical 
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fitness of university students may be enhanced, and the 
occurrence of mental health issues potentially reduced. 
However, given that the sample diversity still needs fur-
ther improvement, the results should be interpreted with 
caution, including the recommendations mentioned in 
the discussion regarding the construction of sports facili-
ties, dormitory arrangements, and the implementation of 
school sports programs. It is important to note that the 
effectiveness of interventions aimed at promoting exer-
cise habits may vary depending on institutional environ-
ments, cultural factors, and individual differences.

Our study still has limitations. First, as mentioned 
above, the sample for this study is drawn from only 
three universities. This lowers the external validity of the 
research findings, limiting their generalizability to uni-
versities in other regions. Second, while the instrumental 
variable approach has been helpful in addressing endo-
geneity issues and investigating the causal relationship 
between university students’ exercise habits and mental 
health, it is important to acknowledge that, compared 
to longitudinal studies, cross-sectional data have inher-
ent limitations in fully establishing causality. Third, we 
only explore the impact of exercise habits on the mental 
health of university students and lack an investigation 
into the mechanisms by which exercise habits affect their 
mental health. This limitation makes it difficult to reveal 
a deeper relationship between exercise habits and the 
mental health of university students. To address the iden-
tified limitations, subsequent research can be improved 
in the following three aspects: First, future research can 
enhance sample diversity to improve the external validity 
of the findings, thereby making the results more broadly 
applicable and generalizable; second, to further explore 
the causal relationship, future research can employ panel 
data or conduct experimental studies to further explore 
the causal link between exercise habits and students’ 
mental health; and third, further research can explore 
the underlying mechanisms through which exercise hab-
its influence university students’ mental health, such as 
the mediating roles of psychological resilience or self-
efficacy, to gain a deeper understanding of how and why 
these effects occur.

Conclusion
Exercise habits, as one of the key factors enabling indi-
viduals to engage in sustained autonomous exercise, play 
an important role in preventing and alleviating men-
tal health issues among university students. By using 
instrumental variables to address the endogeneity prob-
lems that may have existed in previous research, we 
explore the benefits of exercise habits on mental health. 
The results suggest that there is likely a causal relation-
ship to a large extent, where exercise habits significantly 
influence the mental health of university students. This 

study provides support from the perspective of address-
ing endogeneity for prior research on the relationship 
between exercise habits and the mental health of univer-
sity students. It also offers insights for future longitudinal 
studies aimed at exploring the causal link between exer-
cise habits and students’ mental health, carrying certain 
significance.
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