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Estimating the Effect of Physical Exercise on Juveniles' Health Status and Subjective Well-

being in China 

ABSTRACT 

Despite the increasing interest in analysing determinants of health status and subjective well-being, existing research has 

been mainly confined to developed countries' adult population. This paper estimates the effect of physical exercise on the 

health and happiness of Chinese adolescent. Using a comprehensive database from the China Education Panel Survey 

(number of observations: 5975), different methodologies, including instrumental variable and propensity score matching 

approaches, are applied. We find that physical exercise has a significantly positive effect on health. Our results also 

suggest some evidence of a positive impact of exercise on well-being. This effect is robust to different econometric 

approaches, exercise participation measurements, and characteristics of students and schools and families. However, 

exercise benefits become evident even when it is practised with low frequency, i.e. one day per week. Moreover, physical 

exercise exerts a higher impact on students with poorer health and higher levels of unhappiness. Our results highlight the 

beneficial impact of political decisions aiming to incentivise physical exercise to improve adolescents' health status in 

developing countries.  

KEYWORDS: health; happiness; instrumental variables; propensity score; China 

JEL codes: I00; C33 
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Estimating the Effect of Physical Exercise on Juveniles' Health Status and Subjective 

Well-being in China 

I. Introduction 

The analysis of determinants of health status and subjective well-being has increasingly attracted academics, 

politicians and school managers. Their economic importance stems from the fact that health and happiness are 

not only consumption goods, which can be considered the ultimate target of many human actions, but also 

investment goods that can affect concentration and productivity. Moreover, macroeconomic literature has found 

a positive impact of health on economic growth that is consistent across many different countries; see, for 

example, Narayan, Narayan, and Mishra (2010), Hartwig (2010), and Bloom et al. (2010), among others. 

The economic relevance of health investments was highlighted by Grossman (1972) in his seminal paper, 

which indicates that the stock of the health of an individual is not intrinsically different from other investment 

goods that depreciate with age. It can be improved by lifestyle choices such as physical exercise. Thus, this 

instrument's positive effect on health and happiness has been corroborated with both experimental intervention 

research and observational studies. Some examples of experiments that found a positive impact of physical 

exercise on health are Sherwood and Jeffery (2000), Brown, Burton, and Rowan (2007) and Tsang, Chan, and 

Cheung (2008). Moreover, reviews in Janssen and LeBlanc (2010) and Biddle, Gorely, and Stensel (2004) 

summarised experimental intervention research among school-aged juveniles and young people, also finding 

similar benefits to the practice of physical exercise. However, on most occasions, having random assignment 

and control groups is impossible or inadequate, which renders the use of methodologies in observational studies 

an appropriate method of analysis to draw general conclusions. The related literature shows examples of 
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improvement in happiness as a consequence of physical exercise for people in South Korea (Lee & Park, 2010), 

nineteen European countries (Pawlowski, Downward, & Rasciute, 2011), Germany (Lechner, 2009; Ruseski et 

al., 2014), twenty-eight European countries (Wicker & Frick, 2015), England (Forrest & McHale, 2011) and the 

US (Huang & Humphreys, 2012). There is also evidence from Canada that physical exercise can improve 

people's health status (Humphreys, McLeod, & Ruseski, 2014; Sarma, Anne, Gilliland, & Campbell, 2015). 

Lechner (2009), Rasciute and Downward (2010) and Pawlowski, Schüttoff, Downward, and Lechner (2018) are 

probably the only three papers that estimate the impact of physical activity on both health and subjective well-

being for West Germany, UK, and Peru respectively. They find positive impacts in all cases. The only exception 

to this is Pawlowski, Schüttoff, Downward, and Lechner (2018), who found an insignificant effect on subjective 

well-being but a positive and significant impact on health in Peru. 

However, to our knowledge, with the sole exception of Pawlowski et al. (2018), previous observational 

studies have focused almost exclusively on the adult population in developed countries. Despite this lack of 

research, interest in the juvenile population is economically relevant since adverse health effects on juveniles are 

likely to accumulate over their life, see Case, Lubotsky, and Paxson (2002). There is little reason to believe that 

the adult population's results can be extrapolated to juveniles, as their motivations, confounding variables, and 

stock of health are radically different. An analysis of the juvenile population could also provide a cleaner 

econometric environment, as some decisions for school-age subjects are made at the family rather than the 

individual level. Moreover, previous analysis for developed countries cannot be generalised to their developing 

counterparts, as the latter are more likely to suffer shortages of sports facilities, sports matches and low-quality 

physical education (Andreff, 2001). As the most populous country and the second largest economy in the world, 

but one with relatively low per capita income, China is one of the most interesting cases to study.  
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This paper estimates the impact of physical exercise on the health and subjective well-being of Chinese 

juveniles. The study uses data from the China Education Panel Survey (CEPS), a comprehensive longitudinal 

database that contains information on the physical and socio-economic characteristics of individual juveniles in 

28 counties. We subsequently extend the analysis to explore our results' robustness to the consideration of 

unobserved individual heterogeneity and the presence of nonlinearities on the estimated impact of exercise. 

Moreover, we also studied how the effect of physical exercise on health and unhappiness may depend on 

exercise frequency or individual characteristics (such as gender and income) and health and unhappiness levels.1 

This analysis is instrumental in identifying cases in which exercise exerts a more beneficial effect on 

individuals. As far as we are concerned, this is the first time all these issues are considered in a single paper. 

Overall, we find that, on average, exercise has a significantly positive effect on health and it also has some 

negative impact on students' unhappiness. Still, this latter effect is not significant under all econometric 

specifications. When we look at different exercise frequencies, it is found that exercise does have a positive 

impact on health regardless of the context and even when it is only practised once a week. We also find some 

evidence of a positive effect of exercise on well-being, but this result is not robust under different econometric 

specifications. 

This paper proceeds as follows. The following section provides a theoretical discussion on how health 

investment depends on age. The data section describes our database and the variables considered in the paper. 

We discuss the econometric models employed in the paper in Section 4. The main results and extended analysis 

are contained in Sections 5 and 6, respectively. The last section concludes. 

                                                 

1 We will use the term ‘unhappiness’ in our analysis because this is the variable defined in our database. 
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II. Theoretical background 

It is generally accepted that health is a form of human capital (Becker, 2009; Fuchs, 1966; Mushkin, 1962). The 

seminal paper by Grossman (1972) provides a theoretical foundation to model demand for health. He indicates 

that the crucial difference between health and other forms of human capital is that the former determines the total 

amount of time spent producing other earnings and commodities. At the same time, the latter affects the market 

and non/market productivity. His model maximises an intertemporal utility function that depends on the stock of 

health and consumption in different periods. This maximisation is constrained by the total amount of time 

available and a budget constraint, which equates the present value of outlays on goods to the present value of 

income over the life cycle plus initial assets. In this problem, the individual can affect his objective function by 

modifying his health stock, which depends on health investment and an exogenous depreciation rate. There are 

different types of gross investment in health capital such as medical care, diet, exercise, recreation and housing. 

The first-order condition of this optimisation problem states that the present value of the marginal cost of 

gross health investment must equal the present value of marginal benefits. Although health is both a consumption 

and an investment good, Grossman's analysis primarily focuses on the role of health as an investment commodity. 

Thus, his first-order condition is: 

 𝑏𝑡 = 𝑖 − �̃�𝑡 + 𝛿𝑡 (1) 

where 𝑏𝑡 is the benefit of an investment of health at time 𝑡, i.e. the present value of the increase of the 

number of health days; 𝑖 is a time-invariant interest rate; �̃�𝑡 is the percentage rate of change in the marginal cost 

of investment in health; and 𝛿𝑡 is the rate of depreciation of health. 

Grossman uses equation (1) to analyse how demand for health varies with age. In particular, he argues that, 

because of deterioration of physical strength and memory capacity, it is plausible to assume that 𝛿𝑡 is positively 
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correlated with age after some point in the life cycle. Thus, it is straightforward to see that an increase of 𝛿𝑡 in 

equation (1) reduces the total amount of health stock by making an investment in health more costly. Grossman 

argues that in his model, health capital falls over the life cycle. Thus, individuals may reject the prospect of a 

longer life because it is too costly to achieve. 

The subsequent literature has provided empirical estimates of the Grossman model. Thus, Häkkinen (1991) 

Gerdtham and Johannesson (1999) estimate demand for health in Finland and Sweden, respectively, finding in 

both cases that it decreases with age. This paper looks at this issue from a different angle. Our concern is estimating 

the impact of physical exercise (a particular health investment) on Chinese students' health status. According to 

Grossman (1972) 's model, younger people should be more inclined to invest in health by practising more exercise. 

However, the model also suggests that the beneficial effect of health investment (𝑏𝑡 in expression 1) should be 

smaller in a developing country as expected salaries are lower. We hypothesise that exercise (health investment) 

affects the health outcome of Chinese students positively. Given the lower depreciation rate of this type of 

investment at younger ages, this would indicate political institutions incentivise the practice of exercise. 

III. Data 

The study uses data from the China Education Panel Survey (CEPS) conducted by the National Survey Research 

Center at Renmin University of China. The CEPS is a nationally representative and school-based survey 

covering 28 counties in China and includes 112 junior high schools, 438 classrooms, and over 20,000 students.2 

                                                 

2 Before attending university, students, in general, participate in three levels of schooling that include six years 

at elementary schools and three years at junior high schools, as well as another three years at senior high 

schools. Schools assign one homeroom teacher for every class whose role is related to all the aspects of 
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The Ethical Review Committee approved the original CEPS of Renmin University, and all participants signed 

the informed consent at the time of participation. 

It provides information at the individual, family and school levels based on five different questionnaires for 

students, parents, homeroom teachers, main subject teachers who are not the homeroom teacher, and school 

administrators. The CEPS reports demographic characteristics, health status, and household as well as school 

information. Our analysis period comprises seventh-year students in the 2013/14 academic year and subsequent 

observations of the same students in the 2014/15 academic year.  

Our preferred treatment variable is the number of days per week an individual does exercise (exercise). 

This variable is only defined for the second wave of the sample. However, we also use an alternative treatment 

variable defined for both waves as the binary answer to whether physical exercise is a hobby for the student 

(exercise_hobby).  

An additional issue is that the original sample also includes information on individuals with physical 

disorder, representing around 5% of the total sample. Physical disorder refers to chronic problems such as vision 

disorders, hearing disorders, extremity disorders, autism or other mental disorders, attention deficit hyperactivity 

disorder (ADHD), etc. A chow test in our econometric models, discussed in the following sections, clearly 

indicates that the same set of parameters cannot be imposed on individuals with and without the physical 

disorder. For this reason, we conduct our baseline analysis based on a sample of individuals without physical 

conditions. However, conclusions are robust to this consideration.  

Our two response variables are self-rated health status (Health) and states of unhappiness in the last week 

                                                 

classroom management. Therefore, he/she spends more time with students compared to other teachers (Liu & 

Barnhart, 1999). 
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(Unhappiness). Health measures the students' general health at present. It is an ordinal indicator taking discrete 

values from 1 to 5, which correspond to student's health being self-evaluated as very poor, not very good, 

moderate, good or very good, respectively. Unhappiness takes values 1 to 5, meaning that the respondent has 

never, seldom, sometimes, often or always felt unhappy in the last week, respectively. Figure 1 shows the 

distributions of our response variables. It shows that most students are in good health and moderately happy. 

This is reasonable, as juveniles with feeble health are in general unable to attend schools.  

[Figure 1 near here] 

Control variables include age, the square of age, gender, household registration type (hukou), ethnicity, 

BMI, household income level, type and location of the school, and lagged health and unhappiness. These 

variables can be deemed essential determinants of health and well-being. To be more specific, gender is a binary 

variable that takes the value 1 or 0 depending on whether the individual is male or not. Hukou takes the value 1 

or 0 depending on whether an individual has an agriculture registration type (agriculture hukou) or not. We 

include this variable because individuals with the agriculture hukou originally come from rural China and could 

have more restricted access to health and recreational facilities. Ethnicity takes the value 1 or 0 depending on 

whether an individual's ethnic nationality is Han. Non-Han people are considerably less numerous than Han and 

usually reside in remote places with a worse living environment. BMI is a prominent determinant of health and 

well-being. It is measured as the ratio of weight in kilograms to height in square meters. Household income 

level takes values 1 to 5, which means an individual's family is very poor, somewhat poor, moderate, somewhat 

rich, or very rich, respectively. Wealthy families are typically more able to get necessary medical treatments and 

to offer a better living environment for their children. Our school variable is measured by the percentage of 

students admitted to key senior high schools out of the total number of graduates in junior high schools. 
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Location of school takes value 1 or 0 depending on whether a school is located inside the city/town (urban) or 

outside (rural).3 Urban schools are, in general, equipped with good school facilities and located in communities 

with a good environment, which include better medical facilities, recreation facilities, as well as a better 

standard of living. However, urban schools would also be affected by more pollution, which could hurt students' 

health and well-being outcomes. These two effects point in different directions, and, therefore, we do not have a 

clear hypothesis about the impact of school location on our response variables. 

[Table 1 near here] 

Table 1 shows descriptive statistics of our variables. After removing observations that were not present in 

both waves, we get a final sample of 5975 observations for individuals with body disorders and missing data in 

some covariates. The sample used in the baseline analysis contains juveniles with ages ranging from 12 to 18. 

Age variation for students in the same grade is due to grade retention. However, they only represent a tiny 

fraction of the total number (35 out of 5975 students are older than 16 years old). The other covariates show 

that, for example, the sample is roughly equally split between males and females. Besides, on average, 

individuals' income level is 2.960 with a standard deviation of 0.603, indicating that most of the sample are 

individuals with moderate-income level. Interestingly, for our treatment variable, the mean exercise frequency is 

3.4 days a week with a standard deviation of 2, which indicates that the database contains information on 

basically all the possible exercise frequency. The means of the two response variables Health and Unhappiness 

suggest that, on average, students enjoy levels of health (unhappiness) slightly over (under) the median level of 

3. 

                                                 

3 Urban schools include those in the centre or the outskirts of a city/town. Rural schools include the ones located 

in the rural-urban fringe zone of the city/town, settlements outside of the city/town, and rural areas. 
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IV. Methodology 

Our purpose is to estimate the impact of exercise on juveniles' health and unhappiness. As discussed in Rasciute 

and Downward (2010), there are two possible endogeneity types in this estimation. The first is between the two 

response variables: health and unhappiness variables. The second is between exercise and each of the two 

response variables. In our baseline specification, we estimate a model where, similar to Rasciute and Downward 

(2010), health and well-being equations are estimated on the complete set of covariates. Still, both 

contemporaneous health and unhappiness are excluded as regressors. Therefore, we also consider a seemingly 

unrelated regression (SUR) to account for any potential contemporaneous correlation between the error terms of 

the health and unhappiness equations. However, we take advantage of our database's longitudinal structure to 

include lagged values of our response variables. Guan and Tena (2021) explain that this approach could produce 

a biased causal estimation in a recent contribution. Therefore, it is recommended to test our results' robustness to 

different identification assumptions about the contemporary direction of causality between health and 

unhappiness. Thus, in a non-reported estimation, we extended our econometric specification to allow for either 

health in the unhappiness equation or unhappiness in the health equation. However, regardless of direction of 

causality imposed by the recursiveness assumption, the consideration of this issue did not have any material 

effect on our results.  

Based on the previous consideration, for robustness, a system of two equations for health and unhappiness 

is estimated under three alternative methodologies. Our baseline estimation (BENCHMARK henceforth) is 

based on the following model:  
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𝐻𝑒𝑎𝑙𝑡ℎ𝑖 = 𝛼1𝐸𝑥𝑒𝑟𝑐𝑖𝑠𝑒𝑖 + 𝛾1′𝑋𝑖 + 휀1,  

(2) 𝑈𝑛ℎ𝑎𝑝𝑝𝑖𝑛𝑒𝑠𝑠𝑖 = 𝛼2𝐸𝑥𝑒𝑟𝑐𝑖𝑠𝑒𝑖 + 𝛾2′𝑋𝑖 + 휀2 

where 𝑋𝑖 is a (11 × 1) vector which includes lagged values of health and unhappiness as well as the other 

covariates defined in the previous section; 휀1 and 휀2 are error components that are allowed to be correlated; 

and 𝛾1 and 𝛾2 are vectors of parameters to be estimated. Our focus parameters are 𝛼1 and 𝛼2 which represent 

the estimate of the causal impact of exercise on juveniles' health status and well-being, respectively. 

An important issue concerning estimating the causal impact of physical exercise is that our treatment 

variable is endogenous. One possible way to tackle this problem is to find an instrument assumed to be 

correlated with treatment but uncorrelated with the two equations' error terms. Here, we consider three 

instrumental variables (IV): (1) individual sports participation minutes in last weekdays from the first wave of 

the sample (spo_wk); (2) sports participation rate at the school level in the second wave (e_sch);4 and (3) an 

indicator of whether the student's school has a swimming pool (pool). The latter variable is a good proxy for 

access to general sports facilities as its construction is generally more expensive than alternative facilities. The 

inclusion of spo_wk can be justified as lagged variables are typically considered instruments in the economic 

literature for similar econometric models. Variable e_sch is an especially relevant IV, as it is reasonable to think 

that exercise participation of an individual's neighbours could affect their own decision to practice exercise. At 

the same time, it does not directly affect his/her level health and well-being. 

Moreover, Chinese students cannot choose which school to attend as this is determined by geographical 

                                                 

4 In order to guarantee the exogenous nature of the instrument, the proportion is calculated without considering 

individuals’ own decisions of exercise participation. It is computed as the percentage of students at same school 

who do at least one day exercise per week. 
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proximity, academic scores and random allocation (Xu, 2000). As we will discuss, having three instruments is 

particularly useful to test its validity employing overidentification tests. However, the main conclusions remain 

using less preferred specifications with small subgroups of instruments.   

We tested the two requirements for our instruments to be valid. First, the three instruments yielded a 

positive and significant effect at the 1% level on exercise in our first stage estimation. Moreover, based on the 

Cragg and Donald (1993) statistics, we tested the null hypothesis that the group of instruments is weak against 

the alternative that it is strong. The Cragg-Donald Walf F statistic value in both health and unhappiness 

equations is 47.38, greater than the reported Stock-Yogo’s weak identification critical value of 13.97 at the 5% 

significance level. Second, we tested the validity of our overidentifying restriction using a Sargan 

overidentification test (Sargan, 1958). The joint null hypothesis that the overidentifying restrictions are valid 

was accepted in both the health (p-value: 0.58) and the unhappiness (p-value: 0.70) equations. We also assessed 

the validity of the exclusion restriction using a falsification test (Pizer, 2016). We do this test by considering an 

alternative outcome variable that should not be affected by our treatment variable (exercise). Still, it can be 

affected by other variables in the model. The three variables selected are (1) an indicator of whether the 

individual was born with myopia, or (2) currently has dental caries/tooth decay, or (3) the number of decayed 

teeth. Following Pizer (2016), we find that in a regression, which also includes all covariates 𝑋𝑖 as regressors, 

none of our IV can significantly explain any of these outcomes at the conventional levels. This supports the 

hypothesis that the IV are not linked to the response variable through a pathway other than treatment. Another 

type of falsification test was also considered in Humphreys et al. (2014). Rather than looking at the impact of 

IV, they estimate physical exercise's effect on outcomes not affected by treatment. Following this approach, we 

find that physical exercise does not significantly affect any of the three proposed responses. Estimation results 
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of falsification test are available upon request. 

For comparability with the previous literature, such as Pawlowski et al. (2018), we adopted a propensity 

score matching regression as an alternative to the instrumental variable estimation described above. This 

approach makes use of the ignorability-of-treatment assumption by comparing treated and non-treated 

individuals according to observables (𝑋 variables in expression 1) by propensity score methods; see Rosenbaum 

and Rubin (1983). In our baseline specification, we consider a treatment variable that takes value 1 when an 

individual practices exercise 4 days (its median value) or more every week and 0 otherwise. However, we will 

explore how different definitions of exercise affect our estimation results in the following section. 

We denote this approach as PSM; see, for example, Becerril and Abdulai (2010) for a similar application. 

The balancing test is carried out using a significance test and standardised mean difference. Specifically, we run 

a t-test to hypothesise that each covariates' mean value is the same in the two groups before and after matching. 

We find that p-values after matching are bigger than conventional values for all covariates indicating that the 

null hypothesis cannot be rejected at the 1% significance level. In comparison, p-values before matching are 

smaller than conventional values for all covariates. Furthermore, the standardised mean difference of covariates 

between the two groups is less than 2.4% in all cases, which is sufficient to pass the balancing test according to 

the rule of <10%. Both indicators suggest that our matched treated and control groups achieve good balancing 

(Rosenbaum & Rubin, 1985). 

V. Results 

Table 2 shows the estimation of the models introduced in the previous section. As expected, lagged health and 

unhappiness have significantly positive effects on both current health and unhappiness, suggesting inertia about 
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subjective health and well-being states.5 The other variables that consistently impact health and unhappiness are 

gender and income, indicating that male students and individuals with a higher income on average enjoy a 

higher level of health and well-being.  

[Table 2 near here] 

When we turn our attention to the foci parameters, the three estimation methods consistently show that 

exercise significantly increases juveniles' health status. Moreover, there is some evidence that physical exercise 

decreases students' unhappiness, as the impact of exercise on well-being is either positive or not significant 

under the IV model. This is consistent with Pawlowski et al. (2018), who also find that physical exercise exerts a 

positive effect on health but an insignificant effect on Peru's well-being, another developing country. Moreover, 

this result is at odds with similar analyses for developed countries that generally find that physical exercise has a 

significant positive effect on health and happiness. 

It is particularly interesting to compare the effect that physical exercise and income exerts on health and 

unhappiness. As explained in the data section, income is a discrete variable with five different levels, ranging 

from very poor to very rich. The impact of increasing one level of family income on health and unhappiness is 

always significant at the 1% level under the three approaches. Their estimated (absolute) magnitudes are higher 

than the impact of exercise. For example, on average, an increase by one (out of five) income level under the 

PSM specification affects health (unhappiness) similar to a rise of (decrease) the number of weekly days of 

exercise by 2.4 (1.5).  

                                                 

5 In our model, BMI could be deemed to be endogenously, as it could also be caused by health and unhappiness. 

We tested the exogeneity of BMI by means of an endogeneity test (using lagged BMI as IV) but the null was not 

rejected at the conventional values. Specifically, the p values for health and unhappiness equations were 0.99 

and 0.15, respectively, which suggests that BMI is an exogeneous variable in our analysis. 
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VI. Extended analysis 

Unobserved Individual Heterogeneity 

An important limitation of the analysis in the previous sections regards the absence of unobserved individual 

characteristics that could be potentially correlated with exercise in our model. If unobserved individual 

characteristics determined exercise decisions, our focus estimated parameters in the previous section could not 

be identified as causal impacts. We tested this hypothesis by considering the two waves of our sample and 

estimating a model with individual fixed effects in the reduced form model (2) defined in the previous section, 

excluding lagged health and unhappiness. Given that exercise is only available for the second wave, we consider 

exercise_hobby as our treatment variable for this estimation. Both variables, exercise_hobby and exercise, are 

positively correlated, and this correlation is significant at the 1% significant level. Given that we have many 

individuals and a relatively short time series (two waves) available for everyone, it is impractical to include 

individual dummy variables directly into the system of two equations. Estimation of the FE model is enabled by 

transforming all variables before estimation, i.e., the deviation of each observation from the individual-specific 

average overtime is used during estimation (Bezlepkina, Lansink, & Oskam, 2005; Hsiao, 2014, p. 243). Results 

indicate that participating in exercise significantly improve individuals' health status and well-being. Estimated 

coefficients for the impact of exercise_hobby on health and unhappiness are 0.044 (t-statistic:2.65) and -0.062 

(t-statistic: -3.08), respectively.  

The nonlinearity of exercise and response variables 

A limitation of our estimation in the previous section is that it does not adequately control for the intensity of 

exercise. More specifically, it assumes that the impact of exercise on health and unhappiness is either constant, 

regardless of its frequency (PSM model), or linear (BENCHMARK and IV models). However, it is reasonable 
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to think that a different exercise frequency could have a heterogeneous impact on our response variables. To 

explore this issue, we consider our PSM regression in the previous section and run separate regressions in which 

treated individuals were defined according to whether they practice exercise from 1 to 7 days a week. Results in 

Table 3 indicate that exercise can significantly improve individuals' health and well-being regardless of how the 

treatment variable is defined, except that exercise does not impact unhappiness when treatment is defined for six 

and seven days a week. For brevity, we only show the estimation of our focus parameter. The most considerable 

magnitude of the effects is found when treatment is defined as one day per week. This result suggests that the 

most significant benefit is expected for students who move not practising the exercise at all to doing some 

exercise. 

[Table 3 near here]  

We also explore another type of nonlinearity that relates to the fact that exercise could have a different 

effect on different levels of health and unhappiness. Therefore, to deal with this issue, we also consider bivariate 

ordered logit models applied to PSM regression.6 Table 4 presents the marginal effects of exercise on juveniles' 

health and unhappiness under this specification. The results show that exercise decreases individuals' probability 

of reporting their health as very poor, not very good or moderate by 10.22 percentage points (pp), 6.94pp and 

3.18pp, respectively. Besides, exercise increases the probability of reporting good or very good health status by 

0.26pp and 4.18pp, respectively. 

Regarding unhappiness status, exercise increases individuals' probability of never reporting or seldom 

                                                 

6 The main reason to show only our PSM regression is brevity and it allows comparison with Pawlowski et al. 

(2018), the most similar paper to ours that applied PSM as their main estimation approach. However, our main 

conclusions do not change if one of the alternative specifications in the previous section is applied.   
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feeling unhappy by 4.18pp and 0.52pp, respectively. Additionally, exercise decreases the likelihood of reporting 

sometimes, often or always feeling unhappy by 2.40pp, 4.90pp and 7.35pp, respectively. To assess this 

treatment's overall impact in each specific population group, these results can be interpreted relative to the 

proportion of people in each group of response variables.7 Therefore, a 10.22pp reduction in the probability of 

being in very poor health, representing 0.79% of the total population, would be proportionally higher than all 

other health groups. Similarly, a 7.35pp reduction in the probability of being very unhappy, which only 

represents 4.12% of the total population, would be proportionally higher than any other unhappiness groups. 

This suggests that students belonging to the poorest health and most unhappiness condition benefit most from 

doing physical exercise. 

[Table 4 near here] 

Contemporaneous correlation 

Model (2) assumes that exercise contemporaneously affects health and well-being. We consider one estimation 

approach in which lagged exercise is used as an instrument to deal with this issue. Reed (2015) explains that an 

alternative approach to deal with simultaneity is to replace the suspect explanatory variable with its lagged 

variable. However, he shows that this approach only produces a consistent estimate of lagged X's reduced form 

coefficient. Moreover, this is an inconsistent estimation of the parameter of interest. Based on this, he suggests 

using lagged values of the endogenous variable as instruments. His simulation results show that this approach 

produces reliable results if lagged values do not belong in the structural model and are sufficiently correlated 

                                                 

7 Note that the use of nonlinear models enriches our analysis by allowing us to estimate the direct impact of 

exercise on individuals from different populations but the final effect on that group depends on the proportion of 

each population.  
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with the potentially endogenous variable.   

Despite the above argument, many papers use specifications where its lagged variable replaces the suspect 

explanatory variable; see, for example, Buch, Koch, and Koetter (2013) and Clemens, Radelet, Bhavnani, and 

Bazzi (2012). We explore our results' robustness to this consideration by estimating a model similar to (2) except 

that the exercise variable is replaced by past exercise (measured by exercise_hobby). The IV estimation still 

uses a swimming pool in the school and sports participation rate at the school level as instrumental variables. 

Table 5 shows the results of this analysis under different approaches. The main conclusion about the significant 

positive impact of exercise on health and non-significant effect on well-being remains under this specification. 

Moreover, in a non-reported experiment, we also estimated health and unhappiness equations under a similar 

instrumental variable approach, including current and past exercise. We found that in the former equation, 

current exercise was significant, but past exercise was insignificant at the 5% level while well-being was not 

affected either by current or past exercise. 

[Table 5 near here] 

Heterogeneous Impact of Exercise 

We explore if the positive impact of exercise on health and well-being is general or specific for some groups of 

the sample population. More specifically, we augmented model (2) by allowing for a different effect of exercise 

on different groups of juveniles regarding their gender, type and location of schools and family income. We do 

this by including in our regression interactions between exercise and each of these groups. For the school's 

binary variables, gender, and location, female and rural schools were defined as the reference groups. However, 

none of these interactions was significant at the 0.05 level. 
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VII. Discussion and concluding remarks 

This paper shows that exercise exerts a significantly positive impact on Chinese juveniles' health status, and it 

could generate some positive effect on well-being. This improvement in health status is significant and 

consistent for different identification assumptions, exercise definitions and not significantly different for 

different social-economic groups regarding gender, type and location of schools, and household income. How 

well-being is measured, and the frequency of physical exercise are also relevant considerations in our analysis. 

Thus, interestingly physical exercise exerts a more positive impact on students belonging to the most deficient 

health and unhappiness condition. Moreover, the benefits of exercise become evident even when it is practised 

with low frequency. This indicates that disadvantaged economic groups could also benefit from exercise. It also 

suggests that political decisions should be devoted to increasing the availability of sports facilities for them. For 

example, more sports facilities should be available for rural schools and low-income communities. They might 

face difficulties in practising physical exercise due to financial limitations and more restricted access to sports 

facilities.  

Although the literature for developed countries generally finds that exercise exerts a positive effect on 

health and well-being indicators, our result is consistent with a similar analysis for Peru, a developing country, 

in Pawlowski et al. (2018). Using propensity score methods, they find that sports group participation positively 

impacts health but a less clear impact on well-being. A speculative explanation for this difference could be that 

physical exercise could only affect unhappiness once other basic needs are completely satisfied.  

More research will be needed to evaluate the impact of physical activity on juveniles' health and subjective 

well-being in other developing countries. Future research should also explore policy instruments to incentivise 

physical exercise to improve students' health. A comparative analysis between juveniles and the adult population 
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is also desirable. However, our experience shows that general results for developed countries do not necessarily 

apply to developing countries.  

Acknowledgements: We thank David Forrest for his valuable comments on an earlier draft. 

Funding: This work was supported by the Research Foundation for Youth Scholars of Beijing Technology and 

Business University under Grant [QNJJ2021-38]. 

Conflict of Interest: The authors declare that they have no conflict of interest. 

Availability of data: The data that support the findings of this study are openly available at 

[https://ceps.ruc.edu.cn/index.php?r=index/index&hl=en]. 

References 

Andreff, W. (2001). The correlation between economic underdevelopment and sport. European Sport 

Management Quarterly, 1(4), 251-279. doi:10.1080/16184740108721902 

Becerril, J., & Abdulai, A. (2010). The impact of improved maize varieties on poverty in Mexico: a propensity 

score-matching approach. World Development, 38(7), 1024-1035. doi:10.1016/j.worlddev.2009.11.017 

Becker, G. S. (2009). Human capital: A theoretical and empirical analysis, with special reference to education: 

University of Chicago press. 

Bezlepkina, I. V., Lansink, A. G. O., & Oskam, A. J. (2005). Effects of subsidies in Russian dairy farming. 

Agricultural Economics, 33(3), 277-288. doi:10.1111/j.1574-0864.2005.00067.x  

Biddle, S. J., Gorely, T., & Stensel, D. J. (2004). Health-enhancing physical activity and sedentary behaviour in 

children and adolescents. Journal of Sports Sciences, 22(8), 679-701. doi:10.1080/02640410410001712412 

Bloom, D., Canning, D., Hu, L., Liu, Y., Mahal, A., & Yip, W. (2010). The contribution of population health and 



 

22 

 

demographic change to economic growth in China and India. Journal of Comparative Economics, 38(1), 17-

33. doi:10.1016/j.jce.2009.11.002 

Brown, W. J., Burton, N. W., & Rowan, P. J. (2007). Updating the evidence on physical activity and health in 

women. American Journal of Preventive Medicine, 33, 404-411. doi:10.1016/j.amepre.2007.07.029  

Buch, C. M., Koch, C. T., & Koetter, M. (2013). Do banks benefit from internationalization? Revisiting the market 

power–risk nexus. Review of Finance, 17(4), 1401-1435. doi:10.1093/rof/rfs033 

Case, A., Lubotsky, D., & Paxson, C. (2002). Economic status and health in childhood: The origins of the gradient. 

American Economic Review, 92(5), 1308-1334. doi:10.3386/w8344  

Clemens, M. A., Radelet, S., Bhavnani, R. R., & Bazzi, S. (2012). Counting chickens when they hatch: Timing 

and the effects of aid on growth. The Economic Journal, 122(561), 590-617. doi:10.1111/j.1468-

0297.2011.02482.x 

Cragg, J. G., & Donald, S. G. (1993). Testing identifiability and specification in instrumental variable models. 

Econometric Theory, 222-240.  

Fuchs, V. R. (1966). The contribution of health services to the American economy. The Milbank Memorial Fund 

Quarterly, 44(4), 65-103. doi:10.2307/3349060 

Gerdtham, U.-G., & Johannesson, M. (1999). New estimates of the demand for health: results based on a 

categorical health measure and Swedish micro data. Social Science and Medicine, 49(10), 1325-1332. 

doi:10.1016/S0277-9536(99)00206-3 

Grossman, M. (1972). On the concept of health capital and the demand for health. Journal of Political Economy, 

80(2), 223-255. doi:10.1086/259880  

Guan, J., & Tena, J. (2021). Does sport affect health and well-being or is it the other way around? A note on 



 

23 

 

reverse-causality in empirical applications. Journal of Sports Economics, 22(2), 218-226. 

doi:10.1177/1527002520967400 

Häkkinen, U. (1991). The production of health and the demand for health care in Finland. Social Science and 

Medicine, 33(3), 225-237. doi:10.1016/0277-9536(91)90356-H 

Hartwig, J. (2010). Is health capital formation good for long-term economic growth?–Panel Granger-causality 

evidence for OECD countries. Journal of Macroeconomics, 32(1), 314-325. 

doi:10.1016/j.jmacro.2009.06.003  

Hsiao, C. (2014). Analysis of panel data: Cambridge university press. 

Humphreys, B. R., McLeod, L., & Ruseski, J. E. (2014). Physical activity and health outcomes: evidence from 

Canada. Health Economics, 23(1), 33-54. doi:10.1002/hec 

Janssen, I., & LeBlanc, A. G. (2010). Systematic review of the health benefits of physical activity and fitness in 

school-aged children and youth. International Journal of Behavioral Nutrition and Physical Activity, 7(1), 

40. doi:10.1186/1479-5868-7-40 

Lechner, M. (2009). Long-run labour market and health effects of individual sports activities. Journal of Health 

Economics, 28(4), 839-854. doi:10.1016/j.jhealeco.2009.05.003 

Lee, Y. H., & Park, I. (2010). Happiness and physical activity in special populations: Evidence from Korean survey 

data. Journal of Sports Economics, 11, 136-156. doi:10.1177/1527002510363099 

Liu, J., & Barnhart, R. (1999). Homeroom teacher and homeroom Class: The key to classroom management in 

China's schools. Paper presented at the The Educational Forum. 10.1080/00131729908984447 

Mushkin, S. J. (1962). Health as an Investment. Journal of Political Economy, 70(5, Part 2), 129-157. 

doi:10.1086/258730 



 

24 

 

Narayan, S., Narayan, P. K., & Mishra, S. (2010). Investigating the relationship between health and economic 

growth: Empirical evidence from a panel of 5 Asian countries. Journal of Asian Economics, 21(4), 404-411. 

doi:10.1016/j.asieco.2010.03.006 

Pawlowski, T., Schüttoff, U., Downward, P., & Lechner, M. (2018). Can Sport Really Help to Meet the Millennium 

Development Goals? Evidence From Children in Peru. Journal of Sports Economics(No.4), 498-521. 

doi:10.1177/1527002516661601  

Pizer, S. D. (2016). Falsification testing of instrumental variables methods for comparative effectiveness research. 

Health Services Research, 51(2), 790-811. doi:10.1111/1475-6773.12355  

Rasciute, S., & Downward, P. (2010). Health or Happiness? What Is the Impact of Physical Activity on the 

Individual? Kyklos, 63(2), 256–270. doi:10.1111/j.1467-6435.2010.00472.x 

Reed, W. R. (2015). On the Practice of Lagging Variables to Avoid Simultaneity. Oxford Bulletin of Economics 

and Statistics, 77(6), 897-905. doi:10.1111/obes.12088 

Rosenbaum, P. R., & Rubin, D. B. (1983). The central role of the propensity score in observational studies for 

causal effects. Biometrika, 70(1), 41-55. doi:10.2307/2335942  

Rosenbaum, P. R., & Rubin, D. B. (1985). Constructing a control group using multivariate matched sampling 

methods that incorporate the propensity score. The American Statistician, 39(1), 33-38. doi:10.2307/2683903  

Sargan, J. D. (1958). The estimation of economic relationships using instrumental variables. Econometrica: 

Journal of the Econometric Society, 393-415. doi:10.2307/1907619  

Sarma, S., Anne, R., Gilliland, J., & Campbell, M. K. (2015). The effect of leisure‐time physical activity on obesity, 

diabetes, high BP and heart disease Among Canadians: Evidence from 2000/2001 to 2005/2006. Health 

Economics, 24, 1531-1547. doi:10.1002/hec 



 

25 

 

Sherwood, N. E., & Jeffery, R. W. (2000). The behavioral determinants of exercise: Implications for Physical 

Activity Interventions. Annual Review of Nutrition, 20, 21-44. doi:10.1146/annurev.nutr.20.1.21 

Tsang, H. W., Chan, E. P., & Cheung, W. (2008). Effects of mindful and non‐mindful exercises on people with 

depression: a systematic review. British Journal of Clinical Psychology, 47(3), 303-322. 

doi:10.1348/014466508X279260 

Xu, Y. (2000). Jianli heli de xiaoxue sheng chuzhong fangshi - tigao jiunianzhi yiwujiaoyu zhiliang [Setting up 

rational ways for primary pupils to enter middle schools and improving the quality of compulsary education]. 

Journal of Henan Education Institute (Philosophy and Social Sciences), 19(4), 13-15. 

doi:CNKI:SUN:HZJX.0.2000-04-004  


