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1 | Introduction 



Research questions 

What are the effects of individual leisure time physical activities 

(sports & exercise) on long term labour market (and health) 

outcomes? 

Are there interesting heterogeneities? 

• Different labour market outcomes 

• Time horizon (of outcome measurement) 

• Intensity of activity 



Why does it matter? 

For the individual …  
• Roughly knowing the effect is relevant for individuals in their decision to 

'invest' (money & time) optimally in physical activity given individual 

preferences 

For the society … 
• Individual productivity enhancements … 

− increase growth potential of the economy 

− may provide some justification for public subsidies (externalities) 

• Long term public health effects 
− good per se 

− reduce public (and private) expenditures 



How may these effects come about? 

Health 

Ability to cope with stress 

Social skills: Teamworking skills & networks 

Self-discipline 

Physical attractiveness 

… 

 



Literature | 1 

Youth sports at (US) schools and future labour market outcomes 

• Long & Caudill (REStat 1991), Ewing (JoBlackPE 1995, EcLet 1998, 

JSpoE 2007), Maloney & McCormick (JHR 1993), Barron, Ewing, 

Waddell (REStat 2000) 

Youth sports and educational attainment 

• Pfeifer & Cornelissen (EcEdRev 2010), Eide & Ronan (EcEdRev 2001), 

Lipscombe (EcEdRev 2007) , Rees & Sabia (EcEdRev 2010), Stevenson 

(REStat 2010), Felfe, Lechner, Steinmayr (2011) 



Literature | 2 

Sports on health 
• Many epidemiological studies find positive effects for physical and 

mental health  
− e.g. literature review by Warburton, Nicol, Bredin, CanMedAsJ, 2006; EU and 

US government scientific reviews, etc. 

• Dose-response relationship: More physcial activity is better 
− WNB2006: "… to be a [positive] linear relationship between physical activity 

and health status …" 

− Humphreys, McLeod, Ruseski (2014):  Positive but decreasing effect of PA 

− Note: At some point the marginal effect must become negative … 

• Additional injuries 



Literature | 5 

Sports / LTPA and labour market outcomes 

• Cabane (2010): Panel regression with German GSOEP data 

• Rooth (LabEcon 2011) 

− Randomized field experiment  higher call-back rates if sports mentioned 

in job application (golf and soccer best: signalling social spillovers) 

− Observational study: Positive association of 'fitness' at age 18 with earnings 

later in life given sort of family FE for men 

• Hyytinen and Lahtonen (JSocSciMed 2013)  

− Twin based study using Finish administrative records 

− Large earnings gains 



Literature | 6 

Sports / LTPA and labour market outcomes (cont.) 
• Lechner (JHE, 2009) 

− Use German panel data (some health and LTPA information), lots of socio-
demographics information, samples not too large … 

− Similar identification and estimation strategy than in this paper 
– Selection-on-observables with controlling for endogenous covariates and 'fixed effects' in 

semiparametric framework (details later) 

− Positive earnings effects 

• Lechner & Downward (2013, mimeo) 
− Use large UK locally-merged-cross-section-local-panel-data 
− Differentiate between types of sports 
− Find generally positive associations between LTPA and labour market outcomes 
− Arguments why these associatons may have a causal interpretation 

 



Literature | 7 

A recent more complete overview over the literature is given by 

Cabane and Lechner (2014) 



Our intended contribution … 

Provide further evidence on the causal effect of leisure time 

physical activity of adults on labour market outcomes using a 

very informative (Canadian) data set 

Evidence on the intensity dimension 



What we do … | 1 

Use Canadian health panel (National Population Health Survey) 

• Detailed information on health and sports & exercise 

• Reasonable information on labour market performance 

• Reasonable data quality 

− sample sizes  

− response rates 

− … 

 



What we do … | 2 

Exploit panel structure for identification 

• Follow approach suggested by Lechner (2009) 

• Plausible because of informative panel data 

Use flexible estimation methods  

• 'Matching-within-strata-and-subsequent-aggregation' approach 

• Semiparametric matching estimations 

 



We find …    | 1 

Positive health effects 

Generally positive earnings effects of LTPA 

No clear effects on hours of work or labour force participation 

Interesting dose-response relationships of activity level 
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   1 | Introduction & literature 

2 | Data 



National Population Health Survey (NPHS)| 1 

Household panel survey run by Statistics Canada 

• Started in 1994 … 8 cycles … end of last wave we use (=cycle) 2008 

• Representative for the Canadian population in 1994 

• Detailed info on sports, excercise, and health 

− For each LTPA, the respondents are asked to report their average 

participation and duration in each episode based on the last three months 



National Population Health Survey (NPHS) | 2 

Study population 

• Aged 20 to 45 in 1994 (34 to 59 in 2008)  

− without physical mobility problems (in 1994) 

• Full information on key variables in 1994 and LTPA in 1994 and 1996 

• Final sample size: 4796 individuals in 1994 and 1996 

• Attrition rate about 30% over 8 cycles 

 



Definition of leisure time physical activity | 1 

For each activity, respondents are asked to report their  

• Number of episodes in the last three months 

• Duration of each episode 

Statistics Canada computes total energy expenditure  

• Each activity type is assigned an average energy expenditure per time 

unit based on metabolic rates (MET, oxygen consumption; …) 

• Combining the duration of each activity with its average energy 

expenditure gives the total energy expenditure in all LTPAs 



WHO guidelines and definition of LTPA | 1 

WHO guideline on (minimum) physical activity (adults 18-65) 

• 5 x 30 (=150) min. moderate-intensity aerobic activity per week 
− or 2 x 30 min. vigourous activity 

• Amounts to about approx. 1.5 kcal per 1 kg body weight per day 

We use the WHO definition to define 3 activity levels 

• Inactive:            < 1.5 kcal/kg   per day 

• Moderately active: 1.5 kcal/kg -   3 kcal/kg per day 

• Active:            >    3 kcal/kg  per day  

 



Note: 'Moderatly active' approx. conforms to WHO physical activity guidelines 



   1 | Introduction & literature 

2 | Data 

3 | Empirical strategy & econometrics 



The new (?) magic word in empirical work 

 

Research Design 

Digression 



Research design | 1 

Association of LTPA & labour market outcomes is confounded 

• For example, education influences LTPA and earnings 

• Many more of those variables …  

Estimated quantity has only a causal interpretation if all 

confounding can be removed from the association of labour 

market outcomes & LTPA  

• It is impossible to use data to formally test whether all confounding 

has indeed been removed 

Digression 



Research design | 2 

Generally, only untestable assumptions allow for a causal 

interpretation of empirical associations 

Thus, the credibility of such assumptions is of major importance 

A credible research resign is one in which … 

• a particular set of 'identifying assumptions' is plausible 

− Plausibility will be largely established from theoretical and institutional 

arguments about the nature of the 'selection process' 

• these assumptions are also reflected in the chosen estimator 

Digression 



Identifying assumptions (nonparametric) 

How to find the counterfactual? 

Experiment  
• No problem if well implemented 

Selection-on-observables 
• All confounders are observed and can be removed econometrically 

Selection-on-unobservables 
• Exogenous shift in the probability to do LTPA  

− Exogenous means unrelated to outcomes, not influenced by LTPA 

− Methods: IV (and RDD, kinked-RDD, boarder-RDD, etc., as special cases) 

• Additional control group(s) sharing same time trend in the absence of LTPA (DiD) 
− Includes classical panel fixed-effects approaches 

Digression 



Identification 

Such assumptions provide non-(semi-) parametric identification  

• They rely only on restrictions that can be understood from the content 

of the substantive problem  

• They requires some understanding (of at least parts) of the selection 

process into LTPA 

Note: Functional form assumptions can (almost) never be justified 

from the subject under investigation  

• Never credible 

− … but sometimes they may provide reasonable approximations 

 

Digression 



Estimators 

After having chosen a credible research design, estimators should 

only impose a minimum of further restrictions 

• Avoid effect homogeneity 

• Avoid imposing tight functional relations between outcomes and LTPA 

Usually, this rules out standard parametric estimators 

Semi- and non-parametric estimators are more attractive 

• Fairly robust to specification issues 

• Naturally allowing for heterogenous effects 

 

 

Digression 



Remark 

These ideas …  

• lead to empirical studies that are substantially more credible 

• affect econometric work in all fields, but there are  

− early adopters (labour) 

− … 

− late adopters 

− very late adopters 

− not yet adopters 

• …. sports economics? 

 

Digression 



This study | 1 

Selection bias 
• Well-documented non-random selection into LTPA  

− e.g. survey by Cabane & Lechner (2014) and many others … 

• Difficult to devise experiment if interest is in long term effects 

• Need instrument  
− Hard to find instrument that is both strong and credible (at least if effects 

are allowed to be heterogeneous) … 

• Or need very informative data for a selection-on-observable approach 
− Usually measurement of confounding health effects is difficult, … 

− Panel data helps because it allows to take past activity levels and past 

outcomes into account 



Empirical strategy 

The selection problem in some more detail 

• Individuals with a priori better labour market chances invest more in 

their health …  

− Such people are also more likely to be active 

• Individuals with health problems are less likely to be active 

• When people are more active in the past, they are more likely to be 

active in the future (habit formation) 



Variables known to be associated with LTPA | 1 

There are many studies looking at this association  

• Bauman, Sallis, Dzewaltowski, & Owen (AJPrevMed, 2002), Breuer & 

Wicker ( EurJSportSoc, 2008), Downward (IRApplEcon, 2007), Eberth & 

Smith (EconMod, 2010), Fridberg (SpSoc, 2010), Garcìa, Lera-López, & 

Suárez (JSpoEcon, 2011), Hovemann & Wicker (EurJSpoSoc, 2009), 

Humphreys & Ruseski (2010), Meltzer and Jena (JHE, 2010), Stamatakis 

& Chaudhury (BJSpoMed, 2008), papers mentioned in introduction, … 

− Economics, epidemilogy, sports science 



Variables known to be associated with LTPA | 2 

Variables (in bracket: positive association with sports) 

• Sex (men), age (younger), education (higher), marital status (?), kids 

(women: no kids), ethnicity (not minority), not immigrant 

• Income (higher), wage (higher), working hours (?) 

• Mental and physical health (good), genetic factors (?) 

• Life style (less drinking?, not smoking, not more than normal weight) 

• Regional variation 

• Habit formation with respect to LTPA 

 



Identification 

Selection-on-observables (plus) 

Data has rich information on …  

• Health 

• Activity levels 

• Outcomes 

• Socio-demographics 

• Life style variables (smoking, alcohol, BMI) 

• Regional information 

 Detailed variables will be shown later … (if requested) 

 

 

 



Research design | 1 

Goal: Find research design that  
• Allows for heterogeneous effects 
• Controls for the observable confounders 
• Controls for kind of 'fixed effects' 
• Takes into account that most confounders will be affected by LTPA 
• Uses a robust semi-parametric estimator (e.g. no parametric FE) 

Desirable solution: Estimate a dynamic treatment model (à la Robins, 
1986, Lechner & Miquel, 2011) 

• Not enough data! 
• Instead adapt static model to do reasonable job 

− Price to pay: Less informative parameters estimated 

 



Research design | 2 

Define 3 types of periods 

• Pre-treatment period: 1994 control variables 

• Treatment period: 1996  treatment & outcome variables 

• Post-treatment periods: '98-'08 outcome variables 

 



Research design | 3 

Problem: Control variables may be affected by LTPA 

• Define strata based on pre-treatment treatment status (LTPA in 1994) 

• Measure all control variables pre-treatment (1994) 

• Include pre-treatment outcome variables 

− Takes care of confounders with time constant impact (fixed effects) 

• Within the strata, the control variables are exogenous 

− 'No anticipation' assumption implicit 

• Account most flexibly for heterogeneity in gender (for selection and 

outcome) by stratification 

 



Estimation 

Matching estimation within each of the 6 strata 

• Estimate dose-response relations by multiple treatment approach 

implemented as 3 binary treatment comparisons  

− I vs. M, M vs. A, I vs. A 

• Bias adjusted propensity score radius matching 

− Performed best in Huber, Lechner, Wunsch (2013) 

Report various averages across some or all strata 

Implication: Our estimand is the effect of the 1996 activity level 

• Likely to be a lower bound of the year-by-year effects 



Inference 

Ideal: Bootstrap p-values based on bootstrap distribution of t-

statistic of matching algorithm 

Used: Asymptotic distribution (given weights)  

• usually conservative (Lechner, 2002, etc.) 

Problem: All computations have to be performed in the data 

center of Statistics Canada (Saskatoon) 
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Subjective health | 1 
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Scale from 1 (worst) – 5 (best) 

Average subjective health for 
moderately active in 1994: 3.1 



Annual average personal income 
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Average personal income for 
moderately active in 2008: 
70.000 C$ 



Other outcome measures 

Working hours and employment 
• No clear statistically significant effects 

Household income 
• Effects similar to personal income 

Full time employment (35+ hours per week) 
• Effects almost identical to employment 

Life style variables  
• BMI, drinking alcohol, smoking: No statistically significant effects 

Health 
• Many more 'objective' health variables: More or less similar effects to subj. health 

 

 



Further robustness checks 

Bootstrap inference 

• Done for selected subsamples and treatments  confirms results 

Attrition 

• Only about 70% of the 1994 sample replied in 2008 

• Estimate effect of treatment on response 

− If nonresponse is ignorable, effect estimate should be zero: ok 

Heterogeneity across strata 

• Nothing really important and clearly significant  

− sample size may be too small to detect smaller heterogeneities 
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Conclusions | 1 

Positive health effects 

Positive earnings effects of higher physical activity 

• Active compared to moderately active after 8 years: +13% [20%, 6%] 

• Almost identical effect when increasing LTPA from inactive to active 



Conclusions | 2 

It seems that increasing the activity level high enough is crucial 

Interesting dose-response relationships 
• More is better 

− Observed activity levels on average not yet in region of negative returns 

• It may not be enough to increase the activitiy level of the inactive only 
somewhat to get the health & earnings effects 

• Higher activity levels than the minimum level recommended by WHO may 
be needed to benefit from the earnings effects 

• Alternative interpretations 
− Need to rise activitiy levels sufficiently so that effects become large enough to 

become detectable with our data (confidence bands fairly large) 
− Estimates are lower bounds anyway because of our research design 



Conclusions | 3 

How do our findings relate to other findings in the literature? 

• Evidence always positive but difficult to compare because measures of 

LTPA are very different 

− Lechner (2009): Higher earnings in Germany (5-10% earnings gain when 

moving from inactive to active) 

− Cabane (2010): Higher wages in Germany (~8%) 

− Rooth (2011): Earnings gains from fitness (4% for 1 std of fitness score) 

− Hyytinen & Lahtonen (2013): PA leads to 14-17% gain in taxable income 

− Lechner & Downward (2013): About 10-15% income gain 

 



Conclusions | 4 

Evidence of positive effects overwhelming 

Different studies may be subject to different levels of credibility 

concerning estimation and identification 
 



Further research | 1 

How much do the different causal channels contribute to the 

effects? 

• Health 

• Ability to cope with stress 

• Social skills: Teamworking skills & networks 

• Self-discipline 

• Physical attractiveness 

• … 



Further research | 2 

Which other dimensions (than energy expenditures) of LTPA / 

sports matter for the effects? 

Trace out dose-response relationship more precisely 

• Dose response finding related to different types of sports? 

Alternative identification strategies 



Thank you for 
your attention! 

Michael Lechner 
University of St. Gallen | SEW 
Michael.Lechner@unisg.ch 
www.michael-lechner.eu 

You find these slides on www.michael-lechner.eu  presentations 
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Descriptive statistics by strata | 1 
Variable                                 Sex Men Women 

  Activity level in 
1994 

Active Mod. Inact. Active Mod. Inact. 

Socio-economic characteristics (1994) 
Age  32 33 33 34 33 34 
Married  50 61 60 53 60 63 
Number of children < 12 years 0.51 0.66 0.65 0.81 0.80 0.92 
Immigrant 10 10 12 10 10 13 
University or college graduate 37 41 34 38 43 36 
Secondary (high) school graduate 51 44 46 49 44 48 
Lower education than high school 
graduate 12 15 20 13 13 16 

Home owned by household 62 70 67 65 66 63 
Total annual household income in 

1000 CAD 44 47 42 41 43 40 

Employed 81 86 86 69 74 72 
Living in a central metro. area  63 61 54 61 58 59 



Descriptive statistics by strata | 2 Variable                                 Sex Men Women 
  Activity level in 

1994 
Activ

e 
Mod. Inact. Activ

e 
Mod. Inact. 

Socio-economic characteristics (1994) 
BMI 26 26 26 23 24 25 
Avg. daily number of alcoholic 
drinks (last week) 0.70 0.85 0.73 0.33 0.30 0.22 

Regular smoker 24 30 38 28 28 32 
Self-rated health (1: worst; 5:) 3.1 3.1 2.9 3.0 3.0 2.8 
Physical activity indicators (1994) 
Total energy expenditure LTPA 5.2 2.1 0.6 4.8 2.1 0.6 
Any injuries (past 12 months) 28 26 19 23 19 15 
Share of stratum  same sex 20% 24% 56% 16% 22% 62% 
Activity levels (1996) 
Active individuals  52 23 18 50 27 8 
Moderately active individuals 25 34 10 27 36 20 
Inactive individuals 23 43 72 23 37 72 
# of observations in stratum 474 562 1349 396 534 1481 



Probits  
within  
strata: 
Active vs.  
moderate 

 
 

Variable   Men Women 
Activity level in 1994 

  
Active Mod. Inactive Active Mod. Inactive 

Age    -0.008 -0.008 -0.003 -0.010 -0.024 -0.017 
Married / common law partner   0.072 0.032 0.116 -0.003 0.142 0.276 
Number of children of age < 12    -0.031 -0.134 0.015 -0.012 0.047 0.011 
Immigrant   0.296 0.409 0.135 0.278 -0.016 0.124 
University / college graduate   0.047 -0.213 -0.201 -0.312 0.142 -0.176 
Secondary school graduate   -0.293 0.025 -0.118 -0.393 -0.275 -0.234 
Avg. daily # of alcohol consumpt. (past week)   -0.150 -0.093 -0.001 -0.003 -0.039 0.225 
2-6 x or daily per week alc. drinker (last year)   -0.251 0.023 0.105 0.548 -0.260 -0.084 
BMI   -0.004 -0.012 0.007 -0.017 -0.030 -0.024 
Regular smoker   -0.028 -0.105 -0.022 -0.267 0.497 0.108 
Self-rated health   -0.056 -0.031 0.000 -0.075 -0.117 0.007 
Health utility index   -0.906 -0.770 -0.376 -0.217 -0.594 0.437 
Depression scale   -0.014 0.113 0.021 0.033 -0.050 -0.076 
Activities prevented by pain   -0.090 0.189 -0.032 0.018 0.149 0.340 
Distress scale   -0.042 -0.025 0.029 -0.017 0.016 0.010 
At least 5 chronic conditions   -0.120 -0.381 -0.670 -0.355 -0.356 -0.238 
Other chronic conditions   -0.018 0.076 -0.172 -0.009 -0.137 0.075 
Home owned by household   0.095 -0.283 -0.092 0.342 -0.156 0.033 
Number of bedrooms in home   0.012 0.161 0.011 -0.121 0.021 0.085 
Total household income/10000   -0.003 -0.054 0.002 0.078 -0.006 -0.060 
Employed   0.433 -0.047 -0.023 0.336 -0.365 0.106 
Not in labor force   - - - 0.003 -0.439 0.057 
Occupation in management, business, finance, 
admin., sciences   0.224 0.235 -0.093 -0.020 -0.194 -0.128 

Usually sit during daily activities   0.165 -0.155 -0.428 -0.193 -0.246 0.102 
Total energy expenditure from LTPA   0.156 0.192 0.173 0.079 0.293 0.255 
Not biking in non-leisure time   -0.309 0.018 -0.048 -0.085 -0.246 -0.039 
Not walking in non-leisure time   0.014 -0.150 -0.070 -0.001 -0.250 -0.259 
Injuries (past 12 months)   0.197 -0.030 0.048 0.594 0.173 0.029 
Male 25+ unemployment rate   1.197 0.587 0.723 3.322 1.513 -4.222 
Highest schooling rate 15+ aged: < grade 9   2.388 -0.285 0.774 -1.695 -3.196 0.369 
Log of regional pop. density    -0.019 -0.050 -0.006 -0.015 0.025 0.070 
Central metropolitan area   0.284 0.109 0.109 -0.326 -0.299 0.232 
Efron’s Pseudo R2 in %   13.8 10.2 5.1 12.8 15.0 9.0 



Probits  
within strata: 
Moderate vs. Inactive 

 
 

Variable   Men Women 
Activity level in 1994 

  
Active Mod. Inactive Active Mod. Inactive 

Age    0.023 0.001 -0.005 -0.001 -0.012 -0.004 
Married / common law partner   -0.035 -0.155 0.043 -0.525 -0.079 -0.205 
Number of children of age < 12    0.018 -0.006 0.012 0.010 -0.040 -0.046 
Immigrant   -0.074 -0.119 -0.136 -0.394 0.292 -0.301 
University / college graduate   0.487 0.046 -0.083 0.213 0.053 -0.185 
Secondary school graduate   0.752 -0.136 0.066 -0.040 0.247 0.049 
Average daily # of alcohol 
consumption (past week)   -0.100 -0.014 -0.043 0.176 -0.087 -0.011 

2-6 times or daily per week 
alcohol drinker (last year)   0.132 -0.115 -0.126 -0.359 0.067 0.190 

BMI   -0.006 -0.013 -0.003 -0.007 0.001 -0.002 
Regular smoker   -0.340 -0.031 -0.005 0.156 -0.232 0.010 
Self-rated health    0.328 -0.014 0.019 0.296 0.095 0.013 
Health utility index   -1.239 0.603 0.194 1.464 1.449 0.304 
Depression scale   -0.103 -0.110 -0.082 -0.068 -0.013 0.009 
Activities prevented by pain   -0.263 -0.052 0.392 0.612 0.790 -0.158 
Distress scale   -0.005 0.004 0.002 0.008 -0.006 -0.011 
At least 5 chronic conditions   0.474 0.053 0.028 0.109 0.078 -0.226 
Other chronic conditions   0.110 0.091 0.022 0.223 0.059 -0.055 
Home owned by household   0.043 0.489 0.114 -0.052 0.228 0.068 
Number of bedrooms in home   -0.070 -0.163 -0.055 -0.095 0.010 -0.049 
Total annual hh income/10000   0.030 0.070 0.022 0.007 0.003 0.048 
Employed   -0.167 0.153 -0.081 -0.209 0.270 0.201 
Not in labor force   - - - 0.160 0.076 0.354 
Occupation in management, 
business, finance, adm., sciences   -0.260 -0.194 -0.102 0.564 -0.119 0.040 

Usually sit during daily activities   0.034 0.009 0.152 0.452 -0.238 0.000 
Total energy expenditure from 
leisure time physical activities   -0.018 0.433 0.649 -0.017 0.079 0.612 

Not biking in non-leisure time   0.097 0.001 -0.005 -0.382 0.022 0.143 
Not walking in non-leisure time   -0.290 -0.072 -0.150 -0.038 -0.116 0.021 
Injuries other than repetitive 
Strain injuries (past 12 months)   -0.028 -0.153 0.006 -0.361 0.013 0.236 

Male 25+ unemployment rate   -0.020 -1.595 0.112 -2.469 -1.651 0.328 
Highest schooling rate 15+ aged: 
Less than grade 9   -3.188 -0.690 -1.129 -2.835 1.978 -0.543 

Log of regional pop. density    0.047 0.028 -0.042 0.075 0.016 -0.046 
Central metropolitan area   -0.052 0.005 -0.187 0.041 0.185 -0.136 

             



Energy expenditure | 1 
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Average energy expenditure for 
moderately active in 1994: 2.1 

Note: Initially, energy 
consumptions increases more 
(+60%) when moving from 
moderate to active than from 
inactive to moderate 



Personal income dynamics 
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