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Abstract

Physical inactivity is a major health risk worldwide. Observational studies suggest that higher
education is positively related to physical activity, but it is not clear whether this relationship
constitutes a causal effect. Using participants (N = 1651) drawn from the Cardiovascular Risk in
Young Finns Study linked to nationwide administrative data from Statistics Finland, this study
examined whether educational attainment, measured by years of education, is related to adulthood
physical activity in terms of overall physical activity, weekly hours of intensive activity, total steps
per day, and aerobic steps per day. We employed ordinary least squares (OLS) models and
extended the analysis using an instrumental variables approach (Mendelian randomization, MR)
with a genetic risk score as an instrument for years of education. Based on the MR results, it was
found that years of education is positively related to physical activity. On average, one additional
year of education leads to a 0.62-unit higher overall physical activity (p < 0.01), 0.26 more hours
of weekly intensive activity (p < 0.05), 560 more steps per day (p < 0.10), and 390 more aerobic
steps per day (p < 0.09). The findings indicate that education may be a factor leading to higher

leisure-time physical activity, and thus, promoting global health.

Keywords: Physical Activity, Education, Register-based data, Mendelian Randomization
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1. Introduction
Highly educated individuals make healthier lifestyle choices; they are healthier and live longer.
The literature has documented significant associations between education, general health,'-¢ and

health behaviors.>7-14

Physical activity is an important aspect of health behavior. Globally, approximately one-fourth of
adults do not meet the recommended levels of daily physical activity for maintaining good
health.!> The importance of physical activity, as well as the detriments of physical inactivity, for
health and well-being have been well documented. For instance, physical activity is related to a
decreased risk of several chronic diseases,!6"!8 and it may postpone the onset of dementia.!® In
contrast, physical inactivity has been identified as one of the leading risk factors for global
mortality.? In 2013, the global economic burden of physical inactivity was estimated to range
from INTS$ 67.5 billion to INT$ 145.2 billion.?! In general, the healthcare costs attributable to
physical inactivity are estimated to range from 0.3% to 4.6% of the national healthcare

expenditures.?

Empirical studies on the link between education and health behavioral outcomes, especially
physical activity, have found that better academic achievement in adolescence and higher
educational attainment in adulthood are related to higher physical activity. For example, Aaltonen
et al.” showed that higher academic performance in adolescence was related to a higher frequency
of self-reported leisure-time physical activity in young adulthood. In a recent study, Aaltonen et
al.?? also demonstrated that the association between self-reported leisure-time physical activity and
academic achievement is partially explained by shared genetic background and family
environment. Furthermore, Davies et al.!* found that higher educational attainment was linked to
higher levels of self-reported vigorous physical activity. Similar findings were documented by
Park and Kang?*: An increase in education induced individuals to exercise more regularly. Davies
et al.®, in turn, found only little evidence that higher educational attainment is related to physical
activity. Based on accelerometer-measured physical activity, Kantomaa et al.'® showed that a
higher level of education was associated with a higher amount of moderate-to-vigorous physical
activity, but at the same time, it was associated with lower levels of light-intensity activity and

higher sedentary time. Based on a systematic literature review, Trost et al.'> concluded that
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education is a positive determinant of physical activity, whereas Bauman et al.® were more

cautious about making explicit causal claims.

A growing body of population-based data includes both self-reported (questionnaires) and
objective information (e.g., accelerometers or pedometers) of individuals’ physical activity levels.
However, most of the literature examining the relationship between education and physical
activity is based on self-reported measures of physical activity. Furthermore, educational
attainment is typically self-reported. To gain a better understanding of the links between education
and physical activity, objective measures, along with self-reported information on physical
activity, may be recommended. In this study, we examine whether educational attainment is
related to adulthood physical activity. To address the existing research gap, we use both self-
reported and device-based measures of physical activity, and we also use register-based
information on educational attainment, which avoids biases resulting from self-reported measures.
We first employ ordinary least squares (OLS) models, and extend the analysis using an
instrumental variables approach known as Mendelian randomization (MR). MR is based on
Mendel’s law of segregation (the first law) and independent of assortment (the second law). The
former states that alleles segregate randomly when they are passed from one generation to the
next, and the latter states that the inheritance of one trait is independent of the inheritance of other
traits.>>2° This randomization causes exogenous variation in the exposure variable by nature,
enabling causal identification.?>?” We take advantage of the genetic risk score (GRS) for years of
education as an instrument, which is based on 74 single-nucleotide polymorphisms (SNPs) related
to educational attainment.”® We hypothesize that higher education leads to a more physically

active lifestyle.

2. Materials and methods

2.1 Study population

A study sample consisting of 1651 participants was drawn from three Finnish data sets: 1) the
longitudinal Cardiovascular Risk in Young Finns Study (YFS), 2) the Finnish Longitudinal
Employer-Employee Data (FLEED) of Statistics Finland, and 3) the Longitudinal Population
Census (LPC) of Statistics Finland. (See Appendix 1 for the flow chart of the YFS-FLEED-LPC

data). The three data sets were linked using personal identifiers.
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The YFS was launched in the late 1970s to study cardiovascular risk in youth.?® The first cross-
sectional study was conducted in 1980, when 3596 participants in six age cohorts (aged 3—18
years) participated in the baseline study. The participants were randomly chosen boys and girls
from the population registers of the five Finnish university hospital districts and their rural
surroundings. Since 1980, seven follow ups have been conducted, with the latest one in 2011.
FLEED is an annual panel covering the total working-age population of Finland. It records
comprehensive register information on labor market outcomes, such as earnings and employment,
and highest post-compulsory educational attainment. The data originate directly from tax and
other administrative registers, and they are maintained by Statistics Finland. Register information
on family background (parental education) was drawn from the LPC in 1980. The research
protocol of the YFS has been approved by the ethics committees of the five universities, and all
the participants have provided written informed consent.?’ The final linked YFS-FLEED-LPC
analysis data have been approved for research purposes by Statistics Finland (Permission TK-53-

673-13).

2.2 Self-reported and pedometer-measured physical activity

Information on physical activity in adulthood was drawn from the YFS in 2011, when the
participants were aged 34-49 years. We formed four physical activity variables based on self-
reports and daily steps monitored by pedometer: 1) overall leisure-time physical activity, 2) hours
of weekly intensive (breathtaking and sweating) activity, 3) total steps per day, and 4) aerobic

steps per day.

The first variable, overall physical activity, was based on five items concerning the intensity of
physical activity, frequency of physical activity, hours per week spent on intensive physical
activity, average duration of one physical activity session, and participation in organized physical
activity (Appendix 2).3° The responses were ranked on a 3-point scale, and the overall physical
activity score was defined as a sum of the five items. Thus, the total score ranged from 5 (lowest
physical activity level) to 15 (highest physical activity level) (Appendix 2).3%3! The same overall
physical activity information was collected for a subsample of YFS participants at age 15 years (n
=1761) and we used this information in a robustness check. Second, we used the hours of weekly
intensive (breathtaking and sweating) activity (Appendix 2, Question 3)*%3!  as an alternative

measure for self-reported leisure-time physical activity. In 2011, physical activity was also

© 2020 The Authors. Scandinavian Journal of Medicine & Science In Sports published by John
Wiley & Sons Ltd.



measured with a pedometer (Omron Walking Style One HJ-152R-E) for seven consecutive days
(see Hirvensalo et al.3? for additional details of the measurement and classification protocol). The
steps were expressed as total steps per day and aerobic steps per day. The total steps comprised
every step that was taken during the day, including leisure-time and working time. The aerobic
steps, in turn, were calculated automatically for continuous walking that lasted for more than 10
minutes without interruption at a pace of >60 steps/min. The steps measured using the Omron
Walking Style pedometer were shown to be comparable to the steps measured with the ActiGraph
accelerometer (GT1M), with a correlation coefficient of 0.94 (p < 0.01.3? The use of pedometer-

measured physical activity reduced the sample size to 1338 participants.

2.3 Register-based educational attainment

Information on the highest completed level of education in 2007 was drawn from the FLEED. The
educational attainment levels were converted to years of education using Statistics Finland’s
official estimates for completing a specific degree as follows: upper secondary education and
postsecondary nontertiary education = 12 years; short-cycle tertiary education = 14 years; bachelor
or equivalent level = 16 years; master or equivalent level = 18 years; doctoral or equivalent level =

21 years.

2.4 Genetic risk score for years of education

The genetic risk score (GRS) for years of education was based on 74 single-nucleotide
polymorphisms (SNPs), which were associated with years of education in a genome-wide
association study (GWAS) consisting of 293,723 individuals (See Okbay et al.,”® Supplementary
information, pp. 12-13, for technical details of the selection of independent genome-wide

significant SNPs).

Genotyping was implemented by using the Illumina Bead Chip (Human 670K) from 2442 YFS
participants, including 546,677 SNPs. The genotypes were called using the Illumina clustering
algorithm.’®* Quality control was performed using the Sanger genotyping QC pipeline, and
individuals with possible relatedness were removed. Genotype imputation was conducted with the
SHAPEIT vl and IMPUTE 2 software,? and the 1000 Genomes Phase I Integrated Release
version 3 (March 2012 haplotypes) was used as a reference panel.’>-*¢ The unweighted GRS we

use is equal to the sum of the 74 alleles or imputed allele dosages that increase the probability that
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one will complete a higher number of education years. In the weighted GRS (results presented in
the appendixes), each risk allele or imputed allele dosage is multiplied by the effect sizes.?® Both
GRSs were standardized, with a mean zero and standard deviation of one. The Hardy—Weinberg
equilibrium (HWE) test was performed using the SNPTEST program.’” Considering multiple
testing, all 74 SNPs were in HWE (p > 0.001). As an instrument, the GRS has two key advantages
over individual SNPs. First, the GRS accounts for more variation in years of education; this
increases its statistical power in instrumental variable estimation. Second, the use of the GRS
reduces the risk of pleiotropy; that is, any individual SNP would bias the instrumental variables

(IV) estimates via an alternative biological pathway.3®

2.5 Confounding factors

The baseline models included only clearly exogenous and predetermined controls: gender (being
female), birth year, and birth month. Thereafter, the models were also adjusted by family
education. The indicator variable for high parental education equals one if at least one of the
parents has obtained some university education by the year 1980. The inclusion of family
education accounts for unobserved heterogeneity, such as innate ability and preferences,

alleviating possible biases in the estimated correlation between education and physical activity.

2.6 Statistical analysis

To use our findings to replicate the standard observational studies of the literature, we first
estimated OLS models. Because of potential confounders, together with reverse causation, the
OLS regression coefficients may be biased.’® Therefore, the analysis is extended with the IV
method, that is, one-sample MR, in which the GRS for years of education was used as an

instrument for educational attainment.2540

The MR estimator avoids the bias related to the OLS estimator if the following four conditions are
satisfied>274!: First, the genetic instrument is associated with the exposure of interest (relevance
assumption). Second, the genetic instrument is independent of the factors that confound the
association of the exposure (education) and outcome (physical activity); that is, the instrument is
as good as randomly assigned (independence assumption). Third, the genetic instrument is
exogenous; that is, the instrument is independent of the outcome, except possibly via its

association with the exposure (exclusion restriction assumption). Finally, the instrument has a
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monotonic effect on the exposure; that is, for a given change in the value of the genetic
instrument, it cannot be that some individuals increase the treatment intensity while the others

decrease the treatment intensity (monotonicity assumption).

The main concern related to MR is instrument validity. Potential threats to this validity are: 1) the
frequency of the genetic variants varies in different subpopulations; 2) pleiotropy, that is, the
genetic instrument affects the outcome variable either directly or through other pathways than the
exposure variable; 3) the exposure variable is time-varying; 4) gene-environment interactions; 5)
reverse causation; 6) the exposure variable is measured with error; and 7) other genetic markers in

linkage disequilibrium with the one used in the analysis affect the outcome.?”-4>-44

We addressed these potential threats to identification in multiple ways. First, to minimize
measurement error and problems related to time-varying exposure, information on individuals’
educational attainment was drawn from the official registers in 2007, when the youngest YFS
participants were 30 years old. Thus, the number of individuals who were still studying was very
low (2.3%). Second, the Finnish population is ethnically homogenous reducing the possibility that
the allele frequency will differ in different subgroups. We also tested whether the distribution of
observable characteristics differs across the distribution of the GRS.*! To account for genetic,
(e.g., dynastic effects) and environmental effects, we included family controls—that is, parents’
education—in our models. Third, to detect the potential alternative pathways through which SNPs
in our GRS may affect physical activity, we used PhenoScanner, a publicly available database that
provides summary results from GWAS.* Fourth, we ran Sargan’s test, using 74 individual SNPs
as instruments for education, to assess the validity of the overidentifying restrictions. Failure of the
identification test would suggest that at least one of the genetic instruments is invalid. Fifth, we
utilized a reduced-form model in which the outcome variable (physical activity) was explained by
the GRS for education.** This approach does not rule out the possibility that the exclusion
restriction assumption is violated, but it diminishes the potential biases resulting from time-
varying exposure, gene-environment interactions, measurement error in the exposure variable, and
reverse causation.*® The reduced-form model identifies the effect of the exposure on the outcomes
but not the quantitative size of the effect. Sixth, as an additional robustness check for instrument
validity, we conducted a falsification test where leisure-time physical activity at age 15 was used

as the dependent variable. Because adult educational attainment should not affect childhood
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physical activity, a finding that adult education is not a predictor of child physical activity would

be consistent with our identifying assumption.

3. Results

3.1 Descriptive evidence

The study sample consisted of 1651 individuals with information on the GRS, educational
attainment, and leisure-time physical activity (overall physical activity and the hours of weekly
intensive activity) and 1338 individuals with information on total steps per day and aerobic steps
per day. The mean values of overall physical activity, hours spent in intensive activity, total steps,
aerobic steps, and years of education were 9.07 (standard deviation [SD] 1.89), 3.50 (SD 1.34),
8024 (SD 3042), 1939 (SD 2102), and 13.88 (SD 2.68), respectively (Table 1). Women made up
56% of the sample, the average age in 2011 was 41 years, and 13% of the participants had at least
one highly educated parent. According to the descriptive statistics, highly educated individuals
(i.e. above the median years of education) tended to report higher leisure-time physical activity
levels had more aerobic steps per day and fewer total steps per day compared with their less
educated peers (i.e. below the median years of education). The difference in the GRS values
between the more and less educated individuals was 0.20 units (p<0.001), supporting the
relevance of the instrument (Table 1, Panel 1). Panel 2 of Table 1 compares individual differences
by the instrumented value. Among high-GRS participants (above median GRS), the proportion of
highly educated parents was higher compared with that of low-GRS participants. This pattern

provides support for the importance of controlling for parental education.

To identify potential alternative pathways through which the SNPs in the education GRS may
affect physical activity, we used PhenoScanner.*> Of the 74 SNPs linked to education, some were
also associated with obesity, height, waist-hip ratio, and body mass index. Therefore, the
differences in these attributes between low- and high-GRS individuals were also examined (Table

1, Panel 2). However, we did not find differences in these attributes between these two groups.

<Table 1 >

3.2 OLS results
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The OLS estimates show that the years of education is related to physical activity (Table 2). On
average, one additional year of education is related to a 0.07-unit higher overall physical activity
(b =0.07; 95% confidence interval [CI] = 0.04 to 0.11), 0.04 more hours of intensive activity each
week (b = 0.04; 95% CI = 0.02 to 0.07), 70 more aerobic steps per day (b = 70; 95% CI = 26 to
114), and 70 fewer total steps per day (b = —70; 95% CI = —132 to —8). The inclusion of family
education as an additional control kept the education estimate largely intact (Table 2, Model 2).
The results also did not change when the sample size was restricted for those for whom we had

information on both self-reported and pedometer-measured physical activity (Appendix 3).

<Table 2 >

3.3 MR results

The MR results based on the unweighted GRS (Table 3, Model 1) imply that education increases
physical activity. Appendix 4 presents the results for weighted GRS. On average, one additional
year of education increases the overall physical activity score by 0.60 units (b = 0.62; 95% [CI] =
0.21 to 1.03), the amount of intensive activity by 0.26 hours per week (b = 0.62; 95% [CI] = 0.01
to 0.52), the amount of total steps per day by 560 steps (b = 260; 95% [CI] =-106 to 1225) and the
amount of aerobic steps per day by 380 steps (b = 378; 95% [CI] = -50 to 824). When the models
were adjusted by family education (Table 3, Model 2), the point-estimates suggested even stronger
association between education and self-reported physical activity. However, in the case of
pedometer-measured physical activity, the point estimates were no longer significant when the

models were augmented with parental education.

<Table 3 >

The first-stage F-statistics in the baseline MR were 19.24 (self-reported) and 13.59 (pedometer-
measured) (Table 3, Model 1), and the excluded instrument (i.e., the GRS for education) were
related to education (b = 0.27; 95% CI = 0.15 to 0.40; b = 0.26; 95% CI = 0.12 to 0.39) in the first
stage. This supports the relevance assumption of the MR method. A formal statistical test for
instrument validity, Sargan’s overidentification test, supported the null hypothesis that all 74 SNPs
can be considered exogenous for overall physical activity (p < 0.20), intensive activity (p < 0.52),

total steps per day (p < 0.35), and aerobic steps per day (p < 0.24) (Appendix 5). The results from
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the reduced-form models (Table 4 and Appendix 6 for weighted GRS) are consistent with the MR
results, lending further support to the conclusion that exogenous variation in education caused by

genetic differences increases physical activity.

<Table 4 >

As a final robustness check, we conducted a falsification test, in which childhood self-reported
leisure-time physical activity at age 15 was regressed on adulthood years of education. These
results provided further support for the MR identification assumptions (Table 5). While the OLS
results suggest a positive correlation between adulthood educational attainment and childhood
physical activity, the association was eliminated using MR approach, as we expected. The finding
that the OLS results imply a positive relationship between adulthood education and childhood
physical activity suggests that there are unobserved confounders that bias the OLS results. This

highlights the importance of using methods that address these biases.

<Table 5 >

4. Discussion

Using data drawn from a nationally representative longitudinal study combined with register
information on post-compulsory education, this study utilized the OLS and MR approaches to
identify the relationship between educational attainment and physical activity in adulthood. The
results show that the years of education increases overall leisure-time physical activity, hours of
intensive activity per week and aerobic steps per day. Concerning total steps per day, the results
depend on the method used: The OLS results, which use the completed years of education as an
explanatory variable, suggest a negative association between education and total steps, whereas
with the MR method—which uses the GRS for years of education as an explanatory variable—

suggests a positive association.

There may be several explanations for the findings. One potential explanation for the positive
association between education and physical activity is that education is related to decision-making
abilities, which may lead individuals to make healthier long-term decisions in their behavior,* for

example, pursuing more physically active lifestyles. Individuals with higher/lower education may
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also influence the health behaviors of others, and thus, one explanation may be the peer effects.
Education and physical activity may also be mediated by income: Higher education raises income
levels, which in turn, provide more opportunities to invest in physical activity.*’ It has also been
suggested that both shared genetic and family environment partly account for the association

between leisure-time physical activity and academic performance.3

Our findings are consistent with prior observational studies, which have found positive
relationships between physical activity and educational attainment.”31%-11.13 For example, better
academic performance in adolescence has been found to predict more frequent leisure-time
physical activity in late adolescence and young adulthood.” In addition, post-compulsory
education is shown to be positively related to physical activity.!? In particular, moderate-to-
vigorous physical activity is shown to be more common among highly educated individuals
compared with those with lower levels of education. In line with our OLS results for total steps per
day, the prior literature has also shown that higher educational level is related to lower amounts of
light-intensity activity and greater sedentary time.!? Davies et al.!* also employed the MR method
to investigate the links between education and physical activity. Using the same GRS for
education as we did, they found a positive association between education and self-reported
physical activity (moderate and vigorous). However, they did not use device-based measurements

of physical activity, and thus, the studies complement each other.

There are issues that must be considered when interpreting the results. First, the physical activity
measurements have limitations. The use of self-reported physical activity may cause measurement
error bias,*® but pedometer-measures also have limitations. Especially, pedometers do not provide
information on non-ambulatory activities, such as gym workouts, swimming, cycling, or similar
activities, nor they are not designed to accurately distinguish the intensity of physical activity. The
modest correlations between the self-reported and pedometer-based measures (Appendix 7)
suggest that each of the physical activity outcomes represents a different dimension of physical
activity, which helps to understand the differences in the results. In addition, although this study
included four measures of physical activity, we are not able to distinguish leisure-time,
occupational, and commuting physical activity. Highly educated individuals, for example, may
more likely have jobs in which they engage in less physical activity during working hours than

individuals with lower education. However, highly educated individuals may engage in more
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leisure-time physical activity than their less educated counterparts, as our results suggests. There
may also be confounding factors (e.g., time preferences), which can arguably affect both education
years and the level of physical activity. However, instrumental variables approach, and especially
the use of genetic variants as determinants of educational attainment, should not be influenced by

confounding or attenuation.*’

Second, there may also be gender differences in the links between education and physical activity.
Based on the correlation coefficients (Appendix 7), education was negatively associated with total
steps per day among men, but the association was non-existing among women. Because of the
small sample size, we are not able to estimate MR models separately for men and women. Using a
larger sample size including both self-reported and pedometer-measured physical activity, future

studies could shed more light on these potential gender differences.

Third, the MR approach identifies causal effect only if the instrument is valid. We tested and
found support for instrument validity, but in the MR setting, it is impossible to prove the null
hypothesis of instrument validity. If, for example, the genetic variants are pleiotropic, the MR
results may be biased. We also tested the instrument validity with a falsification test. We are aware
that years of education in adulthood may be associated with higher leisure-time physical activity in
adolescence. This is possible if the same SNPs related to years of completed education are also
associated with academic achievement in childhood and youth, which is further related to
adolescent physical activity, as the earlier studies have suggested.” However, our falsification test
results with the MR method showed that years of education in adulthood were not associated with
adolescent physical activity. (The point estimates even turned negative). Thus, our results do not

support this possibility.

Fourth, according to Table 1, the completed years of education and the GRS for education differed
according to family education. Thus, to capture the genetic and environmental transmission of
education,’®3! the models were adjusted for parental education. Parents influence their children’s
educational outcomes not just by transferring their genes to the children but also by influencing
their educational pathways directly, for example, by buying homes in the areas with better schools
or providing a stimulating environment. Typically, in the genetic literature, family background is

taken into account within-family-methods, which utilize information on sibling or parental
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genotype. Unfortunately, such information was not available in our data. However, previous
economic literature has viewed family education as a relevant control that may not only capture
the genetic transmission but also the environmental transmission of traits.’’>? Lastly, the local
average treatment effects (LATEs), identified with the MR method, capture the average effect of
education on physical activity among compliers, that is, among those whose years of education is
increased via the impact of the 74 SNPs that comprise the instrument in MR. The variation in

education due to other factors may lead to different conclusions.

Education is a key component of human capital. In addition to the positive economic
consequences of higher education, such as better employment prospects, higher earnings, and
economic growth,’ our findings suggest that education may also lead to a more physically
active lifestyle. The MR results imply that one additional year of education increases the level of
overall leisure-time physical activity by about one unit, intensive activity per week by about 20
minutes, the amount of total steps by about 500 steps, and the amount of aerobic steps by about
400 steps per day. According to the self-reported questionnaire (Appendix 2), a one-unit increase
in overall physical activity can be reached if, for example, one of the following alternatives
occurs: 1) the frequency of intensive physical activity increases from “once a month or more” to
“once a week,” 2) the amount of weekly intensive activity increases from “1 hour a week” to “2-3
hours a week,” or 3) the duration of physical activity sessions increases from “less than 20

minutes” to “20—-40 minutes.”

5. Perspective

This study investigated the relationship between educational attainment and physical activity in
adulthood. Compared with previous observational studies suggesting an association between
education and physical activity, this study corroborates the association by using OLS and MR
estimation methods and including self-reported and pedometer-measured physical activity. From
the public health perspective, our findings are twofold. First, our results show that the benefits of
education are not only confined to economic outcomes, such as higher earnings and stronger labor
market attachment, but also, they may cover additional domains like health behaviors (i.e. physical
activity). Consequently, education may have positive externalities that extend beyond economic

outcomes, increasing education’s societal returns. Second, the finding that education is positively

© 2020 The Authors. Scandinavian Journal of Medicine & Science In Sports published by John
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related to physical activity may be an important link modifying the risk of chronic diseases during
the life course, and it may serve as a partial explanation for the higher rates of morbidity and
mortality among less educated individuals. From the policy perspective, the finding that education
is related to different dimensions of physical activity can aid health promoters in implementing
efficient tools for increasing physical activity, and thus promoting global health, among

individuals from different socioeconomic backgrounds.

© 2020 The Authors. Scandinavian Journal of Medicine & Science In Sports published by John
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Table 1 Descriptive statistics and comparison of the observables by the instrument value

Panel 1: Descriptive statistics

All Above Below  Difference t-statistic  p-value
Mean median median
(SD)* years of  years of

education education

Overall 9.07 9.32 8.94 0.38 3.93 <0.01
physical (1.89) (1.82) (1.91)
activity in 2011
Intensive 3.50 3.64 3.42 0.22 3.27 <0.01
activity, (1.34) (1.25) (1.38)
hours/week in
2011
Total steps per 8024 7810 8141 -331 -1.90 0.06
day in 2011 (3042) (2979) (3071)
Aerobic  steps 1939 2158 1820 338 2.75 <0.01
per day in 2011 (2102) (2199) (2039)
Education 0.00 0.13 -0.06 0.20 4.55 <0.01
GRS" (1.00) (1.01) (0.98)
Female (%) 0.56 0.60 0.54 0.06 2.50 0.01
(0.50) (0.49) (0.50)
Age (years) 40.81 39.41 41.56 -2.15 -8.45 <0.01
(5.03) (5.07) (4.85)
High parental 0.13 0.24 0.07 0.17 8.76 <0.01
education (0.34) (0.43) (0.26)
Panel 2: Comparison of the observables by the instrument value
All Above Below Difference t-statistic p-value
Mean median median
(SD) GRS GRS
Overall leisure- 9.07 9.19 8.95 0.24 2.60 <0.01
time physical (1.90) (1.92) (1.85)
activity in 2011
Intensive 3.50 3.54 3.46 0.08 1.18 0.24
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activity, (1.34) (1.32) (1.35)

hours/week in

2011

Total steps per 8024 8174 7887 287 1.72 0.09

day in 2011 (3042) (3151) (2933)

Aerobic  Steps 1939 1994 1889 105 0.91 0.37

per day in 2011 (2102) (2162) (2046)

Education years 13.88 14.04 13.71 0.32 242 0.02

(2007) (2.68) (2.74) (2.61)

Female (%) 0.56 0.54 0.58 -0.04 -1.73 0.08
(0.50) (0.50) (0.49)

Age (years) 40.81 40.69 40.93 -0.24 -0.96 0.34
(5.03) (5.04) (5.03)

High parental 0.13 0.16 0.11 0.05 3.02 <0.01

education (0.34) (0.37) (0.31)

Other genetic risk scores

GRS for height 179.90 179.97 179.83 0.14 0.33 0.74
(8.72) (8.53) (8.90)

GRS for waist- 15.18 15.25 15.12 0.14 1.13 0.26

hip ratio (2.36) (2.41) (2.30)

GRS for BMI 29.10 29.13 29.07 0.06 0.35 0.73
(3.38) (3.35) (3.41)

* Standard deviation

®Genetic Risk Score (unweighted)

Notes: Table reports the means and standard deviations are in parenthesis. Differences between
groups were tested using two-sample t test. The indicator for high parental education equals one if at
least one of the parents has obtained some university education (based on Longitudinal Population

Census data from Statistics Finland).
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Table 2 Ordinary Least Squares (OLS) regression results of educational attainment and physical activity

Overall physical activity in Intensive activity, hours / Total Steps per day in 2011 Aerobic Steps per day in
2011 (n=1651) week in 2011 (n=1651) (n=1338) 2011 (n=1338)
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
Per 0.07%** 0.07%** 0.04*** 0.04%** -69.60** -80.47** 69.69%** 59.09%**
additional (0.02) (0.02) (0.01) (0.01) (31.75) (32.93) (22.34) (22.94)
year of
education
95% CI 0.04-0.11 0.03-0.10 0.02-0.07 0.02-0.07 -131.89- -145.07- 25.87-113.50 14.08-104.09
-7.30 -15.87

R’ 0.03 0.03 0.02 0.02 0.03 0.03 0.07 0.08
Control variables
Birth cohort, X X X X X X X X
birth month,
and gender
Family X X X X
Education

Notes: Heteroscedasticity-robust standard errors are in parenthesis. Model 1 include controls for gender, cohort (1—6), and birth month. Model 2 include

controls for gender, cohort (1-6), birth month, and parents’ education. Cohort dummies indicate the year of birth: Cohort 1 =born in 1977, Cohort 2 = born in
1974, Cohort 3 = born in 1971, Cohort 4 = born in 1968, Cohort 5= born in 1965, and Cohort 6 = born in 1962. ***_** Statistically significant at least at the

1% and 5% levels, respectively.
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Table 3 Results of educational attainment and physical activity based on Mendelian Randomization.

Overall physical activity in

Intensive activity, hours /

Total Steps per day in 2011

Aerobic Steps per day in

2011 (n=1651) week in 2011 (n=1651) (n=1338) 2011 (n=1388)

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
Per 0.62%** 0.72%%* 0.26%* 0.31%* 559.49* 666.11 387.06* 428.77
additional (0.21) (0.27) (0.13) (0.16) (339.51) (423.77) (222.49) (272.15)
year of
education
95% CI 0.21-1.03 0.19-1.25 0.01-0.52 -0.002-0.63 -105.93— -164.46— -49.01- -104.64—

122491 1496.68 823.13 962.17

First-stage F 19.24 13.74 19.24 13.74 13.59 9.92 13.59 9.92
statistic
Control variables
Birth cohort, X X X X X X X X
birth month,
and gender
Family X X X X
Education

Notes: Heteroscedasticity-robust standard errors are in the parentheses. Model 1 include controls for gender, cohort (1-6), and birth month. Model 2 include
controls for gender, cohort (1-6), birth month, and family education. Cohort dummies indicate the year of birth: Cohort 1 = born in 1977, Cohort 2 = born in

1974, Cohort 3 = born in 1971, Cohort 4 = born in 1968, Cohort 5= born in 1965, and Cohort 6 = born in 1962. The unweighted GRS is calculated as a sum of
genotyped risk alleles or imputed allele dosages carried by an individual, and is standardized with a mean zero and standard deviation for one (28). **%*, ** *

Statistically significant at least at the 1%, 5% and 10% levels, respectively.
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Table 4 Reduced form models

Overall physical activity in

Intensive activity, hours /

Total Steps per day in 2011

Aerobic Steps per day in

2011 (n=1651) week in 2011 (n=1651) (n=1338) 2011 (n=1338)

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
GRS 0.17%%* 0.16%** 0.07%* 0.07** 142.79* 140.96* 98.79%* 90.73*
(unweighted) (0.05) (0.05) (0.03) (0.03) (75.50) (75.55) (52.99) (52.84)
for education
95% CI 0.08-0.26 0.07-0.25 0.01-0.14 0.01-0.13 -5.31-290.90 -7.25-289.17 -5.16-202.73 -12.92—

194.39)

R’ 0.02 0.03 0.01 0.01 0.03 0.03 0.07 0.07
Control variables
Birth cohort, X X X X X X X X
birth month,
and gender
Family X X X X
Education

Notes. Heteroscedasticity-robust standard errors are in the parentheses. Model 1 include controls for gender, cohort (1-6), and birth month. Model 2 include
controls for gender, cohort (1-6), birth month, and family education. Cohort dummies indicate the year of birth: Cohort 1 = born in 1977, Cohort 2 = born in
1974, Cohort 3 = born in 1971, Cohort 4 = born in 1968, Cohort 5= born in 1965, and Cohort 6 = born in 1962. The unweighted GRS is calculated as a sum of

genotyped risk alleles or imputed allele dosages carried by an individual, and is standardized with a mean zero and standard deviation for one (28). ***, **

Statistically significant at least at the 1% and 5% levels, respectively.
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Table 5 Falsification test, adulthood educational attainment and leisure-time self-reported

physical activity at 15 years

Overall physical activity at 15 years

OLS MR (unweighted) MR (weighted)
Per additional year 0.08%*** -0.04 -0.02
of education (0.02) (0.20) (0.19)
95% CI 0.05-0.12 -0.43-0.35 -0.40-0.36
F-value 14.48 15.14
R? 0.08
N 1761 1761 1761

Notes. Overall leisure-time physical activity at 15 years is based on same questions than adulthood
overall leisure-time physical activity (30-31). Heteroscedasticity-robust standard errors are in
parenthesis. All models include controls for gender, cohort (1-6), birth month, and parents’ education.
Cohort dummies indicate the year of birth: Cohort 1 = born in 1977, Cohort 2 = born in 1974, Cohort
3 =born in 1971, Cohort 4 = born in 1968, Cohort 5= born in 1965, and Cohort 6 = born in 1962. The
unweighted GRS is calculated as a sum of genotyped risk alleles or imputed allele dosages carried by
an individual, and is standardized with a mean zero and standard deviation for one. The weighted
GRS is calculated as a sum of genotyped risk alleles or imputed allele dosages carried by an
individual each multiplied by the effect sizes, and it is standardized with a mean zero and standard

deviation for one (28).*** Statistically significant at least at the 1% level.
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