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A B S T R A C T   

Introduction: Both educational attainment and genetic propensity to education (PGSEdu) have been associated 
with geographic mobility. Socioeconomic conditions are, in turn, associated with individuals’ health. Geographic 
mobility could therefore lead to better health for some since it could provide better opportunities, like education. 
Our aim was to study how attained education and genetic predisposition for higher education are related to 
geographic mobility, and how they affect the association between geographic mobility and mortality. 
Methods: We used data from the Swedish Twin Registry (twins born 1926–1955; n = 14,211) in logistic 
regression models to test if attained education and PGSEdu predicted geographic mobility. Cox regression models 
were then performed to test if geographic mobility, attained education, and PGSEdu were associated with 
mortality. 
Results: The results show that both attained education and PGSEdu predicted geographic mobility, in both in-
dependent and joint effect models, with higher education associated with higher mobility. Geographic mobility 
was associated with lower mortality in the independent effect model, but joint effect models showed that this 
association was completely explained by attained education. 
Conclusions: To conclude, both attained education and PGSEdu were associated with geographic mobility. 
Moreover, attained education explained the relationship between geographic mobility and mortality.   

1. Introduction 

Socioeconomic status (SES) plays a significant role in health differ-
ences across the world, indicating that adults with lower SES have a 
higher risk of falling ill or dying prematurely (Mackenbach et al., 2008). 
Studies also indicate associations between the health of individuals and 
conditions in their area of residence meaning that geographic mobility 
might play a role in health differences, as people who live in more 
deprived areas tend to have poorer health (Curtis et al., 2009). 
Geographic mobility could therefore lead to better living conditions, 
including opportunities in both education and work, raising the question 
about how geography and SES affect health. 

2. Background 

2.1. Educational influences on late-life health inequalities 

The aging population has increased in recent decades and a greater 
proportion survives to the oldest ages, a trend that is predicted to 
continue (Organization, 2021). This demographic change is due to both 
increased life expectancy and improved survival in younger ages, pre-
dominantly because of the worldwide historic socioeconomic develop-
ment during the past 50 years (Organization, 2021). 

Education is often used as a socioeconomic indicator for studying 
health gradients (Smith, 2007). Adverse health outcomes and shorter 
lifespans are more common in lower socioeconomic groups whether 
these are defined by education, income, or occupational class (Ericsson, 
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2019; Huisman et al., 2004). For example, many longitudinal studies 
have shown that adults with lower education have a higher risk of falling 
ill or dying prematurely (Mackenbach et al., 2008). Research on human 
health has stated that education promotes both non-cognitive and 
cognitive skill formation that could contribute to engagement in a life-
style that includes health promoting activities (Hoffmann et al., 2019). 
Furthermore, education has other beneficial health consequences. In 
particular, it can provide access to full-time, fulfilling work and secures 
an adequate income that helps prevent economic hardship (Mirowsky 
et al., 2005). 

In all countries, mortality rates are higher among those who live in 
less advantaged socioeconomic areas (Mackenbach et al., 2015). Ac-
cording to Link and Phelan’s (Phelan et al., 2004) theory of SES as a 
“fundamental cause” of mortality inequalities, SES is most directly 
associated with ‘preventable’ mortality. Specifically, one study found a 
faster decline in mortality over time among highly educated groups in 
preventable causes of death than non-preventable causes of death 
(Mackenbach et al., 2017). This decline remained after adjusting for 
familial confounding in twin-studies (Ericsson et al., 2019). 

2.2. Socioeconomic and sex differences in educational opportunities and 
health 

Historically, opportunities to access education and waged work have 
been severely limited for women and those in lower socioeconomic 
groups in Sweden. An educational expansion during the 1950s and 
1960s meant that higher education became more available for all 
instead of being reserved for the upper social classes (Larsson and 
Westberg, 2015). These educational reforms shifted the old, privileged 
society to a welfare state. This shift gradually increased the educational 
opportunities for women and those in lower social classes as it led to 
large-scale countrywide reformation between 1949 and 1962 where the 
compulsory school reform was implemented and extended the basic 
education gradually for every municipality to provide equal opportu-
nities for all children (Okbay, 2017). 

2.3. Genetic influences on educational attainment 

While variation in educational achievement is partly influenced by 
parental socioeconomic position, educational achievement is also 
strongly dependent on the individual’s own cognitive ability during 
childhood and adolescence. Even though children’s cognitive abilities 
are partly dependent on their rearing environment, genetic influences 
are also highly influential (Plomin and Deary, 2015). Thus, genetic in-
fluences are also highly influential on educational attainment (Deary 
et al., 2007; Plomin and Deary, 2015). 

Empirical evidence derived from genome-wide association studies 
(GWAS), examining genetic associations across the genome in associa-
tion to a trait, have identified thousands of genetic variants related to 
education (Lee et al., 2018; Okbay et al., 2022). Polygenic scores (PGS) 
are a weighted combination of these individual genetic variants – each 
with a very small effect. Rather than being seen as a gene for education, 
PGSEdu can be explained as a normally distributed genetic continuum. 
Some individuals carry few genetic variants that are associated with 
higher educational achievement, most of the population carries some 
such variants, and a few carry many variants. PGSEdu has been shown to 
predict educational attainment in cohorts in three continents and has 
even explained differences in educational attainment between siblings 
from the same family (Belsky et al., 2016). PGSEdu explains 15% of the 
inter-individual differences in educational achievement (Okbay et al., 
2022). The GWAS used in this study measured a joint analysis of 
educational attainment and three related cognitive phenotypes that 
generated a polygenic score that explain 11–13% of the variance in 
educational attainment (Lee et al., 2018). 

Genetically-influenced differences in educational achievement have 
increased over time, possibly because of the declining influence of 

environmental barriers, like the educational reforms implemented in 
Sweden during the 1950s. This increase in genetically-influenced dif-
ferences is shown in twin studies which report greater heritability of 
educational achievement among twins born more recently, when the 
introduction of equality in educational policies have reduced variation 
due to shared-environmental factors (Colodro-Conde et al., 2015). 
Between-country comparisons show that the heritability of educational 
achievement is greater in countries where the environment puts less 
limitations on educational achievement, as in the Nordic countries 
(Branigan et al., 2013). 

3. Education, genetics, and geographic mobility 

Previous studies indicate that there are both theoretical and 
observed associations between the health of individuals and the condi-
tions of the area they live in. Specifically, individuals living in more 
deprived areas tend to have poorer health (Curtis et al., 2009). Research 
shows that both educational attainment and genetic propensity to edu-
cation can be associated with geographic mobility (Abdellaoui et al., 
2019; Belsky et al., 2016, 2019; Breen, 2004; Chen and Rosenthal, 
2008). There are many reasons why individuals choose to move loca-
tion. Workers move to cities with improving occupational environments, 
especially people with higher levels of human capital (e.g. education) 
(Chen and Rosenthal, 2008). In the Dunedin study, participants with 
high PGSEdu were geographically mobile in search for occupational 
opportunities, built more successful careers, found life-partners with 
higher social status, and built stronger foundations for retirement (Bel-
sky et al., 2016). 

3.1. Life-course epidemiology, social causation, and indirect selection 

When interpreting the interplay between education and health, a 
life-course perspective is required to understand socioeconomic in-
fluences on health and survival. The social causation hypothesis assumes 
that there is a direct effect of socioeconomic influence on health, where 
SES influences health through different behaviors and pathways directly 
caused by SES (Ericsson, 2019; Hoffmann et al., 2019). In contrast, the 
indirect selection hypothesis assumes that there is no causal relationship 
between SES and health, but rather that some underlying factor is 
accountable for their association (Foverskov and Holm, 2016). Under-
lying confounders would therefore be plausible determinants for both 
SES and health such as genetic factors like intelligence and personality 
(Foverskov and Holm, 2016). 

The current study aimed to increase the understanding of how edu-
cation influences geographic mobility, and if mobility, in turn, in-
fluences the risk of mortality. By using rich life-course data from the 
Swedish Twin Registry, we investigated the effect of both genetically 
predicted and attained education on geographic mobility, and how ed-
ucation and geographic mobility together predict health outcomes (all- 
cause mortality). Due to the extensive reformation of the educational 
system occurring in Sweden in the 1950’s, different cohorts have had 
different access to education, especially among women and those with 
lower SES (Larsson and Westberg, 2015; Okbay, 2017). As genetic 
variation, and thereby the interpretation of a PGS for education which is 
constant across generations, considering genetic predisposition to 
educational attainment increases the possibility to measure the effects 
on health and to disentangle direct and indirect effects. 

We investigated three research questions: 1) Does educational 
attainment influence geographic mobility? 2) Does genetic predisposi-
tion to higher education influence geographic mobility? 3) Does 
geographic mobility decrease the risk of mortality, and is that associa-
tion explained by educational factors? In addition, we investigated if 
there are sex and cohort differences, to further understand how histor-
ical differences may impact the associations. 
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4. Methods 

4.1. Data 

This retrospective longitudinal cohort study used data from the 
Swedish Twin Registry (STR), with twins born in the middle cohort (P. 
Lichtenstein et al., 2002; Paul Lichtenstein et al., 2006; Zagai et al., 
2019). The middle cohort was compiled in 1970, with the help of na-
tional birth registers. All same-sex pairs born 1926–1958 were contacted 
through a questionnaire in 1973 (Q73), when about 36,000 individuals 
responded (P. Lichtenstein et al., 2002). The questionnaire contained 
questions regarding twin and family information, demographic infor-
mation (education and occupation), environmental exposures, and other 
questions concerning health, lifestyle, and psychosocial traits. In addi-
tion, the questionnaire included a question on all places the twin had 
lived since childhood until that time-point (Ericsson, 2019; P. Lichten-
stein et al., 2002). 

After Q73, several additional data collections have occurred within 
the STR. The largest was the Screening Across the Life Span study 
(SALT), an extensive computer assisted telephone interview that was 
carried out 1998 to 2002 (P. Lichtenstein et al., 2002; Paul Lichtenstein 
et al., 2006). It was aimed at all Swedish twins (same-sex and 
opposite-sex pairs) born 1958 or earlier. Out of the total 52,080 twins 
from the old and the middle cohort that were contacted, a total of 44,919 
responded (P. Lichtenstein et al., 2002; Paul Lichtenstein et al., 2006; 
Zagai et al., 2019). The response rate was 74% for the middle cohort 
(Pedersen et al., 2002). Subsets of the SALT sample participated in the 
TwinGene and SALT-Y studies, conducted 2004–2008 and 2009–2010, 
respectively, which included collection of blood samples or saliva for 
genotyping (Zagai et al., 2019). Of particular value, the STR is linked to 
other national registers in Sweden (Ericsson, 2019). 

The current study population is based on individuals who partici-
pated in both Q73 and SALT. We excluded individuals from the middle 
cohort born 1956–1958, as they were under the age of 18 in 1973 (n =
1633) and might not have had the chance to leave home yet, and 29 
individuals were excluded due to missing data. The final study popula-
tion consisted of 14,211 individuals born 1926–1955. In this sample, 
educational attainment data was available for 13,858 individuals and 
genetic data (PGSEdu) for 8094 individuals. Data on both educational 
attainment and PGSEdu were available for 7741 individuals. 

4.2. Variables 

Educational attainment was retrieved from SALT and measured by 
levels of education, divided to five different categories: “primary”, 
“lower secondary”, “upper secondary/post-secondary non tertiary”, 
“short-cycle tertiary”, and “university degree (bachelor’s or above)” 
(Eurostat, 2015). 

PGSEdu was computed using data collected as part of TwinGene and 
SALT-Y (Zagai et al., 2019), based on the GWAS from Lee and col-
leagues, a study on 1.1 million individuals (Lee et al., 2018). Polygenic 
scores are created by summing the number of associated alleles (0, 1 or 
2) at each position in the genome, weighted by their effect in a GWAS of 
the trait. The resulting score is a linear measure of genetic propensity to 
a trait, e.g. educational attainment. Prior to analyses, the PGS in this 
dataset was standardised with mean = 0 and SD = 1 to increase inter-
pretability, as regression coefficients then represent the effect of one SD 
higher PGS. The generation of the PGSEdu is described in detail in the 
Supplementary section. 

Geographic mobility, which is defined as the geographical movement 
of people (Haley, 2017), was obtained from the Q73 questionnaire. The 
questionnaire included questions on every place the twin had lived from 
birth through 1973, according to county, municipality, and parish [“län, 
kommun och församling” in Swedish]. We defined geographic mobility 
as moving across county lines (1 = mobility), compared to not having 
moved across county lines (0 = no mobility), at any point from age 15 to 

1973. There are 21 counties in Sweden today. However, during the study 
period there were 25 counties in Sweden and that is the definition we 
used. 

All-cause mortality information was available through linkage to the 
Population Register from the Swedish Tax Agency. These data are 
updated monthly and include the date of death for all Swedish residents 
(Befolkningsstatistik, 2022). 

Other covariates: Additional covariates were considered as appro-
priate. Age and sex: Everyone born 1926–1955 was included in the an-
alyses, and age in years was included in all analyses. The analyses also 
included the individual’s sex at birth retrieved from the registers (1 =
men, 2 = women). Cohort: To investigate cohort differences in the total 
sample we divided them to into subsamples: born between 1926 and 
1940 (cohort 1, N = 4873) and born between 1941 and 1955 (cohort 2, 
N = 9338). Principal components: The genetic backgrounds of individuals 
differ across as well as within countries, and this population stratifica-
tion can introduce bias to models of e.g. PGS (Pärna et al., 2022). To 
account for such bias, we computed principal components based on the 
individual genetic data and included the first five as covariates in all 
models including the PGSEdu to control for population stratification. 
Parental SES: To incorporate other family characteristics than the 
PGSEdu, we conducted sensitivity analyses that were adjusted for 
parental SES. Rearing social class data were harmonized as a three-level 
classification (Social group I, II, III), in SALT, parental occupation was 
retrieved from birth journals (Magnusson et al., 2013). 

4.3. Statistical analysis 

First, we investigated how well PGSEdu predicted attained education, 
using a linear regression model. Second, we measured the differences of 
the effect of PGSEdu on attained education stratified by mobility status, 
by including an interaction term between PGSEdu and mobility. To 
investigate the influence of attained education and PGSEdu on 
geographic mobility, logistic regression analyses were performed, with 
attained education and PGSEdu as predictors of geographic mobility (0 =
not mobile, 1 = mobile), in both independent and joint effect models. 

Furthermore, we investigated if geographic mobility influenced all- 
cause mortality (here used as a general measure of health) and if this 
relationship was confounded by attained education or PGSEdu. We used 
Cox proportional hazard regression to compare mortality between those 
who were and were not geographically mobile, and to test if the asso-
ciation was influenced by educational level or PGSEdu. We used age (in 
years) as the underlying time scale, following individuals from when 
they entered the study (age at 1973) and until either the individual’s 
death year (event) or end of the follow-up (December 2021). 

In sensitivity analyses, we tested if the observed associations were 
similar for those who moved after age 18 instead of after age 15 and who 
were aged at least 25 in 1973, to exclude those who moved for their 
education. To examine any differences between sex and cohorts, the 
analyses were repeated stratifying the sample separately by sex and 
birth cohort. To further examine family characteristics other than the 
PGSEdu, we adjusted the main models for parental SES in sensitivity 
analyses. Since the sample size differed between both PGSEdu and 
attained education, we did sensitivity analyses on the main models with 
this restrictive sample for those with information on both variables 
(PGSEdu and attained education). 

All models were adjusted for sex and birth year. All models including 
the PGSEdu were also adjusted for population stratification. 

The statistical software STATA (v15.1) (StataCorp, 2015) was used 
for all statistical analyses. 

4.4. Ethical considerations 

Data in STR are pseudonymized which means that only data with 
serial numbers are analyzed and available, without identifying infor-
mation such as names and addresses. To minimize the risk of the 
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possibility of identification through backtracking, this project ensured 
that only limited data were available, such that the researchers had 
access only to the data needed for analyses. Additionally, informed 
consent was obtained when data were collected and the study was 
approved by the Regional Ethics Board at Karolinska Institutet, 
Stockholm. 

5. Results 

The descriptive statistics are presented in Table 1. A majority of the 
study population was not geographically mobile (had not moved 
counties between birth and 1973). Geographically mobile men had the 
largest proportion of university education. Geographically mobile 
women were more likely to have had lower secondary school or uni-
versity education. PGSEdu was higher for those who were geographically 
mobile than those who were not, for both men and women. Later birth 
cohorts were more geographically mobile than earlier cohorts. 

5.1. Association between PGSEdu and attained education 

The linear regression model measured the association between the 
PGSEdu and attained education. The association was stronger in those 
who were geographically mobile (β = 0.49, 95% CI 0.38–0.48) than in 
those who were not mobile (β = 0.25, 95% CI 0.22–0.29). The sex and 
cohort stratified results showed similar results, and are presented in 
Supplementary Table S1. 

5.2. Geographic mobility as a function of attained education and PGSEdu 

The logistic regression model, presented in Table 2, investigated the 
association between attained education and PGSEdu in relation to 
geographic mobility. The independent effect model includes either 

attained education or PGSEdu, and the joint effect model both attained 
education and PGSEdu, thus adjusting for each other. 

In the unadjusted independent effect model, every unit increase in 
attained education was associated with a 32% higher chance of 
geographic mobility. This association was stronger after adjusting for 
sex and birth year. Every SD increase in PGSEdu was associated with 28% 
higher chance of geographic mobility, and the results were stable after 
adjusting for sex and birth year. In the joint effect model, the effect of 
attained education was unaffected, while that of the PGSEdu was atten-
uated to 12%. 

Table 2 also presents the results divided by cohorts and sex. In all 
subsamples, the association between attained education and geographic 
mobility remained stable in the joint effect models, while the influence 
of PGSEdu was attenuated, similar to the main model. In the unadjusted 
independent effect model of the 1926–1940 cohort, every unit increase 
in attained education was associated with 74% higher geographic 
mobility for men, and 62% higher for women with no difference in the 
adjusted model. In the 1940–1955 cohort, every unit increase in 
attained education was associated with 53% (men) and 26% (women) 
higher chance of geographic mobility in the unadjusted independent 
effect model, with higher estimates in the adjusted model. 

Table 1 
Descriptive statistics of the study population.   

Men N = 6694 (47.10%) Women N = 7517 (52.90%) 

Not mobile 
N = 4603 
(68.76%) 

Mobile 
N = 2091 
(31.24%) 

Not mobile 
N = 4712 
(62.68%) 

Mobile 
N = 2805 
(37.32%) 

Birth cohort N (%) 
1(1926–1940) 1288 

(27.98%) 
1058 
(50.60%) 

1322 
(28.06%) 

1205 
(42.96%) 

2(1941–1955) 3315 
(72.02%) 

1033 
(49.40%) 

3390 
(71.94%) 

1600 
(57.04%) 

Education (ISCED) N (%) 
Primary 1229 

(27.50%) 
378 
(18.51%) 

1144 
(24.87%) 

558 
(20.31%) 

Lower secondary 1431 
(32.02%) 

420 
(20.57%) 

1504 
(32.70%) 

743 
(27.05%) 

Upper secondary or 
post-secondary 
non-tertiary 

979 
(21.91%) 

408 
(19.98%) 

894 
(19.43%) 

384 
(13.98%) 

Short-cycle tertiary 287 
(6.42%) 

200 
(9.79%) 

413 
(8.98%) 

320 
(11.65%) 

University degree 
(bachelor’s or 
above) 

543 
(12.15%) 

636 
(31.15%) 

645 
(14.02%) 

742 
(27.01%) 

PGS for education 
M(SD) 

0.697 
(0.27) 

0.785 
(0.26) 

0.691 
(0.27) 

0.741 
(0.27) 

Vital status N (%) 
Alive 3291 

(71.50%) 
1297 
(62.03%) 

3690 
(78.31%) 

2026 
(72.23%) 

Dead 1312 
(28.50%) 

794 
(37.97%) 

1022 
(21.69%) 

779 
(27.77%) 

Descriptive statistics for all individuals by sex and geographic mobility. Statistics 
are presented as number (%) of individuals for categorical variables and mean 
level (SD) for continuous variables. N = 14,211. Education (n = 13,858). PGSEdu 
(n = 8094). N number, ISCED International Standard Classification of Education, 
SD standard deviation, PGS polygenic score. 

Table 2 
Odds of geographic mobility as a function of attained educational level and 
PGSEdu.  

Total sample Unadjusted model Adjusted modela 

Odds Ratio [CI 95%] Odds Ratio [CI 95%] 

Independent effect model 
Education 1.32 (1.29–1.36) 1.59 (1.54–1.64) 
PGSEdu 1.28 (1.21–1.35) 1.29 (1.23–1.37) 
Joint effect model 
Education   1.57 (1.51–1.64) 
PGSEdu   1.12 (1.06–1.19) 

Men born 1926–1940 
Independent effect model 
Education 1.74 (1.62–1.88) 1.75 (1.63–1.88) 
PGSEdu 1.33 (1.18–1.51) 1.33 (1.18–1.52) 
Joint effect model 
Education   1.70 (1.53–1.88) 
PGSEdu   1.13 (0.99–1.29) 
Women born 1926–1940 
Independent effect model 
Education 1.62 (1.51–1.73) 1.63 (1.52–1.74) 
PGSEdu 1.17 (1.03–1.33) 1.18 (1.04–1.34) 
Joint effect model 
Education   1.70 (1.53–1.88) 
PGSEdu   1.05 (0.91–1.20) 
Men born 1941–1955 
Independent effect model 
Education 1.53 (1.44–1.63) 1.72 (1.61–1.83) 
PGSEdu 1.43 (1.29–1.58) 1.50 (1.35–1.66) 
Joint effect model 
Education   1.63 (1.50–1.77) 
PGSEdu   1.31 (1.17–1.47) 
Women born 1941–1955 
Independent effect model 
Education 1.26 (1.20–1.33) 1.49 (1.41–1.57) 
PGSEdu 1.23 (1.13–1.34) 1.27 (1.16–1.39) 
Joint effect model 
Education   1.50 (1.40–1.61) 
PGSEdu   1.09 (0.99–1.20) 

Education (n = 13,858). PGSEdu (n = 8094). Joint model (n = 7741). 
a Adjusted model is adjusted for both sex and birth year. Odds ratios (95% 

confidence intervals) of geographic mobility as a function of attained educa-
tional level and PGSEdu stratified by total sample, cohort and sex. Statistically 
significant estimates are presented in bold. Independent model contains either 
Education or PGSEdu as predictor of geographic mobility. Joint effect models 
contains both Education and PGSEdu as predictors of geographic mobility. PGSEdu 
Polygenic score for education. 
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5.3. Risk of mortality as a function of geographic mobility, attained 
education and PGSEdu 

The Cox regression model, investigated geographic mobility and 
educational factors (genetic and attained) in relation to mortality risk. 
There were no indications of violation of the proportional hazard 
assumption. The independent effect models contains either geographic 
mobility, attained education or PGSEdu. The joint effect models contain 
geographic mobility, attained education and PGSEdu together in the 
same model, thus mutually adjusted for. Fig. 1 presents the results for 
both independent and joint effect model. In the independent effect 
model, geographic mobility was associated with 6% lower mortality 
(HR = 0.94, 95% CI 0.88–0.99) and attained education with 9% lower 
risk of mortality (HR = 0.91, 95% CI 0.89–0.94), while the PGSEdu had 
no influence on mortality risk (HR = 0.97, 95% CI 0.92–1.02). In joint 
effect models, geographic mobility was no longer associated with the 
risk of mortality (HR = 1.00, 95% CI 0.91–1.11). Attained education was 
the only variable still associated with decreased risk of mortality (HR =
0.92, 95% CI 0.88–0.95). 

Fig. 2 presents the results divided into cohorts and sex. The trends are 
similar across subgroups, and attained education is the only variable 
associated with lower risk of mortality in all subsamples (effect esti-
mates are presented in Supplementary Table S2). Geographic mobility in 
women born in the later cohort was associated with increased risk of 
mortality, however follow-up analyses (presented in Supplementary 
Table S3) indicate that the association between geographic mobility and 
higher risk of mortality was only present among women with lower 
education. 

5.4. Sensitivity analyses 

Results from proportional hazard regression on those who moved 
after the age of 25 were consistent with those from the main analyses. 
The estimates are presented in Supplementary Table S4 for the total 
sample, and in Supplementary Table S5 stratified by cohort and sex. The 
results from sensitivity analyses incorporating parental SES (only 
available for a subsample) are consistent with those from the main an-
alyses, these estimates are presented in Supplementary Tables S6 and S7. 
The sensitivity analyses on the main models for the restrictive sample 
(those with information on both variables) are presented in Supple-
mentary Tables S8 and S9, due to the smaller sample size, precision was 

attenuated. 

6. Discussion 

The aim of this study was to explore educational factors, geographic 
mobility, and the risk of mortality, and in addition to study differences in 
associations across sex and cohorts. The main finding was that while 
geographic mobility was associated with a lower risk of mortality, this 
association was completely explained by educational attainment, indi-
cating a direct effect of education. 

More specifically, we investigated this relationship through three 
research questions. The first research question investigated the associ-
ation between educational attainment and geographic mobility. We 
found that higher attained education was associated with higher odds of 
being geographically mobile. The amplified association after correcting 
for sex and birth year can be understood from a life-course perspective as 
a result of the educational reforms instituted during the 1950’s, which 
would have impacted later born cohorts (Breen, 2004). Indeed, strati-
fying by birth cohort showed an association between higher attained 
education and increase in geographic mobility for all subgroups when 
adjusting for sex and birth year, but especially for the later born cohort. 
In line with this, previous findings have also shown that individuals born 
in the middle of the twentieth century tend to be more upwardly so-
cioeconomically mobile, including geographically mobile, compared to 
earlier born birth cohorts (Breen, 2004). The study population in this 
paper was born 1926–1955. Thus only a few of those born in the earlier 
cohorts had the opportunity to access higher education whereas 
numerous individuals born in the later cohorts likely had that oppor-
tunity (Larsson and Westberg, 2015; Okbay, 2017), something that was 
also seen in our results. The association between attained education and 
geographic mobility increased much more for the later cohort compared 
to the earlier cohort when it was adjusted for birth year, a result that 
could be attributed to the educational reforms implemented in the 
1950’s. Interestingly, the association between educational level and 
geographic mobility was not influenced by the PGSEdu, indicating that 
attained education is associated with geographic mobility regardless of 
genetically predisposed education. 

Second, we investigated the association between genetic propensity 
to education and geographic mobility. Genetic propensity to higher 
education was associated with higher odds of being geographically 
mobile. This association was not as strong as that for educational 
attainment, with little change after adjusting for sex and birth year. 
Genetics of the population are largely stable over time, and not affected 
by e.g. educational reforms, which may be why adjusting for sex and 
birth year did not affect the association. Although, the effect of genetic 
propensity for education on geographic mobility was attenuated in the 
joint effect model, it was still statistically significant, indicating that 
one’s genetically predicted education has an effect above and beyond 
that of attained education. This finding supports previous studies that 
individuals with high genetic propensity for education are more 
geographically mobile in search for educational and occupational op-
portunities (Belsky et al., 2016). 

Third, we investigated whether geographic mobility was associated 
with lower risk of all-cause mortality, and if the relationship was 
confounded by either genetic propensity or attained educational level. 
Interestingly, geographic mobility was associated with lower risk of 
mortality in independent effect models. However, this association dis-
appeared in the joint effect models, indicating that it is explained 
entirely by education. In fact, only educational attainment was associ-
ated with lower risk of mortality in both independent and joint effect 
models, indicating a direct effect of education on mortality. As 
mentioned in the introduction, the social causation and indirect selec-
tion could serve as theoretical explanations of our results. This result is 
in line with the social causation hypothesis which posits a direct effect of 
socioeconomic influence on health (Hoffmann et al., 2019). Genetic 
propensity for education was not statistically significant in either the 

Fig. 1. Cox regression investigating the risk (hazard rate ratios and 95% con-
fidence intervals) of mortality as a function of geographic mobility, attained 
education and PGSEdu. All models are adjusted for sex and birth year. PGSEdu 
polygenic score for education. 

E. Ojalehto et al.                                                                                                                                                                                                                                



Social Science & Medicine 324 (2023) 115882

6

independent or joint effect model. Therefore, no support was found for 
the indirect selection hypothesis that PGSEdu served as an underlying 
factor accountable for the association between SES and health (Fover-
skov and Holm, 2016). This finding is important as it reassuringly in-
dicates that genetic predisposition is not deterministic of ones attained 
educational level. 

This study provides further evidence that social pathways such as 
geographic mobility decrease the risk of adult mortality, but that the 
relationship is explained by attained educational level. Thus, the 
geographical move itself does not explain the association, but it may be 
explained by what the move could entail in terms of other opportunities, 
brought about by a higher education. Our results agree with previous 
findings and provide support for theories that socioeconomic status is a 
fundamental cause of health inequalities (Phelan et al., 2004). A per-
son’s socioeconomic status, influenced by their educational level, pro-
vides them with flexible resources to avoid disease risks and the 
consequences of those risks, regardless of the circumstances (Mack-
enbach et al., 2015; Phelan et al., 2004). 

Surprisingly, geographically mobile women in the later born cohort 
had an increased risk of mortality, but follow up analyses showed that it 
was only among those with lower education, with the association 
decreasing for every educational level. This result raises the question of 
why these sex differences are seen. Interestingly, previous research has 
stated that educational attainment coincides with occupation and 
chances of occupational gains, especially for women (Härkönen and 
Bihagen, 2011). In addition, life expectancy for women with lower ed-
ucation has not increased at the same rate as for women with higher 

education (Fors et al., 2021; "Socialstyrelsen, 2020 Vård och omsorg om 
äldre," 2020). It is possible that geographically mobile women followed 
their husbands, since higher educational and occupational opportunities 
were more available to men (Larsson and Westberg, 2015; Okbay, 
2017), especially for the earlier born cohorts. It ultimately raises the 
question of whether the job opportunities for women with low education 
actually increased their risk of mortality. They might not have had the 
opportunity for occupational gains, therefore worked in blue-collar oc-
cupations, which could be one of many explanations why geographically 
mobile women with low educational attainment in the later cohort had 
an increased risk of mortality. 

6.1. Strengths and limitations 

The main strength of this paper is the large study population with 
long follow up. We used a rich dataset from the STR with a large variety 
of variables such as, genetic propensity to education, attained education, 
geographic mobility, and mortality. These data provided a unique op-
portunity to disentangle social, genetic, and environmental factors, 
going beyond simple associations to multivariable analyses (Mishra 
et al., 2015). By using longitudinal data, we could examine long-term 
effects of educational attainment and geographic mobility (Mishra 
et al., 2015). Another strength is the use of mortality as the health 
outcome measurement since it is a robust measure of health, and 
through use of register data we could obtain information with complete 
coverage during the entire follow-up period. This study was able to 
reproduce findings from other studies on a population level using a 

Fig. 2. Cox regression investigating the risk (HR, 95% CI) of mortality as a function of geographic mobility, attained education and PGSEdu by birth cohort and sex. 
All models are adjusted for birth year. Detailed estimates are presented in Supplementary table S2. PGSEdu polygenic score for education. 
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well-established and rich twin cohort. It has been claimed that twins are 
dissimilar from the general population, but previous work has shown 
that twins are not significantly different from singletons (Evans and 
Martin, 2000). A large Swedish study that compared twins and single-
tons found that there were only small differences in cognition and 
attained education between the two groups and further showed no dif-
ference in vocational career (Hjern et al., 2012). 

This study also has several limitations. We used only educational 
differences as an indicator of SES, which may not be directly comparable 
to socioeconomic measures used in other studies. Our findings are in line 
with two previous studies in Swedish twins where unemployment or 
lengthy working hours was associated with increased mortality risk for 
both men and women (Nylén et al., 2001; Voss et al., 2004), indicating 
that the increased risk of mortality holds for several measures of SES. 
Using socioeconomic variables over time could entail challenges as 
educational opportunities differ over time. The birth cohort in this study 
was a part of the educational reforms that were implemented in the 50’s 
and 60’s (Larsson and Westberg, 2015), but the associations were robust 
when stratifying on birth cohort. Thus, by using a study population with 
a wide birth year range, we could show that the association between 
education and mortality is, in fact, stable before and after the educa-
tional reforms. Another limitation of this study is the measurement of 
geographical data, namely that we only have geographical information 
from birth and until 1973, thus not covering the entire adult lifespan 
from 1974 onwards. In addition, we used moving across county lines as 
our geographical measurement which is a rather crude measurement, 
and thus did not consider how far they moved. The information on 
geographical movement was self-reported places lived, from birth to 
1973, which means we also catch those moving out of and then back to 
their birth county, amplifying the chance of being registered as being 
geographically mobile regardless of specific patterns. 

Because of the birth years of participants in this study, there is a 
potential that the findings might not be generalizable to cohorts growing 
up today. The participants in this cohort grew up in a society where 
socioeconomic class differences were widespread. However, even with 
the current social safety net in Sweden, wide differences is socioeco-
nomic status remain, as does the SES-health gradient (Gastwirth, 2014). 

7. Conclusions 

Through using rich longitudinal data, we contribute further insights 
regarding the long-term effects of education and geographic mobility on 
health. Both genetic propensity for education and attained education 
predicted geographic mobility, with higher education indicating a 
higher mobility. Furthermore, our results show that attained education 
explains the relationship between geographic mobility and mortality. 
Importantly, even if genetic propensity for education was associated 
with both attained education and geographic mobility, it was only 
attained education that was associated with a lower risk of mortality. 
This result indicates that higher education is more important than one’s 
genetic predisposition for educational achievement, highlighting the 
importance and potential preventive value of working towards avail-
ability of better education for all. 
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