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Abstract

It is well known that children with less educated parents have inferior health status in later
life. There are two competing hypotheses explaining the association found: the pathway
hypothesis — suggesting that children from low educated households are more likely to
obtain less education themselves, which, in turn, is associated with inferior health outcomes
—and the life course hypothesis — suggesting that living conditions during childhood, as such
affected by parental education level, is important for the formation of adult health status.
We obtained data from National Swedish registries comprising health outcomes of
individuals born between 1940 and 1949, and the Swedish Multi-generation Register. We
assessed the differences in risk of hospital admission for individuals with low and high
parental education as well as low and high own education. We found that for higher
educated individuals, high parental education is associated with even better health
outcomes: having a high versus low educated mother or high versus low educated father
was associated with an overall decrease in the risk (hazard rate) of hospital admission by 5%
(95% Cl 0.91-0.98) and 3% (95% Cl 0.95-0.99), respectively. This indicates that children from
a relatively disadvantaged background, signaled by lower parental educational attainment,
are more likely to continue accumulating risk throughout life. Even if they have higher
qualifications they may still have a greater accumulation of risk, compared with other highly
qualified children from a less disadvantaged background. We found that this effect is
primarily attributed to circulatory diseases, and would appear to support the life course
hypothesis. We conclude that parental education and ensuing early childhood or even fetal
living conditions have a persistent effect on adult health.
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Introduction

It has been established that children with less
educated parents have inferior health status in their
childhood and later in life compared to children
with high educated parents (Case, Lubotsky &
Paxson, 2002; Gakidou et al., 2010). Parental
education may influence adult health only
indirectly, i.e. as a result of the fact that children
with low educated parents are themselves likely to
obtain lower final educational levels, in turn
associated with inferior health outcomes. This
indirect effect is called the pathway hypothesis.
(Marmot et al., 2001). Conversely, the inferior
health may also be explained through a lasting, or
accumulated, effect of inferior living conditions
during childhood and adolescence. This direct effect
is called the life course hypothesis (Kuh et al., 2003).
The life course hypothesis can be further divided
into (i) the accumulation, (ii) the critical period and
(iii) social mobility hypotheses (Mishra et al., 2009).

Although evidence in support of the life course
hypothesis exists, this evidence is mainly based on
observations of child health, or adolescent health
(Kuh et al., 2003). In studies on health outcomes at
relatively young ages, a higher prevalence of
diseases among children in families with lower
socio-economic status was found (Case et al., 2002).
Also, disease severity was worse among these
families. Given that children born in families with
low socio-economic position (SEP) have inferior
health, it is then assumed that health problems at a
young age are also related to poor health outcomes
later in life. However, directly linking parental
education to actual health outcomes later in life
remains difficult, due to the long latency period in
both cardiovascular disease and cancer (Gluckman
et al., 2008).

In this study we evaluated the relation between
parental education and subsequent health in later
life as actually observed, i.e. hospital admission and
death occurring in individuals older than 50 years.
To this end, we used extensive registry data on a
large population-based cohort with long term
follow-up and information about potential
confounders. Our data includes International
Classification of Diseases (ICD) 9 or 10 codes for all
hospital admissions in Sweden for the period 1987-
2006 and data from the cause of death register.
Thus, the usual extrapolation from child health to
adult health could be avoided.
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We studied the interaction between own
education and paternal as well as maternal
education on the health outcomes. This framework
allowed us to test the pathway against the life
course hypotheses. The life course hypothesis
would predict an independent effect of parental
education conditional on own education. We also
discussed to what extent the results may be
attributed to each of the three life course
hypotheses mentioned above.

Since the available data did not allow us to
identify the causal effect of education on health
outcomes —i.e. we were unable to separate out the
effect of education itself from all possible
confounding factors — we limited the study to view
education as a marker of socio-economic position.

Method

Data selection

In our study, we included all individuals born in
Sweden between 1940 and 1949 and obtained the
identities of these individuals from the population
census. Information on date and region of birth as
well as gender for the index persons and their
parents, was collected from the population census
(Statistics Sweden, 2009a). The linkage between the
two generations was achieved through the Swedish
Multi-generation  Register  (Statistics Sweden,
2009b).

Health

Data on all hospital admissions between 1987
and 2005 were collected from the Swedish National
Patient Register (Socialstyrelsen, 2009a). This
register contains administrative information such as
date of admission, number of days in hospital care,
as well as discharge diagnoses classified according
to ICD 9 or ICD 10 codes. This data did not include
out-patient visits and day surgery. Data on the
occurrence of co-morbidities was limited and likely
to be less accurate than data on the main disease of
interest. Therefore, we did not use co-morbidity
data in our analysis.

Information on the cause of death, for deceased
index persons, was obtained from the National
Cause of Death Registry for the period 1987-2006
(ICD 9 and ICD 10 codes) (Socialstyrelsen, 2009b).
Data on all hospital admissions due to cancer were
obtained from the Swedish Cancer Registry
(Socialstyrelsen, 2009c). This register covers the
whole population of Sweden and comprises all
cancer diagnoses recorded, among others, as ICD 7
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codes. The completeness of the registries has
previously been shown to be very high (Barlow et
al., 2009; Socialstyrelsen, 2009a; Socialstyrelsen,
2009b; Socialstyrelsen, 2009c).

Education

Data on highest educational level for the index
persons was collected from the 1990 records in the
Swedish Register of Education (Statistics Sweden,
2004). For the parents, the corresponding
information was obtained from the 1970 census
(Statistics Sweden, 2009a). The original education
levels were re-coded into low education level, i.e.
compulsory education up to vocational schooling,
and high education level, i.e. upper secondary
education up to doctoral education, for both index
persons and parents. This categorization was
required as the use of multiple education levels
would result in a too large number of combinations
of education of the index person, the father, and
the mother. Moreover, only very few of the parents
attained high education levels, which would result
in many combinations with very few index persons
and parents if more than two education levels were
used.

Income and immigration

Data on taxable income from labour in 1990
was obtained for the index persons from the
National Tax Register (Statistics Sweden, 2009c).
The population census was used to collect
information on migration status.

Definition of the cohort

In order to have accumulated a substantial
medical history, the selected index persons should
be as old as possible, e.g. around the age of 70 in
1990. However, parental education levels were only
available for parents born from 1912 onwards.
Therefore, we selected individuals born in the
period 1940-1949, who had parents born from 1912
onwards, as index persons. Subsequently we
assessed the medical history of the index persons
starting from the age of 50 years. As a result, any
disease histories resulting in death before the age
of 50 were not taken into account. For each index
person we retrieved all relevant hospital admissions
and, if the index person had died, the cause of
death. The risk of hospital admission related to
cancer was ascertained twice, once using the
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Swedish National Patient Register and once using
the Swedish Cancer Registry.

Statistical analyses

First, we estimated differences in incidence
rates of hospital admission for index persons with
low and with high education. Second, we estimated
incidence rate ratios for the effects of high versus
low maternal education level, and high versus low
paternal education level, separately for index
persons with low and high education level.
Homogeneity of these groups of index persons was
assessed with the Mantel-Haenszel test (Kirkwood
and Sterne, 2003). Finally, we used Cox proportional
hazard competing risk models (Kirkwood and
Sterne, 2003). The dependent variable was time to
the event under study, with the event defined as
the primary diagnosis for hospital admission or
death of the index person. For hospital admission,
time to first hospital visit beyond the age of 50
years, caused by the indicated diagnosis was used.
For mortality, the time to death by diagnosis group
for index persons dying after the age of 50 years
was used. For the analysis of mortality this means
that individuals dying from another diagnosis than
the considered type are treated as right censored at
the date of death. Variables in the Cox model
explaining the time to event were: education of the
mother (high/low), education of the father
(high/low), income of the index person (tertiles),
sex, year of birth of the index person (1940/41,
1942/43, ..., 1948/49), period of birth of the mother
(1912/21, 1922/31), period of birth of the father
(1912/21, 1922/31), adoption (yes/no), and region
of birth in Sweden (northern, central, southern).
Index persons with low and high education were
analyzed separately. All analyses were performed
with STATA 9.2 SE (StataCorp, Texas, USA).

Results

Figure 1 shows the flowchart for the data
retrieval and selection process. Data was available
on all relevant variables for 458,966 index persons
and their parents after data selection. A large
number of index persons had to be excluded, due to
missing data on parental education levels. This
selection accounted for 97% of all excluded index
persons, and was mainly caused by one parent or
both parents dying before the 1970 census in which
data on education levels was collected.
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Figure 1. Flowchart of the data retrieval and selection process

Index persons born
in 1940-1949
(1,246 879)

)l father or mother unknown (191,243) I
—PI only father unknown (182,140) I

|

only mother unknown (138,926) |

' >I

both parents unknown (129,823) |

Index persons with both
parents identified
(1,055.636)

>| father or mother born before 1912 (500,305) |

>

father born before 1912 (471,714) |

—>

mother born before 1912 (289,930) I

4 —>]

both parents born before 1912 (261,339) I

Index persons with both
parents born after 1911

(555,331)
> father died before 1970 (29,298) |
>| mother died before 1970 (15,163) |
>| index person died before 1970 (32) |
>| father not living in Sweden in 1970 (1,237) |
>| mother not living in Sweden in 1970 (772) |
>| index person not living in Sweden in 1970 (724) |
\ 4

Index persons & parents
alive in Sweden in 1970
(511,980)

A 4

)I father or mother missing education level (26,310) |
—>| father missing education level (18,253) |

—PI mother missing education level (14,904) |
—Pl both parents missing education level (6,847) |

Education level of both
parents known

(485.670)
>| index person missing education level (14,854) |
>| index person missing birth region (9,582) |
>| index person missing income (3,143) |
_ﬂ index person died before 1990 (1,486) |
\ 4
) _’I index person not living in Sweden in 1990 (1,467) I
Selected index persons
(458,966)

Notes. The majority of missing education levels for parents or index persons may be caused by death of the individuals prior to
1952. Education levels were determined in the 1970 census which was mandatory for all Swedish residents below the age of
65, i.e. born after 1911. However, death before 1970 cannot always be ascertained since the cause of death register was
started on 1/1/1952. Parents and index persons dying before 1952 have no date of death, and are therefore assumed to be
still alive in 1970 and 1990. These individuals will cause missing education levels and missing income data.
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Table 1. Characteristics of the selected index persons and their parents

Index persons

(n = 458,966)
Gender
Male 225,057 (49.0%)
Female 233,909  (51.0%)
Adopted
Yes 448,770  (97.8%)
No 10,196  (2.2%)
Year of birth
1940-1941 36,973  (8.1%)
1942-1943 64,425  (14.0%)
1944-1945 97,999  (21.4%)
1946-1947 122,306  (26.6%)
1948-1949 137,263  (29.9%)
Region of birth
Northern 65,675  (14.3%)
Central 175,886  (38.3%)
Southern 217,405  (47.4%)

Monthly income (SEK) from the 1990 census

5th percentile 0
25th percentile 947
Median 1,448
75th percentile 1,908
95th percentile 3,000
Mean 1,469
SD 982
Follow up (in years after the age of 50)
5th percentile 7.2
25th percentile 8.5
Median 10.4
75th percentile 12.5
95th percentile 15.5
Mean 10.7
SD 2.7
Sum 4,895,446

* Due to selected disease categories only
# Due to any cause

Index persons

(n = 458,966)

Education of the index person

Low 337,064  (73.4%)

High 121,902 (26.6%)
Education of the mother

Low 444,691  (96.9%)

High 14,275 (3.1%)
Education of the father

Low 396,090 (86.3%)

High 62,876  (13.7%)
Lowest parental education level

Low 448,531 (97.7%)

High 10,435  (2.3%)
Highest parental education level

Low 392,250  (85.5%)

High 66,716  (14.5%)
Hospital admissions during follow up*

None 369,110  (80.4%)

1 76,316 (16.6%)

2 11,711 (2.6%)

3 1,673 (0.4%)

4+ 156 (0.0%)
Admitted to the hospital during follow up*

No 369,110 (80.4%)

Yes 89,856  (19.6%)
Admitted to the hospital during follow up  #

No 250,705  (54.6%)

Yes 208,261  (45.4%)
Death during follow up*

No 446,364 (97.3%)

Yes 12,602  (2.7%)
Death during follow up #

No 443,734 (96.7%)

Yes 15232  (3.3%)

Notes. Low education level was defined as compulsory education up to vocational education. High education level was
defined as upper secondary education up to doctoral education.

Table 1 shows descriptive statistics of the final
dataset. In general, education of the father was
higher than that of the mother. Furthermore,
education of the index-persons was in general
higher than parental education levels. Because the
average age at the end of follow up was around 61
years, more than half of the index persons (54.6%)
had not been hospitalized, and only 3.3% had died
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during follow up. In total 4.9 million years of follow
up were available. The effect of education of the
index persons on the risk of hospital admission is
shown in Table 2. In this table, all rate differences
are positive; indicating that a low education level of
the index persons increased their risk of hospital
admission, for all disease categories considered.
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Table 2. Differences in incidence rates of hospital admission for low and high educated index persons

Index persons with Index persons with Rate difference Rate ratio

low education high education low vs high education low vs high education

(n=337,064) (n=121,902) (x 10,000)

Events PY Events PY Estimate 95% CI Estimate 95% CI

All hospital admissions combined 159,769 2,608,416 48,460 993,770 125 (120 - 130) 1.26 (1.24 -1.27)
Cancer [140-208 / C00-C97] 19,911 3,543,764 6,447 1,258,696 5 (3-6) 1.10 (1.07 - 1.13)
Respiratory diseases [460-519 / J00-J99] 13,712 3,541,744 3,193 1,265,559 13 (12 - 15) 1.53 (1.48 - 1.60)
Diabetes [250 / E10-E14] 3,912 3,591,958 781 1,277,846 5 (4-5) 1.78 (1.65-1.93)
Chronic liver disease [571 / K70,K73-K74] 1,093 3,609,462 228 1,281,152 1 (1-2) 1.70 (1.47 - 1.97)
Mental disorders [303,305 / F10] 5,987 3,577,571 1,128 1,275,655 8 (7-9) 1.89 (1.78 - 2.02)
Circulatory diseases [390-459 / 100-199] 37,986 3,415,613 11,005 1,226,142 21 (19 - 23) 1.24 (1.21-1.27)
- Cerebrovascular disease [430-438 / 160-169] 7,409 3,580,231 2,013 1,273,204 5 (4-6) 131 (1.25-1.38)
- Ischemic heart disease [410-414 / 120-125] 15,667 3,532,206 4,092 1,261,839 12 (11-13) 1.37 (1.32-1.42)
- Cerebrovascular or ischemic heart disease 22,204 3,496,604 5,915 1,252,279 16 (15-18) 1.34 (1.31-1.38)
- Other circulatory diseases 15,782 3,532,380 5,000 1,255,937 4 (3-5) 1.10 (1.07 - 1.14)

Notes. The observed number of hospital admissions and person-years for index persons with low and high education level. For each disease category the rate difference and rate
ratio for low versus high educated index persons is given, along with the corresponding 95% confidence intervals.
PY = person-years; Cl = confidence interval.
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To investigate whether the effects of maternal
and paternal education level are similar in index
persons with low and with high education, crude
effects were estimated, as ratios of incidence rates,
and are shown in Tables 3A-B. From these tables
we see that, in general, high education of the
mother and high education of the father reduced
the risk of hospital admission, in both index persons
with low and with high education themselves.
However, for many disease categories, this

reduction is more pronounced in individuals with
high education level. Also, high maternal education
appeared to be slightly more beneficial than high
paternal education in most disease categories. The
Mantel-Haenzel test indicated that the two
subgroups of index persons were not homogeneous
for several disease categories. In our subsequent,
adjusted analyses, based on the Cox model, we
therefore stratified by education level of the index
persons.

Table 3. Crude effects of parental education level for index persons with low and high education

[A]
High vs low education of the mother

Index persons with Index persons with M-H test of
low education high education homogeneity
(n=337,064) (n=121,902) (p-value)
IRR 95% CI IRR 95% Cl

All hospital admissions combined 0.92 (0.87 - 0.96) 0.91 (0.88 -0.94) 0.74
Cancer [140-208 / C00-C97] 0.99 (0.85 - 1.13) 1.04 (0.95 - 1.14) 0.51
Respiratory diseases [460-519 / J00-J99] 0.79 (0.65 - 0.95) 0.80 (0.70-0.92) 0.92
Diabetes [250 / E10-E14] 0.85 (0.59 - 1.20) 0.69 (0.50-0.93) 0.34
Chronic liver disease [571 / K70,K73-K74] 0.72 (0.31-1.42) 0.72 (0.39-1.23) 1.00
Mental disorders [303,305 / F10] 1.06 (0.81-1.35) 0.69 (0.53-0.89) 0.02
Circulatory diseases [390-459 / 100-199] 0.84 (0.75-0.93) 0.73 (0.67 -0.78) 0.03
- Cerebrovascular disease [430-438 / 160-169] 1.01 (0.80-1.27) 0.74 (0.61-0.88) 0.03
- Ischemic heart disease [410-414 / 120-125] 0.71 (0.58 - 0.85) 0.60 (0.52 -0.69) 0.17
- Cerebrovascular or ischemic heart disease 0.80 (0.68 -0.92) 0.65 (0.58-0.73) 0.03
- Other circulatory diseases 0.91 (0.77 - 1.07) 0.82 (0.74-0.92) 0.32

[B]

High vs low education of the father

Index persons with Index persons with M-H test of
low education high education homogeneity
(n=337,064) (n=121,902) (p-value)
IRR 95% CI IRR 95% CI

All hospital admissions combined 0.97 (0.96 - 0.99) 0.94 (0.92-0.96) 0.02 *
Cancer [140-208 / C00-C97] 1.06 (1.01-1.12) 1.00 (0.95 - 1.06) 0.12
Respiratory diseases [460-519 / J00-J99] 0.96 (0.90 - 1.02) 0.89 (0.82 - 0.96) 0.14
Diabetes [250 / E10-E14] 0.92 (0.81-1.03) 0.82 (0.69 - 0.96) 0.27
Chronic liver disease [571 / K70,K73-K74] 1.02 (0.81-1.28) 0.97 (0.72-1.31) 0.78
Mental disorders [303,305 / F10] 1.05 (0.96 - 1.16) 0.88 (0.77-1.01) 0.03
Circulatory diseases [390-459 / 100-199] 0.89 (0.86 - 0.93) 0.85 (0.82-0.89) 0.11

- Cerebrovascular disease [430-438 / 160-169] 0.93 (0.85-1.02) 0.81 (0.73-0.90) 0.04

- Ischemic heart disease [410-414 / 120-125] 0.82 (0.77 - 0.88) 0.80 (0.74 - 0.86) 0.48

- Cerebrovascular or ischemic heart disease 0.86 (0.82-0.91) 0.81 (0.76 - 0.86) 0.10

- Other circulatory diseases 0.95 (0.89 - 1.00) 0.91 (0.86-0.97) 0.44

Notes. The incidence rate ratio of hospital admissions corresponding to high versus low education of the mother [A], and
the father [B], separately for low and high educated index persons, along with the corresponding 95% confidence
intervals. Also, the p-value of the Mantel-Haenzel test for homogeneity between subgroups of individuals with low and
high education is given. IRR = incidence rate ratio; Cl = confidence interval; M-H = Mantel-Haenzel;, * = p < 0.05
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Tables 4A-B show the hazard rates from the Cox
models for high versus low parental education level,
separately for hospital admission and death. An
interaction term for education of the mother and
education of the father was initially included in the Cox
model. However, this term was not significant in our
analyses and subsequently dropped from the model.

Hospital admission and death for low
educated index persons

From Table 4A we see that high maternal
education level was associated with a 5% lower risk
of hospital admission in general, but not with a
lower risk of death for low educated individuals.
Although the risk of hospital admission due to
ischemic heart disease was lower, this was not the
case for the risk of death due to ischaemic heart

disease. Furthermore, the risk of hospital admission
due to cerebrovascular disease was increased by
12%, although not significantly, and the risk of
death due to cerebrovascular disease was increased
by 91% as well (significantly).

High paternal education level was significantly
associated with a 7% increased risk of hospital
admission due to cancer and a 15% increased risk of
admission due to mental disorders, and with
decreased hospital admission due to all types of
circulatory diseases, most notably a 10% reduced
risk of hospital admission due to ischaemic heart
disease. Furthermore, high paternal education level
was significantly associated with a 13% increased
risk of death in general, specifically a 10% increased
risk of death due to cancer and a 59% increased risk
of death due to mental disorders.

Table 4. Effects of parental education level for index persons with low and high education,
obtained from the Cox proportional hazard competing risk model, and adjusted for confounders.

[A]
Index persons with low education High vs low education High vs low education
(n=337,064) of the mother of the father
Events HR 95% Cl HR 95% ClI
All hospital admissions combined 159,769 0.95 (0.90 - 0.99) 1.00 (0.98 -1.02)
Cancer [140-208 / C00-C97] 19,911 0.99 (0.86 -1.14) 1.07 (1.01-1.12)
Respiratory diseases [460-519 / J00-J99] 13,712 0.84 (0.70 - 1.02) 1.02 (0.95 - 1.09)
Diabetes [250 / E10-E14] 3,912 0.91 (0.65 - 1.28) 1.00 (0.88 -1.13)
Chronic liver disease [571 / K70,K73-K74] 1,093 0.72 (0.35-1.45) 1.11 (0.89 -1.39)
Mental disorders [303,305 / F10] 5,987 0.98 (0.76 - 1.26) 1.15 (1.04 - 1.26)
Circulatory diseases [390-459 / 100-199] 37,986 0.92 (0.83-1.03) 0.95 (0.92 -0.99)
- Cerebrovascular disease [430-438 / 160-169] 7,409 1.12 (0.89-1.41) 0.99 (0.91-1.08)
- Ischemic heart disease [410-414 / 120-125] 15,667 0.80 (0.67 - 0.97) 0.90 (0.85-0.96)
- Cerebrovascular or ischemic heart disease 22,204 0.89 (0.77 -1.03) 0.93 (0.88-0.98)
- Other circulatory diseases 15,782 0.96 (0.82-1.14) 0.99 (0.93-1.05)
Above hospital admissions combined 69,826 0.92 (0.85-0.99) 1.02 (0.99 - 1.05)
Death due to all causes 12,453 1.12 (0.94 -1.33) 1.13 (1.05 - 1.20)
Cancer [140-208 / C00-C97] 6,215 1.01 (0.79-1.31) 1.10 (1.01-1.21)
Respiratory diseases [460-519 / J00-J99] 438 0.52 (0.13-2.13) 0.93 (0.63-1.37)
Diabetes [250 / E10-E14] 268 0.83 (0.46 - 1.50) 0.94 (0.58 - 1.54)
Chronic liver disease [571 / K70,K73-K74] 388 1.43 (0.62 - 3.28) 1.12 (0.77 - 1.61)
Mental disorders [303,305 / F10] 287 1.57 (0.63 - 3.92) 1.59 (1.07 - 2.35)
Circulatory diseases [390-459 / 100-199] 2,695 1.21 (0.83-1.76) 1.08 (0.93-1.25)
- Cerebrovascular disease [430-438 / 160-169] 620 1.91 (1.01-3.64) 0.86 (0.62 -1.20)
- Ischemic heart disease [410-414 / 120-125] 1,446 0.78 (0.41 - 1.46) 1.17 (0.96 -1.42)
- Cerebrovascular or ischemic heart disease 2,066 1.10 (0.70-1.73) 1.07 (0.90-1.27)
- Other circulatory diseases 629 1.53 (0.78 -3.01) 1.12 (0.83-1.51)
Above causes of death combined 10,291 1.06 (0.87 -1.29) 1.10 (1.03-1.19)
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[B]
Index persons with high education High vs low education High vs low education
(n=121,902) of the mother of the father
Events HR 95% Ci HR 95% Ci
All hospital admissions combined 48,460 0.95 (0.91-0.98) 0.97 (0.95-0.99)
Cancer [140-208 / C00-C97] 6,447 1.05 (0.96 - 1.15) 0.99 (0.94 - 1.05)
Respiratory diseases [460-519 / J0O0-J99] 3,193 0.88 (0.76 - 1.01) 0.94 (0.87 - 1.02)
Diabetes [250 / E10-E14] 781 0.83 (0.60-1.13) 0.91 (0.76 - 1.08)
Chronic liver disease [571 / K70,K73-K74] 228 0.76 (0.43-1.34) 1.10 (0.81-1.49)
Mental disorders [303,305 / F10] 1,128 0.78 (0.60-1.02) 1.00 (0.87-1.15)
Circulatory diseases [390-459 / 100-199] 11,005 0.83 (0.77-0.91) 0.95 (0.90-0.99)
- Cerebrovascular disease [430-438 / 160-169] 2,013 0.88 (0.73-1.07) 0.90 (0.81 - 1.00)
- Ischemic heart disease [410-414 / 120-125] 4,092 0.73 (0.63-0.85) 0.93 (0.86 - 1.00)
- Cerebrovascular or ischemic heart disease 5,915 0.78 (0.70-0.88) 0.92 (0.86 - 0.98)
- Other circulatory diseases 5,090 0.90 (0.80-1.01) 0.98 (0.92-1.05)
Above hospital admissions combined 20,026 0.90 (0.85-0.96) 0.96 (0.92 -0.99)
Death due to all causes 2,782 0.97 (0.84-1.13) 0.97 (0.89 - 1.06)
Cancer [140-208 / C00-C97] 1,565 0.96 (0.78-1.17) 0.89 (0.79-1.01)
Respiratory diseases [460-519 / J00-J99] 53 0.56 (0.13 - 2.45) 0.87 (0.44 -1.70)
Diabetes [250 / E10-E14] 42 1.18 (0.34-4.14) 0.91 (0.43-1.95)
Chronic liver disease [571 / K70,K73-K74] 60 0.17 (0.02-1.29) 1.49 (0.86 - 2.60)
Mental disorders [303,305 / F10] 48 0.88 (0.30-2.59) 1.75 (0.94 - 3.24)
Circulatory diseases [390-459 / 100-199] 543 1.02 (0.71-1.45) 0.90 (0.73-1.11)
- Cerebrovascular disease [430-438 / 160-169] 131 0.79 (0.37-1.68) 1.11 (0.74 - 1.66)
- Ischemic heart disease [410-414 / 120-125] 268 1.61 (1.02 - 2.54) 0.76 (0.56 - 1.04)
- Cerebrovascular or ischemic heart disease 399 1.29 (0.87-1.90) 0.87 (0.68-1.11)
- Other circulatory diseases 144 0.37 (0.13-1.04) 0.99 (0.67-1.47)
Above causes of death combined 2,311 0.94 (0.79-1.11) 0.92 (0.84-1.02)

Notes. Hazard rates and their 95% confidence intervals for hospital admission or death due to selected disease categories, for
subgroups of index persons with a low [A] or high education level [B], with parents with low or high education level. For each disease
category the corresponding ICD 9 and ICD 10 codes are given, separated with a slash. Note that for hospital admissions the events in
the separate disease categories do not add up to the events in ‘combined’ categories because patients may be admitted for multiple
diseases sequentially and the ‘combined’ categories only account for the first admission of any patient.

Hospital admission and death for high
educated index persons

Table 4B shows that a high level of education
for either the mother or the father was associated
with a 3-5% significantly decreased risk of hospital
admission in general for index persons with high
education. In particular, there was an association
between high parental education and a reduced risk
of hospital admission for circulatory diseases.
However, this association was no longer observable
for the corresponding risk of death. Moreover, high
maternal education was significantly associated
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with a 61% increased risk of death due to ischaemic
heart disease. Finally, high paternal education level
was no longer significantly associated with an
increased risk of admission or death due to mental
disorders, as it was for index persons with low
education.

Cancer related hospital admission

The hazard rates for hospital admission due to
cancer, and the association with high education
levels of the mother and father of the index
persons, are shown in Tables 5A-B. Table 5A shows
the results for low educated index persons and
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Table 5B shows the results for high educated index for any cancer type, and a 20% decreased risk of
persons. In general, parental education level was admission due to haematopoietic cancer for index
not associated with substantially lower or higher persons with low education. Also, a high paternal
risk of admission due to cancer. However, high education level may be linked to a 16% increased
paternal education level was associated with a risk of admission for breast cancer in high educated
marginally significant 5% increased risk of admission women.

Table 5. Risk of hospital admission due to cancer related to parental education levels for index
persons with low and high education, obtained from the Cox proportional hazard competing risk
model, and adjusted for confounders

[A]

Index persons with low education High vs low education High vs low education
(n=2337,064) of the mother of the father

Events HR 95% CI HR 95% CI

All admissions for cancer 25,437 1.06 (0.94 - 1.20) 1.05 (1.00-1.10)
Cancer - digestive system [150-159] 3,821 1.07 (0.77 - 1.48) 0.97 (0.85 - 1.09)
Cancer - respiratory system [160-164] 2,090 0.99 (0.63 - 1.55) 1.06 (0.90 - 1.24)
Breast cancer [170] 5,481 1.22 (0.96 - 1.55) 1.06 (0.97-1.17)
Prostate cancer [177] 3,070 1.00 (0.69 - 1.46) 1.13 (0.99 - 1.29)
Kidney cancer [180] 582 0.18 (0.03-1.32) 0.97 (0.71- 1.34)
Cancer - urinary organs [181] 860 0.58 (0.24 - 1.40) 1.21 (0.95 - 1.54)
Cancer - nervous system [193] 850 0.70 (0.31-1.57) 1.11 (0.87 - 1.42)
Hematopoietic cancer [200-209] 1,550 1.47 (0.94 - 2.31) 0.80 (0.65 - 0.98)
Other cancer types [194-199] 1,547 1.08 (0.66 - 1.76) 1.13 (0.94 - 1.35)
Above cancers combined 19,355 1.04 (0.91-1.20) 1.04 (0.99-1.10)
[B]

Index persons with high education High vs low education High vs low education
(n=121,902) of the mother of the father

Events HR 95% CI HR 95% CI

All admissions for cancer 8,609 0.99 (0.91-1.07) 1.03 (0.98 - 1.08)
Cancer - digestive system [150-159] 1,189 1.03 (0.83-1.29) 1.01 (0.88 - 1.15)
Cancer - respiratory system [160-164] 392 0.89 (0.59 - 1.36) 0.93 (0.73-1.19)
Breast cancer [170] 1,668 0.98 (0.83-1.16) 1.16 (1.04 - 1.29)
Prostate cancer [177] 1,757 0.96 (0.79-1.17) 1.00 (0.90-1.12)
Kidney cancer [180] 160 0.94 (0.49 - 1.79) 0.98 (0.67 - 1.42)
Cancer - urinary organs [181] 271 0.96 (0.59 - 1.56) 1.06 (0.80-1.41)
Cancer - nervous system [193] 329 1.29 (0.89 - 1.89) 1.02 (0.79 - 1.32)
Hematopoietic cancer [200-209] 585 1.05 (0.77 - 1.42) 1.03 (0.85-1.25)
Other cancer types [194-199] 445 0.63 (0.42-0.97) 1.06 (0.85-1.32)
Above cancers combined 6,609 0.98 (0.89 - 1.07) 1.04 (0.99-1.11)

Notes. Hazard rates and their 95% confidence intervals for hospital admission of death due to cancer, for subgroups of
index persons with a low [A] or high education level [B], with parents with low or high education level. For each cancer
type the corresponding ICD 7 codes are given. The risk of breast cancer was assessed for women only, whereas the risk
of prostate cancer was assessed for men only. Note that for hospital admissions, the events in the separate categories

do not add up to the events in the ‘combined’ category because patients may be admitted for multiple types of cancer

sequentially and the combined category only accounts for the first admission of any patient.
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Discussion

Addressing the research questions

The main objective of the paper was to test the
pathway hypothesis against the life course
hypothesis. To reject the pathway hypothesis, it is
sufficient to show that there is an independent
effect of parental education on adult health status,
not just an indirect effect through the individual’s
own educational attainments. In Table 4 we showed
that there is an effect of parental education on
hospitalization also after stratifying on own
educational attainments. This result is shown for
the group of low educated individuals in Table 4A
and for high educated individuals in Table 4B. For
both groups, the results suggest that the effect
mainly can be attributed to circulatory diseases. Our
interpretation of these results is that we can reject
the pathway hypothesis and maintain the life
course hypothesis.

As described in the Introduction, the life course
hypothesis can be further divided into (i) the
accumulation, (ii) the critical period and (iii) social
mobility hypotheses (Mishra et al., 2009). Under the
accumulation hypothesis, the effect of staying in a
particular SEP increases with the time spent in the
SEP, while according to the critical period
hypothesis, health or vulnerability to disease is to a
large extent determined during a particular period
of an individual’s life course. Several previous
studies have pointed out the very early period in
one’s life as of particular interest (Barker, 1995;
Barker, 1999).

The support for the life course hypothesis
obtained in this study: the independent effect of
parental SEP on health later in life is in line with the
critical  period  hypothesis, since parental
educational attainments are closely associated with
the individual’'s SEP during childhood and
adolescence. To what extent the effect of SEP on
health is accumulated over the life cycle is beyond
the scope of this study and cannot be inferred from
our results.

Under the social mobility hypothesis, the social
mobility in itself, has an effect on health outcomes.
The result that high paternal education is associated
with increased mortality in low educated
individuals, as shown in Table 4A, supports this
hypothesis. Our interpretation of this result is that
individuals originating from homes with high
educated fathers who do not acquire more than
compulsory schooling themselves, are on average
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adversely selected. They are more likely to have
initial characteristics, or characteristics acquired
early on, that are associated with both lower
probability to obtain more than compulsory
schooling and higher mortality, compared to the
group originating from homes with low educated
fathers. The estimated effect is thus not causal, but
rather due to selection (Haas & Fosse, 2008;
Blumenshine et al., 2008; Jackson, 2009).

Previous findings

A systematic review of 29 previous studies on
the relation between childhood SEP and health
outcomes later in life has showed an independent
relation between childhood SEP and the outcomes
of mortality in stomach cancer and haemorrhagic
stroke (Galobardes, Lynch & Davey Smith, 2004).
The reviewed studies also found a relation between
childhood SEP together with SEP in adult life and
mortality in coronary heart disease and lung cancer,
as well as in respiratory-related deaths. An update
of the review including 11 additional studies
confirmed the inverse relation between childhood
SEP and mortality for all but one of the reviewed
studies (Galobardes, Lynch, & Davey Smith, 2008).
Adjusting for adult SEP accounted to a varying
degree for the association.

An inverse effect of SEP measured in childhood
and adolescence was found on lifestyle factors
related to mortality in coronary heart disease, all-
cause mortality and cardiovascular mortality for a
cohort of 49,323 Swedish males born 1949-1951
(Hemmingsson and Lundberg, 2005). The study
found that a substantial part of socio-economic
differences in cardiovascular decrease among
middle-aged men can be attributed to SEP in early
life. A persistent adverse effect of low childhood
SEP on adult health was also found in a 1,000
cohort of 26 year old individuals born in New
Zealand in 1972-1973, when investigating health
outcomes, including dental health and substance
abuse (Poulton et al., 2002). A long-lasting effect of
parental SEP on several diseases, in particular
mortality from cardiovascular disease, was found in
a sample of about 5,500 men aged 35-64 years
drawn from 27 workplaces in Scotland (Smith et al.,
1997). Moreover, in a study on differences in
mortality by cause of death between individuals
originating from different SEP groups, an adverse
effect of childhood SEP on mortality in stroke and
stomach cancer in adulthood was found, when
controlling for adult SEP (Smith et al., 1998). Finally,
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an excess all-cause mortality as well as mortality
due to ischaemic heart disease was demonstrated
in a cohort of Swedish men born in 1946-1955 for
individuals with non-employed and manual labour
parents (Vagero and Leon, 1994). These findings
provide support for the cumulative life course
hypothesis.

In contrast, support for the pathway hypothesis
was found in a study on coronary heart disease
incidence, chronic bronchitis and depression in a
sample of about 10,000 UK civil servants aged 35-55
years (Marmot et al., 2001). Here, childhood SEP did
not have an effect on adult health outcomes when
controlling for the SEP of individual. A study on a
sample of 2,636 Finnish men yielded similar results:
individuals with low income were found to have an
increased risk of all cause and cardiovascular
mortality relative to high income men (Lynch et al.,
1994). Finally, evidence from a schooling reform did
not indicate a substantial, direct effect of parental
education on child health (Lindeboom, Llena-Nozal,
& van der Klaauw, 2009).

Strengths

In this study we used data on parental
education, income and health outcomes for all
individuals born in Sweden between 1940 and 1949.
Our study extends several aspects of the previous
literature, as our data allowed us to study actual
endpoints for all diseases, rather than a specific
subset of diseases occurring either later in life or
during adulthood. Compared to other registry-

based studies, our analyses are more
comprehensive, as we used data on health
outcomes for a general population, i.e. not

restricted to any occupational group or group of
workplaces, and were able to adjust for important
and potentially confounding factors. Also, we
studied the direct relation between health and
education, rather than a relation based on social
class or income. Finally, given our large cohort, we
were able to effectively analyze health outcomes
separately for children who move up and children
who move down in educational levels. The sheer
numbers allowed subgroup analyses for samples
based on own educational attainments.

Limitations

Our study has certain limitations. First, we used
the primary diagnosis codes for hospital admissions
to detect hospital admission due to diseases.
However, from our data it was not possible to
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distinguish admission for follow up examinations
from admission due to the event itself. As a result,
admissions found just after the age of 50 might have
occurred for either a new first admission, e.g. for a
myocardial infarction at the age of 51, or a follow up
check after a myocardial infarction at the age of 49.
However, in both cases, the event of interest had
occurred and only the time to event might have been
recorded incorrectly. Moreover, this can only occur
during the first 1 or 2 years of follow up. Second, we
used income level measured at a single point in time
as a proxy for SEP. Although such a proxy may be
imprecise, we obtained the income of the individuals
when they were 40-50 years old, i.e. generally by the
time their career would plateau and when their
income should be relatively stable (Haider & Solon,
2006). Third, we performed a large number of tests
on our data, which may lead to chance findings. For
example, high maternal education was associated
with an 82% lower risk (not significant) of admission
for kidney cancer for index persons with low
education level, and high paternal education level
was linked to a 16% statistically significant increased
risk of admission for breast cancer for high educated
women. These may be chance findings. Alternatively,
the first finding may be explained by a study showing
that conditions in utero, reflected by birth weight,
may affect the risk of renal cell cancer in adulthood
(Bergstrom, Lindblad, & Wolk, 2001) whereas the
second finding may be explained by a higher age at
first childbirth and fewer children for high educated
women, as well as a more stringent self-diagnosis
and compliance with screening compared with low
educated women (Heck and Pamuk, 1997; Hussain et
al., 2008). Fourth, given our selection process, in
which index persons with parents who died relatively
young had to be excluded, the least healthy families
may have been excluded from our analysis. This may
have resulted in an underestimation of the effect of
parental education on adult health. Hence, the risk of
disease, and associated mortality, may be larger than
indicated in our results for index persons with low
versus high maternal or paternal education level.
Finally, we assumed that within the period of our
analysis, factors affecting illness behaviour and
referral practices in Sweden did not change
substantially. This may not hold for all diseases, but is
more likely to hold for many of the severe and life-
threatening diseases on which we focus in our
analysis.
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Policy implications
Our findings have implications for the least some of the health differences are acquired
evaluation of programmes aimed at improving early on and educational attainments are correlated

education or reducing health inequalities, and for ~ across generations. This, in turn, implies that the
projections of future health care needs of estimated health effects of educational policies
populations. Improvements in population education designed to increase the educational level of the
levels may have health effects beyond the cohort  population are likely to be biased when the
attaining more education. Our results show that it persistent effects of parental education are ignored.
may be misleading to use cross-sectional data to This bias should be added to the bias originating
establish the relation between educational from unobserved confounders that may plague
attainments and health when education is seen and observational studies on the effects of educational

used as marker of a life course disadvantage. At attainments on various individual outcomes.
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