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Abstract

Background: The literature on Inequality of opportunity (IOp) in health distinguishes between circumstances that lie
outside of own control vs. efforts that — to varying extents — are within one’s control. From the perspective of IOp, this
paper aims to explain variations in individuals health-related quality of life (HRQol) by focusing on two separate sets
of variables that clearly lie outside of own control: Parents’ health is measured by their experience of somatic diseases,
psychological problems and any substance abuse, while parents’ wealth is indicated by childhood financial conditions
(CFQ).

We further include own educational attainment which may represent a circumstance, or an effort, and examine asso-
ciations of IOp for different health outcomes. HRQoL are measured by EQ-5D-5L utility scores, as well as the probabil-
ity of reporting limitations on specific HRQol-dimensions (mobility, self-care, usual-activities, pain & discomfort, and
anxiety and depression).

Method: We use unique survey data (N=20,150) from the egalitarian country of Norway to investigate if differences
in circumstances produce unfair inequalities in health. We estimate cross-sectional regression models which include
age and sex as covariates. We estimate two model specifications. The first represents a narrow IOp by estimating the
contributions of parents’health and wealth on HRQoL, while the second includes own education and thus represents
a broader I0p, alternatively it provides a comparison of the relative contributions of an effort variable and the two sets
of circumstance variables.

Results: We find strong associations between the circumstance variables and HRQoL. A more detailed examination
showed particularly strong associations between parental psychological problems and respondents’ anxiety and
depression. Our Shapley decomposition analysis suggests that parents'health and wealth are each as important as
own educational attainment for explaining inequalities in adult HRQoL.

Conclusion: We provide evidence for the presence of the lasting effect of early life circumstances on adult health
that persists even in one of the most egalitarian countries in the world. This suggests that there may be an upper limit
to how much a generous welfare state can contribute to equal opportunities.
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Background

Inequalities in health among socioeconomic groups are
well documented in many countries and constitute a
major policy concern. In her seminal paper, Whitehead
held that for an inequality to be considered unfair “the
cause has to be examined and judged to be unfair” [1].
Inspired by the conceptual dichotomy of circumstances
vs. efforts [2, 3] an expanding literature in economics
investigates the extent to which observed inequalities in
health are caused by inequalities of opportunity (IOp)
[4-8]. Circumstances are factors that lie outside of indi-
viduals’ control and, thus, something they cannot be held
responsible for. If health inequalities are caused by sys-
tematic differences in circumstances, i.e. unequal oppor-
tunities, they are judged to be unfair. Efforts, on the other
hand, reflect factors that are within individuals’ control
and resulting inequalities are, therefore, not judged to be
unfair [2, 9, 10]. The IOp literature distinguishes between
two approaches: the ex-ante approach analyses IOp with-
out considering effort, while ex-post analyses IOp when
both circumstances and effort variables are consid-
ered [11, 12]. In the current paper, we adopt an ex-ante
approach, followed by a model specification that includes
a variable that can either be considered an additional cir-
cumstance, alternatively an effort.

This paper makes several contributions to the litera-
ture on IOp in health: First, except for Rivera [13], pre-
vious studies have either relied on ordinal, single-item
measures of self-assessed health or have focused on nar-
rowly defined aspects of health such as the presence of
psychiatric disorders. These approaches fail to capture
the multidimensional nature of health and how it affects
different aspects of health-related quality of life (HRQoL).
In this paper, health is measured by preference-based val-
ues obtained via the EQ-5D-5L instrument. Furthermore,
we examine inequalities on opportunity with respect to
different HRQoL dimensions (mobility, self-care, usual-
activities, pain & discomfort, and anxiety & depression),
which previous work has not explored. Second, we inves-
tigate the extent to which two different types of circum-
stances that both lie outside of individuals’ own control
contribute to explaining inequalities in adult health. By
considering childhood financial conditions, we contrib-
ute to a growing literature on the importance of child-
hood circumstances in determining adult health [14-17],
particularly the financial environment in which children

grow up [18-20]. Aside from the financial conditions
during childhood, parents are likely to contribute to
their offspring’s adult health by passing on some of their
health stock (e.g. through genetics) and health-related
behaviors [4, 21]. The existence of such intergenerational
transmission of health (ITH) is well established. However,
we extend this literature by the use of a comprehensive
measure of parental health, i.e. the somatic and mental
health of fathers and mothers. Beyond parents’ wealth
and health, we consider the influence of own educational
attainment. We take no position as to whether own edu-
cation should be considered a circumstance [22] or effort
[5]. Following on from this, we contribute to the literature
by comparing the relative importance of childhood finan-
cial conditions (CFC), parental health and own education
for explaining health inequalities. Our institutional con-
text for studying inequality of opportunity in health is a
country widely considered to be one of the most egalitar-
ian in the world, with excellent access to public education,
health care, and social security systems. At data collec-
tion, Norway was ranked 1st on the human development
index compiled by the United Nations Development [23].
In addition, compared to other European countries, Nor-
way have one of the lowest IOp for disposable income [24,
25]. Hence, Norway offers a useful 'best-case’ benchmark
against which other countries can be compared.

Methods

Data sources

We used data from a large general population sur-
vey (conducted in 2015/16) of 21,083 individuals aged
40-97 years living in Tromse, Norway. The study popu-
lation is considered broadly representative of the Nor-
wegian population aged 40 and above, however, with
individuals holding a university degree being slightly
overrepresented. The design of this Tromse Study is
described elsewhere [26].

Health outcome

HRQoL was measured through the EQ-5D-5L instru-
ment, in which respondents were asked to describe the
level of problems they experience (either no, slight, mod-
erate, severe or extreme) along five dimensions (mobility
(denoted as MO), self-care (SC), usual activities (UA),
pain and discomfort (PD), anxiety and depression (AD))
[27]. In the absence of a Norwegian value set, EQ-5D-5L
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responses were converted into utility scores using an
amalgam value set of four Western countries [28]. To
examine inequalities in the specific HRQoL domains, we
dichotomize responses into no problems vs any problems,
because in four of the five dimensions there were rela-
tively few individuals reporting problems of any degree
(see Table Al).

Explanatory variables

Parental health

Parents” HRQoL was not assessed as part of the survey.
Instead, respondents answered seven questions about
their parents’ morbidity profiles on the day of the survey.
Five questions (whether parents had been diagnosed with
chest pain, stroke, asthma, diabetes, or had a heart attack
before age 60) were used to calculate the total burden of
somatic diseases (coded as 0, 1, or >2). As few respond-
ents reported more than two chronic conditions, we
chose a widely used measure of multimorbidity (MM2 +)
as the top category [29]. Respondents were also asked
whether their parents’ had known psychological prob-
lems and whether parents had had a history of alcohol
and/or substance abuse.

Childhood financial conditions

Childhood financial conditions (CFC) was measured by
the question: ‘How was your family’s financial situation
during your childhood? The response categories were:
very good, good, difficult, and very difficult. The latter
two categories were collapsed due to low frequency.

Education level

Respondents’ level of educational attainment is catego-
rized in line with the International Standard Classifica-
tion of Education (ISCED): primary school (10 years);
upper secondary school; lower university degree
(<4 years), and; higher university degree (> 4 years).

Econometric specifications

We estimate the following cross-sectional regression
model:y; = f(« +Xi,,3) + ¢&;. Here, y; is a measure of
HRQoL for individuali =1,...,N, X; is a matrix of
explanatory variables, f is a link function and ¢; is the
error term. We estimate two specifications, with and
without the inclusion of own education. We also provide
three partial regression models for each set of the explan-
atory variables. Thereby, we can compare the coefficients’
standard errors and magnitude in the partial models
with those in the full model, and thus identify the extent
of multicollinearity. All models include age and sex as
covariates. Age was coded in three bands: 40—69, 70-79,
and 80+ . The larger age band 40—69 was chosen because
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Table 1 Descriptive statistics of study sample
EQ-5D-5L
utility score
N % Mean (SD)
Total 20,150 100%  0.890 (0.109)
Sex
Women 10,558 524% 0879 (0.114)
Men 9,592 47.6% 0902 (0.102)
Age
40-69 years 16,984 843% 0892 (0.106)
70-79 years 2,508 124% 0891 (0.113)
80+ years 658 33% 0849 (0.146)
Educational attainment
Primary school (10 years) 4481 226% 0873  (0.120)
Upper secondary school 5,509 278% 0.885 (0.108)
Lower university degree <4 years 3,880 19.6% 0.895 (0.104)
Higher university degree >4 years 5,951 30.0% 0906 (0.100)
Childhood financial conditions (CFC)
Difficult 5084  255% 0869 (0.120)
Good 13,720 688% 0897 (0.103)
Very Good 1,138 5.7% 0.907  (0.107)
Parental health Number of somatic diseases
Father
0 12,017 596% 0894 (0.107)
1 5656  281% 0888 (0.109)
2+ 2477 123% 0879 (0.114)
Mother
0 13,742 682% 0.894 (0.108)
1 4,812 239% 0886 (0.109)
24 1,596 7.9% 0.870 (0.117)
Psychological problem
Father
No 19396 963% 0.891 (0.108)
Yes 754 37% 0862 (0.117)
Mother
No 18521 919% 0893 (0.107)
Yes 1629  81% 0860 (0.127)
Substance abuse
Father
No 18954 94.1% 0.891 (0.108)
Yes 1,196 5.9% 0873 (0.119)
Mother
No 19,814 983% 0.891 (0.108)
Yes 336 1.7% 0857 (0.131)

previous analysis showed that HRQoL is approximately
stable until the late sixties before it declines [30].

Model specification 1 includes CFC and parental
health, both of which reflect circumstances outside of
own control. Model 2 further includes respondents’ high-
est educational attainment. To account for heterogeneity
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across sexes [31], this main model was also estimated
separately for men (Model 2M) and women (Model 2W).
We quantify the relative importance of each explanatory
variable for the overall R? by using the Shapley decompo-
sition method. This decomposition derives the marginal
effect of the explanatory variables on the R* by eliminat-
ing each variable in sequence, and then assigns to each
variable the average of its marginal contributions in all
possible elimination sequences [32, 33].

Finally, by comparing the magnitude of the education
coefficients in the partial Model Edu (Table A2) with
those in the full Model 2, we get an indication of the
extent to which the associations between own education
and HRQoL operates through parent’s health and wealth.

All models were estimated by OLS (utility scores)
or logit regressions (dimension responses). We do not
model responses on the EQ-dimensions as ordered out-
comes, because few individuals report worse levels than
slight problems (see Table Al), and because the propor-
tional odds assumption was found to be violated in our
data. To explore potential cohort effects, we also esti-
mated separated regressions (based on Model 2) for indi-
viduals aged 40-49; 50-59; 60-69, and 70 +.

In the sensitivity analyses, we first wanted to assess
the appropriateness of the main model specification. For
this, we apply the least absolute shrinkage and selection
operator (LASSO) method. The LASSO method stand-
ardizes predictors and utilizes a regularization factor, the
Ll-norm or lambda (\), to maximize the out-of-sample
model fit by applying a penalty to predictor coefficients.
This removes predictors that do not contribute to the
out-of-sample performance of the model [34]. In the next
sensitivity analysis, we split the sample into four based
on the age bands (40-49; 50-59; 60—69, and 70+.) and
rerun the main specification on these subsamples.

All analyses were conducted using R version 1.4.1106;
packages used were stats, relaimpo, margins, glmnet, and
caret.

Results

Main results

Table 1 provides descriptive statistics of the sample and
mean utility scores by level of respondent characteristic.
Table 2 presents the main regression results by use of two
model specifications, and with EQ-5D-5L utility scores
as dependent variable. The stable standard errors and
coefficients across the two models indicate that the key
sets of predictors are independent of each other. Further-
more, by comparing the standard errors and coefficients
in the three partial model specifications (Table A2) with
those in the full Model 2, there is further evidence that
multicollinearity is not a problem; i.e. each of our three
sets of predictors are independent of each other. Note in
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particular that the education coefficients and their stand-
ard errors in Model 2 are remarkably similar to those in
the partial model (Table A2).

Now, we focus on results from Model 2. The difference
in adult HRQoL between having had Very good vs. Dif-
ficult CFC (0.008 — (-0.024)=0.032) is approximately
equal to the education gap (=0.030). All three measures
of parental health have statistically significant effects
on respondents’ adult HRQoL. In Model 2M and 2W,
there are some noteworthy differences between men and
women: difficult CFC and mothers’ somatic diseases and
psychological problem affect women more than men.

Table 3 provides the coefficient estimates from the logit
regression models and the average marginal effect of
variables on the probability of reporting no problems, for
each EQ-dimension. There is considerable heterogeneity
across dimensions. For example, having experienced dif-
ficult CFC reduces the probability of reporting no prob-
lems with Pain/discomfort by -6.9 percentage points (pp)
compared to -1.7 pp for Self-care. Parental psychological
problems affect own Anxiety/depression most, whereas
parental somatic problems are most closely associated
with Pain/discomfort, Mobility and Usual activities.

The Shapley decomposition analyses in Fig. 1 illustrate
the relative importance of CFC, parental health, and own
educational attainment for respondents’ HRQoL for the
pooled sample and separately for each sex. In the pooled
sample analysis, CFC and parental health account for
nearly 50% of the explained variance, while educational
attainment account for 22.4%. For both sexes, the relative
importance of the three main predictors appear broadly
similar: parental health variables together explain around
31%; CEC slightly less (29%), while own education is rela-
tively more important in explaining men’s HRQoL.

Sensitivity analysis

For the LASSO method, we choose the optimal parame-
terization of lambda by means of 10-fold cross validation.
After regularizing the model, all parameters were non-
zero, thus supporting the appropriateness of the model
specification.

Table A3 shows results by age groups. The effects of
parents’ psychological problems and substance abuse
are more pronounced in younger respondents, which
may reflect cohort differences in the awareness of men-
tal health and substance abuse. For example, the oldest
cohort reported much lower frequencies of parents’ men-
tal health problems (Table A4). The HRQoL-gap due to
CEFC is larger in the oldest age group, suggesting life-long
effects of CFC. The educational gradient is more pro-
nounced in younger respondents but diminishes around
retirement age.



Berthung et al. BMC Public Health (2022) 22:1691 Page 5 of 10
Table 2 Linear regression on the EQ-5D-5L utility score
Full sample Men Women
Variables Model 1 Model 2 Model 2M Model 2W
Intercept 0.896*** 0.879%** 0.898%*** 0.884%**
(0.001) (0.002) (0.003) (0.003)
Men 0.027%** 0.022%**
(0.002) (0.002)
Age groups (Ref. 40-69)
70-79 0.000 0.005** 0.012%** -0.002
(0.002) (0.002) (0.003) (0.004)
80+ -0.045%** -0.036*** -0.022%** -0.048***
(0.004) (0.005) (0.006) (0.007)
Childhood financial conditions (Ref. Good)
Difficult -0.026*** -0.024*** -0.020*** -0.027%**
(0.002) (0.002) (0.002) (0.003)
Very good 0.010%** 0.008** 0.006 0.010**
(0.003) (0.003) (0.005) (0.005)
Number of somatic diseases (Ref. 0)
Father 1 -0.004** -0.004** -0.004* -0.004
(0.002) (0.002) (0.002) (0.002)
Father 2+ -0.012%** -0.0712%** -0.012%** -0.012%**
(0.002) (0.002) (0.003) (0.003)
Mother 1 -0.004** -0.003 -0.002 -0.003
(0.002) (0.002) (0.003) (0.003)
Mother 2+ -0.016%** -0.014%** -0.009** -0.017%%*
(0.003) (0.003) (0.004) (0.004)
Psychological problem (Ref. No)
Father: Yes -0.020*** -0.022%** -0.024*** -0.020***
(0.004) (0.004) (0.006) (0.005)
Mother: Yes -0.025%** -0.027%%* -0.020%** -0.032%**
(0.003) (0.003) (0.004) (0.004)
Substance abuse (Ref. No)
Father: Yes -0.009%** -0.010*** -0.010** -0.010**
(0.003) (0.003) (0.004) (0.005)
Mother: Yes -0.016*** -0.018*** -0.021** -0.015*
(0.006) (0.006) (0.009) (0.008)
Educational attainment (Ref. Primary school 10 years)
Upper secondary school 0.008*** 0.071%** 0.004
(0.002) (0.003) (0.003)
Lower university degree <4 years 0.019%** 0.020*** 0.015%
(0.002) (0.003) (0.004)
Higher university degree >4 years 0.030*** 0.027%** 0.030%**
(0.002) (0.003) (0.003)
R? 0.041 0.051 0.031 0.050

Note: *p<0.1, **p <0.05, ***p <0.01

Discussion

This study contributes to the growing literature on ine-
qualities in opportunity by providing new evidence from
one of the wealthiest and most equal countries in the
world on the extent that circumstances such as parental

health and CFC have lasting impacts on adult HRQoL.
Earlier Norwegian studies on IOp have focused on child-
care [35], education [36] and income [37]. However, we
have not identified Norwegian [Op-studies on health that
have included parental health. Our results show parents’
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Fig. 1 Shapley decomposition of explained variance (R for utility score) based on model specification 2, 2M, and 2W

somatic health affect their offspring’s pain and functional
ability, while parents’ psychological problems and sub-
stance abuse have substantial effects on their children’s
self-reported levels of anxiety/depression.

Furthermore, our findings support previous stud-
ies from other countries which show lasting impacts
of CFC on adult health [19], and we find these to have
similar magnitude to the impact of educational attain-
ment. Interestingly, the distributions of respondents
on the three CFC-levels are remarkably similar across
age-cohorts (Table A4), whose absolute standard of liv-
ing during childhood increased tremendously over time
(approximately 3% p.a. GDP/capita growth between 1950
and 1990). This suggest that our measure of CFC repre-
sents a good proxy for relative deprivation. Finally, the
Shapley analysis showed that CFC and parental health
are each as important for HRQoL as own educational
attainment.

We found evidence of heterogeneity by sex in how
much circumstances affect descendants’ health. As for
parental health, the general pattern is that fathers’ ill

health have similar effects on sons and daughters, while
mothers’ ill health have stronger effects on daughters.
However, sons appear to be relatively more negatively
affected than daughters by their fathers’ substance
abuse and psychological problems. As for the ‘social
lottery’ of early life, childhood financial conditions
appear to be more important for women’s than men’s
adult health.

While CFC and parental health are assumed to reflect
circumstances, own educational attainment is arguably
partly outside of one’s control and therefore more dif-
ficult to locate on the circumstances-efforts continuum.
Previous work has considered education either as cir-
cumstance [22] or effort [5]. This disagreement in the
literature emphasizes the importance of defining an age
of consent to delineate circumstances from effort as sug-
gested by Arneson [38] and empirically investigated by
Hufe [39]. In this paper, we prefer to take no firm position
on this issue. However, we do observe that the estimated
effect of educational attainment on HRQoL is remarkably
stable across econometric specifications, indicating that
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it is largely independent of assumed circumstances (i.e.
CFC and parental health).

We acknowledge that our categorization of parental
health as circumstances might be suggestive of inherited
genetics that are outside of children’s control. However,
parents’ ill health may have been caused in part by their
health-related behaviors or unhealthy habits, which they
can pass on to their children (e.g. Balasooriya [40]). While
it certainly takes efforts to quit inherited bad habits, they
may be easier to alter than bad genes. Thus, focusing on
unhealthy habits may appeal to policymakers who seek to
tackle health inequalities in their communities.

Our study has some limitations. First, we approximate
parents’ health through their morbidities burden sometime
after their offspring are likely to have left the nest. We are
therefore cautious in interpreting these results to reflect
any particular pathway of intergenerational transmission
of health (i.e. genetics, habits). Second, parents’ morbid-
ity patterns and health-related behaviors are likely to be
incomplete proxies of the parental health stock and its
determinants. Finally, we cannot rule out reverse causality
in which children’s poor health requires parents to take on
care duties, with negative consequences for parental health.

In this paper, we have focused on two sets of circum-
stance variables that are clearly outside of own control,
and further included one variable, education, that lies
somewhere in between the end points on the circum-
stances-effort continuum. Certainly, there is a need for
research that includes more variables that lie towards
the effort-end on this continuum, i.e. indicators of health
related behaviour, e.g. physical activity. Such research
would provide important knowledge on the difficult
question: how much of observed health inequalities
reflect inequalities in opportunity, and hence consid-
ered unfair, as compared to how much that reflect own
choices, and hence considered acceptable?

We have shown that even in a land of equal opportuni-
ties, large inequalities in HRQoL are caused by circum-
stances beyond individuals’ control. If Norway cannot
eradicate unfair inequalities in health, other countries
will also struggle. This suggests that there may be an
upper limit to how much a generous welfare state can
contribute to equal opportunities.
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