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ABSTRACT

Background It has been shown that higher education associates with health outcomes, but the less is known about the specific mechanisms
mediating this association. We examined whether higher education would associate with long-term health transitions from childhood to
adulthood and whether health behaviors, self-esteem, social support and work-related health hazards could mediate or confound this
association.

Methods The participants were from a population-based sample of 3596 men and women from the Young Finns study aged 3—18 years at the
beginning of the study in 1980, and who responded to repeated surveys of educational attainment and self-rated health in four study phases
from 1997 to 2012. The associations were tested using multistate Markov models for the health-state transition intensities.

Results Our results suggested that a 1-year difference in education was related to a 16% higher transition probability from mediocre to good
self-rated health over the 5-year follow-up. Depressive symptoms and job strain seemed to partly mediate or confound the association, but
self-esteem and social support did not.

Conclusions These results suggest that educational attainment is associated with good self-rated health transitions from childhood to
adulthood, and multiple processes rather than a single underlying mechanism are likely to drive the educational differences in self-rated health.

Keywords education, Markov-models, socioeconomic, trajectories, young Finns
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behavior,5 and with higher exposure to occupational health
hazards potentially contributing to health problems.(’ Furthermore,
differences in other social contexts, social values, social iden-
tity and social support’~” have been suggested to represent a
meditational pathway linking education to health.'™!" Positive
self-esteem has been associated with better academic per-
12=14 25 well as with health outcomes.'>"® Thus, the
evidence on the channels for effects of education on health

formance

suggests that instead of one single mechanism, multiple
mechanisms may operate at the same time through effects at
the individual, work and household level.!” =2

In this study, we investigated the association between the de-
velopment of educational level and self-rated health, with the
goal of examining several potential mediating or confounding
factors to better understand possible explaining mechanisms. We
tested health behaviors, self-esteem, social support and work-
related health hazards (job strain literature™") as adjusting
factors for the association between educational attainment and
transitions in self-rated health measured over three study phases
(1986, 1989 and 2001). The dataset was derived from general
population, representative of Finnish children and adolescents
when the study started, and followed up during 21 years.

Methods

Participants

The Cardiovascular Risk in Young Finns Study is an ongoing
follow-up study of coronary heart disease risk factors in
Finnish children, adolescents and young adults®® The first
cross-sectional study was conducted in 1980 when age cohorts
of 3-, 6-, 9-, 12-, 15- and 18-year olds were randomly sampled
on the basis of social-security numbers, resulting in a total of
3596 participants. The patticipants have given a written
consent, the study plan has been accepted by local ethics com-
mittees, the study protocol of each study phase (1980, 1986,
1989, 1997, 2001 and 2007) followed the guidelines of the
World Health Organization and the study conforms with the
Helsinki declaration. Treatment of the participants complies
with American Psychological Association ethical standards.

Measures

Self-rated bealth was measured by asking a question about per-
ceived general health.”” The question was ‘How would you es-
timate your current state of health?”.”” Herein, we studied an
item ‘Evaluate you general health: 1 = very good, 2 = faitly
good, 3 = mediocre, 4 = faitly poor, 5 = very poor’ and
classified it into good (1 or 2), mediocre (3) and bad (4 and
5). We then assessed temporal state transitions between good,
mediocre and bad subjective-health status. Subjective health

was assessed in the follow-up years 1986, 1989 and 2001.
This single item has been shown to be a powerful predictor of
mortality.”® More than 20 published studies have consistently
shown that global self-rated health is an independent predict-
or of mortality, despite the inclusion of numerous specific
health status indicators and other relevant covariates known
to predict mortality. Self-perceived health is a particularly
valuable measure among younger people, for whom the
prevalence of illness is lower than among older adults.”

Body mass indexx (BMI) was calculated by dividing partici-
pants’ weight in kilograms by their squated height in meters
(measurements taken in a medical examination in 1980).

Self-esteem was assessed in 1986 using a shortened version
of the Coopersmith Self-esteem Inventory.” The total score
consisted of 18 items (e.g. I often feel ashamed of myself’;
reverse scored), assessed on a 5-point scale; ranging from
‘totally disagree’ to ‘totally agree’. However, self-esteem was
not measured from the youngest cohort, i.c. patticipants who
were 9 years old in 1986. Cronbachs’ « reliability was good
(o = 0.84).

Current smoking was teported yes/no (in the year 1989).
Aleobol consumption was assessed also in 1989, by enquiring
whether participant had been drunk: 1 = ‘nevet’, 2 = ‘once’,
3 =2-3 times’, 4 = ‘4—10 times’ and 5 = ‘more than 10
times’. This variable was recoded into a dichotomous variable
computed by setting score 5 of the original item to 1 and
scores 1—4 to 0.

Social support was assessed in 1997 with the Perceived Social
Support Scale-Revised consisting of 12 items (o = 0.94)
measuting social support received from family and friends.
Responses were given on a 5-point scale ranging from 1
(strongly disagree) to 5 (strongly agree). Items that indicated
social support by family (four items) and items that assessed
social peer support were also separately examined.

Income in adulthood was classified on an 8-point scale,
ranging from annual gross income from 1 (less than €10 000)
to 8 (mote than €70 000) and measured in 2001.

Job strain was measured in 2001 using the 9-item Job Control
scale (a = 0.87) from the Job Content Questionnaire™ (the re-
sponse scale was from 1= disagree to 5 = agree) and the
3-item Job Demands scale (o = 0.62) from the Occupational
Stress Questionnaire (response scale from 1 = never to 5 = all
the time). These three items correspond to Karasek’s Job
Content Questionnaire (1985). Job strain was calculated using
linear term (job demands — job control). The use of continu-
ous vatiables has been recommended and when using a linear
term of job strain, the contributions of job demands and job
control are equally weighed.”’

Education was indicated by two self-reported indicators: (i)
years of education and (i) five educational levels and coded as
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(a) comprehensive school, (b) high school or vocational edu-
cation, (c) bachelor’s degree, or studies performed at the uni-
versity but degree not completed, (d) master’s degree and (e)
licentiate or doctoral degree. Education was assessed in the
year 2001, so that all participants had a reasonable time frame
to gather education (age 24—39 years).

Depression was assessed using a modified version of Beck’s
Depression Inventory. Benefits of this measure in the general
population have been discussed elsewhere.” Because this is
not a standard measure, we use the standardized scale with
mean of zero and variance of one.

Information about age (years) and gender were also used.

Statistical analyses

As preliminary analyses, we provided means and standard devi-
ation of all variables and linear regression models predicting self-
rated health in 2001 (Table 1). The linear models are used to
report crude associations between variables. However, as the vari-
ables had very different number of missing values, imputation
methodology was required for their meaningful compatison;

Table 1 Descriptive statistics and linear models

thus, the analysis was based on multiple imputation, using ‘mirt’
R package.33 Imputation model was taken to be a combination of
predictive mean matching models as given by the ‘quickpred’
function; altogether 35 imputation chains were initiated and
iterated for 35 iterations, carefully monitoring their con-
vergence and sensibility of distributions of imputed values.
Pooled regression coefficients were computed and their sig-
nificance levels inferred from an F reference distribution.

The final statistical analysis was based on multistate
Matkov models for the health-state transition intensities.”*
First, we studied how participants moved between health
states, and a model was estimated for the instantaneous transi-

tion intensities between states 7and s,

gt 2(2,0)) = alfiglop(j(f + d7) ;f |S(7) = 7)

= ¢Wexp (B, 2(1,4))

Wherein (7, 7) represents value of the covariate g for partici-
pant 7 at the time 7 B,:3(% 7) is the dot product of estimable

Variable n Mean SD Model | Model Il
B SE(B) P B SE(B) P

Age in 2001 3596 31.442 4.991 — — — 0.031 0.027 0.260
Sex 3596 1.491 0.500 — — — 0.020 0.024 0.415
Smoke 2707 0.225 0.418 0.082 0.022 0.000 0.039 0.022 0.080
Alcohol 2656 0.361 0.480 —0.026 0.021 0.222 —0.024 0.025 0.326
Repeatedly drunk 2656 0.239 0.427 0.048 0.023 0.038 —0.009 0.027 0.741
Body mass index 2500 20.019 3.456 0.118 0.033 0.001 0.084 0.028 0.004
Depression 2092 0.000 1.000 0.451 0.018 0.000 0.417 0.021 0.000
Family support 2691 0.000 1.000 —0.095 0.021 0.000 0.003 0.021 0.903
Friend support 2687 0.000 1.000 -0.110 0.023 0.000 —0.019 0.024 0.426
Education years 2604 14.472 3.097 —0.065 0.022 0.003 0.010 0.028 0.725
Education level 2180 2.276 1.438 —0.075 0.021 0.000 —0.026 0.026 0.327
Self-esteem 1898 3.682 0.492 -0.163 0.026 0.000 —0.020 0.027 0.471
Job control 2032 3.777 0.734 —0.131 0.023 0.000 — — —

Job demands 2046 2.861 0.673 0.125 0.026 0.000 — — —

Job strain 2026 -0.917 0.922 0.196 0.022 0.000 0.044 0.020 0.029
Job passivity 2026 —6.639 1.063 0.004 0.024 0.878 — — —
Income 2146 3.499 1.559 —0.094 0.023 0.000 —0.012 0.023 0.610
Self-rated health 1986 1259 1.891 0.747 0.324 0.032 0.000 — — —
Self-rated health 1989 1776 1.821 0.728 0.355 0.025 0.000 — — —
Self-rated health 2001 2094 2.097 0.818 — — — — — —

Column ‘n’ provides available sample (nonmissing values) per variable, column ‘Mean’ proves average of these, ‘SD’ standard deviation. ‘Model I provides

age- and sex-adjusted standardized linear regression coefficients ('B’), their standard errors (‘SE(B)") and Wald-type P-values ('P'), when predicting

subjective health in 2001 (‘"Health 2001"). Multiple imputation of missing values was used. ‘Model II" enters all the variables to a single multivariate linear

model. Variables that were linear transformations or repeated measurements of outcome were not included to the model.
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regression coefficients B, and the covariate(s), and » and
s get values in the set of subjective-health states (good,
mediocre and poor). In the initial modeling step, no covariates
were included. Second, we tested which of the studied covari-
ates/mediators statistically significantly improved the model.
Third, provided that education years and/or level helped to
explain the health-state transitions, we tested the possibility of
their effect being confounded/mediated by some of the other
covariates. This was implemented by testing whether the edu-
cation variables still improved the model affer the tested cov-
ariate was included a priori. Model with education variables
and a tested covariate was also compatred with the model
having only the covariate by computing Akaike’s information
criteria (AIC) for both models and examining the difference
(smaller AIC implies better model).

Statistical tests were likelihood ratio (LR) tests between a
null model and an alternative model. That is, the test statistic
was —2log(LR), where the LR is the likelihood for null
model divided by the likelihood for alternative model. The
test statistic grows whenever the likelihood for alternative
model does. Missing values in the health-state variable were
modeled as censored states, with any undetlying state pos-
sible.”* Thete is no obvious large-sample theoretic method for
imputing the covatiates in this model, and therefore, missing
data in a covariate resulted in list-wise deletion of the observa-
tion from the analysis in question. Sum scores of several items
may have missing values in just some of the items. In cases
with only one missing item value, score was averaged over
temaining nonmissing values, wheteas for several missing
items, the entire score was considered as missing.

Transitions between missing-value state and all other states
occurred to both directions, and therefore, we modeled the
missing data as censored observations wherein any underlying
health state was possible. To obtain a convergence to a feas-
ible transition-time estimates, we needed to allow all instantan-
eous transitions, that is not only from health state ‘good’ to
‘mediocre’ but also from ’good’ to ‘poor’ and vice versa (see
Results, Table 3).

Results

In the univariate age- and sex-adjusted standardized linear re-
gression model, almost all (except alcohol consumption and
passive jobs) associated with self-rated health in 2001. In the
multivariate model, only BMI, depressive symptoms and job
strain were associated with self-rated health in 2001 (Table 1).
Table 2 shows the distribution of observed transitions
between subjective-health states for the total of 7192 transi-
tions and 10 788 observations from 3596 individuals. Each
individual was observed three times, in the year 1986, in 1989

Table 2 Observed state transitions and state correlations across the

follow-ups

From/to Good Medliocre Poor Missing
Good 1493 303 27 702
Mediocre 177 147 20 112
Poor 12 25 8 9
Missing 1280 331 47 2499

and in 2001. Spearman’s rank correlations of the health states
across the three follow-ups were 75689 = 0.361, 75601 = 0.249
and 7gg o7 = 0.293.

Within a year, there was a 90% change to stay in a good
health state, 9% change for transition from good to mediocre
and 1% change for transition from good to poor subjective-
health state. In contrast, the participants were less likely to
stay in poor subjective-health state for a year than to transit to
a better state within the year. The maximum likelihood esti-
mate of the transition-intensity matrix, and estimated transi-
tion probabilities for a 1-year interval (estimated 1 year
change), is reported in Table 3.

Having estimated the model without covariates, we pro-
ceeded to analyze whether inclusion of some covariates
would improve the model. Statistical significance of each cov-
ariate was first examined in isolation, as the model complexity
exceeded linear regressions and various plausible covariates
involved different amounts of missing values (Supplementary
Table S1). Only covariates that significantly enhanced model
fit were further considered.

Bonferroni-corrected critical significance level for the 15
tests is 0.003 (Table 3), assuming a 0.05 family-wise signifi-
cance level. Striving for caution and low model complexity, we
use this conservative significance level regarding variable
choices for multiple-covariate models. Furthermore, the tran-
sitions from mediocre to good health were very similarly
affected by family support [hazard ratio (HR) = 1.45 (1.01,
2.08)] and friend support [HR = 1.57 (1.15, 2.14)], other
transitions not being significantly affected by these covariates.
Therefore, family and friend support were combined to a
single social support from this point onward [model —2
log(LR) = 45.74; P =334 x 10" % and HRpedioere— good =
1.49 (1.08, 2.04)].

Regarding the observed significant effect of education
years on health-state transitions, age could clearly be a con-
founding factor, as both health states and years of education
change with age. The association between education years and
health-state transitions remained significant despite adjusting
for age, however [—2log(LR) = 28.16, P=8.75 x 1077).
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Table 3 Estimated transition intensity matrix and 1-year transition probabilities for subjective-health multistate model, with 95% confidence intervals in parentheses

1-Year transition probabilities

Transition intensities

Poor

Mediocre

Good

From/to

Poor

Medlocre

Good

From/to

0.009 (0.005, 0.024)
0.046 (0.025, 0.078)

Good 0.901 (0.880, 0.917) 0.089 (0.074, 0.107)
0.268(0.211, 0.348)

0.011(0.003, 0.045)

0.095 (0.049, 0.185)
—1.166 (—1.594, —0.854)

0.115(0.090, 0.146)
—0.399(-0.517, —0.306)

—0.126 (=0.161, —0.098)

Good

0.686 (0.613, 0.745)

Mediocre

0.303(0.204, 0.449)
1.157 (0.846, 1.583)

Mediocre

0.043(0.032, 0.363) 0.316(0.116, 0.421)

0.641(0.483, 0.736)

Poor

0.009 (0.000, 1.065)

Poor

Then the potentally confounding/mediating effects of other
statistically significant covariates on the association between
education years and health-state transition intensities were
studied by testing whether adding the education-years variable
increases the fit of a model that includes age variable and the
other covariate in question. Table 4 displays results from these
‘confounding’ tests.

The covariates that may mediate, or have overlapping ex-
planatory variance with, education-years’ effect on health-
state transitions were depressive symptoms, social support,
job control and its derivative, job strain. Cleat evidence for
mediating effects of any single factor wete not obtained,
however, if ‘clear’ is taken to mean that |A — 2log(LR)
should exceed the quantile of x> distribution that provides a
statistically significant test-statistic value [i.e. —2log(LR)] with
a 0.05 significance level. The 0.95 quantile with 6 degrees of
freedom is 12.59. Only job demands covariate seemed to
have an effect of this magnitude, but to the direction wherein
inclusion of education years enhanced model fit more when
job demands and age were in null model than when only age
was in the null model. In a direct model comparison, educa-
tion years generally improved the model fit of an examined
covariate and age when the covariate was smoking, social
support, self-esteem, job demands or gross income. Hence,
the effect of education years on health transition was unlikely
to be due to these covariates. In contrast, if the null model
included depression or job control or strain with age, addition
of education-years covariate did not improve the model
according to the AIC. Hence, some evidence for mediation
or confounding by depression and job control was obtained.

Table 5 shows the multiplicative hazard coefficients for
each of the transition intensities for the covariates. Hazard
coefficients whose confidence intervals do not overlap with 1
indicate the individual transitions that were cleatly affected by
the covariate in question (highlighted in bold font). On the
one hand, older age was associated with less health-state
transitions overall, that is, with a mote temporally stable
subjective-health status. Although, there seemed to be some
trade-off in parameter estimates for transition between medi-
octre and bad health states with respect to age. On the other
hand, greater number of education years was associated with
more transitions from mediocre to good health state.

Discussion

Main findings of this study

Attained years of education seemed to associate with the pre-
ceding 16-year self-rated health-state transitions. On average,
an increase of 1 year in education implied 16% higher rate of
transition from mediocre to good subjective-health status.
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Table 4 Likelihood-ratio tests for incremental value of education years in explaining self-rated health-state transitions over and above the age and a tested

covariate
Variable After the covariate In the subsample Covar effect Subsample size
—2log(LR) P-value —2log(LR) P-value A — 2/log(LR) AAIC Individuals

Smoking 28.01 9.34 x107° 27.61 1.11 x 107* 0.40 —16.01 2156
Depression 8.64 0.195 13.11 0.041 —4.47 3.36 1989
Social support 21.09 0.002 26.16 207 x 1074 —5.07 =805 2124
Self-esteem 13.67 0.034 16.85 0.010 -3.18 —1.67 1509
Job control 6.75 0.345 12.23 0.057 —5.48 5.25 1932
Job demands 29.59 471 x107° 13.57 0.035 16.02 —17.59 1946
Job strain 9.24 0.160 13.42 0.037 —-4.18 2.75 1926
Income 24.85 3.64x 1074 16.98 0.009 7.87 —12.85 1910

Because sample size does not stay constant due to different amounts of missing values in different covariates, the statistical significance of education years

is tested both against the null model including age and the covariate (after the covariate) and against a null model including only age (alone in the

subsample). This way, one can assure that sample attrition does not cause apparent adjustment effects. LR, likelihood ratio; Covar effect, effect of covariate

on the likelihood ratio of a null model without education years and an alternative model that includes education years. The test statistic —2 log(LR) is

increased whenever modeling of education years improves the model fit. AAIC is a difference between AIC for a model with education years, indicating

covariate and age with the indicated covariate and age. Negative AAIC implies that education years covariate improved the model over just indicated and

age covariates.

Table 5 Covariate hazard coefficients for age, education years and education level in a multistate model

Subjective-health-state transition
observations

Age and education years as covariates for 2180 individuals and 6540

Education years as covariates for 2180
individuals and 6540 observations

1-Year increase in age (95% Cl)

1-Year increase in education (95% Cl)

1-Year increase in education (95% Cl)

Good — mediocre
Good — poor
Mediocre — good
Mediocre — poor
Poor — good
Poor — mediocre

0.85 (0.80, 0.90)
0.38(0.11, 1.37)
0.80 (0.75, 0.86)
5.68 (0.84, 38.40)
0.37(0.10, 1.31)
7.19 (1.09, 47.66)

1.08(0.98, 1.18)
0.72(0.50, 1.03)
1.16 (1.06, 1.27)
0.52(0.25, 1.09)
0.80(0.57, 1.12)
0.55(0.29, 1.04)

1.07 (0.98, 1.16)
0.58 (0.41, 0.81)
1.15(1.02, 1.27)
1.01(0.87, 1.17)
0.94(0.85, 1.03)
0.44(0.11, 1.72)

Cl, confidence interval.

This main effect was robust to adjusting for gross income,
social support, self-esteem, job demands, body mass, alcohol
use and smoking status, but was partly explained by or
mediated through depressive symptoms and job control
aspect of the job strain construct.

Our results are in accordance with the large body of evi-
dence supporting the socioeconomic gradient in health and
specifically the predictive effect of SES, indicated here as edu-
cation, on health outcomes.” Furthermore, we found that al-
though less depressive symptoms and control over one’s
job conditions may act as mechanisms linking higher educa-
tion to long-term self-rated health transitions, clear and strong

evidence for confounding or mediating effects of any single
factor was lacking;

What is already known on this topic

Previously many of the indicators of socioeconomic position,
such as education, income and occupational position, have
been shown to associate with a large number of various
health outcomes.” Furthermore, material, biological and psy-
chosocial mediators of the association have been suggested,35
and furthermore, it has been found that educational attain-
ment or academic performance is associated with these po-

tential mediators.”” Similar mechanisms have been included
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in theoretical frameworks, such as the reserve-capacity

7 . . . . .
model.'”*" Also biological mediators, such as chronic physio-
logical stress reactions, have been suggested.”

What this study adds

Our results suggest that education really affects self-rated
health, which stabilizes during the middle age (cf. Table 4),
and that despite multiple mechanisms linking the association,
the effect of any single one is relatively small. The effects of
mediating variables could be stronger, however, if their accu-
mulation over years and accumulated effects were assessed,
whereas here we did not have that data for all the potential
confounders or mediators. It has been previously suggested
that the association between education and improved health is
causal.”® Although causality was not directly tested here, the
current study results also support the notion that exposute to
education is tightly linked with #ransitions in health states rather
than merely correlated with it. Previously, few prospective
studies have adopted similar robust designs to investigate the
effects of education on changes in general health status. The
association between education and health has been typically
investigated using longitudinal design but with traditional stat-
istical methods, i.e. linear regression analysis. Thus, a major
strength of this study was the use of a longitudinal data with
multiple outcome measures that enabled us to test the health
status transitions over a long period of time. Our potential
mediators tested were not measured in the same data collec-
tion phase, and thus, the design was not perfect, but in prin-
ciple, the mediators could have been the mechanisms that
linked the education to health transitions.

Many of the previous studies have treated self-rated
health as a dichotomous variable defining only poor or
good health. There is evidence to suggest, however, that
self-rated health forms a continuum from poor through
average to good health justifying our use of three categoties,
and further allowing comparability of a five-point and an
eight-point measure of self-rated health. Furthermore, it has
been shown that different ways of treating the self-rated
health variable (dichotomous, ordinal, etc.) offers similar
results.””

The present modeling framework is able to take nonlinear
effects into account, in the sense that different covariates
may selectively affect to just some of the subjective-health
transitions without affecting others; for example, we observed
that age decreased the rate of transiting from mediocre to
good health, but increased both mediocre-to-bad and bad-
to-mediocre transitions (Table 5). This kind of a finding
would not readily atise in a typical linear model, but might
well make sense: it is possible that age decreases changes to
increase one’s subjective health to the highest levels (mediocre

— good), but at the same time, increases probability of phys-
ical injuries and accidents followed by recovery that cause
oscillations between mediocre and bad states. Both in the
joint model with age and as a sole covariate, a year more edu-
cation implied ~1.15-fold rate of transition from mediocre to
good state. Education also seemed to decrease hazard of tran-
sitioning directly from good to bad subjective-health state
(Table 5). These findings fit with a view that education helps
in making moderate improvements to subjective health (medi-
ocre — good) and in preventing severe illness (good — bad),
but when faced with severe illness (presumably being in a
‘bad’ subjective condition), mote education does not lead to
miraculously fast improvements in comparison with less edu-
cated people (‘bad — good’ nonsignificant).

In conclusion, this study presents evidence supporting the
association between educational attainment and health transi-
tions from childhood to adulthood. Furthermore, none of the
potential mediators derived from the ptrevious empirical evi-
dence and previously presented theoretical frameworks on
the pathways from lower SES to poorer health'” seemed to
have a strong mediating effect. Thus, academic attainment
predicts positive self-rated health transitions from childhood
to adulthood, and multiple processes rather than a single
undetlying factor are likely to mediate the association.

These findings may have some implications for policy. The
general recommendation would be to focus on the accumula-
tion of risk factors and benefits throughout the life course.
Such a strategy should ensure that children with health pro-
blems are not disadvantaged with respect to educational op-
portunities. Determined action is also required to temove
material and psychosocial mechanisms that may include indi-
vidual (depressive symptoms, self-esteem) and environmental
(social support, positive psychosocial work characteristics)
factors likely to underlie the health problems in groups with

low educational attainment.

Limitations of this study

Our findings should be viewed in the context of some limita-
tions. First of all, most analyses presented here have been con-
ducted on <65% of the original cohort sample. Such levels
of attrition may introduce bias in our results. Univariate effect
of education years was always also studied in the subsets that
included the potential mediating variable, however, thereby
ensuring that attrition and covariate adjusting was never con-
founded with each other. Second, both the initial (no covari-
ates) and final (age and education-years covariates) multi-state
models leaved much to hope in terms of model-to-data fit,
but nonetheless seemed to captute significant variation in the
data and to provide some interpretable and realistic results.
Very accurate model-to-data fit would have actually been an
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unrealistic expectation, given the small number of follow-ups
(three) with quite heterogeneous measurement intervals (3
and 12 years). Furthermore, all differences between observed
data and model estimates may not represent shortcomings
but a legitimate missing-data modeling with respect to self-
rated health states (see Methods).

Moreover, we lacked the data for careful separation of base-
line developmental phase, or age. Therefore, the results must
be interpreted as informing about general temporal transi-
tions during the number of different (relatively young) age
petiods, rather than, say, specific to transitions from teenhood
to young adulthood. Some associations could become cleater
if the different phases of life could be studied in finer grain.
Bad subjective health is rare in young people, however, thus
requiring large samples to evaluate in specific, young age
groups.

In the transition analyses, only education years were used
due to statistical criteria. Education years is also well defined
and clear compared with education level that is dependent on
national education system and it may be difficult to determine
the actual distances between various level definitions.

Supplementary data
Supplementary data are available at PUBMED online.
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