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SUMMARY

Background: We have earlier found that birthweight below the mean, parental factors, and childhood
disease were associated with unemployment at age 29. We reanalysed data because we wanted to exa-
mine if the association between birthweight and subsequent unemployment was mediated by intellectual
performance at conscript.

Methods: Through linkage between several national registers, containing personal information from
birth into adult age, we established a longitudinal, population-based cohort. Study participants were all
158 026 male singletons born in Norway in 1967-1971 as registered by the Medical Birth Registry of
Norway who were national residents at age 29. Study outcome was unemployment defined as a lack of
personal income among persons who were not under education in the calendar year of their 29™ birth-
day. We computed unemployment risk in separate strata, and adjusted risk ratios and population attribu-
table risks as measures of association and impact, respectively.

Results: The association between birthweight and unemployment found earlier was mainly mediated
through intellectual performance at conscript, in accordance with the study hypothesis. Birthweight,
childhood disease and seven parental factors relating to income, disability, and family pattern, were in-
dependently associated with subsequent unemployment, each with population attributable risks ranging
from 2% to 12%. Intellectual performance in young adult age, educational attainment, and marital status
contributed substantially to the unemployment risk.

Conclusion: Differentials in work participation among young men emerge in childhood. Circumstances
throughout the life course contribute to the unemployment risk.

NORSK SAMMENDRAG

Introduksjon: Vi har tidligere funnet at fodselsvekt under gjennomsnittet, vanskelige oppvekstforhold
og kronisk sykdom i barnealder er assosiert med mangel pa arbeidsdeltakelse blant 29-4rige menn. Data-
grunnlaget og analysen ble utvidet for & analysere om evnenivd ved sesjon medierer assosiasjonen
mellom fadselsvekt og senere arbeidsdeltakelse.

Metode: En kohort ble basert pa alle levendefadte i Medisinsk fedselsregister i 1967-71. Ved hjelp av
registerkoblinger fikk vi tilgang til lepende individdata pd helseforhold og sosiale vilkér i livslepet.
Deltakere var alle 158 026 menn fra enkeltfadsler som bodde i riket i det aret de fylte 29. Studieutfall
var manglende arbeidsdeltakelse definert som manglende inntekt hos menn som ikke var under utdan-
nelse det aret de fylte 29. Vi beregnet risiko for manglende arbeidsdeltakelse i1 ulike strata, og relativ
risiko og attribuerbar populasjonsrisiko som mél pd assosiasjon og betydning av ulike risikofaktorer.
Resultater: Assosiasjonen mellom fodselsvekt under gjennomsnittet og manglende arbeidsdeltakelse ble
vesentlig mediert gjennom allment evnenivd ved sesjon, i trdd med studichypotesen. Attribuerbar
populasjonsrisiko for manglende arbeidsdeltakelse av fadselsvekt, kronisk sykdom i tidlig barnealder og
syv ulike sosiale oppvekstfaktorer knyttet til foreldres inntekt, uforhet og familierelasjoner, var hver i
storrelsesorden 2% til 12%. Evneniva, utdanningsniva og sivilstatus ved alder 28 ar bidro vesentlig som
forklaringsfaktorer for manglende arbeidsdeltakelse.

Konklusjon: Gradientene i arbeidsdeltakelse blant unge menn har sin opprinnelse i tidlig oppvekst, og
forhold opp gjennom livslepet bidrar til denne risikoen.

Key words: Adult; Birthweight; Child; Cohort Studies; Education; Employment; Follow-Up Studies; Intellectual
Performance; Social Environment
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INTRODUCTION

In a cohort based on register linkage, we have shown
that birthweight below the mean, early social disad-
vantage, and childhood disease were associated with
unemployment at age 29 years (1). One speculative
interpretation of the birthweight results was that birth-
weight could be an indicator of early development of
the central nervous system, which in turn could be res-
ponsible for effect on work participation. We presen-
ted no data to support this, but the interpretation has
some indirect support: there is a well-documented rela-
tion between birthweight and cognitive performance in
adulthood (2-8) as well as in childhood (9-16). The
effect of birthweight is not limited to low or very low
weights but extends well into the normal range (2-6,9-
13). There is also evidence that cognitive function af-
fects educational achievements (2,3,8,15,16) and adult
social class (17).

We had, in addition, conscript data on intellectual
test results for the men in the cohort that provided an
opportunity to extend the earlier (1) analysis. Present-
ly, we have examined the 158 026 men on the relations
between birthweight, intellectual performance at con-
script, and work participation at age 29. Our hypothe-
sis was that a main part of the birthweight effect on
work participation would be mediated through intellec-
tual performance. We had further objectives in the
analysis. First, we wanted to extend the analysis by
including additional factors during the life-course in a
hierarchical modelling. Second, the indicator of social
disadvantage in the earlier analysis was a composite of
several parental characteristics, which we aimed at
separating. Third, the logistic regression odds ratio
estimations in the earlier paper tended to produce
results that were not good approximations of relative
risks. We therefore used regression models providing
risk ratios and risk differences as association measures
in the present analysis. Finally, we wanted to extend
and refine the analysis of interaction between birth-
weight, early social disadvantage, and childhood
disease on subsequent work participation.

METHODS

Participants, linking procedures

The Medical Birth Registry of Norway comprises all
births in Norway with more than 16 completed weeks
of gestation (18). The population base included all 170
678 live born boys, 1967-1971. The national identifi-
cation numbers for the child and the parents allow
linkage with other national registers. We linked the re-
cords with benefit and income registers in the National
Insurance Administration, the education register in
Statistics Norway, the Norwegian Armed Forces Per-
sonnel Data Base, and the Central Population Register.
A total of 161 808 of the men were national residents
on January 1% in the year of their 29th birthday. As in
the earlier analysis (1), we excluded multiple births
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(1.8%), men with missing birthweight data (0.2%) and
men who died or emigrated during the following year
(0.5%). A total of 158 026 index men were left for
analysis.

Study outcome

The outcome variable was lack of income among per-
sons who were not under education in the calendar
year of their 29th birthday, which we termed unem-
ployment. Income is reported annually to the National
Insurance Administration and is recorded in units that
are adjusted regularly in accordance with changes in
the general income level. An income below the limit
entitling to sickness absence compensation was de-
fined as no income. Annually in October, ongoing edu-
cation is recorded in the education register. We con-
sidered persons who were under education in October
in the calendar year of their 28th or 29th birthday to be
under education, others were not under education.

Early determinants

Linkage provided longitudinal data for the index men
and their parents. Annual updates were performed
through the year 2000 on education, insurance admi-
nistration benefits, pensionable income, and marital
status.

The early social disadvantage variable in the earlier
report (1) was based on a number of parental factors
relating to father’s identity, parental survival, income
level, disability benefits, and family pattern in diffe-
rent periods throughout childhood and adolescence
(age 0-24 years). We kept seven parental factors that
were associated with a 20% or higher adjusted increase
in unemployment risk. These factors were relating to
father’s identity, two factors relating to parents’ mari-
tal and family status, mother and father’s disability,
and mother and father’s income level.

Father’s identity was based on data in the medical
birth record. Maternal and paternal disability was
dichotomised depending on either parent receiving
disability pension or not before age 25 of the index
person. Marital status of the mother at the index boy’s
birth and in 1985 was dichotomised (married in both
years, other). We examined whether the parents were
recorded with the same number of children in the Cen-
tral Population Register or not, which we interpreted
as an indicator of parental relationship. Low maternal
income was defined as mean pensionable income less
than the limit entitling to sickness absence during in-
dex person age 17-24 years. Low paternal income was
defined as mean income under the same limit on any
of three age periods of the index person (0-6, 7-16,
17-24 years). In the interaction analysis (see Statistical
analysis) we dichotomised parental indicators into a
“disadvantage in parental factors” variable with a no
disadvantage value if the index man had reference
values for all seven parental factors, others were cate-
gorised as disadvantaged.
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We used the same two variables on childhood
disease and birthweight as in the previous report (1).
Childhood disease was defined as insurance benefit
due to chronic disease before age 7 years, birth injury,
or congenital malformation (as defined in reference
19). Birthweight in singletons (mean 3571 g, SD 541
g) was separated into nine, six, four, or two categories
according to SD departure from the mean. The nine
category variable included four categories above the
standardised mean. This variable was abandoned
because birthweight categories above the mean had no
influence on the association with unemployment and
did not alter the relation between other variables (e.g.,
gestational age) and unemployment.

Later determinants

Early determinants could be mediated through factors
later in life, so we included conscript data on intellec-
tual performance and body mass index (BMI), educa-
tional attainment, and marital status at age 28.

The Armed Forces Personnel Data Base provided
conscript data. All men who are drafted for compul-
sory military service are obliged to complete a test of
general intellectual performance, usually at age 18 or
19. This test is highly correlated with the Wechsler
Adult Intelligence Scale and is recorded as single
digits from 1 (low) to 9 (high), the scores being nor-
mally distributed in the general population (20). BMI
was also measured at conscript. We categorised BMI
into four groups (below 18.50, 18.50-24.99, 25.00—
29.99, 30.00 or more).

Educational attainment classification was based on
the Norwegian standard classification of education
NUS2000 (21). The most recent coding of education
level in the register provided five categories: tertiary,
graduate level or higher (NUS2000 level 7-8); tertiary,
undergraduate level (NUS2000 Ilevel 6); upper
secondary, final year or post-secondary/non-tertiary
(NUS2000 levels 4-5); upper secondary, basic
(NUS2000 level 3); and lower secondary or less
(NUS2000 levels 0-2).

Data on marital status in the Central Population
Register in December of the year of the 28th birthday
served to classify the men as unmarried, married, or
previously married.

Statistical analysis

We used STATA/SE 8.0 software in the analysis, com-
puting unemployment risks at age 29. Associations
between determinants and unemployment were estima-
ted both as risk ratios (RR) and risk differences with
corresponding 95% confidence intervals in Poisson re-
gression (22). Poisson regression of risk data produces
too wide confidence limit estimates (22), so we used
the robust variance option in STATA.

We conducted multivariate modelling on hierarchi-
cal relations between factors according to their stage in
the life-course (23). The analyses were performed

sequentially with models formulated a priori, distin-
guishing between potential mediators and confounders
(24-27).

The mediating role of intellectual performance was
assessed by estimating the birthweight—-unemployment
association in models without and with intellectual
performance.

We applied the hierarchical approach in four multi-
variate models in order to estimate effects of early de-
terminants after controlling for potential confounders,
and in order to assess the role and strength of later
determinants. Model 1 included the early determinants
(seven parental variables, birthweight, and childhood
disease). Model 2 included intellectual performance
and BMI from conscript records in addition to model 1
factors. Model 3 included model 2 factors plus edu-
cational attainment. Model 4 included, in addition,
marital status at age 28.

Other variables potentially related to unemploy-
ment were also considered in the multivariate model-
ling. In all models, we included year of birth, residence
at age 16, maternal and paternal age at birth, birth
order, and gestational age. Throughout, missing values
were included in the models as separate categories.

We calculated population attributable risk (PAR).
PAR is a function of the population prevalence of a
factor and the strength of an association and can be
interpreted as the proportional reduction in population
risk that would occur in the hypothetical case that all
experience the risk of the reference category (28).
PARs for individual factors and groups of factors were
calculated in the AFLOGIT procedure in STATA after
including the factor(s) in the regression model as
dichotomous variable(s). All values except for the
reference value were collapsed into one category after
excluding missing values on the factor. This provided
adjusted PAR estimates with 95% Cls in the regression
models. The mediating role of intellectual performance
on the birthweight—-unemployment association was
estimated by comparing birthweight PARs in models
with and without intellectual performance. We inter-
preted early determinant PARs in model 1 as measures
of the impact of those factors on unemployment. The
degree to which early determinant PARs changed in
the subsequent models were interpreted as a measure
of the mediating strength of factors introduced in those
subsequent models.

To investigate interaction between birthweight, dis-
advantage in parental factors, and childhood disease
we dichotomised the three factors and constructed a
combined variable in eight categories whether the
three had reference value or not. We defined interac-
tion as departure from additive effect of those factors
by estimating adjusted risk differences in Poisson
regression. Measure of interaction (departure from
additivity) was the combined risk of two or all three
factors in excess (or deficit) of what would have been
experienced had the combined risk been purely addi-
tive. Confidence intervals for risk in excess of additi-
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vity for combinations of two factors were calculated
according to Hosmer & Lemeshow (29) after modifi-
cations to allow for use with risk data.

RESULTS

Overall, 7 255 out of the 158 026 young men were un-
employed (one-year risk 0.046). We calculated the
intellectual performance results for four birthweight
groups (figure 1). Figure 1 illustrates that the per-
formance score was normally distributed in all birth-
weight groups. The distribution curves for decreasing
birthweight categories were slightly but increasingly
shifted to the left.

After excluding men with no data on intellectual
performance (N=11 006, unemployment risk 0.210),
we found birthweight categories below the mean to be
moderately associated with unemployment in an adjus-
ted model (table 1). RR estimates in the birthweight
categories were considerably closer to unity when

25 =
—&— Mean or above

—v— 0.01-1.00 SD below mean
—=— 1.01-2.00 SD below mean
>2.00 SD below mean

20 4

0 T T T T T T T T T
1 2 3 4 5 6 7 8
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Intellectual performance level

Figure 1. Distribution of intellectual performance level
at conscript for men in four birthweight groups (birth-
weight mean 3 571 g, SD 541 g).
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intellectual performance was added (table 1). These
results were reflected in PARs of unemployment
attributed to birthweight: in the adjusted model that did
not include intellectual performance the PAR was
4.1% (95% CI 1.3 to 6.8); when intellectual perfor-
mance was added the PAR attributed to birthweight
was reduced by 72% to 1.2% (95% CI —1.7 to +3.9).
Additional inclusion of educational attainment and ma-
rital status at age 28 had only minor additional impact
on the association between birthweight and unemploy-
ment (data not shown).

Distributions of all study factors, the corresponding
unemployment risks, and crude and adjusted RR
estimates are provided in table 2. All the covariates
considered as potential confounders of the early
determinants showed moderate associations with un-
employment in model 1.

Adjusted RR estimates for the early determinants
are provided in model 1 of table 2. Both birthweight
and childhood disease were associated with unemploy-
ment. Adjusted RR estimates for the seven parental
factors show rather moderate associations, ranging
from 1.28 (maternal disability) to 1.64 (maternal
income). Among parental factors not included in the
final models it is worth noting that parental death was
associated with increased unemployment risk (0.064
when father was deceased and 0.074 when mother was
deceased). The adjusted RR for father’s death was
below unity, however (RR 0.86, 95% CI 0.78 to 0.94)
and close to unity for mother’s death (RR 0.98, 95%
CI 0.87 to 1.10). Parental educational level showed no
association with unemployment risk level (data not
shown).

Model 2 results show RR estimates for intellectual
performance and BMI, adjusted for the model 1 factors
(table 2). Decreasing level of intellectual performance
was associated with increasing RRs. Only the lowest
three levels had estimates higher than 2. The obese
(BMI =30) and underweight (BMI <18.5) had mode-
rately increased risks whereas the overweight (BMI
25.00 to 29.99) had an adjusted RR of 1.00. Model 3

Table 1. The relation between birthweight and unemployment at age 29 years among Norwegian men born in 1967-1971,

and the mediating role of intellectual performance at conscript.

Not

Birthweight category N* % employed Risk Risk ratiof (95% CI) Risk ratiol  (95% CI)

= Mean 74816 50.9 2348 0.031 1 (Reference) 1 (Reference)
0.01to 1.00 SD below mean 52179  35.5 1788 0.034 1.06 (0.99-1.13) 1.01 (0.95-1.07)
1.01t0 2.00 SD below mean 15996  10.9 630 0.039 1.14 (1.04-1.25) 1.05 (0.96-1.15)
2.01 to 3.00 SD below mean 3094 2.1 141 0.046 1.31 (1.09-1.57) 1.17 (0.97-1.39)
3.01 to 4.00 SD below mean 778 0.5 33 0.042 1.34 (0.93-1.93) 1.19 (0.84-1.69)
>4.00 SD below mean 157 0.1 8 0.051 1.51 (0.74-3.11) 1.16 (0.59-2.28)

* Excluding 11 006 men with missing data on intellectual performance
+ Adjusted for year of birth, geographical region, maternal and paternal age, birth order, gestational age, seven parental factors, and

childhood disease

1 Adjusted for intellectual performance, year of birth, geographical region, maternal and paternal age, birth order, gestational age, seven

parental factors, and childhood disease
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Table 2. Distribution, unemployment risk, and relative risk of unemployment at age 29 years among men for selected life course
factors.

Not Crude Adjusted*
Category N %  employed Risk Risk ratio (95% CI) Risk ratio (95% CI)
Model 1
Year of birth
1967 31527 20.0 1449 0.046 1 (Reference) 1 (Reference)
1968 32193 204 1467 0.046 0.99 (0.92-1.06) 1.01 (0.94-1.08)
1969 32332 205 1424 0.044 0.96 (0.89-1.03) 0.97 (0.90-1.04)
1970 30838 195 1429 0.046 1.01 (0.94-1.08) 0.99 (0.93-1.07)
1971 31136 19.7 1486 0.048 1.04 (0.97-1.11) 1.01 (0.94-1.08)
Geographical region
Oslo 9867 6.2 654 0.066 1 (Reference) 1 (Reference)
South-east 53747 34.0 2525 0.047 0.71 (0.65-0.77) 0.80 (0.73-0.87)
South 15409 9.8 778 0.050 0.76 (0.69-0.84) 0.81 (0.73-0.90)
West 43067 273 1670 0.039 0.59 (0.54-0.64) 0.70 (0.64-0.77)
Trendelag 15061 9.5 630 0.042 0.63 (0.57-0.70) 0.68 (0.61-0.75)
North 20563 13.0 943 0.046 0.69 (0.63-0.76) 0.68 (0.62—0.75)
Unknown 312 0.2 55 0.176 2.66 (2.07-3.42) 1.89 (1.46-2.45)
Maternal age
<20 years 11461 7.3 706 0.062 143 (1.31-1.57) 1.33 (1.19-1.49)
20-29 years 106849  67.6 4674 0.044 1.02 (0.95-1.09) 1.14 (1.05-1.23)
3034 years 23498 149 1010 0.043 1 (Reference) 1 (Reference)
35-39 years 11752 7.4 573 0.049 1.13 (1.03-1.25) 0.96 (0.87-1.07)
40 years or more 4 466 2.8 292 0.065 1.52 (1.34-1.73) 1.07 (0.93-1.23)
Paternal age
<20 years 1724 1.1 115 0.067 1.59 (1.32-1.91) 1.23 (1.01-1.50)
20-29 years 85961 544 3656 0.043 1.01 (0.95-1.08) 1.04 (0.97-1.11)
3034 years 31616 20.0 1327 0.042 1 (Reference) 1 (Reference)
35-39 years 18390 11.6 875 0.048 1.13 (1.04-1.23) 1.01 (0.93-1.11)
40 years or more 14 760 9.3 794 0.054 1.28 (1.18-1.40) 091 (0.82-1.02)
Unknown 5575 3.5 488 0.088 2.09 (1.89-2.30) 1.23 (0.99-1.53)
Birth order
First 61390 38.8 2721 0.044 1 (Reference) 1 (Reference)
Second 48 448  30.7 2127 0.044 0.99 (0.94-1.05) 1.13 (1.06-1.20)
Third 27736 17.6 1294 0.047 1.05 (0.99-1.12) 1.19 (1.10-1.28)
Fourth 12 367 7.8 627 0.051 1.14 (1.05-1.24) 1.20 (1.09-1.32)
Fifth or higher 8 085 5.1 486 0.060 1.36 (1.23-1.49) 1.26 (1.12-1.41)
Gestational age
17-32 weeks 1124 0.7 91 0.081 1.91 (1.57-2.33) 091 (0.71-1.15)
33-36 weeks 6320 4.0 345 0.055 1.29 (1.16-1.44) 0.94 (0.83-1.05)
37-39 weeks 49675 314 2372 0.048 1.13 (1.07-1.19) 1.04 (0.99-1.10)
40-42 weeks 88198 55.8 3735 0.042 1 (Reference) 1 (Reference)
43-46 weeks 6 788 43 350 0.052 1.22 (1.09-1.35) 1.10 (0.99-1.22)
Missing values 5921 3.7 362 0.061 1.44 (1.30-1.60) 1.16 (1.05-1.29)
Birthweight categories
= mean 80090 50.7 3253 0.041 1 (Reference) 1 (Reference)
0.01 to 1.00 SD below mean 55985 354 2616 0.047 1.15 (1.09-1.21) 1.12 (1.06-1.17)
1.01 to 2.00 SD below mean 17440 11.0 1032 0.059 1.46 (1.36-1.56) 1.30 (1.21-1.39)
2.01 to 3.00 SD below mean 3419 2.2 243 0.071 1.75 (1.54-1.98) 1.47 (1.29-1.69)
3.01 to 4.00 SD below mean 892 0.6 78 0.113 2.15 (1.74-2.67) 1.70 (1.35-2.14)
>4.00 SD below mean 200 0.1 33 0.165 4.06 (2.97-5.56) 2.73 (1.94-3.85)
Childhood disease
Notstated 154161 97.6 6486 0.042 1 (Reference) 1 (Reference)
Yes 3 865 2.4 769 0.199 4.73 (4.42-5.06) 431 (4.02-4.62)
Father’s identity
Known 150855 955 6 663 0.044 1 (Reference) 1 (Reference)
Unknown 7171 4.5 592 0.083 1.87 (1.72-2.03) 1.31 (1.08-1.60)
Parental marital status
Married 124 148  78.6 4657 0.038 1 (Reference) 1 (Reference)
Not married 28990 184 2233 0.077 2.05 (1.96-2.16) 1.47 (1.39-1.57)
Unknown 4 888 3.1 365 0.075 1.99 (1.80-2.21) 1.63 (1.47-1.81)
Parents’ number of children
Equal 132542 83.9 5325 0.040 1 (Reference) 1 (Reference)
Not equal 18313 11.6 1338 0.073 1.82 (1.72-1.93) 1.32 (1.24-1.40)
Unknown 7171 4.5 592 0.083 2.05 (1.89-2.23) T

Continues on next page
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Table 2 continued

Maternal income

High 132122 83.6 5116 0.039 1 (Reference) 1 (Reference)
Low 25904 164 2139 0.083 2.13 (2.03-2.24) 1.64 (1.56-1.74)
Maternal disability
No 135345 85.6 5498 0.041 1 (Reference) 1 (Reference)
Yes 22681 144 1757 0.077 1.91 (1.81-2.01) 1.28 (1.21-1.36)
Paternal income
High 138602 87.7 5504 0.040 1 (Reference) 1 (Reference)
Low 12 253 7.8 1159 0.095 2.38 (2.24-2.53) 1.44 (1.34-1.55)
Unknown 7171 4.5 592 0.083 2.08 (1.92-2.26) T
Paternal disability
No 130699 82.7 5106 0.039 1 (Reference) 1 (Reference)
Yes 20156 12.8 1557 0.077 1.98 (1.87-2.09) 1.50 (1.41-1.60)
Unknown 7171 4.5 592 0.083 2.11 (1.95-2.29) T
Model 2
Intellectual performance
9 (high) 5069 3.2 97 0.019 1 (Reference) 1 (Reference)
8 10 835 6.9 200 0.018 0.96 (0.76-1.23) 0.97 (0.76-1.23)
7 18300 11.6 368 0.020 1.05 (0.84-1.31) 1.04 (0.84-1.30)
6 27157 172 587 0.022 1.13 (0.91-1.40) 1.10 (0.89-1.36)
5 31552 20.0 888 0.028 1.47 (1.20-1.81) 1.39 (1.13-1.71)
4 26584 16.8 948 0.036 1.86 (1.52-2.29) 1.70 (1.38-2.09)
3 15970 10.1 794 0.050 2.60 (2.11-3.20) 2.25 (1.82-2.77)
2 8106 5.1 550 0.068 3.54 (2.86-4.39) 2.89 (2.34-3.58)
1 (low) 3445 2.2 516 0.150 7.83 (6.33-9.68) 5.92 (4.78-7.33)
No test 7042 4.5 688 0.098 5.11 (4.14-6.30) 3.96 (3.21-4.89)
Did not meet at conscript 3964 2.5 1619 0.408 21.34 (17.46-26.09) 15.51 (12.65-19.01)
BMI
<18.50 10210 6.5 550 0.054 1.65 (1.51-1.80) 1.47 (1.35-1.60)
18.50-24.99 122281 77.4 3998 0.033 1 (Reference) 1 (Reference)
25.00-29.99 16 684 10.6 624 0.037 1.14 (1.05-1.24) 1.00 (0.92-1.09)
30.00 or more 3365 2.1 205 0.061 1.86 (1.63-2.14) 141 (1.23-1.61)
Not measured 1522 1.0 259 0.170 520 (4.64-5.84) 3.52 (3.10-3.98)
Did not meet at conscript 3964 2.5 1619 0.408 12.49 (11.90-13.11) i
Model 3
Educational attainment
Graduate tertiary 13 880 8.8 148 0.011 1 (Reference) 1 (Reference)
Undergraduate tertiary 34078 21.6 521 0.015 1.43 (1.20-1.72) 1.51 (1.26-1.82)
Final upper secondary 64882 41.1 1286 0.020 1.86 (1.57-2.20) 1.92 (1.61-2.29)
Basic upper secondary 32924 208 3322 0.101 9.46 (8.04-11.14) 7.14 (5.99-8.50)
Lower secondary or less 11412 7.2 1526 0.134 12.54 (10.61-14.82) 8.65 (7.24-10.35)
Unknown 850 0.5 452 0.532 49.87 (41.98-59.24) 12.30 (10.21-14.82)
Model 4
Marital status at age 28
Married 33864 214 551 0.016 1 (Reference) 1 (Reference)
Unmarried 121143 76.7 6498 0.054 3.29 (3.02-3.59) 231 (2.12-2.51)
Previously married 3010 1.9 205 0.068 4.19 (3.58-4.89) 2.53 (2.17-2.93)
Unknown 9 0.0 1 0.111 6.83 (1.07-43.42) 5.92 (1.18-29.71)

* Adjusted for other variables in the model, and variables in preceding models

T Category dropped due to collinearity

shows that low education level, adjusted for all
variables in preceding models, was strongly associated
with unemployment. The gradient in unemployment
risk ranged from 0.011 (graduate tertiary level) to
0.134 (lower secondary level or less). The unemploy-
ment risk was also quite low among married men
(model 4). The adjusted RRs in the unmarried and pre-
viously married category were accordingly strong.
PAR estimates for variables included in the four
models are presented in table 3. The adjusted PARs in

model 1 show that most of the nine early determinants
had moderate impact on the unemployment level, with
low maternal income, maternal marital status, child-
hood disease, birthweight, and paternal disability as
the most influential.

Model 2 results show that intellectual performance
attributed strongly to the unemployment risk (table 3).
BMI had a moderate impact. The early determinant
PARs were considerably reduced when intellectual
performance and own education level were included
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Table 3. Population risks of unemployment at age 29 attributed to selected life course factors.

Persons Model 1 Model 2 Model 3 Model 4

Category excluded PAR* (95%CI) PAR* (95%CI) PAR* (95%CI) PAR* (95% CI)
Birthweight below mean 0 8% (6-10) 3% (1-5) 2% 0-4) 1% (0-3)
Childhood disease 0 8% (8-9) 4% 4-4) 3% (3-3) 3% (3-3)
Father’s identity unknown 0 2% (1-3) 1% 0-2) 1% 0-2) 1% 0-2)
Parents not married 4 888 10% (9-12) 9% (8-10) 6% (5-8) 6% 5-7)
Unequal number of children 7121 5% 4-6) 4% (3-5) 3% (2-3) 2% (2-3)
Low maternal income 0 12% (10-13) 8% (7-9) 6% 5-7) 6% 5-7)
Maternal disability 0 5% 4-6) 3% 2-4) 2% (1-3) 2% (1-3)
Low paternal income 7121 5% (4-6) 4% (3-5) 3% (3-4) 3% (3-4)
Paternal disability 7121 8% (7-9) 5% (4-6) 4% (3-4) 3% (3-4)
Intellectual performance 11 006 37% (30-44) -15% (-25t0-4) -17% (-27t0o-6)
BMI 5486 4% (3-6) 3% (1-4) 2% (1-4)
Educational attainment 850 60% (53-65) 60% (53-65)
Marital status at age 28 9 53% (49-56)
Total 46%  (44-47) 61%  (56-65) 81% (77-85) 91% (89-93)

* Adjusted for year of birth, geographical region, maternal and paternal age, birth order, gestational age and other variables included in the models

Table 4. Distribution, unemployment risk, and unemployment risk differences in association with combined categories of
birthweight, disadvantage in parental factors, and childhood disease.

Category combination* Crude Adjustedt

Birth- Parental Childhood Not

weight factors  disease Number (%) employed Risk  Risk difference (95% CI) Risk difference (95% CI)
0 0 0 41448 (26.2) 984 0.024 0 (Reference) 0 (Reference)
1 0 37647 (23.8) 971 0.026 0.002  (0.000-0.004)  0.002  (0.000-0.003)
0 1 0 36840 (23.3) 2004 0.054 0.031  (0.027-0.035)  0.028  (0.024-0.032)
0 0 1 895  (0.6) 93 0.104 0.080  (0.061-0.103)  0.078  (0.059-0.101)
1 1 0 38226 (242) 2527 0.066 0.042  (0.038-0.047)  0.038  (0.033-0.043)
1 0 1 981  (0.6) 177 0.180 0.157  (0.132-0.185)  0.149  (0.125-0.177)
0 1 1 907  (0.6) 172 0.190 0.166  (0.140-0.196)  0.151  (0.127-0.179)
1 1 1 1082  (0.7) 327 0.302 0.278  (0.247-0.313)  0.250  (0.220-0.282)

* Category 0: birthweight =zmean, no disadvantage in parental factors, no childhood disease; category 1: birthweight <mean, disadvantage(s) in

parental factors, childhood disease

+ Adjusted for year of birth, geographical region, maternal and paternal age, birth order, and gestational age

(models 2 and 3). Education level had in itself major
impact (PAR 60%). The intellectual performance PAR
estimate was negative in model 3: a closer examination
showed that the lowest unemployment levels for the
large upper secondary level groups were not expe-
rienced for subjects with top intellectual test result (the
reference category), but for those who scored 5 to 7.
Model 4 shows that own marital status, next to educa-
tional attainment, was the most influential factor with
a PAR of 53%. Marital status had little additional role
as a mediator of the early determinant effects.

In the interaction analysis, we examined the effect
of combined low birthweight and childhood disease,
adjusted for the other model 1 variables. The adjusted
unemployment risk for both factors was 0.078 (0.055
to 0.101) in excess of additivity. The corresponding
departure from additivity by the combination of low

birthweight and disadvantage in parental factors was
only 0.008 (0.004 to 0.012), whereas combined child-
hood disease and disadvantage in parental factors was
associated with a risk in excess of additivity of 0.056
(0.034 to 0.078). Distributions, risks, and crude and
adjusted risk differences of all combinations of the
three factors are given in table 4. The adjusted risk dif-
ferences in table 4 confirm that the childhood disease
unemployment risk in combination with one or both
other factors was considerably in excess of additivity
whereas the combined low birthweight—parental factor
disadvantage category had a risk close to additivity.

DISCUSSION

The present study provides additional knowledge of
the relation between early life health and social condi-
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tions, and the start of working life for young men. We
find documentation that differentials in work participa-
tion among young men actually is rooted in childhood.

The impact of birthweight on unemployment risk
was largely mediated through intellectual performance,
judged by the change in PAR estimates when perfor-
mance results were added. However, this estimation
had low power because men lacking conscript perfor-
mance results were likely to be of low birthweight and
unemployed. The finding is in agreement with our
hypothesis and other studies addressing the relation
between birthweight, cognitive function, and edu-
cational achievements or adult social functions
(2,3,8,15-17).

We found that several parental factors, mutually
adjusted for in the modelling, were associated with
subsequent unemployment. These parental factors
taken together were the main contributors to the 46%
PAR of all determinants in model 1. This supports the
interpretation that the cumulative burden of social and
material disadvantage in childhood and adolescence
influences adult age social function. The modest pro-
tective unemployment effect of paternal (but not
maternal) death could be fortuitous, but we might
speculate that it could be interpreted as a consequence
of early role modelling: boys whose father was
deceased could adapt a family supporter role. This role
model theory would be in line with disability pension
risk results in this population: the hazard of own dis-
ablement pension was higher when the parent of one’s
own gender was disabled compared with having a
disabled parent of opposite gender (30). Further, the
results suggest additional contribution to the unem-
ployment risk from factors relating to intellectual per-
formance in young adult age, educational attainment,
and marital status. This is in support of an accumula-
tive influence of factors in the whole life course (23).

The results of the interaction analysis suggest that
the effect of childhood disease on subsequent unem-
ployment risk is considerably increased if there are
additional early determinants at work as well. This
means that the small proportion of young men with
congenital malformations, or disablement or chronic
disease from childhood, are vulnerable to the addi-
tional effect of low birthweight or early social
disadvantage.

The main strengths of our study are complete
follow-up, large size, and availability of prospectively
collected data from several national registers through-
out the life course. However, several limitations are
also apparent.

First, there are problems of interpretation. We app-
lied complex analytical models in a non-randomised
study using data inevitably hampered with error. The
safest way to avoid misinterpretations would have
been to use a stratified approach. This was not done to
disentangle the separate effects of the seven parental
factors. We may safely conclude that parental factors
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related to economy, health, and family structure had
influence, and these factors taken together had larger
impact than birthweight and childhood disease. Apart
from this, we should be cautious in interpreting the
separate role of these parental factors. The same inter-
pretation problem could easily arise if interaction was
not considered when interpreting the PAR results of
intellectual performance on unemployment risk after
taking educational attainment into account.

A second limitation is that our models are unlikely
to be truly representative of the intricate pathways
from determinants along the life-course (23,26,27).
We anticipated that the nine early determinants in
model 1 were hierarchically on the same level by
considering these mutually adjusted estimates as
unbiased. This is probably not correct. We could also
question the correct direction of the relation between
all variables in the models. One example: men who
were previously married at age 28 might be in this
position because they lost their work earlier, and did
not regain work until age 29. Thus, marital status
could be a consequence and not a cause of work
participation, and it could be erroneous to consider
marital status as a predictor of work participation.

A third problem is that the outcome under study is
probably not restricted to unemployment. One third of
those who met the unemployment criterion were dis-
ability pensioners. The category could also include
young people financially supported by parents or
spouse, men with accumulated wealth, and men with
income not reported to the income register. The net
effect on the associations studied of this outcome
characterisation problem is not straightforward, as they
supposedly will have different directions.

Finally, we might have a problem when disregar-
ding subjects who died or emigrated in the calendar
year of their 29th birthday. This is a minor problem,
and Cox regression analysis where censoring was con-
sidered produced hazard ratios slightly in excess of the
RRs reported. However, we abandoned this solution
because PAR estimation was not a comprehensible
option.

This study provides evidence supporting the hypo-
thesis that work participation in young adult age is
influenced by early life experiences, as well as circum-
stances acting during the life course. This should have
implications for directions of research as well as
prevention.
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