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a b s t r a c t

Previous research has documented an association between birth order and suicide, although no study
has examined whether it depends on the cultural context. Our aim was to study the association between
birth order and cause-specific mortality in Finland, and whether it varies by ethno-linguistic affiliation.
We used data from the Finnish population register, representing a 5% random sample of all Finnish
speakers and a 20% random sample of Swedish speakers, who lived in Finland in any year 1987e2011. For
each person, there was a link to all children who were alive in 1987. In total, there were 254,059 siblings
in 96,387 sibling groups, and 9797 deaths. We used Cox regressions stratified by each siblings group and
estimated all-cause and cause-specific mortality risks during the period 1987e2011. In line with previous
research from Sweden, deaths from suicide were significantly associated with birth order. As compared
to first-born, second-born had a suicide risk of 1.27, third-born of 1.35, and fourth- or higher-born of 1.72,
while other causes of death did not display an evident and consistent birth-order pattern. Results for the
Finnish-speaking siblings groups were almost identical to those based on both ethno-linguistic groups. In
the Swedish-speaking siblings groups, there was no increase in the suicide risk by birth order, but a
statistically not significant tendency towards an association with other external causes of death and
deaths from cardiovascular diseases. Our findings provided evidence for an association between birth
order and suicide among Finnish speakers in Finland, while no such association was found for Swedish
speakers, suggesting that the birth order effect might depend on the cultural context.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Numerous studies have documented an association between
birth order and various individual outcomes. Later-born siblings
rank lower than earlier-born on intelligence, cognitive skills,
noncognitive skills, educational attainment, and earnings
(Kantarevich and Mechoulan, 2006; Kristensen and Bjerkedal,
2007). They also perform worse with respect to various measures
of health, having a heightened risk of depression and anxiety, lower
self-esteem (Mittendorfer-Rutz et al., 2004; Riordan et al., 2011),
and higher mortality, particularly from suicide and causes related
to unhealthy behaviours and risky lifestyles (O'Leary et al., 1996;
Modin, 2002).

A number of arguments have been suggested as explanations for
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why birth order relates to premature death. The confluence hy-
pothesis states that siblings are part of a dynamically changing
environment, which becomes less cognitively stimulatingwhen the
family grows in size, with negative consequences for the intellec-
tual development of the later-born (Zajonc,1976; Batty et al., 2007).
In a similar vein, the resource dilution hypothesis argues that the
pool of parental material, cognitive and interpersonal resources
available to each child decreases as the siblings group increases in
size (Blake, 1981, 1989). Even if parents subdivide their resources
equally among their offspring at any given point in time, the cu-
mulative distribution of investment in each child will be unequal
(Hertwig et al., 2002). These factors could negatively influence
adulthood socioeconomic position and thereby increase the risk of
poor health. The hygiene hypothesis states that a larger sibship may
increase the likelihood of communicable diseases, to which the
younger siblings would be more susceptible (Strachan, 1989;
Holman et al., 2003). The biological depletion of mothers and
other risk factors in utero have also been put forward as potential
causes behind the higher mortality rate of children born toward the
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end of large sibships (Riordan et al., 2006, 2011). Furthermore,
children may occupy different niches within the family environ-
ment, and attempt to differentiate themselves from one another to
avoid direct inter-sibling competition. This would produce first-
borns who are more closely aligned with their parents, and later-
borns who are more rebellious and more likely to engage in risky
or dangerous activities (Sulloway, 1996; Zweigenhaft and Von
Ammon, 2000). Also, older siblings may introduce younger sib-
lings to developmentally inappropriate activities, such as smoking
and alcohol consumption, at a younger age than otherwise would
have been the case (Elliott, 1992; Harakeha et al., 2007). This can
have both direct and indirect influences on health and mortality.
Yet another argument is concerned with within-family bullying
and aggression among siblings (Tucker et al., 2013), suggesting that
older children might bully younger children, and that the lower a
child is on the family ‘pecking order’, the more likely is he or she to
be bullied.

Although the mechanisms at play are not fully clear, research
based on nationally covering population registers in Sweden
(Rostila et al., 2014; Barclay and Kolk, 2015) and Norway
(Bjørngaard et al., 2013) suggests that the mortality risk increases
with birth order, and that the association is most evident for sui-
cide, but visible also for other external causes of death. These
studies, which are virtually free of sample attrition and reporting
bias, have allowed for analyses that use a within-family design,
which means that siblings born to the same parents are being
compared, instead of siblings who come from different families.
This approach minimises residual confounding from time-invariant
factors within the family, including both unmeasured and unob-
served factors that are time-invariant, such as genetic and envi-
ronmental factors that siblings share, and time-invariant factors
that can be measured, such as parental socioeconomic position.
These register-based studies have revealed that the often-observed
negative association between birth order and health is not simply
an artifact of variation in health between siblings who originate
from different families, but that the interrelation manifests also
within families. The Swedish studies found also that, controlling for
adulthood socioeconomic position and educational attainment
attenuated the birth order effect only to some extent, implying that
social trajectories or social pathways are not the full explanation to
the link between birth order and mortality.

All previous research using the within-family design has this far
been conducted on two countries only, Sweden (Rostila et al., 2014;
Barclay and Kolk, 2015) and Norway (Bjørngaard et al., 2013), and
the Norwegian evidence concerns suicide only. Since the birth-
order effect may depend on each society's social and cultural
context (Rostila and Saarela, 2013), it is essential to perform similar
analyses for other societies as well. In this paper, we replicate the
previous Swedish and Norwegian analyses by using a similar
approach and data from Finland, which is a neighbouring country.
The overall mortality rates and birth rates in Finland are low and
comparable to those of Sweden and Norway. The Finnish, Swedish
and Norwegian societies are very much alike with respect to eco-
nomic institutions, social conditions and political environment.
Finland although provides a useful setting in the sense that we can
perform parallel analyses for two culturally distinct groups, Finnish
speakers and Swedish speakers, which both are native, equal and
have a roughly similar socioeconomic position. This setting pro-
vides an unusual opportunity to study if the interrelation between
birth order and mortality depends on the cultural context, because
apart from the many similarities, the two groups differ in some
central aspects. The divorce rate of Finnish speakers, who consti-
tute approximately 90% of the country's total population, is similar
to that in Sweden and Norway. Swedish speakers in Finland, who
amount to 5.5% of the total population, have a notably lower
divorce risk, or close to only half that of the Finnish speakers, even
when socioeconomic and demographic confounders are accounted
for (Finn€as, 1997). A similar between-group difference has been
documented for the risk of separation from cohabiting unions
(Saarela and Finn€as, 2014). The two ethno-linguistic groups differ
also in life expectancy. At working ages, the standardised death risk
of Swedish speakers in Finland, which is similar to that of Swedes
and Norwegians, is only about 0.65 that of Finnish speakers (Saarela
and Finn€as, 2009, 2015). The difference is particularly marked for
causes of death that are related to behaviours and lifestyles, such as
alcohol consumption, suicides, and other external causes. In the
Finnish population register, people can be uniquely identified ac-
cording to ethno-linguistic affiliation, which means that Finnish
speakers and Swedish speakers can be identified.

Our aim was to study if there in Finland, like in Sweden and
Norway, is an association between birth order and the mortality
risk, and particularly the risk of suicide, and to what extent it de-
pends on the cultural context, by comparing two equal ethno-
linguistic groups.

2. Materials and methods

The study used data from the Finnish population register, which
had linkage to Statistics Finland's employment statistics file and
death registries (permission TK-53-768-12). We had access to a 5%
random sample of all Finnish speakers born after 1902, who lived in
Finland in any year 1987e2011. For each person alive in 1987, there
was a link to all children alive in the same year, who consequently
formed a siblings group. For each child, there was information
about the year of birth and the potential year of death in
1987e2011. All siblings groups were thus observed from 1987 and
over a 24-years period. The siblings groups contain people born
1922e1987, while less than 10% were born before the 1950s.
Although the total age range was 0e89 years, the data structure
meant that the analyses concerned primarily working-aged people.
Ages and birth cohorts analysed thereby highly correspond to those
studied by Rostila et al. (2014) for Sweden.

For Swedish speakers, there was an identically constructed 20%
random sample. This setup made it possible to perform parallel
analyses for Finnish-speaking and Swedish-speaking siblings
groups. Weights were used to account for the different sampling
proportions.

Causes of death were by Statistics Finland classified according to
ICD codes and separated between (1) cardiovascular diseases, (2)
lung cancer and respiratory diseases, (3) all other diseases, (4)
suicides, and (5) other external causes. Included in the latter cate-
gory was also alcohol-relatedmortality, which accounted for 40% of
all deaths in the category.

To focus on within-family variation, and not on variation be-
tween families, we used Cox regressions stratified by each siblings
group. For groups with two or more siblings, we estimated all-
cause and cause-specific mortality risks according to birth order.
Since all siblings entered the study window at the baseline year in
1987, and were observed prospectively until 2011, age at entry is
synonymous to birth year. Duration is time since entry and thus
reflects age. Other control variables were sex and parental age at
child birth. To see if the association between birth order and mor-
tality was mediated through social pathways, we ran additional
regressions where we controlled for educational attainment, in-
come, and family type. Each variable refers to the most recent point
of observation in the data. Educational attainment distinguishes
people with primary, secondary, and tertiary level of education.
Income separates people into quartiles. Family type refers to
whether the person lives in a household with partners and chil-
dren, with partners and no children, or any other type of household.
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Characteristics of the study population are presented in Table 1
for all siblings groups and also broken out by ethno-linguistic cat-
egorisation of the siblings groups. In total, there were 254,059
siblings in 96,387 sibling groups, and 9797 deaths. Swedish-
speaking siblings groups constituted approximately one sixth of
all siblings groups in the unweighted data. Almost half of all deaths
were due to suicides or other external causes (including alcohol-
related). One third of all deaths in Finnish speakers were due to
external causes, as compared to less than one fourth of all deaths in
Swedish speakers. Finnish speakers and Swedish speakers were
highly similar on observable characteristics.

All estimations were carried out with R version 2.9.2.

3. Results

When adjusting for age, birth year, sex, and parental age at child
birth (Model 1 in Table 2), each increase in birth order was found
related to an approximately 3% increase in the all-cause mortality
risk. Although statistically not significant at the 5% level, these es-
timates were roughly in line with previous findings based on data
from Sweden (Rostila et al., 2014; Barclay and Kolk, 2015). Also in
correspondence with the previous results from Sweden, and from
Norway (Bjørngaard et al., 2013), therewas a notable increase in the
Table 1
Description of the study population.

Both ethno-linguistic groups

Birth order (%)
1 s t 36.7
2nd 36.9
3rd 16.2
4th or higher 10.3

Size of siblings group (%)
2 siblings 41.6
3 siblings 29.4
4 or more siblings 29.0

Age in 1987 (%)
<7 years 17.4
7e17 years 24.5
18e30 years 33.8
>30 years 24.3

Sex (%)
Man 51.8
Woman 48.2

Parental age at child birth (%)
<25 years 26.2
25e34 years 57.3
>35 years 16.5

Educational attainment (%)
Primary level 16.7
Secondary level 44.6
Tertiary level 38.6

Income (%)
First quartile 25.5
Second quartile 25.1
Third quartile 25.0
Fourth quartile 24.4

Family type (%)
Partners with children 32.0
Partners without children 40.3
Other 27.7

Number of deaths
All causes 9797
Cardiovascular 1841
Lung cancer or respiratory 570
All other diseases 2897
Suicide 1377
Other external 3112

Number of siblings groups 96,387
Number of siblings 254,059
Number of person years 6,259,434
suicide risk by birth order. As compared to first-born, second-born
had a suicide risk of 1.27 (95% CI: 1.09e1.47), third-born of 1.35 (95%
CI: 1.05e1.73), and fourth- or higher-born of 1.72 (95% CI:
1.22e2.44). These estimates were almost the same in magnitude as
those suggested by Swedish data (Rostila et al., 2014), which were
1.25, 1.43, and 1.79, respectively, for the cohorts born in Sweden in
1932e1980.

Also consistent with the previous Swedish findings, other causes
of death did not display an evident and consistent birth-order
pattern. We observed an increasing mortality risk by birth order
for deaths from cardiovascular diseases, and to some extent for
deaths from lung cancer or respiratory diseases, when first-born
and second-or-higher-born were compared, but the estimates
were not statistically significant. Deaths from all other diseases did
not display any evident associationwith birth order. Mortality from
other external causes was found only weakly related to birth order,
which is, again, in line with the findings from Sweden.

Further adjustment, by additional inclusion of variables for
educational attainment, income, and family type (Model 2 in
Table 2), had a tendency to attenuate the associations between
birth order and mortality for all causes of death except suicide.
Social trajectories or social pathways did not consequently seem to
mediate the strong association between birth order and suicide.
Finnish speakers Swedish speakers

36.6 38.8
36.7 39.2
16.2 15.3
10.5 6.7

41.2 48.1
29.2 31.6
29.6 20.3

17.4 17.9
24.3 24.9
34.2 32.4
24.2 24.8

51.7 52.9
48.3 47.1

26.4 22.4
57.1 60.4
16.5 17.2

16.7 17.5
45.0 38.7
38.3 43.7

25.6 23.3
25.2 23.7
25.0 25.0
24.2 28.0

32.2 28.4
40.0 45.8
27.8 25.7

8560 1237
1621 220
477 93
2406 491
1235 142
2821 291
79,011 17,376
211,385 42,674
5,204,116 1,055,318



Table 2
Mortality risk ratios by birth order for different main causes of death (with 95%
confidence intervals).

Model 1 Model 2

All-cause mortality
First born 1 1
Second born 1.03 (0.97e1.09) 0.98 (0.92e1.05)
Third born 1.08 (0.98e1.18) 1.01 (0.91e1.12)
Fourth bornþ 1.09 (0.96e1.25) 1.02 (0.88e1.18)
Cardiovascular
First born 1 1
Second born 1.14 (0.99e1.32) 1.06 (0.90e1.24)
Third born 1.22 (0.97e1.54) 1.10 (0.85e1.42)
Fourth bornþ 1.25 (0.89e1.75) 1.12 (0.78e1.61)
Lung cancer or resp.
First born 1 1
Second born 1.30 (0.99e1.70) 1.25 (0.93e1.68)
Third born 1.28 (0.80e2.04) 1.18 (0.72e1.94)
Fourth bornþ 1.25 (0.64e2.45) 1.05 (0.51e2.16)
All other diseases
First born 1 1
Second born 0.95 (0.86e1.05) 0.90 (0.80e1.01)
Third born 0.98 (0.82e1.16) 0.91 (0.75e1.10)
Fourth bornþ 0.87 (0.70e1.11) 0.79 (0.61e1.03)
Suicide
First born 1 1
Second born 1.27 (1.09e1.47) 1.27 (1.06e1.51)
Third born 1.35 (1.05e1.73) 1.39 (1.05e1.84)
Fourth bornþ 1.72 (1.22e2.44) 1.85 (1.25e2.74)
Other external
First born 1 1
Second born 1.00 (0.91e1.11) 0.97 (0.86e1.10)
Third born 1.08 (0.92e1.27) 1.02 (0.84e1.25)
Fourth bornþ 1.11 (0.88e1.40) 1.10 (0.83e1.45)

Model 1 adjusts for age, birth year, sex, and parental age at child birth.
Model 2 adjusts for the variables in Model 1 plus educational attainment, income,
and family type.

Table 3
Mortality risk ratios by birth order for different main causes of death in each ethno-ling

Finnish speakers

Model 1 Model 2

All-cause mortality
First born 1 1
Second born 1.04 (0.98e1.10) 0.98 (0.92e1
Third born 1.08 (0.98e1.19) 1.01 (0.91e1
Fourth bornþ 1.10 (0.96e1.26) 1.02 (0.88e1
Cardiovascular
First born 1 1
Second born 1.15 (0.99e1.34) 1.06 (0.90e1
Third born 1.21 (0.96e1.54) 1.09 (0.84e1
Fourth bornþ 1.23 (0.87e1.73) 1.10 (0.76e1
Lung cancer or resp.
First born 1 1
Second born 1.35 (1.01e1.81) 1.28 (0.94e1
Third born 1.40 (0.86e2.29) 1.27 (0.75e2
Fourth bornþ 1.31 (0.64e2.68) 1.09 (0.50e2
All other diseases
First born 1 1
Second born 0.95 (0.85e1.05) 0.89 (0.79e1
Third born 0.96 (0.81e1.15) 0.90 (0.74e1
Fourth bornþ 0.86 (0.67e1.11) 0.79 (0.60e1
Suicide
First born 1 1
Second born 1.27 (1.09e1.49) 1.26 (1.06e1
Third born 1.37 (1.06e1.77) 1.40 (1.05e1
Fourth bornþ 1.78 (1.25e2.55) 1.87 (1.25e2
Other external
First born 1 1
Second born 1.01 (0.91e1.12) 0.97 (0.86e1
Third born 1.06 (0.90e1.26) 1.01 (0.82e1
Fourth bornþ 1.10 (0.87e1.40) 1.08 (0.81e1

Model 1 adjusts for age, birth year, sex, and parental age at child birth.
Model 2 adjusts for the variables in Model 1 plus educational attainment, income, and f
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Results for the Finnish-speaking siblings groups (Table 3) were
almost identical to those based on both ethno-linguistic groups,
which was expected when considering that they constitute a ma-
jority in number. For Swedish speakers, many of the estimates came
with wide confidence intervals, but some issues are worth
emphasising. In the Swedish-speaking siblings groups, there was
no increase in the suicide risk by birth order, but a tendency to-
wards an associationwith other external causes of death, alsowhen
we adjusted for educational attainment, income and family type.
Furthermore, there appeared to be a stronger effect of birth order
on deaths from cardiovascular diseases in the Swedish-speaking
siblings groups than in the Finnish-speaking ones, but the confi-
dence intervals were far too wide to allow for any firm conclusions.
The difference in the association between birth order and cause-
specific mortality between the two ethno-linguistic groups never-
theless signals that the cultural context might matter.

We also performed various additional analyses and sensitive
tests (available upon request), such as regressions for siblings
groups that have different age compositions, by the size of the
siblings group, according to whether the siblings groups were
constructed on basis of the mother or the father, and we also tried
to include different interactions with birth order. The overall con-
clusions as reported here remained basically the same.
4. Conclusion

In this population study based on Finnish registry datawe found
that higher birth order was associated with suicide, but not with
other main causes of death, such as cardiovascular disease, lung
cancer or respiratory disease, other diseases, or other external
causes of death. These findings almost perfectly corroborate
uistic group (with 95% confidence intervals).

Swedish speakers

Model 1 Model 2

1 1
.05) 0.95 (0.79e1.14) 0.93 (0.76e1.14)
.12) 1.11 (0.80e1.53) 1.06 (0.74e1.51)
.18) 1.08 (0.64e1.81) 0.99 (0.56e1.74)

1 1
.25) 1.12 (0.71e1.75) 1.16 (0.70e1.93)
.42) 1.94 (0.74e5.06) 1.22 (0.43e3.50)
.59) 3.41 (0.66e17.5) 2.81 (0.63e12.4)

1 1
.75) 0.60 (0.36e1.00) 1.08 (0.58e2.01)
.15) 0.16 (0.05e0.54) 0.20 (0.05e0.87)
.34) 0.67 (0.16e2.81) 1.16 (0.23e5.74)

1 1
.01) 1.13 (0.87e1.47) 0.99 (0.72e1.35)
.10) 1.36 (0.87e2.14) 1.13 (0.67e1.90)
.03) 1.14 (0.56e2.35) 0.89 (0.36e2.22)

1 1
.51) 1.23 (0.70e2.16) 1.26 (0.67e2.38)
.86) 0.93 (0.35e2.45) 0.95 (0.25e3.63)
.79) 0.82 (0.19e3.59) 0.91 (0.17e4.87)

1 1
.10) 0.96 (0.65e1.40) 0.98 (0.65e1.47)
.23) 1.85 (1.00e3.43) 1.87 (0.96e3.65)
.44) 1.56 (0.43e5.72) 1.68 (0.58e4.81)

amily type.
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findings from Sweden and Norway, which have used total popu-
lation data when studying effects by birth order on suicide.

The association between birth order and suicide risk might have
several explanations. Early life circumstances can lead to altered
risk of disease throughout the life course, meaning that birth order
might exert an independent effect on health during a sensitive
period of human development. Another argument is that older
children might bully younger ones. The biological depletion of
mothers and other risk factors in utero have also been put forward
as underlying the often observed higher mortality of children born
towards the end of large sibling groups. There is also a possibility of
weaker attachment between later-born children and their parents
due to parents’ limited time and emotional resources. If a finite
amount of parental resources are divided among siblings, parental
investment might decline as the family grows in size. The cumu-
lative distribution of investment in each child might therefore be
unequal, and children of higher birth order faced with lower access
to parental attention and supervision.

These mechanisms are nevertheless general and do not explain
our finding of an ethnic-group difference in the birth order effect.
When stratified analyses by ethno-linguistic groups were per-
formed, we found an effect by birth order on suicide among
Finnish-speaking Finns only, while no such association was found
among Swedish-speaking Finns.

It is known that the two ethnic groups differ in life expectancy
and that these differences are particularly marked for suicides and
other external causes. Thus, birth order might be a factor under-
lying the higher suicide risk among Finnish speakers. The notably
lower separation risk among Swedish speakers could be another
potential explanation for why there is no association between birth
order and suicide in Swedish speakers. Parental resources may be
particularly scarce if parents’ divorce, and younger children may be
more affected since they will live a larger part of their childhood
with only one of their biological parents as compared to children
born earlier. Divorce and separation also involves a single parent
home for shorter or longer time periods and may thereby
contribute to additional constraints in the quality time between
parents and children. This may especially influence the attachment
between parents and later-born children negatively. Thus, the
higher divorce rates may contribute to an additional disadvantage
among later-born Finnish-speaking children and thereby account
for the stronger association between birth order and suicide. Fac-
tors related to hygiene, the biological depletion of mothers, or other
risk factors in utero seem much less likely, since both groups share
the same social circumstances.

It has also been suggested that levels of social capital, social
participation and social support are higher among Swedish
speakers in Finland than among Finnish speakers (Hyypp€a and
M€aki, 2001a, 2001b). Another potential explanation for a weaker
birth order effect among Swedish speakers is therefore that social
capital may buffer against potential negative effects by birth order.
High social capital may reduce the risk bullying by providing social
control over such behaviours in the neighborhood or social
network. It may also be an alternative form of supervision and
attention when such resources are lacking, providing attention to
the mental and emotional development of later born by other
members of the immediate network.Whether family stability and a
higher level of social capital could be considered explanations for
the attenuated association between birth order and suicide in
Swedish speakers is nevertheless a question that should be further
examined. Our results signal that the cultural context might matter,
and they call for an investigation of whether effects by birth order
differ across ethnic groups in other societies as well.

A significant contribution of this study is the use of family-fixed
effects regressions, which minimises residual confounding from
time-invariant factors within the family. These models use the
within-family variation only, and therefore neatly account for
inherent problems in standard non-stratified models, such as the
influence of genetic factors and environmental factors shared at
childhood that are time-invariant. Despite these strengths, and the
use of population register data, a large sample size, a longitudinal
follow-up, reliable information on deaths from suicide and other
included variables, some limitations should be noted. More
detailed individual information is required to uncover the actual
causal mechanisms that link birth order and suicide. More detailed
data on personal and relational characteristics and additional var-
iables that are associated with presence of psychiatric disorders
would be particularly helpful in trying to uncover the explanations
for the difference in the birth order effect by ethno-linguistic group.
Also, many of the potential mechanisms vary over time and could
not be adjusted for in the models. Parents face different time and
financial constraints over their lifetime, which may prevent them
from equalizing their resources and investments across children,
and there could be a changing composition of parental character-
istics that contribute to different home environments. It might
hence be fruitful to incorporate birth order effects into a life course
perspective, where critical events and periods in both parents' and
offspring's lives are accounted for.
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