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Birth order and pediatric traumatic 
brain injury
Mazin Omer1,2*, Jussi P. Posti3, Mika Gissler4,5,6, Marko Merikukka7,8, Till Bärnighausen1 & 
Michael Lowery Wilson1

Pediatric traumatic brain injury (TBI) is a significant problem of public health importance worldwide. 
Large population-based studies on the effect of birth order on health phenomena are exceedingly 
rare. This study examines the relationship between birth order and risk for pediatric TBI among sibling 
groups. We performed a retrospective cohort study following 59,469 Finnish newborns from 1987 until 
age 18 years. Data on first diagnosis of TBI was recorded within the 1987 Finnish Birth Cohort (FBC). 
Compared with first born siblings, later born siblings had an increased risk of TBI during the follow-up 
period (hazard ratio [HR] 1.02; 95% confidence interval [CI] 0.91–1.14 for second born, HR 1.09; 95% 
CI 0.95 1.26 for third born, HR 1.28; 95% CI 1.08–1.53 for fourth or higher). When adjusted for sex and 
maternal age at child’s birth, HRs (95% CIs) for TBI during the follow-up period were 1.12 (0.99–1.26) 
for second born, 1.31 (1.12–1.53) for third born and 1.61 (1.33–1.95) for fourth born or higher children, 
respectively. Within this large register-based population-wide study, order of birth modified risk for 
pediatric TBI among sibling groups. Taken together, these study findings may serve to stimulate 
further inquiry into genetic, psychological, or psychosocial factors which underlie differences in risk 
and depth of effect within and between sibling groups.

Traumatic brain injuries.  A traumatic brain injury (TBI) is defined as an alteration in brain function, or 
other evidence of brain pathology, caused by an external force1. These alterations may have immediate, proxi-
mate, and long-term consequences on the health and functional well-being of those affected2. In 2014, there were 
56,800 TBI-related deaths in the US, including 2,529 deaths among children3. Severe TBI has a high mortality 
rate, estimated at 30–40% in observational studies on unselected populations4. Moreover, TBI caused 8.1 million 
years of life lived with disability (YLDs) globally in 20165.

TBIs occur with greater frequency (incidence: 939 cases per 100,000 people)6 than all forms of cancers 
combined7 and are among the costliest health conditions to treat and rehabilitate across the entire care 
continuum8,9. The total direct and indirect costs associated with TBIs in Europe have been estimated to be about 
EUR 33 billion per year10. Falls and road injuries are considered the leading causes of new cases of TBI in most 
countries5. In high-income countries, the TBI diagnoses are on the rise among children11. Among the pediatric 
population, special considerations are warranted in the diagnosis and treatment of TBI. These considerations 
involve taking into account the child’s physiology and increased susceptibility for post-traumatic seizures, each 
within the context of increasing evidence for long-term consequences for even mild TBIs12. These long-term 
consequences include physiological, cognitive, and behavioral changes12–14 such as antisocial behaviors, weaker 
educational performance as well as distress within family and spousal relationships due to the increased care 
needs of a family member affected by TBI15–17, hence, long-term follow-up is often required to confirm physical 
and cognitive consequences.

The influence of birth order on health.  Classically, birth order refers to the order in which children are 
born from one set of male and female parents into a family setting18. Early research about birth order and its 
influence on sibling behavior and health was theorized by Austrian physician Alfred Adler19. Adler postulated 
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that one’s birth position among siblings influences their psycho-social make-up. While little empirical evidence 
existed initially to support this claim, later research has contributed to the understanding of some of the underly-
ing aspects of the initial hypotheses as they relate to health outcomes18.

Personality, genetic, environmental as well as parental factors seem to play a role in forming the relationship 
between birth order and health conditions17,20. Various physical injuries21,22, psychological conditions—such as 
depression, emotional disorders, attention-deficit disorders, suicide attempts, and even intelligence level and 
handedness23–25, were found to have been associated with sibling birth order26–28. Mortality risk for some con-
ditions appears to increase within specific birth order categories, and that pattern is relatively stronger among 
females29.

Pediatric TBIs have a complex socio-environmental etiology. More research is needed to understand the 
particular risks of pediatric TBI, along with efforts to educate parents and caregivers to prevent TBI in this 
vulnerable group. Sibling birth order remains a relatively unexplored aspect of childhood which might help to 
explain some of the statistical variation in risk profiles for TBI. The present study examines the hypothesis that 
later born children are more prone to TBI in comparison to their earlier born siblings. Furthermore, the incidence 
of TBI among the different birth categories are examined in the study.

Methods
Study population.  We performed a retrospective cohort study based on data derived from the 1987 Finn-
ish Birth Cohort (FBC). The FBC is a longitudinal nationwide register that includes a complete census of all 
children born in 1987 in Finland (n = 60,069). The FBC contains information on health and social circumstances 
from the perinatal period up to and including early adulthood. The cohort contains information about all live 
and stillborn infants weighing more than 500 g or those with a gestational age of at least 22 weeks. Detailed infor-
mation about the cohort may be obtained elsewhere30,31. The 1987 FBC has an ethics approval from the Finnish 
Institute for Health and Welfare (THL) (decision §28/2009) and all relevant permissions from all register-keep-
ing authorities. The legal basis for the processing of personal data is public interest and scientific research (EU 
General Data Protection Regulation 2016/679 (GDPR), Article 6(1)(e) and Article 9(2)(j); Data Protection Act, 
sections 4 and 6). Since neither cohort members nor their guardians were contacted, no informed consent was 
required for this study. Informed consent is waived by the ethics committee (THL Finnish Institute for Health 
and Welfare, research ethical working group). All methods were carried out in accordance with relevant guide-
lines and regulations.

Inclusion criteria and definitions.  TBI diagnoses have been coded according to the International Statisti-
cal Classification of Diseases and Related Health Problems (ICD-9: 1987–1995; ICD-10: 1996–2005) as follows: 
We operationally defined TBI to include cases of concussion, diffuse injury, focal intraparenchymal lesions (such 
as contusions and intracerebral hematomas) and convexity hematomas, cranial nerve injuries and crush inju-
ries as a result of trauma. Moreover, also fractures of the calvarium and skull base were included (ICD-9 codes 
800-801, 803, 804 except for facial traumas, 850-854 and 950-951) (ICD-10 codes S06.0-S06.9, S02.0, S02.1, 
S02.7-S02.9, S04.0-S04.9, S07.1, S07.8, S07.9, S09.7–S09.9, T02.0, T04.0, T06.0). Co-morbidities at the time of 
the TBI diagnosis were identified using ICD-9 and ICD-10 as shown in Annex 132–35. Nine cohort members had 
a diagnosis of a comorbidity at the time of TBI diagnosis. Cohort members who had been diagnosed with a TBI 
in a hospital setting or visited outpatient clinics (since 1998) in the region were included in this series. Repeated 
TBIs were defined as having two or more TBIs per child during the follow-up period. Repeated TBI (reported in 
13% of the cohort) among individual children were excluded. Thus, we report a single index TBI diagnosis per 
cohort member. The study sample included all severities of TBI. Hospital diagnoses of TBIs were all obtained 
from the 1987 FBC which is based on linked and validated administrative register data30.

For this study, we identified the children belonging to each set of parents by utilizing the combined parent 
birth dates that were registered on the birth certificates of each child in the cohort. We included all children 
with complete information who were followed up from birth until age 18 years (1987–2005) unless they died 
or emigrated before the year at entry. The final number of included children in the study was 59,469. To reduce 
possible bias due to e.g. household disruption due to divorce, we restricted the analysis to intact family units 
consisting of both biological parents who had never been separated/divorced during the cohort period. This 
was also done to reduce the probability of introducing factors such as having multiple unpaired mothers with 
the same birth date, or different children residing concurrently with multiple or non-biological parents. Data 
are presented in three periods each encompassing 5–6 years (1987–1992; 1993–1998; 1999–2005) in order to 
allow for comparison of the different time periods and evolution of the phenomena over time. Furthermore, 
data are also presented for the whole period (1987–2005) to have a broad overview of the study cohort. The main 
outcome of the study is TBI. Validation studies were conducted to ensure the accuracy of measurement of birth 
order and the outcome in the study36,37.

Statistical analysis.  Because all children entered the observation window at the same time point, in 1987, 
age at entry reflects each person’s birth year and is, together with sex and mother’s age at delivery, used as a 
control variable. The incidence rate of TBI was calculated as the number of TBI cases divided by the person 
time for the children in each birth order during the different periods until TBI, death, emigration, or end of 
the follow-up. Statistical significance of birth order differences was analyzed using Pearson’s chi-square test. 
To examine the ratio of the risk over time for TBI risk, we calculated hazard ratios (HR) along with their 95% 
confidence intervals (CI). All statistical tests were two-tailed and the limit for statistical significance was set at 
p < 0.05. We did model performance assessment before our analyses, and all the requirements were fulfilled. The 
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analyses were performed using RStudio Desktop 1.2.5042 for Microsoft Windows. There were no missing data 
of the participants for the study.

Results
Table 1 shows the characteristics of the study population (59,469 children of which 30,435 were male and 
29,041 females. From these, 1,614 (2.7%) were diagnosed with TBI––61% (984) of whom were males and 39% 
(630) females. Thirty-eight percent (613) of the diagnosed TBIs were firstborn children; 35.1% (566) among the 
second-born; 17.2% (278) third born and 9.7% (157) among the latest born children "fourth or higher". Chil-
dren with mothers aged 25–29 years had the highest percentage of TBIs 35.1% (567), followed by mothers aged 
20–24 years old, 24.3% (393) of the total TBIs in the cohort. Most of the TBIs in the study group (54.9%) were 
diagnosed between the years 1999–2005, The number of diagnosed cases fell substantially to 28.7% between the 
years 1993–1998 and 16.4% between 1987 and 1992 as shown in Table 2.

Within the different periods (Table 2), later born “second or more in birth order” was associated with an 
increased risk of TBI among sibling groups. Compared with earliest-born children, the crude HRs (95% CIs) for 
second, third, and latest born children diagnosed with TBI within families were 1.02 (0.91–1.14), 1.09 (0.95–1.26), 
1.28 (1.08–1.53) during the period 1987–2005, respectively. This association was still apparent after adjusting for 
sex and maternal age at the child’s birth. Here the adjusted HRs (95% CIs) were 1.12 (0.99–1.26), 1.31 (1.12–1.53), 
1.61 (1.33–1.95) for the above-mentioned groups, respectively.

Nevertheless, there was a trend of decrease in this association between birth order and TBIs among siblings 
within the families as we compare the different time intervals (Table 2); the crude HRs (95% CIs) for the latest 
born children in comparison to the earliest born were 1.88 (1.25–2.85), 1.36 (0.99–1.88), 1.10 (0.86–1.40) in the 
years 1987–1992, 1993–1998, 1999–2005, respectively. The cross-tabulation of birth order and TBI among siblings 
(Table 3) showed a statistically significant difference between the eldest in comparison with their younger siblings 
in the year interval between 1987 and 1992 (82 TBIs vs 182 TBIs, p value = 0.004). Otherwise, in the following 
years as well as in the whole study period, there were no statistically significant differences between the eldest 
versus non-eldest child (172 vs 292, p value = 0.256), (395 TBIs vs 527 TBIs, p value = 0.590), (613 TBIs vs 1,001, 
p value = 0.167) in the years 1993–1998, 1999–2005 and 1987–2005, respectively.

Being a male was associated with a higher risk of being diagnosed with TBI among the siblings within the 
family in comparison with a female counterpart within the same birth order (Table 4). The HRs (95% CIs) for 
second, third, and latest born males/females diagnosed with TBI in comparison to the earliest born child diag-
nosed with TBI within families were 1.21 (1.04–1.41)/0.97 (0.80–1.18), 1.41 (1.16–1.71)/1.17 (0.91–1.50), and 
1.63 (1.27–2.09)/1.53(1.13–2.07) for the whole study period between 1987 and 2005, respectively.

The incidence of TBI per 100,000 child-year (95% CIs) in the cohort for the whole study period (1987–2005) 
was as follows; 143.8 (132.4–155.2) for the earliest born, 146.4 (134.4–158.5) for the second born, 157.2 
(138.8–175.8) for the third born, 183.8 (155.0–212.6) for the latest born, respectively (Table 5). However, when 
we compare the incidence between the two periods (1993–1998 vs 1999–2005), we notice that there is an increase 
in the incidence of diagnosed TBIs among all the sibling groups in the different birth orders; (64.2 vs 83.6), (69.1 
vs 75.4), (69.2 vs 86.4), (87.2 vs 91.5) for the earliest, second, third and latest born siblings, respectively.

Table 1.   Characteristics of the first time diagnosed TBI in Finland 1987–2005 in Finnish Birth Cohort with a 
follow-up of 18 years.

Variable TBI (n = 1 614) % No TBI (n = 57 855) % P-value Total (n = 59 469) %

Birth order

First 613 38.0 22 963 39.7 0.1659 23 576 39.7

Second 566 35.1 20 799 36.0 0.4663 21 365 35.9

Third 278 17.2 9 497 16.4 0.3870 9 775 16.4

Fourth or higher 157 9.7 4 586 7.9 0.0084 4 743 8.0

Maternal age

Less than 20 74 4.6 1 847 3.2 0.0015 1 921 3.2

20–24 393 24.3 11 926 20.6 0.0003 12 319 20.7

25–29 567 35.1 21 206 36.7 0.2101 21 773 36.6

30–34 392 24.3 15 179 26.2 0.0790 15 571 26.2

35 or more 188 11.6 7 697 13.3 0.0574 7 885 13.3

Sex

Male 984 60.9 29 451 50.9  < 0.0001 30 435 51.2

Female 630 39.1 28 411 49.1  < 0.0001 29 041 48.8

First time diagnosed TBI

1987–1992 1614 - 57 855 - 59 469 100



4

Vol:.(1234567890)

Scientific Reports |        (2022) 12:14451  | https://doi.org/10.1038/s41598-022-18742-3

www.nature.com/scientificreports/

Discussion
Our results provide precedent for understanding the relationship between sibling birth order and risk for pedi-
atric TBI. The study reveals that being later-born is associated with an increased risk of a child being diagnosed 
with a TBI. These results are consistent with prior evidence documenting that various forms of injury occur with 
greater frequency among later-born children of multiparous families21,22.

The total incidence of TBI in the study period ranged from 143.8 for earliest-born to 183.8 for latest born per 
100,000. These are considered being within the international range, in which the worldwide incidence of pediatric 
TBI ranges from 47 to 280 per 100,00030. In the U.S. the incidence is 304, United Kingdom 280, and Australia 
486 per 100,000 per person-year38–40. However, there was a continuous increase in the incidence of pediatric TBI 
diagnoses over time and among all birth order categories. A study conducted in northern Finland using a cohort 
of children and young adults born in 1966, showed a lower incidence of 118/100,000 children41. The incidence 
of TBI diagnoses worldwide is rising, partly due to injuries associated with the increased use of motor vehicles, 

Table 2.   Hazard ratios for pediatric TBI according to sibling birth order 1987–2005.

First time diagnosed TBI 1987–1992

TBI Crude Adjusted*

Birth order (n = 264) HR 95% CI HR 95% CI

First 82 1.00 – 1.00 –

Second 104 1.40 1.05–1.87 1.49 1.10–2.01

Third 47 1.39 0.97–1.98 1.57 1.07–2.31

Fourth or higher 31 1.88 1.25–2.85 2.24 1.42–3.53

First time diagnosed TBI 1993–1998

TBI Crude Adjusted*

Birth order (n = 464) HR 95% CI HR 95% CI

First 172 1.00 – 1.00 –

Second 168 1.08 0.87–1.33 1.20 0.96–1.50

Third 77 1.08 0.83–1.41 1.30 0.98–1.74

Fourth or higher 47 1.36 0.99–1.88 1.71 1.19–2.44

First time diagnosed TBI 1999–2005

TBI Crude Adjusted*

Birth order (n = 886) HR 95% CI HR 95% CI

First 359 1.00 – 1.00 –

Second 294 0.90 0.77–1.05 1.00 0.85–1.18

Third 154 1.03 0.86–1.25 1.25 1.02–1.54

Fourth or higher 79 1.10 0.86–1.40 1.41 1.08–1.84

First time diagnosed TBI 1987–2005

TBI Crude Adjusted*

Birth order (n = 1614) HR 95% CI HR 95% CI

First 613 1.00 – 1.00 –

Second 566 1.02 0.91–1.14 1.12 0.998–1.26

Third 278 1.09 0.95–1.26 1.31 1.12–1.53

Fourth or higher 157 1.28 1.08–1.53 1.61 1.33–1.95

Table 3.   Cross-tabulation of sibling birth order: eldest versus other birth orders. a chi-square = 8 157, d.f. = 1, 
P = 0 004. b chi-square = 1 291, d.f. = 1, P = 0 256. c chi-square = 0 291, d.f. = 1, P = 0 590. d chi-square = 1 909, 
d.f. = 1, P = 0 167.

Eldest Not Eldest

First time diagnosed TBI 1987–1992a

No. TBI (%) 82 (0.3) 182 (0.5)

First time diagnosed TBI 1993–1998b

No. TBI (%) 172 (0.7) 292 (0.8)

First time diagnosed TBI 1999–2005c

No. TBI (%) 359 (1.5) 527 (1.5)

First time diagnosed TBI 1987–2005d

No. TBI (%) 613 (2.6) 1001 (2.8)
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Table 4.   Hazard of TBI by birth order and sex in Finland, 1987–2005. Both sexes are adjusted for the joint 
effect of sex and birth order, as well as the main effects of sex and maternal age at child’s birth.

First time diagnosed TBI 1987–1992

Male (n = 141) Female (n = 123)

Birth order HR 95% CI HR 95% CI

First 1.00 – 1.00 –

Second 1.83 1.21–2.76 1.17 0.75–1.82

Third 1.86 1.09–3.17 1.29 0.74–2.25

Fourth or higher 2.44 1.27–4.67 2.02 1.07–3.83

First time diagnosed TBI 1993–1998

Male (n = 282) Female (n = 182)

Birth order HR 95% CI HR 95% CI

First 1.00 – 1.00 –

Second 1.52 1.14–2.02 0.84 0.59–1.20

Third 1.45 0.99–2.13 1.14 0.73–1.78

Fourth or higher 1.94 1.23–3.07 1.45 0.82–2.58

First time diagnosed TBI 1999–2005

Male (n = 561) Female (n = 325)

Birth order HR 95% CI HR 95% CI

First 1.00 – 1.00 –

Second 0.98 0.80–1.19 1.05 0.81–1.37

Third 1.31 1.02–1.68 1.16 0.82–1.64

Fourth or higher 1.36 0.97–1.91 1.50 0.97–2.31

First time diagnosed TBI 1987–2005

Male (n = 984) Female (n = 630)

Birth order HR 95% CI HR 95% CI

First 1.00 – 1.00 –

Second 1.21 1.04–1.41 0.97 0.80–1.18

Third 1.41 1.16–1.71 1.17 0.91–1.50

Fourth or higher 1.63 1.27–2.09 1.53 1.13–2.07

Table 5.   Incidence of TBI across birth order categories, 1987–2005. I = incidence, D = TBI cases, Y = person-
years = time from birth until TBI, death, emigration or end of the follow-up, LCI = lower bound of confidence 
interval(95%CI), UCI = upper bound of confidence interval (95%CI).

Birth order D Y I = D/Y SE LCI UCI

First time diagnosed TBI 1987–1992

First 82 128,629.58 63.748 7.039 49.95 77.55

Second 104 116,656.26 89.150 8.741 72.01 106.3

Third 47 53,306.18 88.169 12.860 62.96 113.4

Fourth or higher 31 88.169 120.205 21.589 77.89 162.5

First time diagnosed TBI 1993–1998

First 172 267,887.3 64.206 4.895 54.61 73.8

Second 168 243,048.96 69.121 5.332 58.66 79.57

Third 77 111,160.12 69.269 7.893 53.79 84.74

Fourth or higher 47 53,838.44 87.298 12.733 62.34 112.3

First time diagnosed TBI 1999–2005

First 359 428,999.55 83.683 4.416 75.02 92.43

Second 294 389,640.84 75.454 4.400 66.82 84.08

Third 154 176,741.52 86.415 6.963 72.76 100.1

Fourth or higher 79 85,391.9 91.527 10.297 71.34 111.7

First time diagnosed TBI 1987–2005

First 613 426,154.12 143.844 5.809 132.4 155.2

Second 566 386,427.58 146.469 6.156 134.4 158.5

Third 278 176,741.52 157.291 9.433 138.8 175.8

Fourth or higher 157 85,391.9 183.858 14.673 155.0 212.6
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mainly within the world’s emerging economies42. An important additive risk factor for road injuries is alcohol 
consumption. A recent study conducted in Finland revealed that due to increases in the taxation of alcoholic 
beverages over time, alcohol consumption has decreased—in parallel with a reduction in the incidence rate of 
fatal TBIs for the entire population43. An important reason for the high and increasing incidence of TBI diagno-
ses in pediatric sub-populations in high-income countries is mainly due to the increasing incidence of falls. In 
a Global School Health Survey covering 26 countries, falls were considered the leading cause of injury among 
13–15-year-old adolescents44. Moreover, a study conducted in the U.S. revealed that children and adolescents 
from 0 to 14 years have disproportionately high rates of TBIs due to falls compared with other age categories45.

The majority of children diagnosed with a TBI were males: 61% with a ratio of 1 5:1 (M: F). Male over-
representation among injury diagnoses is generally consistent with existing literature, in which the reported 
average ratio for injury is around 1 8:1 (M: F)38. In terms of TBI, the incidence has divergent patterns between the 
sexes––males having a significantly higher incidence––starting from childhood and extending to age 50–60 years. 
After 60 years of age, the sex-specific incidence rates in males and females become similar. Collins et al.’s data 
showed that boys were generally less likely to use protective devices and more likely to be injured deliberately. 
Additionally, boys appear to be at higher risk of injuries that are intentional46. Furthermore, widespread cultural 
and societal norms often allow for greater tolerance for high-risk behaviors among male children, which includes 
relaxed behavior related to wearing car seatbelts46,47. This is consequential since road collisions are a major source 
of pediatric TBIs48,49. Moreover, our study reveals that the incidence of TBI decreases among siblings as they got 
older, especially within the higher birth order category. Although there existed an association between being 
later-born and having a higher risk of pediatric TBI, the difference in the risk of TBI between the various birth 
order categories is getting overtime, as they grew older, statistically insignificant.

The majority of pediatric TBIs occurred among children with younger mothers aged 20–29 years, taking into 
account that the highest incidence of pediatric TBI was among earliest born children due to the high number 
of them compared to their siblings from other birth categories. The reason for the high number of earliest born 
children is that the birth rate has declined considerably in Finland over time as the total fertility rate has dimin-
ished markedly in the 2010s50.

This trend of increasing risk of injuries among later-born children is mentioned in different studies in low-, 
middle- as well as high-income countries in the literature “Annex 2”. Orton et al. revealed in a study conducted in 
the United Kingdom among preschool children that being a later-born child is a risk factor for fracture injuries21. 
Additionally, long bone fractures among children up to 5 years of age, are associated with being later born, in 
which among the 4th or older sibling there is a threefold increased risk of fractures in comparison to the first 
child in the family22. In Egypt, Halwa et al. also confirmed this relationship by showing that higher birth order in 
Egypt is correlated with fracture injuries, with more than half of injured children being either second or third in 
their birth order in their families51. Polly et al. claimed according to their study that the increased risk of injury 
appears to be restricted to later-born siblings in large families52.

There are several mechanisms and suggested theories that could generate a relationship between birth order 
and health, including differences in biological endowments, early parental investment, and later parental or 
environmental factors29. Several explanations about birth order-related injuries have been postulated in recent 
years. Personality differences seem to play a role, last-born children are described as being athletic, curious, 
and more aggressive compared to earliest-born children in the same sibling group and hence potentially more 
outgoing and rebellious53. In contrast, later-born siblings are cautious and more fearful20. This difference in per-
sonality is supported by genetic and environmental evidence. From a genetic standpoint, Scarr et al. suggested 
that each child in a family receives a random half of each parents’ genes, which by chance average to a common 
sibling share of about half of their genes, and that explains a part of not just the physical differences, but as well 
the behavioral differences among siblings54. This explains partially the difference in personality among siblings 
and hence the difference in the risk of TBIs. Environmentally, although children share the same household, their 
experience is different. This due to different factors including sibling interaction with each other, accidental fac-
tors of each child’s experiences, family composition, extra-family network sources such as peers, teachers, and 
TV exposure16. Parental factors are as well as important, some researchers have suggested that divided attention 
from the parents in large families may play a role in the increased risk of injuries among later-born children17. 
Mothers may be more cautious in the home environment in dealing with the earliest born children55.

One of the strengths of this study is the large, population-based cohort and the long follow-up period of 
a geographically representative sample. Data were collected through a national health system, which assures 
uniform access to health care and hence a homogeneous, standardized data collection process. One of the limita-
tions of the study is that we did not consider multiple births, in which the age ranges are thus similar, exposing 
the entire sibling group to similar risk profiles as they develop. Furthermore, some data of the cohort members 
could be missing or not well documented, which may as well influence the results of the study. TBI cases could 
be as well missed, if the diagnosis was made in an outpatient setting before 1996, as this data is not included in 
the cohort. Furthermore, socio-economic status and rural place of residence, which could increase the risk of 
exposure to an injury, could not be examined in the study.There is also an aspect in the inclusion criteria that 
requires attention. We have included patients with calvarial and skull base fractures. The rationale for this is that 
possible forces, strong enough to cause a skull fracture may injure the underlying brain or result in intracranial 
bleeding such as epidural hematoma.

Conclusion
We conclude that there is an association between traumatic brain injuries and being later born in birth order. 
Due to the potential for serious short and long term consequences, more nuanced research should be carried 
out with the aim of clarifying which social- biological- and environmental factors influence risk for TBIs within 



7

Vol.:(0123456789)

Scientific Reports |        (2022) 12:14451  | https://doi.org/10.1038/s41598-022-18742-3

www.nature.com/scientificreports/

the birth order context. Additionally, further examination of the implications of the phenomena on health 
systems and public health policies, especially in the setting of low- and middle-income countries, where family 
sizes are relatively larger22,51, is needed. Public health measures to be taken may include expanding public and 
professional awareness about TBI risks in general as well as maintaining and expanding access to health care 
providers. Additionally greater emphasis is needed on primary and secondary prevention-related initiatives to 
reduce the occurrence TBIs and related sequalae and expand research to promote best practices concerning TBI 
treatment and care for the affected.

Data access, responsibility and analysis
MO, MLW, MM and MG had full access to all the data in the study and takes responsibility for the integrity of 
the data and the accuracy of the data analysis.
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