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Abstract
The aim of this thesis was to explore associations between growth and development during
childhood and risk of later stroke within the Northern Finland Birth Cohort 1966 (NFBC1966).
Specifically, whether 1) pregnancy and birth related risk factors 2) height, weight, and BMI
growth before school age or 3) childhood motor and language milestone achievement are
associated with increased stroke risk in adulthood.
The NFBC1966 is a population-based birth cohort consisting of 12,068 pregnant women and
their 12,058 live-born children. This dissertation utilizes data that has been collected from medical
records, national registers, clinical examinations, and questionnaires and a follow-up of up to 54
years.
The results show that several early life factors are associated with increased risk of young adult
strokes. A novel finding is the association of low maternal weight gain and offspring’s risk of
ischemic stroke, which was independent of birth weight. Low weight, height and ponderal index
at time of birth were markers of increased stroke risk in later life. Among girls also below average
weight or height growth during the first 2 years of life and above average BMI before school age
associated with adulthood stroke risk. In addition, the results suggest childhood developmental
milestone achievement has predictive value for later life strokes.
This study is one of the few to investigate early life factors in relation to adulthood stroke. The
results of this thesis support the notion that early development, beginning during prenatal stages,
can provide useful indicators of future processes influencing stroke risk.

Keywords: birth weight, cerebrovascular disease, child development, hemorrhagic
stroke, ischemic stroke, pregnancy, transient ischemic attack

Kivelä, Milja, Lapsuusajan riskitekijät nuorten aikuisten aivoverenkiertohäiriöille. Pohjois-Suomen syntymäkohorttitutkimus 1966
Oulun yliopiston tutkijakoulu; Oulun yliopisto, Lääketieteellinen tiedekunta; Medical Research
Center Oulu; Oulun yliopistollinen sairaala
Acta Univ. Oul. D 1684, 2022
Oulun yliopisto, PL 8000, 90014 Oulun yliopisto

Tiivistelmä
Tämän väitöskirjatutkimuksen tarkoituksena oli tutkia lapsuusajan kasvun ja kehityksen yhteyttä aikuisiän aivoverenkiertohäiriöriskiin vuoden 1966 Pohjois-Suomen syntymäkohortissa
(NFBC1966). Tarkemmin eriteltynä, oliko 1) raskauden ja synnytyksen aikaisillä riskitekijöillä,
2) pituus-, paino- ja painoindeksikasvulla ennen kouluikää tai 3) lapsuuden motorisella tai kielellisellä kehityksellä yhteyttä lisääntyneeseen aivoverenkiertohäiriöön aikuisiällä.
Pohjois-Suomen vuoden 1966 syntymäkohortti on valikoitumaton, yleisväestöpohjainen
kohortti, joka sisältää tiedot 12068 raskaana olevasta naisesta ja heidän 12058 elävänä syntyneestä lapsestaan. Tässä väitöskirjatutkimuksessa hyödynnetiin tietoja sairauskertomuksista,
kansallisista rekistereistä, kliinisistä tutkimuksista ja kyselyistä 54 vuoden seuranta-aikana.
Tutkimuksen tulokset osoittivat, että useilla varhaiskehityksellisillä tekijöillä on yhteyttä
lisääntyneeseen riskiin sairastua aivoverenkiertohäiriöön nuorena aikuisena. Uutena havaintona
osoitettiin yhteys äidin raskaudenaikaisen vähäisen sekä suuren painonnousun ja lapsen kohonneen aivoverenkiertohäiriöriskin välillä. Yhteys oli riippumaton syntymäpainosta. Pieni paino,
pituus ja ponderaali-indeksi syntymähetkellä ennustivat suurentunutta aikuisiän aivoverenkiertohäiriöriskiä. Naisilla myös keskimääräistä pienempi paino- tai pituuskasvu ensimmäisten 2 elinvuoden aikana ja keskimääräistä suurempi painoindeksi ennen kouluikää olivat yhteydessä myöhempään aivoverenkiertohäiriöriskiin. Lisäksi myös lapsuuden motorisella ja kielellisellä kehityksellä osoitettiin olevan ennustearvoa nuorten aikuisten aivoverenkiertohäiriöille.
Tämä väitöskirjatutkimus on yksi harvoista, joissa tutkitaan varhaiskehityksen yhteyttä aikuisiän aivoverenkiertohäiriöriskiin. Tutkimuksen tulokset tukevat käsitystä, että varhaiskehitys,
alkaen sikiökehityksestä, voi tarjota hyödyllisiä indikaattoreita tulevaisuuden aivoverenkiertohäiriöriskin kehittymiselle.

Asiasanat:
aivoinfarkti,
aivoverenkiertohäiriö,
aivoverenvuoto,
aivoverenkierron häiriö, raskaus, synnytys, varhaiskasvu
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Introduction

Strokes among young adults (15 to 54 years) are on the rise globally. Significant
increases in prevalent cases, deaths and disability-adjusted life years have been
recorded for ischemic and hemorrhagic strokes among adults aged 20 to 64 years
(Feigin et al., 2017). Regarding life quality after surviving a stroke, young stroke
patients are in a markedly different position compared to older survivors. As young
adults are typically making important career moves, building family life, and
possibly nurturing younger or older family members, stroke can have a devastating
effect on all these life domains. Although the chances of surviving from stroke are
better among young adults, young survivors are at increased risk for recurrent
events and suffer from post-stroke symptoms for a longer time (Kappelle et al.,
1994; Naess et al., 2004; Putaala, 2020; Rolfs et al., 2013)
Young stroke patients exhibit traditional risk factors (e.g., overweight, diabetes,
sedentary lifestyle, alcohol and tobacco use). Nevertheless, many cerebrovascular
events within this patient population are left unexplained. Recent large-scale
studies have shown frequencies between 33% to 50% of cryptogenic strokes among
young adults (Li et al., 2015; Rolfs et al., 2013; Yesilot Barlas et al., 2013). This
large number of unexplained stroke cases highlights the need to research underlying
causes, as these rises could be related to earlier, even childhood, exposure to risk
factors.
Building blocks for later life are laid during gestation and the first years of life,
which are recognized as critical periods for developing of lifelong health (D. J. P.
Barker, 2007; Heindel & Vandenberg, 2015). Adverse events in early life (i.e.,
prenatal phases to age 6) can generate stroke risk factors or increase susceptibility
to later risk accumulation. In the Helsinki Birth Cohort Study, people born after
pregnancies complicated by pre-eclampsia or gestational hypertension were at
increased risk of stroke in later life (Kajantie et al., 2009). In the Northern Finland
Birth Cohort 1966, poor maternal health during pregnancy was associated with
offspring’s increased risk for stroke as adults (Rissanen et al., 2021). Complications
during pregnancy lead to more pre-term births and low birth weight (Goldenberg
et al., 2008) and being born too small or too early predisposes one to several noncommunicable diseases in later life, including stroke (D. J. P. Barker, 2006; Lawlor
et al., 2005; Osmond et al., 2007).
Being overweight in adulthood is a well-established risk factor for stroke.
Moreover, recent studies have shown that being overweight during childhood also
increases the risk for later stroke (Gjærde et al., 2017; Zou et al., 2021). Whether
17

this risk increase applies especially to those previously small-sized or all
individuals equally and the timing of harmful weight gain during childhood remain
unknown.
As well as accelerated height and weight growth, early childhood is a time of
rapid neurodevelopment. Developmental milestones are physical or behavioral
checkpoints in children’s development and have been used particularly as a tool to
detect developmental delays. However, recent interest in the field has shed light on
these milestones’ possible predictive value for other health outcomes. Several
studies have reported small-to-medium correlations between the age when children
attain specific developmental milestones and a range of later outcomes, e.g., blood
pressure, central adiposity, and sports participation (Juonala et al., 2011; Karppanen
et al., 2021; Pillas et al., 2014; Ridgway et al., 2009). Thus, it was hypothesized
that later achievement of childhood milestones could relate to adult stroke.
This thesis sought to investigate whether risk factors during pregnancy, birth
and early childhood are associated with increased risk for hemorrhagic or ischemic
stroke or transient ischemic attack (TIA) in later life. The aim was to identify new
or modifiable risk factors during early development and increase understanding of
possible early life adversities to allow for effective primary prevention
interventions in childhood.
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2

Review of the literature

2.1

Stroke and cerebrovascular disease

Sometimes blood flow in the brain is disrupted. Blood flow stops due to blockage
or breaks outside its vessels. In these situations, when brain tissue damage occurs
due to oxygen and nutrient deprivation or force and pressure, a clinical syndrome
known as a stroke occurs.
Within the International Classification of Diseases ICD-11, the category of
“Cerebrovascular Diseases” includes TIA, stroke, and cerebrovascular diseases not
causing acute neurological dysfunction (silent cerebral infarcts, cerebral
microbleeds). For the sake of simplicity, in this thesis the terms any stroke
(including ischemic stroke, TIA, hemorrhagic stroke and other strokes), ischemic
stroke, TIA and hemorrhagic stroke are used.
2.1.1 Types of strokes
This chapter provides a brief overview of the different types of strokes this thesis
includes.
Ischemic stroke and TIA
Ischemic stroke is the most common type of stroke, caused by a blockage of blood
flow in the brain. Various etiologies and several etiologic classification systems for
ischemic strokes exist, of which the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) is most used in research and clinical practice. In TOAST, etiologies are
divided into five categories: 1) large artery atherosclerosis, 2) cardioembolism, 3)
small vessel disease, 4) other determined etiology, and 5) undetermined etiology.
Especially young patients often lack traditional risk factors or diseases underlying
their stroke; these strokes are called cryptogenic or of undetermined etiology (Ferro
et al., 2010). The TOAST classification is imperfect and can lead to overestimating
strokes of undetermined etiology.
The World Health Organization (WHO), American Heart Association and
American Stroke Association define TIA as a ‘‘transient episode of neurological
dysfunction caused by focal brain, spinal cord, or retinal ischemia, without acute
infarction and symptoms resolving completely within 24 hours”. Earlier definitions
19

for TIA were established before widely available advanced imaging (Easton et al.,
2009). Changes to the diagnostic classification system may have increased the
number of ischemic strokes (Burke & Skolarus, 2017). TIA is usually not
considered a stroke but can be understood to represent the other end of an ischemic
continuum (Coutts, 2017). Notably, the risk of permanent stroke is significantly
greater after TIA when compared to persons who have not had a TIA (Lioutas et
al., 2021).
Hemorrhagic stroke
Hemorrhagic stroke is caused by a blood vessel tearing and blood flowing into the
brain. The two types of hemorrhagic stroke are intracerebral hemorrhage (ICH) and
subarachnoid hemorrhage (SAH). Although ischemic strokes comprise most
strokes, hemorrhagic strokes are generally more severe and associated with higher
mortality rates (Andersen et al., 2009). Hemorrhagic strokes are also overrepresented within the young adult stroke population, with extensive studies
indicating that hemorrhagic strokes (SAH and ICH) account for up to 50% of all
strokes occuring younger than 45 (Jacobs et al., 2002; Marini et al., 2001). The
etiology of ICH in young patients is similar to those of older patients, except for a
higher amount of arteriovenous malformation, drug abuse, and bleeding disorders.
Hypertension remains a common cause of ICH in younger and older stroke patients
(Smajlovic, 2015)
Other strokes
Other strokes in this thesis include diagnoses of the following: strokes not defined
as either hemorrhagic or ischemic, sequelae of strokes that were not specified as
hemorrhagic, ischemic, or unspecified, occlusion and stenosis of precerebral or
cerebral arteries and other cerebrovascular diseases and disorders classified
elsewhere.
Other types of strokes also exist, e.g., traumatic SAH or ICH, epidural
hematoma, and subdural hematoma, which were not considered as strokes or
included in this thesis due to their commonly traumatic etiology.

20

2.1.2 Stroke among young adults
Globally, over 12.2 million new strokes occur annually; one in four over age 25 are
estimated to experience a stroke during their life. Yearly, over 16% of all strokes
occur in people aged 15 to 49 (Feigin et al., 2022). Stroke among young adults is
commonly defined as stroke occurring after age 15 and before 50 to 55. However,
no uniform criteria exist and upper age cut-offs vary in literature (Putaala et al.,
2009; Rolfs et al., 2013; Yesilot Barlas et al., 2013). These differing upper age limits
might to some extent explain the varying etiological findings between studies. This
thesis defines young adult strokes as those occurring between ages 15 and 54.
Younger stroke patients have a longer-lasting disability and recurrence rates
for young patients are higher than in older age groups (Putaala et al., 2010). The
cumulative five-year recurrence rate among young adults is almost 10% for
ischemic stroke. A predictor for recurrent ischemic events is having baseline risk
factors, which are mostly modifiable. Reportedly, young stroke patients have a
seven-fold higher mortality than the expected mortality; the authors concluded that
this calls for developing more robust primary and secondary prevention strategies
for young stroke patients (Aarnio et al., 2014).
2.1.3 Incidence
Incidence rates for stroke begin to increase nearly exponentially above the age of
45 (Putaala, 2016). Among individuals younger than 50, the incidence of ischemic
stroke ranges from 10.8 to 11.4 per 100,000 person-years. Notable differences in
global incidence rates between different ethnic groups and geographic locations
exist. Sub-Saharan Africa has been suggested to bear the highest burden of stroke
worldwide, with an incidence of up to 100 cases per 100,000 person-years for
young adults (Sarfo et al., 2018; R. Walker et al., 2010). For TIA’s, the reported
estimated crude incidence is 1.19 per 1000 person-years (Lioutas et al., 2021).
As a remarkable trend, the incidence of ischemic stroke among young adults
has been increasing in the last 40 years worldwide in high- and middle-income
countries (Bejot et al., 2014; Cabral et al., 2017; Kissela et al., 2012; Rosengren et
al., 2013; Swerdel et al., 2016; Vangen-Lønne et al., 2015). Significant increases
occured in stroke cases, total deaths, and disability-adjusted life years, resulting
from ischemic and hemorrhagic strokes in adults between 20 to 64 (Feigin et al.,
2017) Prevalence rates of ischemic strokes were significantly increased in younger
adults. Reasons behind these increases remain unknown, but better awareness of
21

the symptoms, improved diagnostics (MRI and perfusion-CT) or increasing
prevalence of traditional risk factors among young adults may underlie this trend
(Yahya et al., 2020).
Despite the similarity of risk factor profiles to ischemic stroke, hospitalization
rates for hemorrhagic strokes have not increased (George et al., 2017). Globally,
among those 15 to 49, the incidence of ICH and SAH are estimated at 19.7 and 8.6
per 100 000/year, respectively (Feigin et al., 2022).
Incidence in Finland
In Finland, overall stroke hospitalization rates of working-aged individuals
declined between the 2004 and 2014; in-hospital mortality for ischemic stroke also
dropped. During the same time period, however, there has been an increase in
ischemic strokes in Finland among men 35–44 and for both sexes combined in that
age group. ICH and SAH hospitalization rates have declined among both sexes
(Sipilä et al., 2018).
Declines in hospitalization and mortality rates have been attributed to a
favorable three-decade-long trend in declining population risk factors. However,
this trend has taken an unwanted turn with diastolic blood pressure and cholesterol
levels increasing (Borodulin et al., 2015)
2.1.4 Risk factors
Results from the INTERSTROKE study show that the vast majority (90.7%) of all
strokes are attributable to ten potentially modifiable risk factors (hypertension,
physical inactivity, high apolipoprotein ratio, poor quality diet, elevated waist-tohip ratio, psychosocial factors, smoking, cardiac causes, high alcohol consumption,
and diabetes) (O’Donnell et al., 2010). These findings applied to ischemic and
hemorrhagic stroke worldwide, in both sexes, different ages and ethnicities. The
World Stroke Organization adds that the five leading risk factors for stroke are high
systolic blood pressure (contributing to 55.5% of total stroke disability adjusted life
years), high body mass index (BMI) (24.3%), elevated fasting plasma glucose
(20.2%), air pollution (20.1%), and smoking (17.6%) (Feigin et al., 2022).
Modifiable risk factors are the same for older and younger stroke patients, but
the prevalence of these risk factors is not the same between these age groups.
According to European young stroke registries, the most frequent vascular risk
factors for ischemic strokes in the young are current smoking (49–56% of patients),
22

physical inactivity (48%), hypertension (36–47%), dyslipidemia (35–46%) and
obesity (22%) (Putaala et al., 2012; von Sarnowski et al., 2013). Interactions of
several risk factors may be more important than any single risk factor, with their
simultaneous effect on stroke pathogenesis becoming significant (Putaala et al.,
2009).
Yet, although young adult stroke patients have high rates of vascular risk
factors and atherosclerotic changes, these are unreflected in numbers of classical
stroke mechanisms. Among this patient population, unknown causes are prevalent,
with around one-quarter of strokes caused by non-conventional or uncommon
causes (Putaala, 2016).
Considering the high number of modifiable risk factors, preventing and
controlling risk factors is the primary treatment strategy to reduce stroke-related
morbidity and mortality. Still unknown is how the timing of classical risk factors
modifies their effect, which individuals are especially susceptible to, as well as how
primary prevention is best targeted and timed. Also, there are no specific
recommendations or guidelines for primary and secondary stroke prevention
among young adults.
2.2

Pregnancy, birth and early childhood risk factors

An electronic literature search was conducted in June 2022 using PubMed.
Included were observational studies published in English until the search date. The
complete search strategy is in Appendix 1. Briefly, search terms were separated into
two groups: stroke and early development. Stroke terms included ‘‘cerebrovascular
disease’’, ‘‘brain ischemia’’, ‘‘cerebral infarction’’ and related terms. Early
development terms included ‘‘pregnancy complications’’, ‘‘birth weight’’, ‘‘child
development’’ and associated terms. Search terms were searched in the title,
abstract, and keywords of articles and mapped to medical subject headings (MeSH)
terms. An informatician from the University of Oulu was consulted to ensure the
scope and quality of search terminology.
Articles were reviewed by one author (MK) for inclusion. Inclusion criteria
included: (1) adolescents (over age 15) and, young or middle-aged adults with
stroke or TIA, (2) pregnancy or early childhood factors studied, and (3) longitudinal
study setting. Young adult was defined as an individual over 15 and under 60. Early
childhood was defined as up to age seven. Traumatic stroke events were excluded,
as well as review articles, meta-analyses, and case studies.
23

Studies were first screened based on titles and abstracts. Subsequently, full-text
articles were screened and independently selected for inclusion based on specific
eligibility criteria. A manual literature search was performed additionally. Figure 1
illustrates the literature search process. A summary of previous studies on
pregnancy, birth and early growth-related risk factors for adult stroke is in Table 1.
The literature in Table 1 will be further discussed in later chapters of this thesis.

Fig. 1. Flowchart of study selection.
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Table 1. Summary of studies on pregnancy, birth and early growth-related risk factors and adult stroke risk.
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2.2.1 Pregnancy and birth-related risk factors for stroke
In the late 1980’s David Barker proposed a fetal programming hypothesis
stemming from findings showing that low birth weight—a marker of an adverse
intrauterine environment—is associated with poor health outcomes (D. J. Barker &
Osmond, 1988; D. J. P. Barker et al., 1989). This paradigm has since expanded into
the Developmental Origins of Health and Disease (DOHaD) hypothesis and a field
of research (Gluckman et al., 2007). The hypothesis claims that exposure to adverse
environmental factors, e.g., maternal stress, depression, poor health behaviors or
nutrition, during pre- and perinatal phases can lead to developmental adaptions and
altered programming producing susceptibility to diseases across the lifespan
(Gluckman et al., 2007; Monk et al., 2012; Padmanabhan et al., 2016).
Prenatal life represents a sensitive period for environmental influences; the
DOHaD hypothesis suggests that events in utero reducing fetal growth can
permanently alter the offspring’s structure and physiology (Gluckman & Hanson,
2004). These adaptations are primarily beneficial for survival, but if a mismatch
between early and later environmental conditions exists, these adatations become
maladaptive and increase the risk for later disease (Gluckman et al., 2005)
A few studies have reported findings on maternal health during pregnancy and
the offspring’s stroke risk. Poor maternal health—both obstetrician-assessed and
characterized by hospitalization or several ill health conditions—has been shown
to associate with offspring stroke risk (Lawlor et al., 2007; Rissanen et al., 2021).
Individuals born after pregnancies complicated by pre-eclampsia or gestational
hypertension are reportedly at increased risk of stroke and hypertension in later life
(Kajantie et al., 2009). Several studies have examined the effects of famine exposure during pregnancy, finding offspring stroke risk to be subsequently
elevated (Bygren et al., 2000; Du et al., 2020; Y. Li et al., 2020), although one study
did not report similar associations (Horenblas et al., 2017). As well as
undernutrition, significant gestational weight gain has been reported to increase
offsprings’ stroke risk and high maternal BMI has been associated with increased
stroke risk for female offspring (Bhattacharya et al., 2016; Eriksson et al., 2014).
Perhaps the most well-reported early life finding is the relationship between
small body size at birth and adult stroke. Small birth weight, small birth height and
thinness have all been found to associate with increased risk of cerebrovascular
diseases in later life (Eriksson et al., 2000; Hypponen et al., 2001; Lawlor et al.,
2005; Lilja et al., 2021; Martyn et al., 1996; Rich-Edwards et al., 1997) Similarly,
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pre-term birth has been associated with an increased offspring stroke risk
(Heshmati et al., 2017; Koupil et al., 2005). One fairly recent study examined
maternal and fetal genomes, concluding that lower birth weight by maternal rather
than fetal genome is causally associated with stroke and its subtypes in later life
(Wang et al., 2020).
2.2.2 Early childhood risk factors for stroke
Early childhood growth and risk of stroke
A review study on findings in the Helsinki Birth Cohort concluded that those who
later develop stroke grew slowly in fetal life, infancy and childhood (Barker et al.,
2009). Hemorrhagic and ischemic strokes are associated with low weight gain
between 0 and 2 years and low BMI at two (Osmond et al., 2007). One cohort study
reported that children who were obese a little later in childhood (at a mean age of
4.9) were at increased risk of stroke later in life (Lawlor & Leon, 2005). Most
studies investigating the relationship between childhood growth and stroke risk in
adulthood have focused on development among school-aged or older children, with
results indicating that short stature, above average childhood BMI, and a gain in
childhood BMI are associated with increased adulthood stroke risk (Gjærde et al.,
2017, 2018). A study examining stroke mortality among different geographic areas
showed that stroke mortality was higher in areas with historically poor living
standards (D. J. P. Barker & Lackland, 2003) The authors presented a relationship
between high stroke rates and short adult stature, a biological marker of poor
growth in utero, and poor childhood living standards.
Nutrition during early childhood and risk of stroke
Literature on childhood nutritional factors regarding adult stroke is scarce. Metaanalyses on adults have confirmed findings that lower levels of vitamin D lead to
higher stroke rates (Afzal & Nordestgaard, 2017; Brøndum-Jacobsen et al., 2013).
Higher D vitamin status and intake decreased stroke risk in adults, whereas
childhood iron-deficiency anemia is a risk factor for pediatric ischemic stroke
(Maguire et al., 2007; Shi et al., 2020). Reportedly, protects against chronic
diseases; one study suggested that breastfeeding may associate with a slight
reduction of ischemic stroke risk later in life (Rich-Edwards et al., 2004). However,
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results are inconclusive and unsustained in a large, randomized trial (Kumaran et
al., 2017; Patel et al., 2014).
Results on the effect of famine -exposure during prenatal and postnatal periods
on adult stroke risk are conflicting. A study on women exposed to the Dutch famine
noted that this exposure during early childhood (0–9 years) seemed to carry a lower
stroke risk than no exposure (van Abeelen et al., 2012). Conversely, men who
experienced starvation due to the siege of Leningrad between the ages of nine and
15 had increased mortality due to ischemic heart disease and stroke later in life;
several studies on the Chinese famine have shown that early famine exposure
increases later stroke risk (Bygren et al., 2000; Du et al., 2020; Y. Li et al., 2020;
Sparén et al., 2004; Zhou et al., 2022).
2.2.3 Developmental milestones and stroke risk
Developmental milestones are divided into five domains: fine and gross motor,
language, cognitive and social-emotional (Scharf, Scharf, et al., 2016).The WHO
has classified specific age ranges at which these developmental milestones are
normally achieved; delays in reaching these milestones are called
neurodevelopmental delays (World Health Organization, 2009). To my knowledge,
no previous studies have examined developmental milestones and adult stroke risk.
However, previous findings on other adulthood outcomes support the hypothesis
that developmental milestones are predictors of later health.
Neurodevelopment begins during the prenatal stages, with complex
contributors and influences (Georgieff, 2007; Grantham-McGregor et al., 2007).
Some of these contributors are risk factors for later stroke, that have been presented
in the previous two chapters of this thesis. For example, preterm birth and low birth
weight are associated with delayed developmental milestones and are established
risk factors for later stroke (Eriksson et al., 2000; Hediger et al., 2002; Lawlor et
al., 2005; Soleimani et al., 2014). Similarly, growth from the prenatal period
through the first two years has been linked to achieving developmental milestones
and later stroke risk (Barker et al., 2009; Scharf et al., 2016, Walker et al., 2011).
Slower motor milestone development has been associated with lower sports
participation in adolescence and raised blood pressure levels in adulthood, but
higher light physical activity in middle age (Karppanen et al., 2021; Pillas et al.,
2014; Ridgway et al., 2009). One study has reported that later achievement of a
gross motor milestone ‘turning from back to stomach’ relates to greater central
adiposity at age three (Benjamin Neelon et al., 2012). Delayed achievement of
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motor milestones has also been associated with disturbances in lipid metabolic
pathways(Vinding et al., 2020). Hand control and coordination in childhood have
been shown to relate to adult obesity (Osika & Montgomery, 2008).
According to findings from epidemiological studies, risk factors for language
delays include male sex, low SES, low birth weight or pre-term birth and family
history of language delays (Adani & Cepanec, 2019; Barbu et al., 2015; Collisson
et al., 2016; Zimmerman, 2018). Previous studies have also revealed various
structural and functional differences in the brains of children with a history of late
language development compared to peers with typical development, suggestive of
developmental delays occurring due to neurobiological defects (Gauger et al., 1997;
Lee et al., 2020).
With previous studies showing childhood milestone achievement and stroke as
having several risk factors in common, hypothesizing that later attainment of
developmental milestones could serve as predictors for adult stroke risk was
plausible. Hence, to expand the literature, this study examined whether slower
achievement of fine motor, gross motor, or language milestones during childhood
was associated with adult strokes.
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3

Aims of the study

This work aimed to study associations between early developmental factors, i.e.,
pregnancy and birth related factors (Study I), early childhood growth and nutrition
(Study II) and childhood developmental milestones (Study III) and adulthood
ischemic and hemorrhagic stroke and TIA. The specific study questions of the substudies are presented below.
1.
2.
3.
4.
5.
6.

The association between pregnancy related risk factors and stroke (I)
The association between birth related risk factors and stroke (I)
The association between early childhood height, weight and BMI growth and
stroke (II)
The association between early childhood nutrition and stroke (II)
The association between early childhood motor milestones and stroke (III)
The association between early childhood language milestones and stroke (III)
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4

Materials and methods

4.1

The Northern Finland Birth Cohort 1966

This study utilizes data from the Northern Finland Birth Cohort (NFBC1966). The
NFBC1966 is an unselected, population-based birth cohort containing data on
12,068 pregnant women and their 12,058 live-born children with an expected date
of birth in 1966 in the provinces of Oulu and Lapland (University of Oulu, n.d.).
Professor Paula Rantakallio founded the NFBC1966, with a special interest in risk
factors for perinatal death and low birth weight (Nordström et al., 2022; Rantakallio,
1969). Prospective data have been collected since mid-pregnancy regarding the
cohort members’ health, socioeconomic factors, and families. Data collection in the
NFBC1966 is illustrated in Figure 2.

Fig. 2. Data collection of the Northern Finland Birth Cohort 1966 (NFBC1966).

Excluded from this sample were participants whose permission to use data was not
obtained (n=133) and persons who had suffered a stroke or TIA younger than 15
(n=8). The sample for Studies I and II included 11,917 participants (5813 women;
6104 men) who were followed from their date of birth to their first stroke, death,
move abroad, until the end of year 2018 (Study I & II) or the end of 2020 (Study
III). Further exclusions were made for Study III by excluding all individuals
diagnosed with an intellectual disability (n=229) (Rantakallio & von Wendt, 1986).
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The number of suitable cohort members was 11917 for Studies I&II and 11688 for
Study III.

Fig. 3. Study population flowchart for Studies I-III.

4.2

Diagnosis of strokes

Based on medical records, the cohort members’ strokes were identified from the
Care Register for Health Care (CRHC) and Causes of Death Register. The CRHC
includes all general and private hospitals and health center wards in Finland and
contains primary diagnosis information, up to three secondary diagnoses and dates
of admission and discharge from the hospitals (Finnish Institute of Health and
Welfare, n.d.). Diagnostic coding in Finland has been based on the WHO
international classification of diseases (ICD) since 1967 (World Health
Organization, 2004).
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Strokes were classified by first primary diagnosis: SAH (ICD-8 430; ICD-9
430; ICD-10 I60 and I69.0), ICH (ICD-8 431; ICD-9 431; ICD-10 I61 and I69.1),
ischemic strokes (ICD-8 432-434; ICD-9 433-434; ICD-10 I63 and I69.3), transient
ischemic attack (ICD-8 435; ICD-9 435; ICD-10 G45), and other cerebrovascular
diseases (ICD-8 436-438; ICD-9 436-437; ICD-10 I64-I68, I69.4 and I69.8). Stroke
syndromes (ICD-9 438; ICD-10 G46) were classified according to etiological subcode (ICD-9 430-437; ICD-10 I60-I67) or, if sub-codes were not present, as other
cerebrovascular. Strokes between the ages 15 to 54 were included in this study. The
classification of strokes according to ICD is in Table 2. The linkage to other data
with pseudonymization was performed by NFBC1966 cohort center staff and fully
completed for stroke diagnoses.
Ischemic strokes and TIA’s were defined as ischemic strokes and SAH and ICH
as hemorrhagic strokes. For analyses of ‘any stroke’ ischemic strokes, TIA’s,
hemorrhagic strokes, and other cerebrovascular diseases were combined.
Participants with two or more stroke diagnoses were classified by primary
diagnosis. Traumatic SAH, traumatic ICH and epidural or subdural hematoma were
not considered strokes.
4.3

Information on the study population

Characteristics of the study population in Studies I–III are in Table 3.
4.3.1 Information on pregnancy and delivery
Data measuring pregnancy-related factors were obtained from questionnaires
nurses performed between gestational weeks 24 to 28, maternity clinic cards
requested from the antenatal clinics, and delivery reports requested from the
maternity hospitals.
Variables measuring risk factors related to pregnancy and birth included preeclampsia and hypertension, threatening miscarriage, smoking during pregnancy,
pre- and post-term birth, multiple delivery, placenta previa or placental abruption,
prolonged second stage of labor, abnormal fetal presentation, or deviant fetal heart
frequency. Also, anthropometric data from mothers and babies were examined,
including maternal BMI and maternal weight during the second trimester and
before delivery, birth height, birth weight and ponderal index (PI).
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ICD = International Classification of Diseases

1967-1986

436-438

Other cerebrovascular diseases

Years used in Finland

435

Transient Ischemic Attack (TIA)

432-434

431

Intracerebral hemorrhage (ICH)

Ischemic stroke (IS)

430

ICD-8 codes

Subarachnoid hemorrhage (SAH)

Stroke type

1987-1995

436-438

435

433-434

431

430

ICD-9 codes

Table 2. Classification of strokes according to International Classification of Diseases 8, 9 and 10.

1996-

I64-I68, I69.4, I69.8, G46

G45

I63, I69.3

I61, I69.1

I60, I69.0

ICD-10 codes

Table 3. Population characteristics.
Characteristic

Substudies I and II

Substudy III

Any Stroke

No Stroke

Any stroke

447

11470

498

11190

Men2

227 (50.8)

5877 (51.2)

256 (51.4)

5727 (51.2)

Women2

220 (49.2)

5593 (48.8)

242 (48.6)

5463 (48.8)

19 720

545 298

22 525

553 198

44.1 (7.7)

47.5 (13.7)

45.2 (7.9)

49.4 (14.0)

All1

Person years in follow-up
Age at end of follow up3

No Stroke

Age of mother at birth3

27.5 (6.6)

27.8 (6.6)

27.7 (6.6)

27.8 (6.7)

Age of father at birth3

30.5 (7.2)

30.8 (7.2)

30.5 (7.1)

30.8 (7.2)

444

11350

494

11071

Professional2

158 (35.6)

4239 (37.3)

179 (36.2)

4133 (37.3)

Skilled worker2

173 (39.0)

3883 (34.2)

192 (38.9)

3785 (34.2)

Unskilled worker2

110 (24.8)

3132 (27.6)

120 (24.3)

3057 (27.6)

3 (0.7)

96 (0.8)

3 (0.6)

96 (0.9)

Highest occupational status in
family at birth1

No occupation2
1

N 2 n (percent) 3 mean (standard deviation)

4.3.2 Information on pregnancy and delivery
Data measuring pregnancy-related factors were obtained from questionnaires
nurses performed between gestational weeks 24 to 28, maternity clinic cards
requested from the antenatal clinics, and delivery reports requested from the
maternity hospitals.
Variables measuring risk factors related to pregnancy and birth included preeclampsia and hypertension, threatening miscarriage, smoking during pregnancy,
pre- and post-term birth, multiple delivery, placenta previa or placental abruption,
prolonged second stage of labor, abnormal fetal presentation, or deviant fetal heart
frequency. Also, anthropometric data from mothers and babies were examined,
including maternal BMI and maternal weight during the second trimester and
before delivery, birth height, birth weight and ponderal index.
Maternal BMI was calculated from pre-pregnancy weight and heigh—selfreported at the first antenatal clinic visit—and classified per the WHO’s
classification: underweight <18.50, normal weight 18.50–24.99, overweight
≥25.00. Maternal weight was subsequently measured during the second trimester
and before delivery. Gestational weight gain was classified into three categories:
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small (-11.3–7.9kg), average (8.0–14.4kg), and large (14.5–50.0kg) based on
quartiles from data of this study population.
Information about the delivery and newborn was gathered from the mother’s
delivery reports requested from maternity hospitals. Birth height and weight were
obtained from delivery reports. Small and large birth weights were defined as ≤ 2SD and ≥ +2SD from the mean for sex and each gestation week and based on
Finnish weight standards. These standard values were also used to define small and
large birth heights as ≤ -2SD and ≥ +2SD from the mean. PI was used to evaluate
the infant’s body proportionality at birth. PI was calculated with the following
formula: PI = birth weight x 100 / length3. The ratio of birth weight to placental
weight was used to estimate placental efficiency and groups were classified using
quartile cut-offs within this study population.
The sociodemographic data were gathered from population registers and
included information on place of residence according to population density and
Marital status. Place of residence was divided into ‘Urban’, defined as any living
in a village or town, whereas ‘Rural’ was defined as living in an out-of-the-way
village. Data on the desirability of pregnancy were gathered from pregnancy
questionnaires and classified as ‘No’ if mothers reported in the questionnaire
wished for the pregnancy to come later or not at all as opposed to pregnancy being
desired. In the 1960’s, abortions were rare and largely limited to medical conditions.
Marital status was classified as married or either widowed, divorced or single.
4.3.3 Information on early growth and nutrition
Following growth variables were used in this study: height, weight, BMI between
ages 0 to 2, head circumference at age one, age and BMI at time of BMI peak and
BMI rebound, peak height velocity and peak weight velocity in infancy, weight,
and height growth trajectories.
All Finnish children are offered free regular visits at public child health clinics.
Nurses at the clinics record regular and multiple growth measurements during
infancy and childhood. In this study population, weight was measured a mean of
4.9 (SD 2.6) times and height 4.6 (SD 2.6) times between birth and age one.
Between 1 and 2, an average of 1.9 (SD 1.4) weight and 1.9 (SD 1.3) height
measurements were recorded. Height and weight were measured and recorded with
an accuracy of 0.1 cm and 0.01 kg at the maternity hospital and child health clinics.
BMI (weight (kg) / height (m)2) at various ages was calculated from these frequent
anthropometric measurements during infancy and childhood. This information was
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collected from child welfare clinical records. Head circumference was measured
once at age one and recorded with an accuracy of 1 cm.
Nutritional data included breastfeeding duration, vitamin D and iron
supplementation, and anemia during childhood. Mothers reported dietary details in
a questionnaire timed to occur at age one of the children; in 95% of the cases
information was collected by at least 11.5 months of age. The frequency of vitamin
D and iron supplementation was reported as regular, irregular, or none. Anemia was
reported as yes or no at any point during the child’s first year. Breastfeeding
duration was reported as not at all, one month, three months or six months. For
analyses, we combined the categories of three and six months, and one month, and
not at all.
4.3.4 Information on milestone development
In Study III, the age at achieving of motor milestones in the first year of life and
milestones addressing hearing and speech from age one month to four years were
used. The following motor milestones were addressed: the ability to hold head up,
grab an object, turn from back to tummy, sit without support, touch thumb with
index finger, stand up, stand without support, and walk without support. Each
milestone’s achievement was recorded in months. Following language milestones
were addressed: age at making sounds (at age one to two months, three months, or
later), speaking words at one year, speaking sentences at two years and pronouncing
letters at four years.
The data on cohort members motor and language development in childhood
was collected during monthly visits to the Finnish child welfare clinics from nurses
and doctors interviewing the parents and observing the children. These screenings
during infancy and early childhood are routine procedures in Finnish public health
care and were not specially organized for research purposes. The children visited
child welfare clinics during their first year of life at a mean of ten times (Pillas et
al., 2014).
Previously, cohort data on childhood motor milestones was a mixture of
welfare card data (walking and standing only) and parental responses to a
questionnaire gathered when their child turned one. The welfare card information
was obtained from 7,003 (67.0%); one-year questionnaire data was obtained from
8,876 (84.9%) cohort members. In 2007, this incomplete milestone information
was merged with completed welfare card data containing information on all motor
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milestones. Wherever the same cohort member had new and older information, the
newer information was considered (Pillas et al., 2014).
An illustration of the welfare card is provided below.

Fig. 4. Illustration of welfare card used to record motor milestones.

4.3.5 Information on covariates
Covariates for Study I were sex, family socioeconomic status, and mother’s age.
Sex was obtained from delivery reports. Maternal age was obtained from
population registers. Data on mother and family’s sociodemographic characteristics
were collected during the mother’s visits to antenatal clinics, where nurses
interviewed mothers via questionnaires. These questionnaires were completed
between gestational weeks 24–28. However, in some cases, the questionnaire was
completed later during pregnancy or after delivery (10.1% of mothers).
Socioeconomic status was defined as the mother or father’s highest occupational
status during the pregnancy, categorized as an unemployed or unskilled worker,
skilled worker, or professional.
Covariates for Studies II–III were the family’s socioeconomic status and birth
weight corrected for gestational age. Birth weight was obtained from delivery
reports; gestational age was calculated from the mother’s last menstrual period.
Birth weight, gestational age and Finnish birth weight standards were used to
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calculate sex-specific birth weight corrected for gestational age (Pihkala et al.,
1989).
In this study, only data on the biological sex of cohort members were available,
and gender as a larger construct was not studied. The terms “man” and “boy” for
the male sex and “woman” and “girl” for the female sex will be used within this
thesis.
4.4

The amount of missing data

In Study I, antenatal and obstetrical data were gathered from 10,458 (100%)
mothers. The missing data on separate antenatal variables, including covariate data,
varied from 0% to 40.1% with the most missing information concerning the
mother’s weight gain during pregnancy (missing n=4884). The missing data on the
mother’s weight gain was 41.8% in the subsequent stroke group and 41.0% without
stroke (p=0.62). The missing data for pre-eclampsia or gestational hypertension
was 12.6% (missing n=1503), 13.4% for subsequent stroke group and 12.6 %
without stroke (p=0.42). Missing data from the obstetrical variables ranged from
0.3% to 14.2% with the highest amount concerning placental weight (missing
n=1692), 14.8% for the subsequent stroke group, and 14.2% without stroke
(p=0.53). The data were assumed to be missing at random.
In Study II, childhood growth data was gathered from 11438 (99.7%) cohort
members. The amount of missing data on separate growth variables varied from
0.3% to 35.2% with the highest amount of missing information concerning height
at 6 months (not all children attended health care centers at 6 months of age).
Information on height at 6 months was missing for 3.9% of subsequent stroke
population and 3.7% for those without subsequent stroke (p=0.51). The missing
data were assumed to be missing at random.
In Study III, 1,030 (8.8%) cohort members missed information on motor
development. Among those with subsequent stroke, the missing milestone
information (on any of the milestones) was 4.8% for those with subsequent stroke
and 8.3% (p=0.006) for those without stroke. The missing data regarding separate
milestone variables varied from 13.1% to 51.8%, except for the variable “touching
the thumb with the index finger” with a missing data percentage of 70.1%. The
missing data for this variable was 70.8% in the subsequent stroke group and 69.8%
of those without later stroke (p=0.74). The missing data were assumed to be missing
at random.
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All analyses were performed among the population with available data
required for each analysis. Covariate data was mostly complete for the whole cohort,
with missing data percentages being 0% (n=0) for sex, 1.0% (n=123) for family’s
socioeconomic status, and 0.3 % (n=33) for birth weight. Outcome data (on stroke
diagnoses) was available for the whole cohort with no missing data. Missing data
were assumed to be missing at random. Multiple imputation was not performed.
4.5

Statistical analyses

The Cox proportional hazards regression analysis was the primary statistical
method in all sub-studies (Cox, 1972). The Cox proportional hazards model is a
statistical technique that can be used for survival-time (time-to-event) outcomes on
predictors. The model makes two assumptions, that the survival curves for different
classes of the study variable must have hazard functions that are proportional over
time and that a linear relationship exists between the log hazard and each covariate,
which residual plots can verify.
The Cox regression analysis was the most suitable statistical method for this
study as the study design is prospective and the effect of different factors on stroke
risk over time was investigated. The proportional hazards assumption was formally
and graphically evaluated by performing log rank tests and plotting Kaplan Meier
survival estimates or Schoenfeld residuals for each variable (Kaplan & Meier, 1958;
Schoenfeld, 1982).
The duration of follow-up for Studies I and II was calculated from birth until a
diagnosis of stroke; death; move abroad; or December 31st 2018—whichever came
first. The duration of follow-up for Study III was calculated from birth until a
diagnosis of stroke; death; move abroad; or December 31st 2020—whichever came
first.
Baseline characteristics are summarized with descriptive statistics: median
with 95% confidence intervals (95% CI) for non-normally distributed continuous
variables and counts with percentages (%) for the nominal variables. Differences
in baseline characteristics were evaluated with ANOVA for continuous variables
and the Chi-square test for nominal variables.
Statistical analyses were performed using the Statistical Package for Social
Studies (SPSS) software (IBM, Armonk, New York, USA) versions 26—27, 64-bit
edition; Latent Class Growth Analysis (LCGA) was performed with SAS software
(SAS Institute Inc,USA) version 9.4.
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All results are presented as adjusted hazard ratios (aHR) with 95% confidence
intervals (95% CI). The hazard ratio compares the probability of events between
two groups. The CI is the range of values within which the true hazard value is
expected to be contained with 95% certainty.
4.5.1 Study I
Associations between pregnancy and birth-related risk factors and adulthood stroke
were investigated using Cox regression analysis. All models included adjustment
for the child’s sex, maternal age, the family’s socioeconomic status and maternal
smoking during pregnancy.
Because weight gain during pregnancy depends on BMI before pregnancy, we
performed another analysis only among mothers with normal pre-pregnancy BMI.
Another adjustment to further investigate the independent association between
maternal weight gain during pregnancy and offspring stroke was performed by
adjusting maternal weight gain for fetal birth weight.
4.5.2 Study II
The Cox regression analysis estimated the associations of childhood and infancy
growth variables and nutritional variables and later ischemic and hemorrhagic
stroke. All models were stratified by sex and included adjustment for family
socioeconomic status and birth weight corrected for gestational age.
Latent Class Growth Analysis (LCGA) from the PROC TRAJ macro in SAS
9.4 was used to determine the height and weight growth trajectories among cohort
members (Jung & Wickrama, 2008). The aim was to reveal subgroups sharing a
similar growth pattern between ages 0 to 2. Growth trajectories were modelled
stratified by sex and adjusted for gestational age.
Altogether, 11,893 individuals (6088 men; 5805 women) had necessary (>2)
height measurements and 11,455 individuals (5872 men; 5583 women) weight
measurements between ages 0 and 2 to facilitate trajectory modeling. The model
included 20 time points; multiple measurements at the same time point were
converted to the mean of measurements.
The censored normal model was used; solutions with one to six clusters
(trajectory groups) were assessed with linear and quadratic slopes. The best-fitting
cluster model for the population was determined according to the fit statistics
(Akaike Information Criterion [AIC] and Bayesian Information Criterion [BIC])
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(Akaike, 1974; Schwarz, 1978). AIC and BIC estimate prediction error and prove
the means for model selection. Both methods combine a term reflecting how well
the model fits the data but differ in penalizing for the number of parameters. As
well as fit statistics, values of the solutions, sufficient group sizes, and the clinical
interpretability and significance of the models were considered. For both sexes, the
four-trajectory-group model was deemed optimal.
LCGA was used to acquire clusters in which the individuals had a similar
growth profile from birth to age 2; for both sexes, four growth trajectory groups
(average, stable low, low-normal, stable high) were formed.
The detailed growth modeling methods this study used have been described
elsewhere (Sovio et al., 2009).
4.5.3 Study III
The Cox regression analysis was used to estimate the associations between
childhood developmental milestones and adult stroke and TIA. All models were
stratified by sex and included adjustment for family socioeconomic status and birth
weight corrected for gestational age.
After studying each motor milestone variable separately, we further
investigated overall motor development concerning stroke using a principal
component analysis with a one-component model. Principal component analysis
(PCA) was used to reduce the dimensionality of large datasets by finding new
variables (principal components) that are linear functions of the variables in the
original datasets (Jolliffe & Cadima, 2016)
4.6

Ethical approval

The Data Protection Ombudsman of Finland reviewed the NFBC1966 Study and
the Ethical Committee of the Northern Ostrobothnia Hospital District reviewed and
approved each individual study. Permission for hospital record and register data
linkage was given by the Finnish Ministry of Social Affairs and Health. Participants
of the follow-up studies gave written informed consent. All cohort members have
the right to refuse the use of their data at any time; those who denied permission
were excluded from the study.
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5

Results

5.1

Characteristics of stroke sample

Altogether 455 (3.8%) strokes or TIAs occurred during follow-up until the end of
2018 (Studies I & II) and 521 (4.4 %) until the end of 2020 (Study III). Out of all
cerebrovascular events until the end of 2020, 160 (30.7%) were ischemic strokes,
196 (37.6%) TIAs, 63 (12.1%) SAH, 43 (8.3%) ICH, and 59 (11.3%) were other
cerebrovascular events. Excluded from analyses were those who had a stroke
younger than 15 (n=8).
The median age at onset was 47.1 (SD 8.5) for ischemic stroke, 48.8 (SD 5.3)
for TIA, 45.5 (SD 13.5) for ICH, and 43.8 (SD 10.6) for SAH.
5.2

Anthropometrics of study population

Table 4 shows the growth parameter characteristics of the study population. All
growth parameters were normally distributed.
The mean gestational weight gain among all mothers was 11.5 kg (SD 4.9).
The mean gestational age among both sexes was around 39 weeks. At birth,
newborn boys were a mean of 50.6 cm (SD 2.5) long and weighed 3.5 kg (0.6),
while newborns girls were 49.8 (2.4) cm long and weighed 3.4 (0.5) kg.
BMI peak occurred at the mean age of 0.8 (0.1) for both sexes. BMI rebound
was reached by boys at a mean age of 5.7 (0.8) and by girls at age 5.6 (0.9).
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54
17.54 (1.61)

17.91 (1.63)

Height, cm

BMI, kg/m2

17.72 (1.67)
46.23 (1.39)

76.6 (2.79)
18.07 (1.62)
47.33 (1.45)

Height, cm

BMI, kg/m2

Head circumference, cm

16.69 (1.45)

16.79 (1.34)

BMI, kg/m2

BMI at adiposity peak, kg/m2
5.71 (0.84)
15.48 (0.98)
54.40 (3.24)

Age at adiposity rebound, years

BMI at adiposity rebound, kg/m2

Peak Height Velocity in infancy, cm/year

At Adiposity Rebound

0.76 (0.03)
18.20 (0.80)

Age at adiposity peak, years

50.82 (3.81)

15.32 (1.10)

5.56 (0.88)

17.76 (0.79)

0.76 (0.03)

85.89 (3.17)

87.34 (3.18)

Height, cm

At Adiposity Peak

12.33 (1.43)

12.81 (1.36)

Weight, kg

At 2 years

9.99 (1.19)
75.01 (2.85)

10.60 (1.18)

Weight, kg

At 1 year

7.92 (0.98)
67.20 (2.71)

8.51 (1.02)
69.01 (2.77)

Weight, kg

2.74 (0.26)

2.72 (0.25)

Ponderal index, g/m3

At 6 months

3.40 (0.54)
49.76 (2.34)

3.52 (0.58)
50.54 (2.43)

Women

Height, cm

Men

No Stroke1

Weight, kg

At birth

Anthropometric variable

53.97 (3.28)

15.42 (0.94)

5.70 (0.85)

18.10 (0.71)

0.75 (0.02)

16.61 (1.43)

86.98 (3.48)

12.50 (1.39)

47.35 (1.47)

17.90 (1.56)

76.56 (2.45)

10.50 (1.04)

17.73 (1.55)

68.99 (2.46)

8.43 (0.91)

2.69 (0.25)

50.65 (2.24)

3.52 (0.57)

Men

Any Stroke1

Table 4. Mean anthropometrics according to age in groups with or without stroke until end of year 2018.

50.77 (4.10)

15.50 (1.10)

5.45 (0.90)

17.76 (0.91)

0.76 (0.03)

16.81 (1.26)

86.06 (3.47)

12.46 (1.32)

46.41 (1.33)

17.82 (1.85)

74.94 (2.88)

10.04 (1.35)

17.54 (2.25)

66.95 (3.25)

7.88 (1.09)

2.72 (0.27)

49.86 (2.20)

3.39 (0.56)

Women
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1

Mean (standard deviation)

Peak Weight Velocity in infancy, kg/year

Anthropometric variable
Men
13.75 (2.60)

No Stroke1
Women
12.10 (1.67)

Men
13.51 (1.32)

Any Stroke1
Women
12.16 (1.93)

5.3

Offspring stroke and risk factors related to pregnancy and birth
(I)

5.3.1 The association between adulthood stroke and risk factors
during pregnancy
Maternal weight gain during pregnancy
Among all mothers, gaining only a small amount of weight during pregnancy was
associated with the offspring’s increased risk for any stroke (HR 1.45, 95% CI 1.071.97), especially ischemic stroke (HR 1.77, 95% CI 1.24-2.54). When examining
the offspring of only normal weighted (BMI range 18.50–24.99) mothers, large
gestational weight gain was associated with a greater risk for any stroke (HR 1.79,
95% CI 1.28-2.53) and ischemic stroke (HR 1.93, 95% CI 1.28-2.90). We further
tested the independent association of these findings by adjusting for offspring birth
weight; the results remained unchanged. The number of underweight mothers in
the follow-up was too limited to reliably study offspring stroke risks within the
weight gain group.
Other pregnancy-related risk factors
Threatening miscarriage, including bleeding during pregnancy, was related to the
offspring’s increased risk of any stroke (HR 1.64; 95%CI 1.14-2.37), but not
specifically ischemic or hemorrhagic strokes.
Pre-eclampsia or maternal hypertension and smoking during pregnancy were
unrelated to the offspring’s increased stroke risk. Socioeconomic factors, including
the desirability of pregnancy, place of residence, or parents’ marital status were also
unassociated with the children’s increased risk of stroke later in life.
5.3.2 The association between adulthood stroke and risk factors
during birth
Among both sexes, small birth size is related to an increased risk of stroke later in
life. For both sexes, having a small PI resulted in an increased risk of any stroke
(HR 1.32 95%CI 1.00-1.76 for boys and HR 1.42 95%CI 1.04-1.94 for girls).
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Similarly, boys born at a small birth weight for gestational age were at an increased
risk for any stroke in adulthood (HR 1.76 95%CI 1.03-3.02), especially ischemic
stroke (HR 2.19 95%CI 1.19-4.05). Girls short for their gestational age had an
increased risk for ischemic stroke later (HR 1.40; 95%CI 1.03-1.90).
Among girls with considerable birth weight and height, we saw an increased
risk for stroke. Nevertheless, only small PI was associated with an increased risk
of any stroke and ischemic stroke (HR 1.49 95%CI 1.03-2.15).
5.4

Adulthood stroke, childhood nutrition and growth

5.4.1 The association between adulthood stroke and childhood
weight, height, and BMI growth
Supporting the findings on girls’ small birth size and stroke risk, being small at 6
months and one year is related to an increased risk of later stroke among girls. Low
(equal to or below -1 SD) weight, height, and BMI at six months were associated
with an increased risk for any stroke in adulthood. Hazard ratios and 95%
confidence intervals for these were 1.54 (1.02-2.33), 1.57 (1.00-2.45) and 1.56
(1.01-2.40), respectively. The group with low (equal to or below -1 SD) height at
six months showed to be at greater risk, especially for ischemic stroke (HR 1.74;
CI 1.05-2.89) as was the group with low BMI (equal to or below -1 SD) at six
months (HR 1.76; CI 1.07-2.88). The group with low weight at one year of age was
at an increased risk for ischemic stroke in later life (HR 1.65; CI 1.05-2.60).
Among women, the group with high (equal to or greater than +1 SD) BMI
before school age (at the time of BMI rebound) was also at increased risk for any
stroke (HR 1.55; CI 1.01-2.36), especially for ischemic stroke (HR 1.90; CI 1.193.04).
Among men, no associations between early childhood growth variables or
growth trajectory groups and stroke risk were found.
For either sex, no relationships to later stroke risk were found for variables of
head circumference at age one, peak height velocity in infancy, peak weight
velocity in infancy, BMI at the time of BMI peak, age at the time of BMI peak or
age at the time of BMI rebound.
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Weight and height growth trajectories between 0 to 2 years
The weight and height growth trajectories showed a stable growth tendency for
both sexes from 0 to 2 years closely following the SD point determined at birth. In
alignment with results for specific time point measurements, the group of women
growing consistently at a lower SD curve was at an increased risk for ischemic
stroke for weight (HR 1.97; CI 1.21-3.20) and height (HR 2.05; CI 1.11-3.81). The
“stable-low” weight growers were also at an increased risk for any stroke later in
life (HR 1.60; CI 1.05-2.46).
No associations were observed between childhood growth trajectory groups
and stroke risk among men.
5.4.2 The association between adult stroke and nutrition during early
childhood
Altogether, 1741 (58.9%) mothers breastfed their children for three to six months
and 1215 (41.1%) mothers for one month or never. Breastfeeding duration was
unassociated with the children’s risk of later stroke.
Other nutritional factors, i.e., vitamin D, iron supplementation or anemia,
during childhood were also unassociated with stroke risk in later life.
5.5

Adult stroke and childhood developmental milestones

5.5.1 The association between adulthood stroke and childhood
motor milestone achievement
A few motor milestones were shown to associate with later stroke risk. Among both
sexes, achieving of the gross motor milestone “turning from back to stomach” was
related to increased stroke risk in later life. Among men, slower attainment of the
milestone “turning from back to stomach” was linked to an increased risk for any
stroke (HR 1.21; 95% CI 1.05-1.39) and ischemic stroke (HR 1.25; 95% CI 1.061.46). These groups achieved the milestone at a mean of 6.3 days and 7.2 days later
than their peers.
Among girls, later turning from back to stomach was associated with an
increased risk of any stroke (HR 1.18; 95% CI 1.02-1.38) and ischemic stroke (HR
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1.20; 95% CI 1.02-1.42) as adults. These groups were a mean of 4.8 days and 5.4
days slower than peers in reaching this milestone.
Later achievement of the fine motor milestone “gripping an object” was related
to an increased risk of hemorrhagic stroke (HR 1.80; 95% CI 1.01-3.19) among
women. This group achieved the milestone at an average 10.8 days later than their
peers.
The other childhood motor milestones examined were not associated with later
stroke risk between either sex.
5.5.2 Motor milestone principal component analysis
A principal component analysis of the milestone variables was performed to further
model overall motor milestone development. Among men, overall motor
development was fastest in the reference group (principal component score mean 0.05; SD 0.95) compared to the groups with any stroke (0.22; SD 1.3) or ischemic
stroke (0.36; SD 1.3).
Among men, slower overall motor developmental, reflected by a higher
principal component score of motor milestones, was associated with increased risk
of later ischemic stroke (HR 1.50; 95% CI 1.03–2.19).
Among women, principal component scores were not higher among stroke
groups (principal component score means reference group 0.04; SD 1.0, any stroke
0.0; SD 1.4, and ischemic stroke 0.0; SD 1.4); associations between the motor
milestone principal component score and later stroke risk were not found.
5.5.3 The association between adulthood stroke and childhood
language milestone achievement
Among men, slow language development at two timepoints during the follow-up
was associated with an increased risk of adult strokes. Later achievement of making
sounds (at three months versus at one or two months) was associated with any
stroke (HR 2.74; 95%CI 1.39-5.40) and ischemic stroke (HR 3.41; 95%CI; 1.657.06). Those not speaking sentences at two years were at increased risk for ischemic
stroke (HR 1.89; 95%CI 1.10-3.24) compared to peers who did.
No statistically significant associations between language milestones and later
stroke among women existed.
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5.6

The association between adulthood stroke and diagnosis of
intellectual disability

There were 229 persons diagnosed with an intellectual disability until age 14 in this
study population; 121 were men and 108 women. Among the men, four strokes (all
ischemic) were recorded during follow-up and ten strokes (six ischemic, two
hemorrhagic and two other cerebrovascular events) among the women.
Among the women, diagnosis of intellectual disability was associated with an
increased risk of any stroke (HR 2.72; CI 1.44-5.13) and ischemic stroke (HR 2.42;
CI 1.07-5.48) later in life. Similar associations were not found among the men.
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6

Discussion

6.1

Main findings

The main findings between pregnancy-, birth- and early childhood-related factors
and any stroke are summarized in Tables 5–8.
Study I revealed that independent of birth weight, small and large maternal
weight gain during pregnancy is associated with offspring’s increased risk of stroke
in young adulthood. These findings were observed among the offspring of women
of normal weight at the beginning of pregnancy.
The findings on birth anthropometrics strengthened understanding of the
relationship between body composition at birth and later risk of stroke. A risk factor
for adult stroke was low PI among both sexes at birth. For men, low birth weight
was a risk factor for any stroke and ischemic stroke. For women, small and large
birth height and large birth weight showed to be associated with an increased risk
of stroke. However, when examining body proportionality through PI, only women
who had a small PI (thinness) at birth showed an increased risk for later stroke. The
results indicate that for boys, small size at birth is a risk factor; for girls, being on
both extremes of the curve, but especially being small, increases the risk for later
stroke.
Furthermore, the data showed that threatening miscarriage is related to stroke
risk in offspring. This study found no associations between maternal hypertension
or pre-eclampsia, maternal smoking during pregnancy, birth complications, or
sociodemographic factors and the offspring’s stroke risk.
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62
n.a.

453 (3.8%)

69 (4.0 %)

126 (3.3 %)

67 (4.4 %)

1.18 (0.88-1.59)

ref.

60 (4.6%)

79 (3.0%)

59 (4.8%)

n=3173

Large (52 – 59 cm)

cm) n=6475

Average (49-51

n=2181

Small (30 – 48 cm)

133 (4.2%)

226 (3.5%)

88 (4.0%)

Birth height for gestational age (n=11829)

g) n=1315

Large (15.5 – 35.0

15.4 kg) n=2606

Average (9.0 –

kg) n=1227

Small (-11.0 – 8.9

1.22 (0.98-1.52)

ref.

1.26 (0.98-1.61)

1.45 (1.03-2.04)

ref.

1.79 (1.28-2.53)

Gestational weight gain (normal weight mother) (n=5148)

kg) n=1706

Large (14.5 – 50.0

14.4 kg) n=3834

Average (8.0 –

kg) n=1530

Small (-11.3 – 7.9
1.45 (1.07-1.97)

HR (95% CI)

Any stroke
N (%)

Gestational weight gain (n=7070)

Variable

and maternal weight gain during pregnancy.

85 (2.7%)

152 (2.4%)

68 (3.1%)

42 (3.2%)

53 (2.1%)

43 (3.6%)

48 (2.8%)

81 (2.1%)

51 (3.4%)

308 (2.6%)

N (%)

1.14 (0.87-1.49)

ref.

1.45 (1.09-1.94)

1.54 (1.02-2.31)

ref.

1.93 (1.28-2.90)

1.28 (0.89-1.84)

ref.

1.77 (1.24-2.54)

n.a.

HR (95% CI)

Ischemic stroke or TIA

34 (1.1%)

49 (0.8%)

10 (0.5%)

12 (0.9%)

20 (0.8%)

7 (0.6%)

15 (0.9%)

33 (0.9%)

7 (0.5%)

95 (0.8%)

N (%)

1.48 (0.95-2.32)

ref.

0.66 (0.33-1.30)

1.12 (0.55-2.30)

ref.

0.88 (0.37-2.10)

1.02 (0.55-1.90)

ref.

0.53 (0.23-1.22)

n.a.

HR (95% CI)

Hemorrhagic stroke

Table 5. Main results, Study I. Adjusted hazard ratios (95% Confidence Intervals) for offspring’s stroke in relation to anthropometrics
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N (%)

20 (5.2%)

393 (3.7%)

23 (5.3%)

103 (3.4%)

Large (n=3017)

31 (5.7 %)

Yes (n=548)
1.64 (1.14-2.37)

ref.

0.95 (0.75-1.20)

ref.

1.33 (1.07-1.66)

1.45 (0.93-2.28)

ref.

1.66 (1.09-2.53)

19 (3.5%)

255 (2.5%)

71 (2.4%)

142 (2.5%)

90 (3.1%)

11 (2.9%)

268 (2.5%)

18 (4.2%)

1.49 (0.93-2.37)

ref.

0.93 (0.70-1.25)

ref.

1.36 (1.04-1.77)

1.18 (0.64-2.15)

ref.

1.95 (1.21-3.14)

HR (95% CI)

Ischemic stroke or TIA
N (%)

8 (1.5%)

78 (0.8%)

22 (0.7%)

42 (0.7%)

28 (1.0%)

5 (1.3%)

85 (0.8%)

2 (0.5%)

2.00 (0.97-4.16)

ref.

1.00 (0.60-1.68)

ref.

1.36 (0.84-2.20)

1.64 (0.67-4.06)

ref.

0.66 (0.16-2.67)

HR (95% CI)

Hemorrhagic stroke
N (%)

CI=confidence interval; n.a.=not applicable; Ref=reference group. Boldface indicates statistical significance.

Cox regression adjusted for sex, family socioeconomic status, mother’s age and maternal smoking during pregnancy. N=number; HR=hazard ratio;

376 (3.7 %)

No (n=10524)

Threatening miscarriage (all=10802)

130 (4.5%)
207 (3.6%)

Small (n=2900)

Average (n=5830)

Ponderal index (1000 x g/cm3) (n=11747)

6080 g) n=388

Large (3800 –

3790 g) n=10703

Average (3140 –

g) n=431

Small (390 – 3130

HR (95% CI)

Any stroke

Birth weight for gestational age (n=11522)

Variable

Study II presented several findings on growth during early childhood and later
stroke risk. Small weight, height and BMI at age six months and small weight at
age one were related to increased risk of later stroke among women. BMI growth
trajectories between 0 and 2 years supported these findings by showing an
association between steady low height and weight growers and increased risk for
adult stroke. However, by the time of BMI rebound (at a mean age of 5.6) high
BMI among women was associated with an increased risk of later stroke. None of
these associations were found among men in this study. We could also show that
breastfeeding duration, vitamin D or iron intake, or anemia during early childhood
were unassociated with increased stroke risk in adulthood.
In Study III, modelling overall childhood motor milestone development by
principal component analysis was possible. Slower overall motor development was
related to an increased risk of later ischemic stroke among men. When both sexes
were individually examined, later achievement of the motor milestone “turning
from back to stomach” during the first year of life was associated with an increased
risk of ischemic stroke in adulthood. Other motor milestones were unrelated to
increased stroke risk among men, but among women, an association between the
fine motor milestone “gripping an object” and hemorrhagic stroke was found.
However, this may be a chance finding due to the relatively small number of strokes
in this group and no other motor milestone results supporting this association.
Overall motor milestone development did not reveal any association with
adulthood strokes among women.
As well as to motor milestones, language milestone development during
childhood relating to later stroke risk was examined. At two timepoints associations
were found among men but not women. For men, making sounds later (at three
months versus at one or two months) was associated with the risk of any stroke and
ischemic stroke in adulthood. Also, at two years of age, those who did not speak in
sentences were at increased risk for ischemic stroke compared to peers who could
speak in sentences.
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65

30 (4.5%)
33 (4.4%)

≤-1.00 SD (n=669)

≥1.00 SD (n=754)

(n=3518)

-0.99–0.99 SD

Weight (n=4941)
130 (3.7%)

24 (4.3%)

≥1.00 SD (n=560)

At 1 year

28 (5.0%)

≤-1.00 SD (n=560)

(n=2684)

-0.99–0.99 SD

91 (3.4%)

30 (4.2%)

≥1.00 SD (n=713)

BMI (n=3804)

28 (5.1%)

≤-1.00 SD (n=548)

(n=2543)

-0.99–0.99 SD

83 (3.3%)

21 (3.5%)

Height (n=3804)

32 (5.2%)

≥1.00 SD (n=607)

103 (3.4%)

N(%)

≤-1.00 SD (n=614)

(n=3003)

-0.99–0.99 SD

Weight (n=4224)

At 6 months

Variable

1.23 (0.83-1.82)

1.30 (0.87-1.96)

ref

1.26 (0.79-2.03)

1.56 (1.01-2.40)

ref

1.28 (0.83-1.98)

1.57 (1.00-2.45)

ref

0.95 (0.58-1.54)

1.54 (1.02-2.33)

ref.

HR(95%CI)

Any stroke

25 (3.4%)

26 (3.9%)

86 (2.5%)

20 (3.6%)

22 (4.0%)

62 (2.3%)

22 (3.1%)

23 (4.2%)

59 (2.3%)

15 (2.5%)

25 (4.1%)

76 (2.6%)

N(%)

1.45 (0.92-2.29)

1.65 (1.05-2.60)

Ref

1.57 (0.93-2.65)

1.76 (1.07-2.88)

ref

1.38 (0.84-2.27)

1.74 (1.05-2.89)

ref

0.97 (0.55-1.70)

1.57 (0.97-2.52)

ref.

HR(95%CI)

Ischemic stroke or TIA

2 (0.6%)

2 (0.3%)

28 (0.8%)

1 (0.2%)

4 (0.7%)

21 (0.8%)

6 (0.9%)

3 (0.6%)

16 (0.6%)

3 (0.5%)

3 (0.5%)

20 (0.7%)

N(%)

0.64 (0.22-1.85)

0.46 (0.12-1.96)

0.24 (0.03-1.82)

1.12 (0.38-3.31)

ref

1.26 (0.50-3.30)

1.09 (0.31-3.79)

ref

0.69 (0.20-2.36)

0.91 (0.27-3.13)

ref.

HR(95%CI)

Hemorrhagic stroke

Table 6. Main results, Study II. Adjusted hazard ratios (95% confidence intervals) for stroke in relation to childhood growth variables

among women.
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26 (5.2%)
57 (4.3%)
16 (5.2%)

Stable-low (n=500)

High-normal (n=1328)

Stable-high (n=308)

15 (5.0%)
72 (3.7%)
29 (4.0%)

Stable-low (n=303)

Low-normal (n=1942)

Stable-high (n=718)

1.12 (0.74-1.69)

1.04 (0.77-1.41)

1.61 (0.94-2.77)

ref

1.50 (0.89-2.52)

1.24 (0.90-1.71)

1.60 (1.05-2.46)

ref

1.55 (1.01-2.36)

0.88 (0.52-1.47)

ref

HR(95%CI)

Any stroke

22 (3.1%)

53 (2.8%)

12 (4.0%)

64 (2.3%)

11 (3.6%)

41 (3.1%)

21 (4.2%)

75 (2.2%)

25 (5.2%)

11 (2.3%)

70 (2.8%)

N(%)

1.38 (0.85-2.24)

1.23 (0.85-1.76)

2.05 (1.11-3.81)

ref

1.58 (0.84-2.97)

1.37 (0.94-2.00)

1.97 (1.21-3.20)

ref

1.90 (1.19-3.04)

0.78 (0.41-1.48)

ref

HR(95%CI)

Ischemic stroke or TIA

6 (0.9%)

8 (0.4%)

1 (0.3%)

29 (1.0%)

4 (1.4%)

14 (1.1%)

2 (0.4%)

23 (0.7%)

3 (0.7%)

3 (0.7%)

19 (0.8%)

N(%)

0.82 (0.34-1.99)

0.41 (0.19-0.91)

0.39 (0.05-2.87)

applicable;Ref=reference group. Boldface indicates statistical significance.

ref

1.87 (0.65-5.41)

1.52 (0.78-2.96)

0.63 (0.15-2.67)

ref

0.80 (0.24-2.74)

0.83 (0.25-2.82)

ref

HR(95%CI)

Hemorrhagic stroke

Cox regression adjusted for socioeconomic status and birth weight for gestational age. N=number;HR=hazard ratio;CI=confidence interval;n.a.=not

104 (3.7%)

Average (n=2837)

Height trajectory (n=5800)

116 (3.4%)

Average (n=3447)

Weight trajectory (n=5583)

17 (3.6%)
29 (6.0%)

≥1.00 SD (n=486)

100 (4.0%)

N(%)

≤-1.00 SD (n=475)

(n=2489)

-0.99–0.99 SD

BMI (n=3450)

At BMI rebound

Variable
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4.36 (1.10)

2866

4.4 (1.10)

43
1.82)

1.33 (0.97-

Ref.

1.38)

1.18 (1.02-

Ref.

30

1165

104 (3.5)

(96.5)

2866

102 (3.0)

(97.0)

3281

N (%)

0.36 (1.30)

-0.05 (0.95)

4.58 (1.29)

4.40 (1.10)

4.60 (1.23)

4.36 (1.10)

mean (SD)

1.50 (1.03-2.19)

Ref.

1.20 (1.02-1.42)

Ref.

1.25 (1.06-1.46)

Ref.

HR (95% CI)

Ischemic stroke or TIA

6

1165

19 (0.7)

2866 (99.3)

24 (0.7)

3281 (99.3)

N (%)

-0.28 (1.37)

-0.05 (0.95)

4.74 (1.41)

4.40 (1.10)

4.50 (1.38)

4.36 (1.10)

mean (SD)

1.85)

0.75 (0.31-

Ref.

2.01)

1.35 (0.91-

Ref.

1.58)

1.09 (0.75-

Ref.

HR (95% CI)

Hemorrhagic stroke

N=number; HR=hazard ratio; CI=confidence interval; n.a.=not applicable; Ref=reference group. Boldface indicates statistical significance.

Yes

0.22 (1.30)

-0.05

score (men)

1165

135 (4.5) 4.56 (1.27)

(95.5)

1.39)

1.21 (1.05-

Ref.

mean (SD) HR (95% CI)

141 (4.1) 4.57 (1.30)

(95.9)

3281

N (%)

(0.95)

No

Yes

No

Yes

No

Stroke

component

Principal

(women)

stomach

back to

Turning from

(men)

stomach

back to

Turning from

milestone

Motor

Any stroke

childhood developmental milestones.

Table 7. Main results, Study III, motor milestones. Adjusted hazard ratios (95% Confidence Intervals) for stroke in relation to
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3 months or later

(n=3239)

No (n=349)

Yes (n=1827)
23 (6.6%)

72 (3.9%)

9 (10.2%)

124 (3.9%)

Stroke n (%)

2.64)

1.62 (0.99-

ref

5.40)

2.74 (1.39-

ref

HR (95% CI)

Any stroke

19 (5.5%)

52 (2.9%)

8 (9.2%)

86 (2.8%)

Stroke n (%)

3.24)

1.89 (1.10-

ref

7.06)

3.41 (1.65-

ref

HR (95% CI)

Ischemic stroke or TIA

3 (0.9%)

10 (0.6%)

1 (1.3%)

24 (0.8%)

Stroke n (%)

6.53)

1.76 (0.47-

ref

12.58)

1.69 (0.23-

ref

HR (95% CI)

Hemorrhagic stroke

N=number; HR=hazard ratio; CI=confidence interval; n.a.=not applicable; Ref=reference group. Boldface indicates statistical significance.

(n=2176)

at 2 years

sentences

Speaks

(n=3151)

(n=88)

At 1 or 2 months

sounds

Stroke

Making

milestone

Language

childhood developmental milestones.

Table 8. Main results, Study III, language milestones. Adjusted hazard ratios (95% Confidence Intervals) for stroke in relation to

6.2

Comparison to previous studies

6.2.1 Pregnancy, birth, and offspring stroke (I)
Pregnancy-related risk factors for offspring stroke
This thesis found novel associations between pregnancy-related risk factors and
offspring stroke risk. Small and large maternal weight gain during pregnancy was
related to the offspring’s increased risk for ischemic stroke later in life.
The results align with previous studies reporting large gestational weight gain
was associated with an increased risk of stroke and cardiovascular disease in the
adult offspring (Bhattacharya et al., 2016; Fraser et al., 2010; Hochner et al., 2012).
Also supporting the current findings, earlier studies reported that malnutrition in
utero and intrauterine growth restriction contribute to increased cardiometabolic
and stroke risk in the offspring (Crispi et al., 2018; Du et al., 2020).
Maternal weight gain during pregnancy correlates with the child’s birth weight
(Rode et al., 2007). However, in this thesis and previous studies, adjustment for
birth weight did not alter the observed associations for gestational weight gain,
suggesting maternal weight gain has an independent effect on offspring stroke risk.
Alternatively, associations between maternal weight gain and birth weight to
offspring stroke risk can reflect different pathways linking early life (prenatal phase
to six years) events with adult health.
This study found no associations between maternal hypertension or preeclampsia and offspring stroke risk, whereas in another Finnish birth cohort, such
findings were reported (Kajantie et al., 2009). Combined, the results argue against
a moderate or strong association between maternal hypertension and stroke, but a
weak association is possible. This study had limited power to assess specific
associations with pre-eclampsia.
Maternal smoking during pregnancy was unassociated with offspring stroke
risk in this study. There is an overall consistency in previous literature about the
adverse effects of fetal and post-natal exposure to parental tobacco smoking, with
outcomes including preterm birth, fetal growth restriction, low birth weight, obesity,
hypertension, and type 2 diabetes (Banderali et al., 2015). There are no conclusive
reports on parental tobacco usage during pregnancy and offspring stroke risk.
However, one previous study could not find associations between parental smoking
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history and offspring stroke risk (Han et al., 2015). In the previous study, however,
smoking during pregnancy unexamined.
This study found no associations between sociodemographic factors during
pregnancy and birth and offspring stroke risk. These findings align with a previous
study reporting a strong relationship between stroke risk and low occupational
status and income in adult life but not socioeconomic status in childhood (Eriksson
et al., 2000).
Birth-related risk factors for offspring stroke
Pre-term birth—a marker of an unfavorable prenatal environment—has been
associated with increased stroke risk and cardiovascular risk factors (Crump et al.,
2020; Heshmati et al., 2017; Sipola-Leppänen et al., 2014; Ueda et al., 2014). This
study did not find such an association, which could be explained by survivor bias
(many premature babies in the ‘60s would have failed to survive infancy) as
suggested in other studies with similar findings (Kajantie et al., 2015; Osmond et
al., 2007).
Small body size at birth has been well-established as being associated with later
stroke risk, and birth weight was found to have a causal genetic relationship with
stroke (Eriksson et al., 2000; Hypponen et al., 2001; Lawlor et al., 2005; Lilja et
al., 2021; Martyn et al., 1996; Rich-Edwards et al., 1997; Wang et al., 2020). Small
birth weight, height, and PI at birth were associated with an increased risk of later
ischemic stroke in this study. Findings for birth size varied somewhat between the
sexes, the biggest difference being that among girls, large birth weight and height
were associated with later risk of stroke, whereas for boys, only small weight and
height were associated with adult strokes. However, only small PI (indicating
thinness) at birth was related to an increased risk of adult stroke for both sexes.
This thesis supports that anthropometric measurements at birth can be helpful
indicators of future processes influencing long-term health.
6.2.2 Early childhood growth, nutrition, and stroke (II)
Among women low weight, height, and BMI during the first years of were
associated with increased risk for later stroke. The same relationships were not
found among men. The findings are mostly in accordance with previous literature.
Thinness and short height during childhood are associated with increased stroke
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risk in both sexes (Gjærde et al., 2018; Osmond et al., 2007). Also, several studies
reported low weight gain during infancy followed by accelerated weight gain
during later childhood to be associated with an increased risk of developing
ischemic heart disease and stroke and risk factors common to stroke, e.g., type 2
diabetes, and metabolic syndrome (Eriksson et al., 2001, 2006; Eriksson et al.,
2000).
Higher BMI at the time of BMI rebound has been shown to be independently
related to higher BMI and obesity after age ten (Freedman et al., 2021). This study’s
findings on large BMI at the time of BMI rebound and increased risk of later stroke
support that later obesity could partly explain the risk increase. Thus, the timing of
weight gain during infancy and childhood seems important for health development
and chronic disease later in life.
Breastfeeding duration was unassociated with the children’s risk of adult stroke
in this study. Previous studies have reported inconclusive findings on breastfeeding
and stroke risk, but this study’s findings do not oppose those in prior literature. In
this study, vitamin D or iron intake or anemia during childhood were unassociated
with increased stroke risk in adulthood. Previous vitamin D findings have been
reported among adults; this study suggests the previously reported vitamin Drelated stroke risk increases develop later in life. Iron-deficiency anemia was
reported to be a risk factor for pediatric stroke. However, childhood anemia or iron
intake seemingly do not affect stroke risk later in life. All things considered, this
study could have lacked the power to find associations concerning anemia.
6.2.3 Childhood developmental milestones and stroke (III)
This thesis presented novel associations between childhood achievement of motor
and language milestones and later risk of stroke. Later gross motor development
was associated with adulthood stroke risk in both sexes. Slower overall motor
milestone development (modeled by the motor milestone principal component
score) was related to an increased risk of ischemic stroke among men. Among
women, later acquirement of the fine motor milestone “gripping an object” was
associated with an increased risk for hemorrhagic stroke in adulthood. Slower
language development was also associated with later stroke risk among men. These
observations were independent of family SES and birth weight for gestational age
and analyses did not include persons diagnosed with an intellectual disability. The
frequency of other potential co-morbidities was also examined; it was found that
e.g., congenital heart disease diagnoses among this study’s stroke population were
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small (n=2). Thus, that it would have an explanatory role in the associations found
is unlikely.
No previous studies examine adult stroke risk and childhood milestone
achievement. However, developmental milestones have been linked to other adult
health outcomes. Slower milestone development has been associated with lower
sports participation in adolescence and raised blood pressure levels in adulthood,
aligning with this study’s results (Pillas et al., 2014; Ridgway et al., 2009). Another
study reported that slower attainment of the gross motor milestone “turning from
back to stomach” relates to greater central adiposity at age three (Benjamin Neelon
et al., 2012). Hand control and coordination in childhood have been linked to adult
obesity, and slower achievement of motor milestones has been associated with later
disturbances in lipid metabolic pathways (Osika & Montgomery, 2008; Vinding et
al., 2020). This study’s results and previous literature support that childhood
developmental milestones carry a predictive value for later health outcomes.
6.3

Mechanistic discussion

Previous literature has established a life course approach to non-communicable
disease development. This theory proposes three main conceptual models—the
critical period, pathway, and accumulation models—to explain potential causal
pathways between early life adverse effects and adult disease (Ben-Shlomo & Kuh,
2002; Kuh, 2003). Examining underlying mechanisms and proof of causality for
the found associations was outside the scope of this thesis. However, this chapter
will discuss some possible mechanistic explanations behind the reported findings,
illustrated in Figure 5.
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Fig. 5. Illustration of possible mechanistics pathways.

Critical period model and fetal adaptations
The critical period model highlights the direct effect of prenatal conditions on later
health. The basis of the theory is fetal adaptations in response to an adverse
intrauterine environment as described by the DOHaD hypothesis (Gluckman et al.,
2007). These adaptations may lead to persisting changes in metabolism and organ
structure, inducing disease-promoting pathways (Bagby et al., 2019; Fleming et al.,
2021; Hanson & Gluckman, 2014). Epigenetic processes, such as DNA methylation,
are thought to have key roles in the developmental programming of adult disease
(Chen & Zhang, 2011; Dolinoy et al., 2007). Previous studies have reported that
altered DNA methylation links intrauterine events with the onset of diseases later
in life(Babenko et al., 2015; Reynolds, Jacobsen, et al., 2013) .
Several direct mechanisms can explain early life adversities leading to
increased stroke risk. Previous literature has shown that malnutrition in early life
closely relates to increased arterial stiffness and impaired cardiovascular structure
in later life, increasing stroke risk independently and through hypertension
(Tennant et al., 2014; Yu et al., 2017). Furthermore, famine-induced stress may
activate the hypothalamic-pituitary-adrenal (HPA) axis, resulting in excess
glucocorticoid amounts, chronic stress and further stroke (Craft, 2009; de Rooij,
2013; Phillips et al., 2012). Another mechanistic explanation is the “overloaded
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adipocyte hypothesis”. The number of adipocytes is likely set during the early
stages of development (Kiess et al., 2008). Malnutrition during these periods leads
infants to have a smaller number of adipocytes throughout their life. This small
number of adipocytes leads to lower adipose tissue expandability, propagating
visceral fat accumulation and insulin resistance (Guilherme et al., 2008; Nakano,
2020). Similarly, many factors associated with organ maldevelopment might likely
increase the risk of hypertension and stroke. For example, prematurity and low birth
weight are associated with a low nephron number, which is associated with an
increased risk of hypertension and chronic kidney disease later in life (Luyckx et
al., 2013).
Small gestational weight gain and birth size are possible signs of adverse
intrauterine conditions, such as maternal malnutrition or placental dysfunction.
This study’s findings support that an unfavorable gestational environment
predisposes offspring to chronic diseases in adulthood. Moreover, findings on
gestational weight gain and offspring stroke risk did not change when adjusting for
birth weight in this study, supporting the hypothesis that adverse intrauterine
conditions have an independent effect on later disease development for the
offspring.
Pathway model and psychosocial risk factors
The pathway model proposes that conditions in early life may affect later health
status indirectly via psychosocial factors such as lower cognitive function and
socioeconomic status (Hertzman et al., 2001; Lynch & Smith, 2005). For example,
early exposure to undernutrition can lead to lower cognitive function and increased
prevalence of depression, leading to obesity in adulthood (Y. Li et al., 2018;
Milaneschi et al., 2019; Xu et al., 2018). Psychosocial stressors have been
recognized as adverse environmental exposures inducing long-lasting biological
changes, that act across the lifespan to increase chronic disease risk (Hanson &
Gluckman, 2014; Reynolds, Labad, et al., 2013). Each environmental exposure can
activate a specific set of disease-promoting biological pathways, which can act with
other environmental stressors to mediate future chronic disease development. This
study considered psychosocial stressors by adjusting for family socioeconomic
status. In Study I further potential psychosocial exposures (i.e., desirability of
pregnancy, place of residence, and parent’s marital status) were examined and
found to be unassociated with offspring stroke risk.
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The adverse intrauterine environment could lead to suboptimal brain
development during the fetal period and early childhood. Human
neurodevelopment begins during the third gestational week; brain size grows
rapidly during childhood, reaching approximately 90% of adult volume by age six,
with the first 1000 days after conception being of particular importance
(Schwarzenberg et al., 2018; Stiles & Jernigan, 2010). Reduced early growth and
later achievement of developmental milestones in childhood are associated with
lower cognitive abilities in later life (Fattal-Valevski et al., 2009; Poranen-Clark et
al., 2015). Children born with low birth weight are at increased risk for
neurodevelopmental delays and adult strokes. However, adjustments for birth
weight did not change this study’s milestone results, suggesting other underlying
mediators.
Accumulation model and adult risk factors
The third conceptual model—the accumulation model—focuses on the cumulative
negative effects of adverse life conditions across the life course. In support of this
theory, some studies have reported that among those exposed to poor intrauterine
conditions or born with low birth weight, a favorable lifestyle profile may undo the
disadvantages accumulated over the lifespan to some extent (X. Li et al., 2021;
Zhou et al., 2022).
Babies who are thin at birth lack muscle mass. This feature will persist into
childhood since little muscle cell replication occurs after birth (Robinson et al.,
1991; Widdowson et al., 1972). Previous literature has suggested that rapid weight
gain among these children may lead to a disproportionately high fat mass in relation
to muscle mass (D. J. Barker & Osmond, 1988). This could underlie the strong
associations between small birth size and later adverse health outcomes and may
offer one explanation of this pattern of growth leading to later stroke.
One pivotal factor between low birth weight, childhood growth, and adult
disease seems to be obesity (Kensara et al., 2005; Law et al., 1992; Reilly et al.,
2005). Studies have reported that accelerated growth during infancy, i.e., catch-up
growth, is associated with later metabolic disturbances, especially among those
born small for their gestational age (Ekelund et al., 2007; Fagerberg et al., 2004).
As well as to small birth size, large gestational weight has been linked to elevated
insulin levels and birth weight, length, and body fat in the newborn (Morrison et
al., 2013). A previous cohort study also reported that children defined as obese in
childhood were at increased risk of stroke later in life (Lawlor et al. 2005). Higher
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BMI at rebound is related to higher BMI and obesity in later life (Freedman et al.,
2021). These findings align with this study and seem to imply that the timing of
weight gain during infancy and childhood is critical for developing stroke later in
life.
Supporting this study’s motor milestone results, later turning from back to
stomach has been associated with greater central adiposity at age three,
predisposing one to later obesity (Benjamin Neelon et al., 2012; Juonala et al., 2011;
Lawlor & Leon, 2005). Hand control and coordination in childhood also relate to
adult obesity and delayed achievement of motor milestones with disturbances in
lipid metabolic pathways (Osika & Montgomery, 2008; Vinding et al., 2020). One
could hypothesize that children with slower motor development develop poorer
motor skills. Thus, these children may not find physical activity rewarding and
adopt a sedentary lifestyle, leading to later obesity (Brouwer et al., 2019; Evensen
et al., 2020).
Some studies have established a relationship between low birth weight
followed by rapid growth during childhood and later hypertension among both
sexes (Eriksson et al., 2007; Zhao et al., 2002). Within the NFBC1966, it has been
established that later motor milestone development during infancy is related to
higher systolic and diastolic blood pressure levels at age 31, supporting the notion
of later hypertension mediating stroke risk, at least partially (Pillas et al., 2014).
Finally, one conceptual model does not exclude the other; all three models can
act simultaneously. It is unlikely for a single adverse exposure to lead to disease,
but rather, a liaison of exposures and accumulation of effects across the lifespan
(Bagby et al., 2019).
6.4

Methodological considerations

6.4.1 External validity
The main strength of this thesis was using of unselected, population-based birth
cohort data. Data collection beginning during mid-pregnancy and extending to
offspring up to age of 54 allowed for investigating the effects of early life factors
for stroke with a long-term follow-up.
The prospectively collected data minimizes recall and observer bias. Since this
study is based on the general population and complete national registries, selection
bias is also minimized. Using birth cohort data for examining the research questions
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of this thesis was the primary option, as birth cohorts can identify mechanisms of
disease over the life course through prospective follow-up and offer the possibility
to study multiple exposures.
Prospective information on maternal health during pregnancy and children’s
development has been possible to collect due to the high coverage of Finnish
antenatal clinics and child welfare clinics. Using several potential covariates in
analyses was possible due to the extensive amount of data in the NFBC1966,
reducing the possibility of confounding. Stratification was also used to minimize
confounding where relevant, e.g., based on sex. In Study III, excluding those with
an intellectual disability prevented their possible confounding effect on the results
regarding motor development in childhood.
One limitation of the study was the small sample size of stroke groups, which
may have resulted in a lack of statistical power, the possibility of chance findings,
and the inability to detect all positive associations within the data. However, the
prevalence of strokes within this cohort equaled their prevalence in the overall
population, making the probability of chance error as low as possible. The
possibility of errors due to missing data, chance or residual confounding is a feature
of a longitudinal birth cohort study, allowing us to study early risk factors without
recall bias.
Although this cohort was designed to examine pregnancy risk factors in
relation to later diseases, this study was restricted to risk factors collected in the
1960s with the methods available then. For example, gestational diabetes was not
systematically screened for in the era; thus, such data was unavailable.
Because the environment and lifestyles have changed since the 1960s, some
results may not be generalizable to individuals conceived later. Another possible
limitation is the homogeneity of the Northern Finland population, which may lead
to this sample’s results being generalizable to only Western populations.
6.4.2 Internal validity
Validity of stroke diagnoses
Stroke diagnoses were collected from registers, and it was not possible to use
medical records, including imaging confirmations, in this study. The register data
relies on the accuracy of diagnoses done by doctors, and stroke populations may
include patients with stroke mimics. However, the Finnish national registries cover
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the whole nation and the validity of hospital discharge registers and causes of death
registers are proven sound (Tolonen et al., 2007). Both registers are reliable for
epidemiological studies on incident stroke events (Mähönen et al., 2000; Sund,
2012). Data on stroke diagnoses were available for all cohort members. Strokes
occurring outside the scope of national registers is unlikely. However, some stroke
events may be unregistered if, for example, the patient suffered a silent stroke or
failed to seek medical attention.
Validity of exposure variables
Healthcare professionals objectively measured anthropometric measurements
(height, weight, and BMI), eliminating problems observed with self-reported
measurement data (Gorber et al., 2007). However, there is a possibility of
measurement errors due to instrumental, observational, or environmental errors. As
all anthropometric data were normally distributed and mean values were
convergent with the population mean values, any measurement error being nonrandom is unlikely.
It was acknowledged that using weight, height or BMI measured at one specific
time point may not represent growth over time. Data on body composition in
childhood was unavailable, and testing whether the findings on childhood BMI are
due to lean or fat mass or both was not possible.
Repeated measurements of weight and height allowed for investigating change
in anthropometrics over time through LCGA. Latent class growth trajectories
reflect a developmental process over time in classes of individuals presumed to
share the same latent trajectory of change and may inadequately represent the actual
heterogeneity in individual growth trajectories.
Regarding childhood developmental milestones, all the individual motor
milestones correlate strongly and are thus not independent risk factors. A principal
component analysis was performed to measure overall motor development.
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7

Conclusions

7.1

Main conclusions

Study I’s results conclude that birth size is a vital marker for developing stroke, and
maternal and fetal growth during pregnancy plays an important role in risk
accumulation for the offspring. Study II showed that among girls, consistently low
weight, and height during the first two years of life and high BMI at the time of
rebound are associated with an increased risk of later strokes. Findings from Study
III suggest that childhood milestone development could provide measures to
identify risk-prone individuals.
Overall, the results of this thesis support the notion that individual stroke risk
starts accumulating long before onset age, as early as the prenatal stages, and
continues to develop during childhood. Protecting fetal, infant, and early childhood
growth is a window of opportunity for preventing young adult strokes.
7.2

Implications of the study

Stroke is the second-leading cause of disease-related deaths around the world, and
one of the most common reasons for adult disability (Feigin et al., 2022) . Stroke
is a major burden on economies everywhere, especially when occurring among
young adults (Feigin et al., 2016) . Identifying risk factors for stroke might be the
most viable avenue for reducing the burden of stroke.
The current study’s most important clinical implications are primary
preventative. Identifying risk factors allows for early detection of individuals at risk
for subsequent strokes, which may enable us to apply targeted and timely
interventions to prevent them. The second important implication is to guide future
research and help narrow the wide study field of early life risk factors.
Maternal weight gain during pregnancy should be carefully monitored, and
intervention should occur when this gain is insufficient or excessive. This study’s
findings suggest that interventions to protect the mother’s weight gain during
pregnancy may reduce individual stroke risk in the offspring. Special attention
should also be paid to children born small and those with developmental delays to
lessen harmful stroke risk accumulation by psychosocial or lifestyle factors.
Following and supporting children’s growth and milestone development to identify
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those at risk for later poor health outcomes and provide the best possible growth
environment is critical.
This study’s results help us understand the reasons for young adult strokes and
features of risk accumulation throughout life. These findings can hopefully be
beneficial when developing individually targeted treatment or primary preventative
measures.
7.3

Future research prospects

In young stroke patients, who have less conventional risk factors, the contributing
effect of early developmental factors may be more pronounced than previously
thought. This study revealed that several childhood developmental factors are
markers for increased adult stroke risk. Therefore, increasing future study interest
in prenatal- and post-natal stroke risk factors is crucial.
The present findings prompt further questions regarding early growth as a
determinant of adult stroke risk. What parts do epigenetic programming, genetics,
and environmental aspects play in risk accumulation for the individual? Does a link
exist between long-term growth trajectories and stroke? What are the mechanisms
behind adverse health outcomes among those born small? The several results this
thesis presents highlight the need for future studies to elucidate the pathways
behind these associations. A better understanding of the relationship between
childhood milestone development and adult stroke risk can provide tools for
targeting primary preventative measures for individuals at increased risk. The
findings suggest that, especially for women, there is a particular time window for
harmful weight gain during childhood. However, future studies are warranted to
examine how adolescent and adult weight is associated with these findings.
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"cerebrovascular accident*"[Title] OR "cerebrovascular event*"[Title] OR "TIA"[Title] OR "transient

((("Stroke"[MeSH Terms] OR "Brain Ischemia"[MeSH Terms] OR "stroke*"[Title] OR "brain

#5 NOT

prospective*[tw]

longitudinal*[tw] OR

OR follow-up*[tw] OR

"Longitudinal Studies"[Mesh]

"Risk Factors"[MeSH Terms] OR "risk*"[Text Word] OR "Follow-Up Studies"[MeSH Terms] OR

"Risk Factors"[Mesh] OR

"prospective*"[Text Word])

"Longitudinal Studies"[MeSH Terms] OR "follow up*"[Text Word] OR "longitudinal*"[Text Word] OR

("Risk Factors"[MeSH Terms] OR "risk*"[Text Word] OR "Follow-Up Studies"[MeSH Terms] OR

analysis"[Publication Type] OR "review"[Publication Type] OR "systematic review"[Filter]))) AND

"adult*"[Text Word] OR "adolescen*"[Text Word]) AND ("case reports"[Publication Type] OR "meta

development"[Text Word]) AND ("Young Adult"[MeSH Terms] OR "Middle Aged"[MeSH Terms] OR

"child development"[Text Word] OR "Embryonic and Fetal Development"[MeSH Terms] OR "fetal

Terms] OR "Body Size"[MeSH Terms] OR "Birth Weight"[Text Word] OR "growth"[Text Word] OR

OR "Child"[MeSH Terms] OR "infan*"[Text Word] OR "birth*"[Text Word] OR "Birth Weight"[MeSH

"antenatal"[Text Word] OR "offspring"[Text Word] OR "child*"[Text Word] OR "Infant"[MeSH Terms]

Word] OR "prenatal"[Text Word] OR "postnatal"[Text Word]) AND "perinatal"[Text Word]) OR

9,394

5.00.50

4,903,408 5.01.19
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9

ischemic attack*"[Title] OR "brain hypoxia ischemia*"[Title] OR "Intracranial Hemorrhages"[MeSH
Terms] OR "intracranial hemorrhage*"[Title] OR "subarachnoid hemorrhage*"[Title] OR "cerebral

Review,
Review

Word] OR "birth*"[Text Word] OR "Birth Weight"[MeSH Terms] OR "Body Size"[MeSH Terms] OR

Word] OR "child*"[Text Word] OR "Infant"[MeSH Terms] OR "Child"[MeSH Terms] OR "infan*"[Text

"postnatal"[Text Word]) AND "perinatal"[Text Word]) OR "antenatal"[Text Word] OR "offspring"[Text

Complications"[MeSH Terms] OR "pregnan*"[Text Word] OR "prenatal"[Text Word] OR

Systematic hemorrhage*"[Title]) NOT "trauma*"[Text Word]) AND ((("Pregnancy"[MeSH Terms] OR "Pregnancy

"cerebrovascular accident*"[Title] OR "cerebrovascular event*"[Title] OR "TIA"[Title] OR "transient

Meta-

infarction*"[Title] OR "cerebral infarction*"[Title] OR "cerebrovascular disease*"[Title] OR

Reports,

#4
Analysis,

((("Stroke"[MeSH Terms] OR "Brain Ischemia"[MeSH Terms] OR "stroke*"[Title] OR "brain

Case

#3 AND

analysis"[Publication Type] OR "review"[Publication Type] OR "systematic review"[Filter]))

"adult*"[Text Word] OR "adolescen*"[Text Word]) AND ("case reports"[Publication Type] OR "meta

development"[Text Word]) AND ("Young Adult"[MeSH Terms] OR "Middle Aged"[MeSH Terms] OR

"child development"[Text Word] OR "Embryonic and Fetal Development"[MeSH Terms] OR "fetal

Terms] OR "Body Size"[MeSH Terms] OR "Birth Weight"[Text Word] OR "growth"[Text Word] OR

OR "Child"[MeSH Terms] OR "infan*"[Text Word] OR "birth*"[Text Word] OR "Birth Weight"[MeSH

"antenatal"[Text Word] OR "offspring"[Text Word] OR "child*"[Text Word] OR "Infant"[MeSH Terms]

Word] OR "prenatal"[Text Word] OR "postnatal"[Text Word]) AND "perinatal"[Text Word]) OR

((("Pregnancy"[MeSH Terms] OR "Pregnancy Complications"[MeSH Terms] OR "pregnan*"[Text

hemorrhage*"[Title] OR "cerebral hemorrhage*"[Title]) NOT "trauma*"[Text Word]) AND

"Intracranial Hemorrhages"[MeSH Terms] OR "intracranial hemorrhage*"[Title] OR "subarachnoid

"TIA"[Title] OR "transient ischemic attack*"[Title] OR "brain hypoxia ischemia*"[Title] OR

disease*"[Title] OR "cerebrovascular accident*"[Title] OR "cerebrovascular event*"[Title] OR

"stroke*"[Title] OR "brain infarction*"[Title] OR "cerebral infarction*"[Title] OR "cerebrovascular

"adolescen*"[Text Word])) NOT ((("Stroke"[MeSH Terms] OR "Brain Ischemia"[MeSH Terms] OR

("Young Adult"[MeSH Terms] OR "Middle Aged"[MeSH Terms] OR "adult*"[Text Word] OR

"Embryonic and Fetal Development"[MeSH Terms] OR "fetal development"[Text Word]) AND

"Birth Weight"[Text Word] OR "growth"[Text Word] OR "child development"[Text Word] OR

3,093

5.00.25
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7

8
infarction*"[Title] OR "cerebral infarction*"[Title] OR "cerebrovascular disease*"[Title] OR
"cerebrovascular accident*"[Title] OR "cerebrovascular event*"[Title] OR "TIA"[Title] OR "transient

Reports,
Review,

#4

infarction*"[Title] OR "cerebral infarction*"[Title] OR "cerebrovascular disease*"[Title] OR
"cerebrovascular accident*"[Title] OR "cerebrovascular event*"[Title] OR "TIA"[Title] OR "transient

Reports,
Review

#4

Word] OR "child*"[Text Word] OR "Infant"[MeSH Terms] OR "Child"[MeSH Terms] OR "infan*"[Text

"postnatal"[Text Word]) AND "perinatal"[Text Word]) OR "antenatal"[Text Word] OR "offspring"[Text

Complications"[MeSH Terms] OR "pregnan*"[Text Word] OR "prenatal"[Text Word] OR

hemorrhage*"[Title]) NOT "trauma*"[Text Word]) AND ((("Pregnancy"[MeSH Terms] OR "Pregnancy

Terms] OR "intracranial hemorrhage*"[Title] OR "subarachnoid hemorrhage*"[Title] OR "cerebral

ischemic attack*"[Title] OR "brain hypoxia ischemia*"[Title] OR "Intracranial Hemorrhages"[MeSH

((("Stroke"[MeSH Terms] OR "Brain Ischemia"[MeSH Terms] OR "stroke*"[Title] OR "brain

Case

"adolescen*"[Text Word])) AND (casereports[Filter] OR review[Filter] OR systematicreview[Filter])

("Young Adult"[MeSH Terms] OR "Middle Aged"[MeSH Terms] OR "adult*"[Text Word] OR

"Embryonic and Fetal Development"[MeSH Terms] OR "fetal development"[Text Word]) AND

"Birth Weight"[Text Word] OR "growth"[Text Word] OR "child development"[Text Word] OR

Word] OR "birth*"[Text Word] OR "Birth Weight"[MeSH Terms] OR "Body Size"[MeSH Terms] OR

Word] OR "child*"[Text Word] OR "Infant"[MeSH Terms] OR "Child"[MeSH Terms] OR "infan*"[Text

"postnatal"[Text Word]) AND "perinatal"[Text Word]) OR "antenatal"[Text Word] OR "offspring"[Text

Complications"[MeSH Terms] OR "pregnan*"[Text Word] OR "prenatal"[Text Word] OR

hemorrhage*"[Title]) NOT "trauma*"[Text Word]) AND ((("Pregnancy"[MeSH Terms] OR "Pregnancy

Terms] OR "intracranial hemorrhage*"[Title] OR "subarachnoid hemorrhage*"[Title] OR "cerebral

#3 AND

Review

Systematic ischemic attack*"[Title] OR "brain hypoxia ischemia*"[Title] OR "Intracranial Hemorrhages"[MeSH

((("Stroke"[MeSH Terms] OR "Brain Ischemia"[MeSH Terms] OR "stroke*"[Title] OR "brain

Case

#3 AND

systematicreview[Filter])

"adolescen*"[Text Word])) AND (casereports[Filter] OR meta-analysis[Filter] OR review[Filter] OR

("Young Adult"[MeSH Terms] OR "Middle Aged"[MeSH Terms] OR "adult*"[Text Word] OR

"Embryonic and Fetal Development"[MeSH Terms] OR "fetal development"[Text Word]) AND

"Birth Weight"[Text Word] OR "growth"[Text Word] OR "child development"[Text Word] OR

3,017

3,065

5.00.16

5.00.20
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5

6
infarction*"[Title] OR "cerebral infarction*"[Title] OR "cerebrovascular disease*"[Title] OR

Reports

#4

infarction*"[Title] OR "cerebral infarction*"[Title] OR "cerebrovascular disease*"[Title] OR

#4

Word] OR "child*"[Text Word] OR "Infant"[MeSH Terms] OR "Child"[MeSH Terms] OR "infan*"[Text

"postnatal"[Text Word]) AND "perinatal"[Text Word]) OR "antenatal"[Text Word] OR "offspring"[Text

Complications"[MeSH Terms] OR "pregnan*"[Text Word] OR "prenatal"[Text Word] OR

hemorrhage*"[Title]) NOT "trauma*"[Text Word]) AND ((("Pregnancy"[MeSH Terms] OR "Pregnancy

Terms] OR "intracranial hemorrhage*"[Title] OR "subarachnoid hemorrhage*"[Title] OR "cerebral

ischemic attack*"[Title] OR "brain hypoxia ischemia*"[Title] OR "Intracranial Hemorrhages"[MeSH

"cerebrovascular accident*"[Title] OR "cerebrovascular event*"[Title] OR "TIA"[Title] OR "transient

(("Stroke"[MeSH Terms] OR "Brain Ischemia"[MeSH Terms] OR "stroke*"[Title] OR "brain

#3 AND

"adolescen*"[Text Word])) AND (casereports[Filter])

("Young Adult"[MeSH Terms] OR "Middle Aged"[MeSH Terms] OR "adult*"[Text Word] OR

"Embryonic and Fetal Development"[MeSH Terms] OR "fetal development"[Text Word]) AND

"Birth Weight"[Text Word] OR "growth"[Text Word] OR "child development"[Text Word] OR

Word] OR "birth*"[Text Word] OR "Birth Weight"[MeSH Terms] OR "Body Size"[MeSH Terms] OR

Word] OR "child*"[Text Word] OR "Infant"[MeSH Terms] OR "Child"[MeSH Terms] OR "infan*"[Text

"postnatal"[Text Word]) AND "perinatal"[Text Word]) OR "antenatal"[Text Word] OR "offspring"[Text

Complications"[MeSH Terms] OR "pregnan*"[Text Word] OR "prenatal"[Text Word] OR

hemorrhage*"[Title]) NOT "trauma*"[Text Word]) AND ((("Pregnancy"[MeSH Terms] OR "Pregnancy

Terms] OR "intracranial hemorrhage*"[Title] OR "subarachnoid hemorrhage*"[Title] OR "cerebral

ischemic attack*"[Title] OR "brain hypoxia ischemia*"[Title] OR "Intracranial Hemorrhages"[MeSH

"cerebrovascular accident*"[Title] OR "cerebrovascular event*"[Title] OR "TIA"[Title] OR "transient

((("Stroke"[MeSH Terms] OR "Brain Ischemia"[MeSH Terms] OR "stroke*"[Title] OR "brain

Case

#3 AND

"adolescen*"[Text Word])) AND (casereports[Filter] OR review[Filter])

("Young Adult"[MeSH Terms] OR "Middle Aged"[MeSH Terms] OR "adult*"[Text Word] OR

"Embryonic and Fetal Development"[MeSH Terms] OR "fetal development"[Text Word]) AND

"Birth Weight"[Text Word] OR "growth"[Text Word] OR "child development"[Text Word] OR

Word] OR "birth*"[Text Word] OR "Birth Weight"[MeSH Terms] OR "Body Size"[MeSH Terms] OR

12,487

2,080

5.00.05

5.00.11
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2

3

4
"adolescen*"[Text Word]

"Middle Aged"[Mesh] OR

infarction*"[Title] OR "cerebral infarction*"[Title] OR "cerebrovascular disease*"[Title] OR

#2

Word] OR "prenatal"[Text Word] OR "postnatal"[Text Word]) AND "perinatal"[Text Word]) OR
"antenatal"[Text Word] OR "offspring"[Text Word] OR "child*"[Text Word] OR "Infant"[MeSH Terms]
OR "Child"[MeSH Terms] OR "infan*"[Text Word] OR "birth*"[Text Word] OR "Birth Weight"[MeSH
Terms] OR "Body Size"[MeSH Terms] OR "Birth Weight"[Text Word] OR "growth"[Text Word] OR

"Pregnancy

Complications"[Mesh] OR

pregnan*[tw] OR

"prenatal"[tw] OR

"offspring"[tw] OR child*[tw]

OR "antenatal"[tw] OR

development"[Text Word]

"postnatal"[tw] "perinatal"[tw] "child development"[Text Word] OR "Embryonic and Fetal Development"[MeSH Terms] OR "fetal

(("Pregnancy"[MeSH Terms] OR "Pregnancy Complications"[MeSH Terms] OR "pregnan*"[Text

"Pregnancy"[Mesh] OR

"Embryonic and Fetal Development"[MeSH Terms] OR "fetal development"[Text Word])

"Birth Weight"[Text Word] OR "growth"[Text Word] OR "child development"[Text Word] OR

Word] OR "birth*"[Text Word] OR "Birth Weight"[MeSH Terms] OR "Body Size"[MeSH Terms] OR

Word] OR "child*"[Text Word] OR "Infant"[MeSH Terms] OR "Child"[MeSH Terms] OR "infan*"[Text

"postnatal"[Text Word]) AND "perinatal"[Text Word]) OR "antenatal"[Text Word] OR "offspring"[Text

Complications"[MeSH Terms] OR "pregnan*"[Text Word] OR "prenatal"[Text Word] OR

hemorrhage*"[Title]) NOT "trauma*"[Text Word]) AND ((("Pregnancy"[MeSH Terms] OR "Pregnancy

Terms] OR "intracranial hemorrhage*"[Title] OR "subarachnoid hemorrhage*"[Title] OR "cerebral

ischemic attack*"[Title] OR "brain hypoxia ischemia*"[Title] OR "Intracranial Hemorrhages"[MeSH

"cerebrovascular accident*"[Title] OR "cerebrovascular event*"[Title] OR "TIA"[Title] OR "transient

(("Stroke"[MeSH Terms] OR "Brain Ischemia"[MeSH Terms] OR "stroke*"[Title] OR "brain

#1 AND

adult*[tw] OR adolescen*[tw]

"Young Adult"[MeSH Terms] OR "Middle Aged"[MeSH Terms] OR "adult*"[Text Word] OR

"Young Adult"[Mesh] OR

"adolescen*"[Text Word])

("Young Adult"[MeSH Terms] OR "Middle Aged"[MeSH Terms] OR "adult*"[Text Word] OR

"Embryonic and Fetal Development"[MeSH Terms] OR "fetal development"[Text Word]) AND

"Birth Weight"[Text Word] OR "growth"[Text Word] OR "child development"[Text Word] OR

Word] OR "birth*"[Text Word] OR "Birth Weight"[MeSH Terms] OR "Body Size"[MeSH Terms] OR

4.59.17

5,745,729 4.59.09

31,989

8,496,252 4.59.33
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1
infarction*"[Title] OR "cerebral infarction*"[Title] OR "cerebrovascular disease*"[Title] OR

"cerebrovascular accident*"[Title] OR "cerebrovascular event*"[Title] OR "TIA"[Title] OR "transient
ischemic attack*"[Title] OR "brain hypoxia ischemia*"[Title] OR "Intracranial Hemorrhages"[MeSH
Terms] OR "intracranial hemorrhage*"[Title] OR "subarachnoid hemorrhage*"[Title] OR "cerebral

stroke*[ti] OR "brain

infarction*"[ti] OR "Cerebral

Infarction*"[ti] OR

Hemorrhage*"[ti] OR

OR "Subarachnoid

"Intracranial Hemorrhage*"[ti]

Hemorrhages"[Mesh] OR

OR "Intracranial

"Brain Hypoxia-Ischemia*"[ti]

Ischemic Attack*"[ti] OR

OR TIA[ti] OR "Transient

"cerebrovascular event*"[ti]

accident*"[ti] OR

OR "cerebrovascular

"cerebrovascular disease*"[ti] hemorrhage*"[Title]) NOT "trauma*"[Text Word]

("Stroke"[MeSH Terms] OR "Brain Ischemia"[MeSH Terms] OR "stroke*"[Title] OR "brain

("Stroke"[Mesh] OR "Brain

Ischemia"[Mesh] OR

"fetal development"[tw]

Development"[Mesh] OR

OR "Embryonic and Fetal

OR "child development"[tw]

weight"[tw] OR "growth"[tw]

Size"[Mesh] OR "birth

Weight"[Mesh] OR "Body

OR "birth*"[tw] OR "Birth

"Child"[Mesh] OR "infan*"[tw]

OR "Infant"[Mesh] OR

300,265

4.58.49

106

NOT trauma*[tw]

"Cerebral Hemorrhage*"[ti])
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