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Abstract

Background

There is little knowledge about how factors early in life affect the development of migraine

and tension-type headache. We aimed to examine whether growth restriction in utero is

associated with development of migraine and frequent tension-type headache in adults.

Methods

The population-based Nord-Trøndelag Health Study (HUNT 3) contained a validated head-

ache questionnaire, which differentiated between migraine and tension-type headache.

These data were linked to information on weight and gestational age at birth from the Norwe-

gian Medical Birth Registry. In total 4557 females and 2789 males, aged 19–41 years, were

included in this registry-based study. Participants were categorized as appropriate for gesta-

tional age (AGA, 10th-90th percentile), small for gestational age (SGA, 3rd-10th percentile) or

very small for gestational age (VSGA, < 3rd percentile). Logistic regression was used to cal-

culate odds ratios (OR) with 95% confidence intervals (CI) for migraine and tension-type

headache, with exposure being growth restriction at birth.

Results

The effect of growth restriction on migraine was modified by sex, with a significant associa-

tion in males (p<0.001), but not in females (p = 0.20). In particular, males born VSGA were

at increased risk of developing migraine (OR 2.73, 95% CI 1.63–4.58, p<0.001), with an

intermediate risk among those born SGA (OR 1.50, 95% CI 0.96–2.35, p = 0.08) compared

to those born AGA. There was no significant association between growth restriction and fre-

quent TTH (p = 0.051).

PLOS ONE | https://doi.org/10.1371/journal.pone.0175908 April 14, 2017 1 / 12

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPENACCESS

Citation: Børte S, Winsvold BS, Stensland SØ,

Småstuen MC, Zwart J-A (2017) The effect of

foetal growth restriction on the development of

migraine and tension-type headache in adulthood.

The HUNT Study. PLoS ONE 12(4): e0175908.

https://doi.org/10.1371/journal.pone.0175908

Editor: Olivier Baud, Hopital Robert Debre, FRANCE

Received: December 14, 2016

Accepted: April 2, 2017

Published: April 14, 2017

Copyright: © 2017 Børte et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: The data belong to a

third party, the Nord-Trøndelag Health Study

(HUNT). The authors of this current manuscript are

not affiliated with the project, but have been given

permission to analyse the data after obtaining

necessary Norwegian permits. Because of

confidentiality requirements according to

Norwegian law, data sets with information from a

complete county at the individual level cannot be

made public. Research groups wishing to analyse

data from the HUNT study may apply to the HUNT

organization (http://www.ntnu.edu/hunt) to get

access, after obtaining the permits needed,

https://doi.org/10.1371/journal.pone.0175908
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0175908&domain=pdf&date_stamp=2017-04-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0175908&domain=pdf&date_stamp=2017-04-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0175908&domain=pdf&date_stamp=2017-04-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0175908&domain=pdf&date_stamp=2017-04-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0175908&domain=pdf&date_stamp=2017-04-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0175908&domain=pdf&date_stamp=2017-04-14
https://doi.org/10.1371/journal.pone.0175908
http://creativecommons.org/licenses/by/4.0/
http://www.ntnu.edu/hunt


Conclusion

Growth restriction was associated with increased risk of migraine in adulthood among

males, but not among females. This suggests that migraine might, in part, be influenced by

early life events, and that males seem to be particularly vulnerable.

Introduction

Migraine and tension-type headache (TTH) are the most common primary headache disor-

ders, affecting about 15% and 21% of the world’s population respectively [1, 2]. Headache dis-

orders have a high cost to the society because they tend to affect people during their most

productive years [1], and migraine alone is ranked as one of the top ten causes of disability

worldwide [3]. For both migraine and TTH, genetic variation is estimated to account for 40–

50% of the risk [4]. Various lifestyle and psychosocial factors are in different studies found to

be associated with headache [5–10] and for migraine, female sex hormones are suggested to

play a role [11, 12].

Foetal growth restriction (FGR) is traditionally defined as birth weight by gestational age

and gender below the 10th percentile. FGR affects up to 9% of pregnancies in developed coun-

tries, and six times that number in developing countries [13]. Causes of FGR include chromo-

somal abnormalities, infection, multiples, maternal malnutrition and lifestyle factors, and

placental factors. Placental insufficiency is recognized as the most important end determinant

of FGR [13]. FGR is associated with both short- and long-term neurodevelopmental delays

and cognitive dysfunction [13], as well as with late-onset disorders such as type 2 diabetes and

cardiovascular disease [14, 15].

Few previous studies have examined the effect of pre- and perinatal factors on the risk of

developing headache later in life, and no study has examined the effect of FGR on the develop-

ment of headache in adulthood. In one study examining FGR and headache among 11-year

old children, no effect was found on FGR and migraine, but the sample included an age group

where migraine has low prevalence [16]. Only a few studies have examined other perinatal fac-

tors and headache [17–19]. Our aim was to examine a possible association between FGR and

headache in adulthood.

We utilized the population-based Nord-Trøndelag Health Survey (HUNT), in which partic-

ipants were assessed for headache disorders. In order to examine the effect of FGR on the

development of migraine and TTH in adulthood, survey data were linked to the Norwegian

Medical Birth Registry for near complete objective body measurements at birth.

Materials and methods

Study sample

All inhabitants 20 years or older in Nord-Trøndelag county of Norway were invited to partici-

pate in the Nord-Trøndelag Health Study, HUNT 3 (2006–2008). The study population,

including both participants and non-participants has been described in detail previously [20,

21]. In brief, two questionnaires including more than 200 health-related questions were given

to the participants. Of the 94 194 individuals invited, 50 839 (54%) answered the first question-

naire (Q1) which was enclosed with the invitation letter. They were also invited to participate

in a brief medical examination, and to fill in a second questionnaire (Q2), which included a
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total of 14 headache questions. In total, 39 701 (42%) participants answered Q2 and could be

classified according to headache status.

Information on weight by gestational age was obtain through The Norwegian Medical Birth

Registry, which contains information on all registered births in Norway since 1967 [22]. Of

those answering the headache questions, 8380 individuals were born in 1967 or later, and were

therefore eligible for inclusion in the study. Of these, 7763 (92.6%) had complete information

about sex, age, weight and gestational age in the registry. We subsequently excluded those who

were registered with congenital malformations (n = 199), had been born< 20th or> 44th weeks

of gestational age (n = 69), had weight for gestational age> 5 standard deviations (SD) away

from the Scandinavian reference mean [23] (n = 14), were part of multiple births (n = 111) or

whose mothers had rubella during the pregnancy (n = 16). Both congenital malformations,

maternal rubella infection during pregnancy and multiple births are well-known causes of low

birth weight [24], and therefore these individuals were excluded to avoid a potential confound-

ing effect. After exclusions, 7354 individuals, with a mean age of 32.2 years (range from 19.2 to

41.4 years) were included in the study. For analyses of specific headache diagnoses, only those

who could be classified as having migraine, frequent TTH or as headache free were included

(n = 6218, Table 1).

Participation was based on informed, written consent, and the study was approved by the

Regional Committee for Medical and Health Research (2015/463/REK midt).

Headache diagnoses

The 14 headache questions in the second questionnaire (Q2) were designed mainly to determine

whether the individual had headache, the frequency of headache, and, when headache were

reported, to diagnose migraine and TTH according to a modified version of the second version

of the International Classification of Headache Disorders (ICHD-II) [25]. Subjects who answered

“yes” to the screening question “Have you suffered from headache during the last 12 months?”

were classified as headache sufferers. Those who answered “no” comprise the headache-free con-

trol group. Based on subsequent headache questions [20], headache sufferers were classified as

having migraine if they fulfilled the following four criteria: (i) Headache attacks lasting� 72

Table 1. Characteristics of the Participants.

No headache Migraine Frequent TTH

Characteristics n = 3723 n = 1335 n = 1160

Females Males Females Males Females Males

Participants (n) 1974 1749 1041 294 803 357

Age, years (SD) 31.6 (6.4) 32.3 (6.2) 32.4 (6.0)** 33.1 (5.9) 32.3 (6.3)* 33.5 (5.8)**

Birth weight, grams (SD) 3492 (512) 3641 (543) 3454 (515) 3570 (541)* 3452 (529) 3650 (513)

Gestational age, weeks (SD) 40.1 (1.7) 39.9 (1.8) 40.0 (1.8) 39.8 (1.7) 40.0 (1.7) 40.0 (1.8)

Birth weight for gestational age

AGA, % (n) 79.3 (1565) 80.8 (1413) 79.4 (827) 74.5 (219) 77.1 (619) 81.5 (291)

SGA, % (n) 6.9 (137) 6.4 (112) 8.3 (86) 8.8 (26) 9.6 (77)* 5.3 (19)

VSGA, % (n) 3.9 (76) 3.0 (52) 4.5 (47) 7.5 (22)*** 5.0 (40) 3.4 (12)

LGA, % (n) 9.9 (196) 9.8 (172) 7.8 (81) 9.2 (27) 8.3 (67) 9.8 (35)

TTH: Tension-type headache; n: Numbers of participants, SD: Standard Deviation; AGA: Appropriate for gestational age (weight by percentile); VSGA:

Very small for gestational age (< 3rd percentile); LGA: Large for gestational age (>90th percentile). Group mean or proportion is significantly different than

no-headache control mean or proportion for the same sex at *p < 0.05 ** p < 0.01 *** p < 0.001 as determined by chi-square tests for categorical variables

and independent t-tests for continuous variables.

https://doi.org/10.1371/journal.pone.0175908.t001
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hours. (ii) Headache with at least two of the following characteristics: pulsating quality, unilateral

location, moderate to severe intensity or aggravation by physical activity. (iii) During headache,

at least one of the following: a) nausea and/or vomiting, b) photophobia and phonophobia. Head-

ache sufferers were classified as having frequent TTH if they fulfilled the following criteria: (i)

Headache at least one day a month. (ii) Headache with at least two of the following characteris-

tics: bilateral location, pressing quality, mild to moderate intensity and no aggravation by physical

activity. (iii) During headache no nausea or vomiting and no phonophobia or photophobia. The

headache diagnoses were mutually exclusive. These headache diagnoses have previously been val-

idated against clinical interviews by neurologists [20]. The sensitivity and specificity were, respec-

tively, 88% and 86% for any headache (Cohen’s kappa (κ) = 0.70, 95% CI 0.61–0.79), 51% and

95% for migraine (κ = 0.50, 95% CI 0.32–0.68) and 96% and 69% for frequent TTH (κ = 0.44,

95% CI 0.30–0.58).

Foetal growth restriction (FGR)

We used the traditional definition of FGR, that is a birth weight by gestational age and gender

below the 10th percentile, the definition being equal to small for gestational age (SGA) [26].

Since it has been shown that this definition includes a considerable proportion of constitution-

ally small foetuses [27], some have suggested using a threshold of two standard deviations

below the mean (corresponding to the 3rd percentile) to better identify foetuses at risk [28, 29].

For the analysis in this study we therefore defined two mutually exclusive groups, those lying

between the 3rd and 10th percentile, termed SGA, and those below the 3rd percentile, termed

very small for gestational age (VSGA). Participants born with a weight appropriate for gesta-

tional age (AGA, 10th-90th percentile) were used as a reference group. Those born large for ges-

tational age (LGA, > 90th percentile) were included in prevalence calculations, but were not

included in analyses of FGR. In order to calculate the percentile for each individual, birth

weight was standardized according to gestational age and sex based on national reference data

[23], and expressed as a z-score.

Additional information from the Norwegian Medical Birth Registry, such as specific diag-

noses in the newborn, complications during pregnancy or labour, maternal smoking, alcohol

use, medical conditions and medication use, could unfortunately not be included, due to lack

of data or high level of missingness in the birth notification forms used before 1999.

Statistical analysis

Considering an explanatory strategy, our major hypothesis was that FGR is associated with

headache status in adulthood. We estimated the effect of having FGR at birth (exposure) on the

presence of headache in HUNT 3 (outcome) using binary logistic regression. Those suffering

from migraine and frequent TTH were examined separately, and compared to participants free

of headache. For the exposure variable, the effect of SGA and VSGA was examined by using

those born AGA as a reference. The results are reported as odds ratios (OR) with 95% confi-

dence intervals (95% CI). The exposure variables (AGA, SGA, VSGA) were also incorporated as

a single ordinal variable in a two-sided test for trend. Sex and age were considered as potential

confounders or effect modifiers on this association. The confounding effect was quantified by

comparing the adjusted OR to the crude OR. Variables with a confounding effect> 5% were

included in the final analysis. Effect modification was examined by including an interaction

term in the model, where we defined effect modification as significant interaction at p< 0.05.

Modification was handled by performing stratified analyses. All tests were two-sided and p-

values< 0.05 were considered statistically significant.
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Estimated marginal probabilities of migraine were based on a model including the interac-

tion of gender and growth restriction, holding age at its mean, and visualized graphically. For

this analysis we included the whole study sample, including those with non-classified head-

ache, in order to obtain representative probability estimates.

All analyses were performed using Stata/SE 14.1 for Mac (StataCorp LP, College Station,

TX, USA).

Results

Migraine

To study the association between FGR and migraine we included 1335 subjects with migraine

and 3723 subjects without headache. The overall prevalence of migraine in our study sample

was 22.8% for females and 10.5% for males, which is comparable to the expected migraine prev-

alence for this age group, in this region [12, 30]. The mean age was 32.5 years among all the par-

ticipants, with a range from 19–41 years. Characteristics of the participants are presented in

Table 1. Females in the migraine group were significantly older compared to the control group,

the groups were otherwise comparable. Males in the migraine group had lower birth weight

than the control group, and a different distribution of weight by gestational age, with a higher

proportion of individuals being VSGA compared to the control group.

There was a significant effect modification of sex on the relationship between being born

VSGA and migraine (p = 0.009), and subsequent analyses were therefore performed separately

for males and females. Including age in the model did not alter the estimates, and age was

therefore not included as a covariate in the final model. The results are summarized in Table 2.

For migraine the unstratified analyses revealed an OR of 1.27 (95% CI 0.99–1.61, p = 0.056),

being SGA, and an OR of 1.52 (95% CI 1.10–2.10, p = 0.011), being VSGA, compared to those

being AGA. The effect of FGR on the development of migraine was however dependent on its

interaction with sex. The effect was stronger in males, for whom there was a significant associ-

ation between FGR and the development of migraine (p for trend<0.001). There was a non-

significantly, moderate increased odds in those born SGA (OR = 1.50, 95% CI 0.96–2.35,

p = 0.08), and a significantly nearly three times higher odds of migraine among those born

Table 2. The Effect of Weight for Gestational Age on Development of Migraine.

All Females Males

No

headache

Migraine No headache Migraine No headache Migraine

OR (95% CI) OR (95% CI) OR (95% CI)

n n n n n n

AGA 1.0 (ref) 1.0 (ref) 1.0 (ref)

2978 1046 1565 827 1413 219

SGA 1.27 (0.99–1.61) 1.19 (0.90–1.58) 1.50 (0.96–2.35)

249 112 137 86 112 26

VSGA 1.52 (1.10–2.10) 1.17 (0.81–1.70) 2.73 (1.63–4.58)

128 69 76 47 52 22

p for trend 0.001 0.20 < 0.001

AGA: Appropriate for gestational age (weight by gestational age 10th-90th percentile); SGA: Small for gestational age (3rd-10th percentile); VSGA: Very

small for gestational age (<3rd percentile); OR: Odds ratio; CI: Confidence Interval; n: Number of participants

https://doi.org/10.1371/journal.pone.0175908.t002
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VSGA (OR = 2.73, 95% CI 1.63–4.58, p<0.001), compared to those born AGA. In females, no

significant association was seen between FGR and the development of migraine (p for trend =

0.20), although the tendency was in the same direction as for males, with non-significantly

increased odds for those born SGA (OR = 1.19, 95% CI 0.90–1.58, p = 0.23) and VSGA

(OR = 1.17, 95% CI 0.81–1.70, p = 0.41).

Age-adjusted estimates for prevalence (probabilities) of migraine by sex and weight by ges-

tational age are given in Fig 1. For males, migraine was found to be more than twice as preva-

lent among those born VSGA (20.9%) compared to those born AGA (9.8%).

Frequent tension-type headache

The same procedure was used to investigate the association between FGR and frequent TTH

(n = 1160). Characteristics of the participants are summarized in Table 1. Both males and

females in the frequent TTH group were significantly older than the headache free control

groups, and females with frequent TTH were more often born SGA.

No effect modifiers were identified. Sex had a confounding effect and was therefore

included in the model, but age did not.

FGR was not significantly associated with the development of frequent TTH (p for trend =

0.051). There were no significant differences in odds for migraine for those born SGA (OR =

1.22, 95% CI 0.95–1.56, p = 0.12) or VSGA (OR = 1.27, 95% CI 0.91–1.77, p = 0.17), compared

to those born AGA.

Fig 1. Estimated Probabilities of Migraine (%) by Weight/Gestational Age and Sex. AGA: Appropriate for gestational age

(weight by gestational age 10th-90th percentile); SGA: Small for gestational age (3rd-10th percentile); VSGA: Very small for

gestational age (<3rd percentile); LGA: Large for gestational age (90th-100th percentile).

https://doi.org/10.1371/journal.pone.0175908.g001
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Discussion

In this population-based study of 7354 adults with information on measurements at birth, we

found that FGR was associated with increased odds of developing migraine in males. This rela-

tionship was most pronounced in those born VSGA, among whom the odds of migraine in

adulthood were almost three times higher than in the non-growth restricted group. The study

revealed no association between FGR and migraine in females, or between FGR and frequent

TTH.

Few previous studies have investigated the effect of perinatal factors on the risk of headache.

In contrast to our findings, one longitudinal study of 871 11-year old children did not report

an effect of FGR on migraine or TTH [16]. The study may however have been limited by the

low prevalence of migraine in this age group. As well, they included term infants only, and did

not analyse females and males separately. A few additional studies have examined the impact

of other perinatal factors on later headache. They have reported an association between admis-

sion to the neonatal intensive care unit and later migraine [18], and between maternal tobacco

and alcohol use during pregnancy and later chronic daily headaches [17], while no association

was found between being born prematurely and headache in children [19]. However, these

studies were limited by small study samples or failure to separate migraine from other types of

headache.

FGR is defined, by its true meaning, as a foetus who does not reach its predetermined

growth potential [31]. This can be a result of genetic factors, such as chromosomal abnormali-

ties, or of environmental factors, poor placental function being the most important contributor

to FGR [13]. Insufficient placental circulation leads to chronic hypoxia and reduced nutrient

supply to the foetus, resulting in a decreased growth rate and redistribution of blood to vital

organs including the brain [13]. Despite this brain-sparing effect, FGR is associated with sev-

eral neuropathological difficulties in childhood and later life, including impaired fine- and

gross motor skills, impaired cognition and learning, and behavioural problems regarding

attention, responsivity, hyperactivity, mood and anxiety [13]. FGR has been associated with

attention deficit/hyperactivity disorder [32], cerebral palsy [13], and possibly with epilepsy

[33].

Specific structural and functional changes in the brain associated with FGR include delayed

myelination, a reduced number of synapses and altered dendritic morphology, changes in grey

and white matter volume, and reduced brain connectivity particularly in the prefrontal and

limbic networks, the latter correlating with neurobehavioral impairments, such as hyperactiv-

ity and cognitive executive deficits [13]. Of particular interest in relation to migraine, animal

studies have shown alterations in neurotransmitter levels in various parts of the brain, with

increased excitatory glutaminergic activity, and decreased inhibitory GABA-ergic activity [34],

in addition to increased levels of dopamine, noradrenalin and serotonin [34–36]. Several lines

of evidence suggest an imbalance of synaptic excitation-inhibition in migraine, resulting in a

hyperexcitable state. This presents a potential mechanism for an increased propensity for

developing migraine due to FGR [37, 38]. It is also likely that serotonin plays a role in migraine

pathogenesis, with serotonin receptor agonists (triptans) being important in the acute treat-

ment of migraine [39]. As well there is some evidence for imbalances in dopamine and nor-

adrenaline function in migraine patients, although their specific role in the pathogenesis

remains unclear [40, 41].

Several studies have also indicated that altered hemodynamics in utero may result in dys-

functional development of the cardiovascular system, “programming” the foetus for lifelong

cardiovascular morbidity [42]. A higher prevalence of cardiomyopathy-like remodelling and

vascular dysfunction, increased blood pressure and increased carotid intima-media thickening
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have been found in older children born with FGR [15]. Several lines of evidence point towards

an association between migraine and vascular dysfunction [43], and FGR as a shared underly-

ing factor could theoretically present one explanation for this relationship.

It could also be speculated that the effect of FGR on the later development of migraine

might be mediated through admission to the neonatal intensive care unit (NICU), which

involves exposure to painful procedures and stressful events. This experience may play a role

in the later development of headaches [18].

Somewhat surprisingly, we found a significant effect modification of sex. The risk of devel-

oping migraine was clearly increased in growth restricted males, but not in females. This

greater effect of FGR on males is in line with previous studies on other conditions, suggesting

that it may have a biological basis [44, 45]. Compared to females, growth restricted males are

at increased risk of neonatal complications and mortality [46, 47], cerebral palsy, mental- and

psychomotor developmental delays, and neurodevelopmental impairment [48]. It has been

suggested that male and female foetuses adapt differently to adverse environments, most likely

mediated by sex specific adaptations of the foetal-placental unit regarding immune function

and response to maternal inflammatory status. The female placenta seems to be more respon-

sive to changes in glucocorticoid concentration, and adapts to an adverse intrauterine environ-

ment with altered gene- and protein expression and a minor decrease in growth of the female

foetus, without it becoming growth restricted. The male placenta is more resistant to glucocor-

ticoids and exhibits minimal adjustments, with the male foetus continuing to grow normally

in the presence of an adverse intrauterine environment. In the presence of a second stressful

event, the male response is associated with increased risk of growth restriction, preterm deliv-

ery or death in utero, while the female response seems to ensure survival [49]. Likewise, female

foetuses appear to respond more adequately to asphyxia, with a higher release of catechol-

amines and a lower risk of neurological complications [47]. Lastly, there seem to be microvas-

cular differences between male and female neonates born preterm or from pre-eclamptic

pregnancies, with a stronger vasodilation at birth in males than in females [49]. These findings

indicate that males are especially vulnerable to stressful perinatal events, and that reduced

nutrient supply and hypoxia in utero might have greater consequences for the growing brain

in males than in females. Similar mechanisms could be involved in the stronger effect of FGR

on migraine in males than in females observed in our study.

We did not find any associations between being growth restricted at birth and frequent

TTH. A reason for this might, in part, be that migraine and TTH are caused by separate under-

lying mechanisms, as has been suggested previously [50].

Strengths of our study include the large and unselected population, the use of validated

headache diagnoses, and near complete objective measurements of height and weight at deliv-

ery, making it possible to define FGR.

One limitation of our study may be the low number of growth restricted headache sufferers,

in particular growth restricted males with headache. However, despite large confidence inter-

vals, the findings were still significant. Another limitation is that headache diagnoses were

based on responses to a questionnaire, and not on clinical diagnosis. For this reason people

who suffer from aura without headache will also not be included. Also, while we used a tradi-

tional definition of FGR, true FGR should optimally be determined using Doppler ultrasound

of the foetal blood vessels during pregnancy. In particular, an abnormal ratio between cerebral

and placental vascular function is a stronger predictor of pregnancy complications than birth

weight by gestational age [51]. It might also have been more optimal to use customized growth

charts, but unfortunately information on maternal factors like ethnicity, height, weight and

age were not available. It is likely that a proportion of those defined as having FGR in the cur-

rent study are simply constitutionally small [52], and not at increased risk of adverse outcomes
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[53]. Likewise, we will have missed growth restricted foetuses with a birth weight above the

10th percentile. Both types of misclassification will result in an underestimation of the effect of

FGR on the development of headache in the current study. To minimize the risk of mis-

classification, we studied the group born VSGA, where the proportion of true FGR will be

higher, separately. Lastly, while we examined age and sex as potential confounders, we

cannot exclude residual confounding from variables not available in our material, such as

maternal psychiatric comorbidity, health, lifestyle and medication use during pregnancy,

complications in pregnancy, complications/conditions in the newborn, socioeconomic

status and other hardships that may affect later caregiving, psychosocial environment

and family lifestyle. It would have been of particular value to further examine the growth

restricted males with migraine, regarding the above-mentioned factors, to evaluate if they

differed from the normal-weighted newborns in other ways than being small. Future stud-

ies where such factors are assessed, should consider the extent to which they affect the rela-

tionship between FGR and later migraine.

In conclusion, in this first population-based study examining the effect of FGR at birth on

the later development of headache, we found that FGR was a predictor for migraine in adult-

hood among males. This association was strongest for those born VSGA (<3rd percentile),

who had almost three times higher odds of migraine in adulthood. No significant relationship

between FGR and the development of migraine was found in females. That the association was

limited to males corresponds with previous findings of a more prominent effect of FGR in

males than in females on various neurological outcomes. No relationship was found between

FGR and TTH, substantiating the notion that migraine and TTH may be influenced by differ-

ent pathophysiological and psychological mechanisms. The biological mechanisms involved in

a relationship between FGR and migraine remain unclear, but may include altered neurotrans-

mitter activity or alterations in brain structure and connectivity. Further research is needed to

reveal these underlying mechanisms.

Acknowledgments

The Nord-Trøndelag Health Study (The HUNT Study) is a collaboration between HUNT

Research Centre (Faculty of Medicine, Norwegian University of Science and Technology

NTNU), Nord-Trøndelag County Council, Central Norway Health Authority, and the Norwe-

gian Institute of Public Health.

Author Contributions

Conceptualization: BSW JAZ.

Formal analysis: SB BSW MCS.

Funding acquisition: JAZ BSW.

Methodology: SB BSW SØS MCS JAZ.

Project administration: JAZ BSW.

Supervision: JAZ BSW.

Visualization: SB BSW MCS.

Writing – original draft: SB BSW.

Writing – review & editing: BSW SØS MCS JAZ SB.

Foetal growth restriction, migraine and tension-type headache

PLOS ONE | https://doi.org/10.1371/journal.pone.0175908 April 14, 2017 9 / 12

https://doi.org/10.1371/journal.pone.0175908


References
1. World Health Organization. Headache disorders. 2012 [cited 01 April 2016]. Available from: http://www.

who.int/mediacentre/factsheets/fs277/en/.

2. Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years lived with disability

(YLDs) for 1160 sequelae of 289 diseases and injuries 1990–2010: a systematic analysis for the Global

Burden of Disease Study 2010. Lancet. 2012; 380: 2163–96. https://doi.org/10.1016/S0140-6736(12)

61729-2 PMID: 23245607

3. Global Burden of Disease Study 2013 Collaborators. Global, regional, and national incidence, preva-

lence, and years lived with disability for 301 acute and chronic diseases and injuries in 188 countries,

1990–2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet. 2015; 386:

743–800. https://doi.org/10.1016/S0140-6736(15)60692-4 PMID: 26063472

4. Nielsen CS, Knudsen GP, Steingrimsdottir OA. Twin studies of pain. Clin Genet. 2012; 82: 331–40.

https://doi.org/10.1111/j.1399-0004.2012.01938.x PMID: 22823509

5. Robberstad L, Dyb G, Hagen K, Stovner LJ, Holmen TL, Zwart JA. An unfavorable lifestyle and recur-

rent headaches among adolescents: the HUNT study. Neurology. 2010; 75: 712–7. https://doi.org/10.

1212/WNL.0b013e3181eee244 PMID: 20720191

6. Aamodt AH, Stovner LJ, Hagen K, Brathen G, Zwart J. Headache prevalence related to smoking and

alcohol use. The Head-HUNT Study. Eur J Neurol. 2006; 13: 1233–8. https://doi.org/10.1111/j.1468-

1331.2006.01492.x PMID: 17038038

7. Peterlin BL, Nijjar SS, Tietjen GE. Post-traumatic stress disorder and migraine: epidemiology, sex differ-

ences, and potential mechanisms. Headache. 2011; 51: 860–8. https://doi.org/10.1111/j.1526-4610.

2011.01907.x PMID: 21592096

8. Tietjen GE, Peterlin BL. Childhood abuse and migraine: epidemiology, sex differences, and potential

mechanisms. Headache. 2011; 51: 869–79. https://doi.org/10.1111/j.1526-4610.2011.01906.x PMID:

21631473

9. Ashina S, Bendtsen L, Ashina M. Pathophysiology of tension-type headache. Current pain and head-

ache reports. 2005; 9: 415–22. PMID: 16282042

10. Dyb G, Stensland S, Zwart JA. Psychiatric comorbidity in childhood and adolescence headache. Cur-

rent pain and headache reports. 2015; 19: 5. https://doi.org/10.1007/s11916-015-0479-y PMID:

25754599

11. Sacco S, Ricci S, Degan D, Carolei A. Migraine in women: the role of hormones and their impact on vas-

cular diseases. J Headache Pain. 2012; 13: 177–89. https://doi.org/10.1007/s10194-012-0424-y PMID:

22367631

12. Vetvik KG, MacGregor EA. Sex differences in the epidemiology, clinical features, and pathophysiology

of migraine. Lancet Neurol. 2017; 16: 76–87. https://doi.org/10.1016/S1474-4422(16)30293-9 PMID:

27836433

13. Miller SL, Huppi PS, Mallard C. The consequences of fetal growth restriction on brain structure and neu-

rodevelopmental outcome. J Physiol. 2016; 594: 807–23. https://doi.org/10.1113/JP271402 PMID:

26607046

14. Roth CL, Sathyanarayana S. Mechanisms affecting neuroendocrine and epigenetic regulation of body

weight and onset of puberty: potential implications in the child born small for gestational age (SGA). Rev

Endocr Metab Disord. 2012; 13: 129–40. https://doi.org/10.1007/s11154-012-9212-x PMID: 22415297

15. Demicheva E, Crispi F. Long-term follow-up of intrauterine growth restriction: cardiovascular disorders.

Fetal Diagn Ther. 2014; 36: 143–53. https://doi.org/10.1159/000353633 PMID: 23948759

16. Waldie KE, Thompson JM, Mia Y, Murphy R, Wall C, Mitchell EA. Risk factors for migraine and tension-

type headache in 11 year old children. J Headache Pain. 2014; 15: 60. https://doi.org/10.1186/1129-

2377-15-60 PMID: 25205384

17. Arruda MA, Guidetti V, Galli F, Albuquerque RC, Bigal ME. Prenatal exposure to tobacco and alcohol

are associated with chronic daily headaches at childhood: A population-based study. Arq Neuropsi-

quiatr. 2011; 69: 27–33. PMID: 21359419

18. Maneyapanda SB, Venkatasubramanian A. Relationship between significant perinatal events and

migraine severity. Pediatrics. 2005; 116: e555–8. https://doi.org/10.1542/peds.2005-0454 PMID:

16199683

19. Paulsson L, Ekberg E, Nilner M, Bondemark L. Mandibular function, temporomandibular disorders, and

headache in prematurely born children. Acta Odontol Scand. 2009; 67: 30–7. https://doi.org/10.1080/

00016350802541152 PMID: 18991148

20. Hagen K, Zwart JA, Aamodt AH, Nilsen KB, Brathen G, Helde G, et al. The validity of questionnaire-

based diagnoses: the third Nord-Trondelag Health Study 2006–2008. J Headache Pain. 2010; 11: 67–

73. https://doi.org/10.1007/s10194-009-0174-7 PMID: 19946790

Foetal growth restriction, migraine and tension-type headache

PLOS ONE | https://doi.org/10.1371/journal.pone.0175908 April 14, 2017 10 / 12

http://www.who.int/mediacentre/factsheets/fs277/en/
http://www.who.int/mediacentre/factsheets/fs277/en/
https://doi.org/10.1016/S0140-6736(12)61729-2
https://doi.org/10.1016/S0140-6736(12)61729-2
http://www.ncbi.nlm.nih.gov/pubmed/23245607
https://doi.org/10.1016/S0140-6736(15)60692-4
http://www.ncbi.nlm.nih.gov/pubmed/26063472
https://doi.org/10.1111/j.1399-0004.2012.01938.x
http://www.ncbi.nlm.nih.gov/pubmed/22823509
https://doi.org/10.1212/WNL.0b013e3181eee244
https://doi.org/10.1212/WNL.0b013e3181eee244
http://www.ncbi.nlm.nih.gov/pubmed/20720191
https://doi.org/10.1111/j.1468-1331.2006.01492.x
https://doi.org/10.1111/j.1468-1331.2006.01492.x
http://www.ncbi.nlm.nih.gov/pubmed/17038038
https://doi.org/10.1111/j.1526-4610.2011.01907.x
https://doi.org/10.1111/j.1526-4610.2011.01907.x
http://www.ncbi.nlm.nih.gov/pubmed/21592096
https://doi.org/10.1111/j.1526-4610.2011.01906.x
http://www.ncbi.nlm.nih.gov/pubmed/21631473
http://www.ncbi.nlm.nih.gov/pubmed/16282042
https://doi.org/10.1007/s11916-015-0479-y
http://www.ncbi.nlm.nih.gov/pubmed/25754599
https://doi.org/10.1007/s10194-012-0424-y
http://www.ncbi.nlm.nih.gov/pubmed/22367631
https://doi.org/10.1016/S1474-4422(16)30293-9
http://www.ncbi.nlm.nih.gov/pubmed/27836433
https://doi.org/10.1113/JP271402
http://www.ncbi.nlm.nih.gov/pubmed/26607046
https://doi.org/10.1007/s11154-012-9212-x
http://www.ncbi.nlm.nih.gov/pubmed/22415297
https://doi.org/10.1159/000353633
http://www.ncbi.nlm.nih.gov/pubmed/23948759
https://doi.org/10.1186/1129-2377-15-60
https://doi.org/10.1186/1129-2377-15-60
http://www.ncbi.nlm.nih.gov/pubmed/25205384
http://www.ncbi.nlm.nih.gov/pubmed/21359419
https://doi.org/10.1542/peds.2005-0454
http://www.ncbi.nlm.nih.gov/pubmed/16199683
https://doi.org/10.1080/00016350802541152
https://doi.org/10.1080/00016350802541152
http://www.ncbi.nlm.nih.gov/pubmed/18991148
https://doi.org/10.1007/s10194-009-0174-7
http://www.ncbi.nlm.nih.gov/pubmed/19946790
https://doi.org/10.1371/journal.pone.0175908


21. Langhammer A, Krokstad S, Romundstad P, Heggland J, Holmen J. The HUNT study: participation is

associated with survival and depends on socioeconomic status, diseases and symptoms. BMC Med

Res Methodol. 2012; 12: 143. https://doi.org/10.1186/1471-2288-12-143 PMID: 22978749

22. Norwegian Institute of Public Health. Medical Birth Registry of Norway. 2012 [cited 11 December 2015].

Available from: http://www.fhi.no/artikler/?id=94819.

23. Skjaerven R, Gjessing HK, Bakketeig LS. Birthweight by gestational age in Norway. Acta Obstet Gyne-

col Scand. 2000; 79: 440–9. PMID: 10857867

24. Bernstein PS, Divon MY. Etiologies of fetal growth restriction. Clin Obstet Gynecol. 1997; 40: 723–9.

PMID: 9429786

25. Headache Classification Subcommittee of the International Headache Society. The International Classi-

fication of Headache Disorders: 2nd edition. Cephalalgia. 2004; 24 Suppl 1: 9–160.

26. Battaglia FC, Lubchenco LO. A practical classification of newborn infants by weight and gestational

age. J Pediatr. 1967; 71: 159–63. PMID: 6029463

27. Alberry M, Soothill P. Management of fetal growth restriction. Arch Dis Child Fetal Neonatal Ed. 2007;

92: F62–7. https://doi.org/10.1136/adc.2005.082297 PMID: 17185432

28. Figueras F, Gratacos E. Update on the diagnosis and classification of fetal growth restriction and pro-

posal of a stage-based management protocol. Fetal Diagn Ther. 2014; 36: 86–98. https://doi.org/10.

1159/000357592 PMID: 24457811

29. Unterscheider J, O’Donoghue K, Daly S, Geary MP, Kennelly MM, McAuliffe FM, et al. Fetal growth

restriction and the risk of perinatal mortality-case studies from the multicentre PORTO study. BMC

Pregnancy Childbirth. 2014; 14: 63. https://doi.org/10.1186/1471-2393-14-63 PMID: 24517273

30. Stovner LJ, Zwart JA, Hagen K, Terwindt GM, Pascual J. Epidemiology of headache in Europe. Eur J

Neurol. 2006; 13: 333–45. https://doi.org/10.1111/j.1468-1331.2006.01184.x PMID: 16643310

31. Carberry AE, Gordon A, Bond DM, Hyett J, Raynes-Greenow CH, Jeffery HE. Customised versus popu-

lation-based growth charts as a screening tool for detecting small for gestational age infants in low-risk

pregnant women. Cochrane Database Syst Rev. 2011: CD008549. https://doi.org/10.1002/14651858.

CD008549.pub2 PMID: 22161432

32. Heinonen K, Raikkonen K, Pesonen AK, Andersson S, Kajantie E, Eriksson JG, et al. Behavioural

symptoms of attention deficit/hyperactivity disorder in preterm and term children born small and appro-

priate for gestational age: a longitudinal study. BMC Pediatr. 2010; 10: 91. https://doi.org/10.1186/

1471-2431-10-91 PMID: 21159164

33. Sun Y, Vestergaard M, Pedersen CB, Christensen J, Basso O, Olsen J. Gestational age, birth weight,

intrauterine growth, and the risk of epilepsy. Am J Epidemiol. 2008; 167: 262–70. https://doi.org/10.

1093/aje/kwm316 PMID: 18042672

34. Hernandez-Andrade E, Cortes-Camberos AJ, Diaz NF, Flores-Herrera H, Garcia-Lopez G, Gonzalez-

Jimenez M, et al. Altered levels of brain neurotransmitter from new born rabbits with intrauterine restric-

tion. Neurosci Lett. 2015; 584: 60–5. https://doi.org/10.1016/j.neulet.2014.09.051 PMID: 25304540

35. Minkowski A, Chanez C, Priam M, Flexor MA, Hamon M, Bourgoin S, et al. Long lasting effects of intra-

uterine malnutrition on neurotransmitters metabolism in the brain of developing rats. Prog Clin Biol Res.

1981; 77: 643–60. PMID: 6174996

36. Jensen A, Klonne HJ, Detmer A, Carter AM. Catecholamine and serotonin concentrations in fetal

guinea-pig brain: relation to regional cerebral blood flow and oxygen delivery in the growth-restricted

fetus. Reprod Fertil Dev. 1996; 8: 355–64. PMID: 8795097

37. Nguyen BN, McKendrick AM, Vingrys AJ. Abnormal inhibition-excitation imbalance in migraine. Cepha-

lalgia. 2016; 36: 5–14. https://doi.org/10.1177/0333102415576725 PMID: 25787685

38. Vecchia D, Pietrobon D. Migraine: a disorder of brain excitatory-inhibitory balance? Trends Neurosci.

2012; 35: 507–20. https://doi.org/10.1016/j.tins.2012.04.007 PMID: 22633369

39. Dussor G. Serotonin, 5HT1 agonists, and migraine: new data, but old questions still not answered. Curr

Opin Support Palliat Care. 2014; 8: 137–42. https://doi.org/10.1097/SPC.0000000000000044 PMID:

24670810

40. Barbanti P, Fofi L, Aurilia C, Egeo G. Dopaminergic symptoms in migraine. Neurol Sci. 2013; 34 Suppl

1: S67–70.

41. D’Andrea G, D’Arrigo A, Dalle Carbonare M, Leon A. Pathogenesis of migraine: role of neuromodula-

tors. Headache. 2012; 52: 1155–63. https://doi.org/10.1111/j.1526-4610.2012.02168.x PMID:

22671857

42. Cohen E, Wong FY, Horne RS, Yiallourou SR. Intrauterine growth restriction: impact on cardiovascular

development and function throughout infancy. Pediatr Res. 2016; 79: 821–30. https://doi.org/10.1038/

pr.2016.24 PMID: 26866903

Foetal growth restriction, migraine and tension-type headache

PLOS ONE | https://doi.org/10.1371/journal.pone.0175908 April 14, 2017 11 / 12

https://doi.org/10.1186/1471-2288-12-143
http://www.ncbi.nlm.nih.gov/pubmed/22978749
http://www.fhi.no/artikler/?id=94819
http://www.ncbi.nlm.nih.gov/pubmed/10857867
http://www.ncbi.nlm.nih.gov/pubmed/9429786
http://www.ncbi.nlm.nih.gov/pubmed/6029463
https://doi.org/10.1136/adc.2005.082297
http://www.ncbi.nlm.nih.gov/pubmed/17185432
https://doi.org/10.1159/000357592
https://doi.org/10.1159/000357592
http://www.ncbi.nlm.nih.gov/pubmed/24457811
https://doi.org/10.1186/1471-2393-14-63
http://www.ncbi.nlm.nih.gov/pubmed/24517273
https://doi.org/10.1111/j.1468-1331.2006.01184.x
http://www.ncbi.nlm.nih.gov/pubmed/16643310
https://doi.org/10.1002/14651858.CD008549.pub2
https://doi.org/10.1002/14651858.CD008549.pub2
http://www.ncbi.nlm.nih.gov/pubmed/22161432
https://doi.org/10.1186/1471-2431-10-91
https://doi.org/10.1186/1471-2431-10-91
http://www.ncbi.nlm.nih.gov/pubmed/21159164
https://doi.org/10.1093/aje/kwm316
https://doi.org/10.1093/aje/kwm316
http://www.ncbi.nlm.nih.gov/pubmed/18042672
https://doi.org/10.1016/j.neulet.2014.09.051
http://www.ncbi.nlm.nih.gov/pubmed/25304540
http://www.ncbi.nlm.nih.gov/pubmed/6174996
http://www.ncbi.nlm.nih.gov/pubmed/8795097
https://doi.org/10.1177/0333102415576725
http://www.ncbi.nlm.nih.gov/pubmed/25787685
https://doi.org/10.1016/j.tins.2012.04.007
http://www.ncbi.nlm.nih.gov/pubmed/22633369
https://doi.org/10.1097/SPC.0000000000000044
http://www.ncbi.nlm.nih.gov/pubmed/24670810
https://doi.org/10.1111/j.1526-4610.2012.02168.x
http://www.ncbi.nlm.nih.gov/pubmed/22671857
https://doi.org/10.1038/pr.2016.24
https://doi.org/10.1038/pr.2016.24
http://www.ncbi.nlm.nih.gov/pubmed/26866903
https://doi.org/10.1371/journal.pone.0175908


43. Tietjen GE. Migraine as a systemic vasculopathy. Cephalalgia. 2009; 29: 987–96. https://doi.org/10.

1111/j.1468-2982.2009.01937.x PMID: 19689607

44. Parkinson CE, Wallis S, Harvey D. School achievement and behaviour of children who were small-for-

dates at birth. Dev Med Child Neurol. 1981; 23: 41–50. PMID: 7202869

45. Morsing E, Asard M, Ley D, Stjernqvist K, Marsal K. Cognitive function after intrauterine growth restric-

tion and very preterm birth. Pediatrics. 2011; 127: e874–82. https://doi.org/10.1542/peds.2010-1821

PMID: 21382944

46. Simchen MJ, Weisz B, Zilberberg E, Morag I, Weissmann-Brenner A, Sivan E, et al. Male disadvantage

for neonatal complications of term infants, especially in small-for-gestational age neonates. J Matern

Fetal Neonatal Med. 2014; 27: 839–43. https://doi.org/10.3109/14767058.2013.845658 PMID:

24047512

47. Di Renzo GC, Rosati A, Sarti RD, Cruciani L, Cutuli AM. Does fetal sex affect pregnancy outcome?

Gend Med. 2007; 4: 19–30. PMID: 17584623

48. Hintz SR, Kendrick DE, Vohr BR, Kenneth Poole W, Higgins RD, Nichd Neonatal Research N. Gender

differences in neurodevelopmental outcomes among extremely preterm, extremely-low-birthweight

infants. Acta Paediatr. 2006; 95: 1239–48. https://doi.org/10.1080/08035250600599727 PMID:

16982497

49. Clifton VL. Review: Sex and the human placenta: mediating differential strategies of fetal growth and

survival. Placenta. 2010; 31 Suppl: S33–9.

50. Kelman L. The biological basis of headache. Expert Rev Neurother. 2011; 11: 363–78. https://doi.org/

10.1586/ern.10.128 PMID: 21375442

51. DeVore GR. The importance of the cerebroplacental ratio in the evaluation of fetal well-being in SGA

and AGA fetuses. Am J Obstet Gynecol. 2015; 213: 5–15. https://doi.org/10.1016/j.ajog.2015.05.024

PMID: 26113227

52. Royal College of Obstetricians and Gynaecologists. The Investigation and Management of the Small–

for–Gestational–Age Fetus, Green-top Guideline No.31. 2013 (minor revisions 2014) Contract No.: 16/

12/2015.

53. Gardosi J. New definition of small for gestational age based on fetal growth potential. Horm Res. 2006;

65 Suppl 3: 15–8.

Foetal growth restriction, migraine and tension-type headache

PLOS ONE | https://doi.org/10.1371/journal.pone.0175908 April 14, 2017 12 / 12

https://doi.org/10.1111/j.1468-2982.2009.01937.x
https://doi.org/10.1111/j.1468-2982.2009.01937.x
http://www.ncbi.nlm.nih.gov/pubmed/19689607
http://www.ncbi.nlm.nih.gov/pubmed/7202869
https://doi.org/10.1542/peds.2010-1821
http://www.ncbi.nlm.nih.gov/pubmed/21382944
https://doi.org/10.3109/14767058.2013.845658
http://www.ncbi.nlm.nih.gov/pubmed/24047512
http://www.ncbi.nlm.nih.gov/pubmed/17584623
https://doi.org/10.1080/08035250600599727
http://www.ncbi.nlm.nih.gov/pubmed/16982497
https://doi.org/10.1586/ern.10.128
https://doi.org/10.1586/ern.10.128
http://www.ncbi.nlm.nih.gov/pubmed/21375442
https://doi.org/10.1016/j.ajog.2015.05.024
http://www.ncbi.nlm.nih.gov/pubmed/26113227
https://doi.org/10.1371/journal.pone.0175908

