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Abstract

Background: Recurrent headache is the most common and disabling pain condition in adolescence. Co-occurrence
of psychosocial adversity is associated with increased risk of chronification and functional impairment. Exposure to
interpersonal violence seems to constitute an important etiological factor. Thus, knowledge of the multiple pathways
linking interpersonal violence to recurrent headache could help guide preventive and clinical interventions. In the
present study we explored a hypothetical causal model where the link between exposure to interpersonal violence
and recurrent headache is mediated in parallel through loneliness and psychological distress. Higher level of family
cohesion and male sex is hypothesized to buffer the adverse effect of exposure to interpersonal violence on headache.

Methods: The model was assessed using data from the cross-sectional, population-based Young-HUNT 3 study of
Norwegian adolescents, conducted from 2006-2008. A cohort of 10 464 adolescents were invited. The response
rate was 73% (7620), age ranged from 12 and 20 years, and 50% (3832) were girls. The study comprised self-report
measures of exposure to interpersonal violence, loneliness, psychological distress and family cohesion, in addition to
a validated interview on headache, meeting the International Classification of Headache Disorders criteria. Recurrent
headache was defined as headache recurring at least monthly during the past year, and sub-classified into monthly
and weekly headache, which served as separate outcomes.

Results: In Conditional Process Analysis, loneliness and psychological distress consistently posed as parallel mediating
mechanisms, indirectly linking exposure to interpersonal violence to recurrent headache. We found no substantial
moderating effect of family cohesion or sex.

Conclusions: Loneliness and psychological distress seem to play crucial roles in the relationship between exposure to

interpersonal violence and recurrent headache. To facilitate coping and recovery, it may be helpful to account for these
factors in preventive and clinical interventions. Trauma-informed, social relationship-based interventions may represent

a major opportunity to alter trajectories of recurrent headache.
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Background

Recurrent headache disorders, such as migraine and
tension-type headache, are the most common and disab-
ling pain conditions in childhood and adolescence [1].
The prevalence rates are higher in females, especially
after transition to puberty [2]. Lack of parental support
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and poor family function is associated with chronifica-
tion of headache [3] and higher pain-related disability
[4]. Further, co-occurrence with psychological problems
is common, and increase risk of functional impairment
and persistence of headache complaints into adulthood
[5-10]. Recent epidemiological and clinical research indi-
cate that exposure to interpersonal violence, such as
violence, sexual abuse, and bullying, may contribute to
onset, persistence or exacerbation of headache com-
plaints, in interplay with genetic predispositions [11-18].
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Knowledge of pathways linking interpersonal violence ex-
posure to recurrent headache could help guide prevention
and tailor intervention. However, the multiple pathways
linking adverse social interaction such as exposure to inter-
personal violence to somatic disorders in large remain to
be identified [19,20].

Dysfunctional parenting and childhood exposure to
interpersonal violence are among the most consistently
documented risk factors for psychopathology worldwide
[21,22]. Such exposure threatens or violates physical in-
tegrity, self-worth, confidence in personal capabilities,
and trust in others. Common reactions include psycho-
logical distress, such as anxiety and depression, as well
as social detachment and withdrawal [23]. We suspect
that the social detachment which may follow exposure
to interpersonal violence may be experienced as loneli-
ness. An individual’s sense of loneliness is known to de-
velop in the interplay between genetic predispositions
and environmental influences, such as lack of parental
attachment, peer rejection or bullying [24,25]. To our
knowledge, the relationship between the range of inter-
personal violence experienced by children and adoles-
cents and loneliness remain to be explored. Loneliness,
or perceived social isolation, has repeatedly been associ-
ated with an increased risk of adverse somatic health
outcomes, independent of depression and anxiety, in
adults [26-30]. In children and adolescents loneliness
has been associated with headache [31], and identified as
a common trigger of pain [1].

Social support, on the other hand, is a widely recog-
nised protective factor against adverse mental and som-
atic health outcomes [19]. Early experiences of oneself
as an individual who belongs, is loved, protected, and
meaningfully supported in the face of need seem to lay
ground for our perception of cohesion [32]. Whereas
high levels of family cohesion foster resilience in chil-
dren and adolescents, low levels have been linked to
loneliness [33], posttraumatic distress [34], and headache
[4]. Thus, family cohesion may constitute a general pro-
tective factor, potentially buffering the effects of expos-
ure to interpersonal violence on health outcomes.

Another potential buffering factor is male sex. Adoles-
cent girls have previously reported higher levels of lone-
liness and psychological distress and more headache
complaints than their male peers [35,36]. The observed
sex-biased discrepancy in prevalence rates could reflect
differences in physiology, sociocultural role expectations
or differential pathogenicity related to types of interper-
sonal violence, such as girls’ greater exposure to sexual
abuse [37-40].

Taken together, we hypothesized that loneliness and
psychological distress may pose as parallel mediators
linking exposure to interpersonal violence to recurrent
headache, whereas family cohesion and sex may serve as
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moderators buffering pathways. The current study was
guided by this hypothetical model (Figure 1) [16]. The
model was assessed in a large population-based cohort
of adolescents.

Methods

From 2006 until 2008, 10464 adolescents were invited
to participate in Young-HUNT 3 (http://www.ntnu.edu/
hunt), a population-based, cross-sectional cohort study
of Norwegian youth in Nord-Trendelag County. The study
comprises a general health questionnaire, a clinical assess-
ment, and a headache interview. The Norwegian Regional
Committee for Medical and Health Research Ethics
approved the study. Inclusion was based on informed
written consent from participants aged 16 years and
older, and from parents for those less than 16 years, in
accordance with Norwegian law.

Participants

In 2006, there were 128694 inhabitants in Nord-Trendelag.
Over 95% of these inhabitants were ethnic Norwegians, the
work force was generally well-educated and unemployment
was less than 3%. All 10464 adolescents who inhabited the
county were invited to participate in the school-based
study, including 5614 students in junior high, 4357 in se-
nior high and 493 adolescents who did not attend school.
Non-participation was mainly due to lack of enrolment,
absenteeism, or participation in class activities outside of
school [41]. Overall, 73% of the adolescents (7620/10464)
responded to the headache interview and the question-
naire, 68% (7154) reported on family cohesion and 63%
(6553) had no missing values for any of the variables in-
cluded in the analysis. Most of the adolescents were from
13 to 18 years old, although age ranged from 12 through
20 years. Mean age of respondents in our sample was
16 years, two thirds lived with both parents, and the major-
ity (>90%) of adolescents reported an average or above
average family affordance [12].

During a school-hour, students completed a self-
administered questionnaire that contained over 100
health- and lifestyle-related questions, including items on
exposure to potentially traumatic events, loneliness, psy-
chological distress, and family cohesion, in addition to
background information on family structure and family
economy (http://www.ntnu.edu/hunt/data/que). To as-
sess adolescents’ recurring headache complaints accord-
ing to type and frequency, a validated semi-structured
clinical interview was conducted in association with a
clinical examination within 1 month following comple-
tion of the questionnaire [42].

Recurrent headache
All adolescents were asked if they had experienced recur-
ring headache not caused by a cold (infection) or illness
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Figure 1 Direct and indirect pathways linking exposure to interpersonal violence to recurrent headache, by sex and level of family
cohesion 2°<. Abbreviations: a;x b; (i=1,2) ="indirect effect” of exposure to interpersonal violence on recurrent headache through loneliness
(a; x b;) and psychological distress (a, x b,); ¢ “direct effect” of interpersonal violence on risk of recurrent headache, adjusted for loneliness and
psychological distress; Cl, bootstrap 95% percentile confidence intervals presented, 10000 replications. Sex and family cohesion were modelled

within the past 12 months. ‘Yes’ responders were read two
descriptive texts of prototypic complaints for tension-type
headache (TTH) and migraine, in accordance with the
International Classification of Headache Disorders [43].
These participants were asked if they recognised either,
both or neither descriptions as resembling their own com-
plaints and further asked to specify the frequency of their
head pain. Adolescents who reported ‘no recurrent head-
ache’ or ‘complaints less than monthly’ were defined as
having ‘no recurrent headache, whereas all other headache
frequencies were referred to as ‘recurrent headache’. The
frequency of recurrent headache was categorised as
monthly (1-3 days/month) or weekly (=1 day/week) [12].

Sociodemography

Information on gender and age was obtained from the
Norwegian National Population Registry. The sociode-
mographic variable ‘family structure’ differentiated between
‘living with both parents’ versus ‘other’ [44]. Socioeco-
nomic situation was labelled as ‘family economy’ and mea-
sured as the self-reported estimation of family affordance
in comparison with most others, categorised as ‘above
average, ‘average, and ‘below average’ [45].

Interpersonal violence

In the present paper interpersonal violence was defined
as social actions subjecting an individual to intentional
threats, use of physical force or power, that may cause
immediate or long-term adverse developmental or health
outcomes, in line with the World Health Organization’s
definition of the phenomenon [46]. Interpersonal vio-
lence encompasses both direct and indirect (witnessing)
exposure [39]. Lifetime exposure to interpersonal vio-
lence was measured as i) Been subjected to violence

(beaten or injured), ii) Seen others being subjected to
violence, iii) Been subjected to unpleasant/disagreeable
sexual acts by someone approximately your own age, iv)
Been subjected to unpleasant/disagreeable sexual acts by
an adult, and v) Been threatened or physically harassed
by fellow students at school over a period of time, and
labelled as exposure to violence, witness to violence,
sexual abuse by peer, sexual abuse by adult and bully-
ing, respectively. These measures were derived from
the brief Young-HUNT3 lifetime trauma screen which
is based on The University of California at Los Angeles
Post-traumatic Stress Disorder Reaction Index (UCLA
PTSD Reaction Index) [47], and accustomed to the
Norwegian context. The UCLA PTSD Reaction Index
was developed from the Survey of Children’s Exposure to
Community Violence [48] and the Community Violence
Exposure Survey (CVES) [49]. A sum-score of expos-
ure to number of types of interpersonal violence was
calculated to account for potential cumulative effects of
exposure [50-52].

Psychosocial factors

Loneliness was measured using a one-item variable
termed ‘Does it happen that you feel lonely?, in coher-
ence with one-item measures used in prior studies of the
phenomenon [31,36,53,54]. Answers were distributed
across a five-point Likert scale, ranging from 1-5, where
‘never or very rarely’ was coded as 1 and ‘very often’ was
coded as 5. In line with current recommendations [25],
this measure focused solely on the emotional experience
of loneliness, without assessment of hypothesised causes.
Psychological distress was measured using a validated
five-item, short-version instrument, the SCL-5. This meas-
ure was modified from the 25-item Hopkins’s Symptom
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Checklist (HSCL) subscale on anxiety and depression,
which utilises a four-point Likert scale (ranging from
1= "not bothered’ to 4 = ‘very bothered’) [55,56]. The
items measured whether adolescents had been both-
ered with feelings of i) fear or anxiety, ii) tension,
distress or restlessness, iii) hopelessness about the future,
iv) dejection or sadness, and/or v) excessive worry dur-
ing the past 14 days. Cronbach’s o was 0.83 (girls) and
0.79 (boys). Family cohesion was measured using four
items that were derived from the validated six-item
family cohesion subscale from the Resilience Scale for
Adolescents (READ) [57-59]. The four items included
in the HUNT questionnaire were selected on recom-
mendation from the developers of the original scale.
Adolescents were asked to rate, on a five-point Likert scale,
their agreement with four statements regarding i) shared
family values, ii) personal well-being within the family,
iii) shared positive expectations and hope in spite of adver-
sity, and iv) support of each other over the past month.
The mean score ranged from 1-5, where the highest meas-
urable level of family cohesion was coded as 5. Cronbach’s
a was 0.87 (girls) and 0.84 (boys).

Statistics

The descriptive data and univariate analysis are pre-
sented by sex, according to frequency of recurrent
headache (Table 1). Differences in prevalence-rates
and mean values between the sexes were investigated
in Pearson Chi square analyses. The interrelations between
exposure to interpersonal violence, age, and psycho-
social factors were explored through Pearson correlations
(Additional file 1).

The hypothetical moderated-mediation model of two
parallel mediating (indirect) pathways that link exposure
to interpersonal violence to recurrent headache through
loneliness and psychological distress, moderated by sex
and family cohesion, was presented in Figure 1. The
model was explored using Conditional Process analysis,
http://www.athayes.com/, [60,61], which allows for as-
sessment of multiple mediators working in parallel using
recommended bootstrap methodology [62]. The esti-
mated effect of exposure to interpersonal violence on re-
current headache through each of the two indirect
pathways was calculated based on al x b1 and a2 x b2.
The regression coefficients a; and a, were estimated by
separate linear regressions for each mediator (loneliness
and psychological distress respectively) by exposure to
interpersonal violence, adjusted for background variables
and conditionally dependent on sex and family cohesion.
b; and b, were estimated as log odds ratios for recurrent
headache by each of the mediators in a common logistic
regression analysis, adjusted for background variables.
Exp(al x bI) and exp(a2 x b2)) are interpreted and
presented as odds ratios (ORs). The remaining direct
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effect (ORs) of PTIE exposure on recurrent headache
(exp(c’)) was obtained from the logistic regression de-
scribed above.

Conditional Process analysis, as described above, was
performed in a complete case sample of 6533 (62%) of
the 10464 adolescents who were invited to participate in
the study. Weekly (Figure 2) and monthly (Additional
file 2) headache served as separate outcomes. Adjusted
ORs and 95% confidence intervals (Cls) are presented
separately for girls and boys and for three levels of fam-
ily cohesion corresponding to point-approximations of
the 90", 50™, and 10™ percentile, given by the values
5.00, 4.50, and 3.00, and labelled high, medium and
low family cohesion, respectively. Thus, three effect-
estimates for each of the sexes were calculated and pre-
sented for any given association. CIs were computed as
bootstrap 95% percentile intervals based on 10000 repli-
cated samples. Bootstrapping is a general procedure for
computing Cls without making distributional assump-
tions [62]. Cls that do not include 1 indicate a significant
indirect (mediating) or direct relationship. Consistent
discrepancies of ORs with Cls between sexes, for a given
indirect or direct association, indicate moderation by sex.
Similarly, discrepancies of effect-estimates (ORs and ClIs)
between high, medium or low family cohesion indicate
moderation.

Analyses were conducted using SPSS version 20, in
combination with PROCESS [60].

Results

In this population-based sample of adolescents exposure
to interpersonal violence was common. Witnessing vio-
lence was the most frequently reported type victimization
for both sexes (Table 1). Boys reported a higher exposure
to violence (p <0.001), and girls reported more sexual
abuse (p <0.001). Sexual abuse occurred rarely in boys.
We found no significant difference in prevalence rates of
bullying between the sexes (p = 0.116). Girls experienced
significantly higher levels of loneliness and psychological
distress and lower levels of family cohesion, compared to
boys (all three p-values <0.001). As reported elsewhere,
twice as many girls (29%) as boys (15%) reported recur-
rent headache and three times as many girls (12%) as
boys (4%) reported weekly complaints [12]. Exposure to
interpersonal violence was significantly associated with
recurrent headache, with the highest degree of exposure
reported by girls and boys who experienced weekly head-
ache. This pattern was evident for prevalence of wit-
nessing violence, violence exposure, and bullying in
both sexes. In girls suffering from recurrent headache
the observed prevalence of reported sexual abuse was
doubled compared to peers without recurrent head-
ache. Youth with recurrent headache reported more
loneliness, more psychological distress, and lower levels
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Table 1 Recurrent headache by frequency in relation to exposure to interpersonal violence, loneliness, psychological
distress and family cohesion, by sex, in 7154 adolescents 2*<®

Recurrent headache

All No Monthly Weekly
Variables N n (%)/ mean (SD) n (%)/ mean (SD) n (%)/ mean (SD) n (%)/ mean (SD) P
Girls 3639 1063 (29) 2576 (71) 614 (17) 449 (12)
Interpersonal violence
Sum-score 3543 04 (0.8) 03 (0.7) 0.5 (0.9) 0.7 (1.1) <0.001¢
Type
Witness to violence 3578 627 (18) 383 (15) 125 (21) 119 (27) <0.0014
Violence 3577 257 (7) 139 (6) 539 65 (15) <0.001¢
Bullying 3567 263 (7) 129 (5) 58 (10) 76 (17) <0001
Sexual abuse by, peer 3578 200 (6) 109 (4) 52 (9) 39 (9) <0.001¢
Sexual abuse by, adult 3576 127 (4) 66 (3) 28 (5) 33(7) <0.001¢
Psychosocial factors
Loneliness 3523 23 (1.1) 22 (1.0 25(1.0) 29(12) <0.001°¢
Psychological distress 3606 1.6 (0.6) 1.6 (0.5) 1.8 (0.6) 2.0 (0.7) <0.001¢
Family cohesion 3639 42 (09 42(08) 4.1 (09) 39 (1.0 <0.001¢
Boys 3515 540 (15) 2975 (85) 386 (11) 154 (4)
Interpersonal violence
Sum-score 3396 0.5 (09) 0.5 (09) 06 (1.0) 0.8 (1.0) <0.001¢
Type
Witness to violence 3422 949 (28) 781 (27) 115 (31) 53 (36) 0.022¢
Violence 3424 427 (12) 339 (12) 57 (15) 3121 0.001¢
Bullying 3422 287 (8) 216 (7) 44 (12) 27 (18) <0.001¢
Sexual abuse by, peer 3429 79 (2) 62 (2) 13 (3) 4 (4) 0.255¢
Sexual abuse by, adult 3428 54 (2) 43 (1) 9(2) 2.(1) 0.395¢
Psychosocial factors
Loneliness 3328 1.9 (1.0 19 (1.0) 22 (1.1) 24 (1.2) <0.001¢
Psychological distress 3456 1.3 (04) 1.3 (04) 1.5 (0.5) 16 (0.6) <0.001¢
Family cohesion 3515 43 (0.8) 43(0.7) 42 (0.8) 3.8 (1.0) <0.001¢

“Recurrent headache is defined as headache monthly or more frequently; recurrence 1-3 times per month is defined as monthly headache, and weekly or more
frequent recurrence is termed weekly.

bVariable range: Age, 12-20 y; Interpersonal violence sum-score 0-5; Loneliness, 1-5; Psychological distress, 1-4; Family cohesion, 1-5.

“Because of rounding, percentages may not total 100.

4pearson Chi square test.

SANOVA, analysis of variance.

of family cohesion in comparison to their headache-
free peers. Loneliness, psychological distress and low
family cohesion were most frequent in adolescents ex-
periencing weekly headache.

All psychosocial variables were moderately correlated
(Additional file 1).

To estimate the two hypothesized parallel indirect
pathways between exposure to interpersonal violence
and weekly headache through loneliness and psycho-
logical distress, conditionally dependent on sex and
family cohesion (Figure 1), we conducted Conditional
Process Analyses [60]. Figure 2 shows that the indirect

pathways between interpersonal violence and weekly
headache through loneliness (a; x b;) were consistently
and significantly above 1 for both sexes and across all
levels of family cohesion. This finding indicated signifi-
cant mediation through loneliness. The magnitude of
the ORs for this indirect pathway through loneliness,
corresponding to high, medium and low level of family
cohesion for girls and boys respectively, differed only
marginally. This observed overlap in ORs and corre-
sponding Cls implied that there was no substantial moder-
ation by sex or level of family cohesion of the indirect
pathway between exposure to interpersonal violence and
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Indirect Pathways (a; x b;)
al \””””’””””””””””””””’”””””””””“ b[
) Loneliness :
 _ i
3 Girls Boys i
Family Cohesion OR (CI) OR (CI) ‘
High 1.05 (1.02-1.08) 1.04 (1.02-1.07)
Medium 1.05 (1.02-1.08) 1.04 (1.02-1.07)
a, = = e b,
> Psychological distress ;
pomm oo e B B 4
3 Girls Boys i
Family Cohesion OR (CI) OR (CI) :
High 1.09 (1.05-1.13) 1.04 (1.02-1.06)
Medium 1.10 (1.06-1.14) 1.05 (1.03-1.07)
Low 1.13 (1.08-1.18) 1.08 (1.05-1.12)
Direct Pathway (c’)
| Girls Boys :
Interpersonal | Family Cohesion OR (CI) OR (CI) 3 N Weekly
violence ! High 1.42 (1.21-1.67) 130 (1.08-1.57) | Headache
Medium 1.34 (1.17-1.54) 1.24 (1.04-1.47)
Low 1.14 (1.01-1.29) 1.05 (0.87-1.27)
Figure 2 Estimated direct and indirect pathways linking exposure to interpersonal violence to weekly headache, by sex and level of
family cohesion 2, 2Study definitions and measures were defined in footnotes to Figure 1 and Table 1. PAnalyses were restricted to adolescents
without missing values, 2820 (50) girls and 2823 (50) boys. The 910 cases that reported monthly recurrent headache were excluded. © Analysis were
adjusted for family structure, family economy and age, with sex and family cohesion as moderators.

weekly headache through loneliness. Further, the pathway
via psychological distress was explored. The analysis indi-
cated mediation via psychological distress (a;x b,). We
observed an overlap of ORs and CIs estimating strength
of associations according to level of family cohesion
or sex, indicating no substantial moderation. Moreover,
these analyses showed that despite the adjustment for
the two explored, indirect pathways, the direct pathway
(¢’) between interpersonal violence and weekly headache
remained consistently significant for girls at all levels
of family cohesion, and for boys at high and medium
levels of family cohesion.

The Conditional Process Analysis of pathways between
interpersonal violence and monthly headache revealed a
similar pattern to that described for weekly headache, al-
though the associations were weaker (Additional file 2).

Discussion

To our knowledge, the current study is the first to assess
loneliness and psychological distress as parallel media-
tors that link exposure to interpersonal violence to an
adverse somatic outcome.

The study findings are in support of the hypothesis
that loneliness and psychological distress may pose as
parallel mediating mechanisms that indirectly link ex-
posure to interpersonal violence to recurrent headache
in a general population of adolescents. We found no
substantial moderating effect of family cohesion or sex.

The strengths of the current study are the large sample
size, the overall high participation rate, the use of vali-
dated headache outcomes and the assessment of the
impact of a range of commonly experienced types of
interpersonal violence, loneliness, psychological distress,
and family cohesion within a population-based cohort of
adolescents.

The main limitation to this study is the retrospective,
cross-sectional design, which hinders the assessment of
temporality. The one-item measure of loneliness is a
limitation. Measures of interpersonal violence exposure
lacked event-specific information on severity and fre-
quency of exposure. Generally, lack of intelligibility of
questions increases confusion and variability in interpret-
ation in respondents, typically leading to errors of omission
(underreporting) [63-65]. However, although accuracy
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of memory processes and contemplations of disclosure
may vary in relation to exposure to interpersonal violence,
or somatic health status, adolescents exposed to interper-
sonal violence seem to be as accurate in their responses
and testimonies as their non-exposed peers [63,66-74]. Er-
rors of commission (over reporting) on the other hand
seem to be infrequent in adolescents [63,65,66]. More
comprehensive measures of exposure to interpersonal vio-
lence, loneliness, psychological distress, and family cohe-
sion could have helped disentangle particularly potent risk
or protective aspects of these broad features [75]. Al-
though the prevalence rates of exposure to interpersonal
violence and headache found in the present study were in
the lower range of those observed elsewhere [35,76,77],
and despite the accounted for restrictions related to design
and measurements, it is likely that the main findings can
be generalised to other adolescent populations.

Importantly, the current findings indicate that loneli-
ness may represent an alternative (to psychological
distress) mediating mechanism between exposure to
interpersonal violence and recurrent headache, sub-
stantiating recent evidence from two cross-sectional
studies of children and adolescents and adults. In the
population-based child and adolescent study, the associ-
ation between bullying and somatic complaints depended
on concurrent experiences of loneliness [31]. Similarly, in
the adult study, adverse experiences, parental maladjust-
ment, and physical abuse in childhood were related to
higher adult pulse pressure (a risk factor for adverse car-
diovascular outcomes) only in participants who expe-
rienced a current high degree of loneliness [78].

Concerning the question of temporality, related longi-
tudinal studies of adults have supported the directional-
ity of associations presented in the hypothesised model
(Figure 1). In healthy soldiers, exposure to interpersonal
violence during war predicted loneliness [79]. Further,
high baseline loneliness has been associated with a higher
concurrent prevalence of pain and an increase in pain
over time [80]. A recent study suggested that psycho-
logical reactions in individuals exposed to trauma initially
predict somatic symptoms, including headache, but that
a bidirectionality of associations evolve over time such
that somatic symptoms predict persistence of adverse
psychological reactions [81].

Current advances in neurophysiology support the no-
tion that severe childhood adversity may overload the
physiological stress response system and dysregulate cog-
nitive and emotional processes in a cycle that fuels the
chronification of headache [13,82]. Specifically, threats of
our social selves may embed psychologically as experi-
ences of shame or loneliness, related to neuro-endo-
immunological dysregulation, and physical pain [29,30].
Thus, loneliness, defined as a painful experience of a lack
of social belonging [27], may represent a key phenomenon
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bridging experiences of interpersonal violence to pain and
headache. Further, loneliness and psychological distress
could function as parallel internal reminders associated
with onset, maintenance or exacerbation of pain, and
vice versa. Additionally, the presented model may en-
hance our understanding of the psychosocial factors in
play in relation to onset and maintenance of disorders
modified through similar physiological mechanisms, such
as other chronic pain conditions and fatigue [29,82].

Conclusions

Psychological distress and loneliness play crucial roles in
the relationship between exposure to interpersonal vio-
lence and recurrent headache. A biopsychosocial approach
accommodating adolescents’ somatic, psychological and
social needs could be beneficial in preventive public health
efforts targeting recurrent headache. In clinical practice, it
may be helpful to assess exposure to violence, sexual abuse,
bullying, and psychosocial well-being in adolescents strug-
gling with recurrent headache to tailor intervention and
facilitate coping and recovery. Trauma-informed, social
relationship-based interventions may represent a major op-
portunity to alter trajectories of recurrent headache.

Additional files

Additional file 1: Intercorrelation table of exposure to interpersonal
violence, loneliness, psychological distress, family cohesion and
age, by sex, in 7154 adolescents.

Additional file 2: Estimated direct and indirect pathways linking

interpersonal violence to exposure to monthly headache, by sex
and level of family cohesion <.
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