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Background: Severe health anxiety (HA) is characterized by excessive and impairing worry and preoccu-
pation with health issues and can cause increased and unnecessary medical examinations. HA in childhood
and adolescence is;scarcely explored, hindering the potential for prevention and early intervention.
Methods: HA was assessed in 1278 children/youths at two time points at ages 11 and 16 years in a general
population-basedsbirthicohort. Register-based data on costs related to non-hospital-based primary and
secondary somatic;health services were obtained over the follow-up-period. Presence of functional somatic
symptoms, emotional disorders and chronic somatic illness at baseline were included as covariates.
Results: High HA (top 10% score) at age 11 predicted high HA at age 16 (relative risk [RR] 2.03, 95%Cl 1.26-
3.31). The group with persistent HA was small (n=17, 1.3%), resulting in broad confidence-intervals. The
statistical effect,of HA.at age 11 on HA at age 16 was heavily reduced after adjustment for sex and all
covariates (RR 1.49, 95%Cl 0.85-2.60). In the adjusted model, somatic illness at age 11 (RR 1.91, 95%Cl 1.22-
2.98) and femalessexs(RR 3.33, 95%CI 2.01-5.50) were independently associated with HA at age 16.
Persistent HA wasyasseciated with approximately doubled healthcare costs compared to the group with
consistently low/HA. Incident HA at age 16 was associated with increased costs over follow-up. The
increased costs weremot explained by chronic somatic illness. Conclusions: A small subgroup of children
had persistent-high levels of HA from late childhood to adolescence and displayed increased healthcare
costs. Female sex.and chronic somatic disorders at age 11 were independent risk factors of HA at age 16.
These findings provide potential means of early identification and of therapeutic levers. Further
intervention development and evaluation are needed. Keywords: Health anxiety; healthcare costs;

longitudinal cohort; childhood and adolescence.

Introduction

Severe health anxiety (HA) is characterized by excessive worry and preoccupation with health issues that
affect everyday life (Asmundson, Abramowitz, Richter, & Whedon, 2010). A recent study suggests that HA
might be on the'rise in the general population, due to increasing focus on health-related issues in the media
landscape, and easily accessible information on the internet that might induce or maintain and/or worsen
HA (Tyrer, Cooper, Tyrer, Wang, & Bassett, 2019). HA symptoms are common and exist on a continuum in
the general population, but for some individuals it can take a chronic and debilitating course. The diagnosis
of hypochondriasis has historically encompassed the extreme clinical end point of HA, and has been
regarded as part of somatoform disorders (Hiller, Rief, & Fichter, 2002). However, the diagnosis of
hypochondriasis has recently been overturned in the DSM-5 as part of the somatic symptom and related

disorders chapter and replaced by iliness anxiety disorder, dominated by cognitive anxiety symptoms
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concerning harbouring illness, and somatic symptom disorder, which is used if somatic symptoms are also
present (American Psychiatric Association, 2013). Still, in the upcoming ICD-11, health anxiety will be
categorized as hypochondriasis, but now under the section of obsessive-compulsive related disorders
(Tyrer & Tyrer, 2019). Notably, suffering from HA does not preclude having medically well-explained

somatic illness.

HA'in‘adults often goes unnoticed for years, resulting in patients undergoing unavailing
medical investigations for prolonged periods of time, without alleviating potentially disabling symptoms of
HA (Fink, @rnbgl, & Christensen, 2010; Tyrer, Eilenberg, Fink, Hedman, & Tyrer, 2016). Furthermore,
clinically impairing HA is associated with increased rates of all other types of mood and anxiety disorders
(Sunderland, Newbyy& Andrews, 2013). In adults, recent review found cognitive behavioural therapy to be
an effective intervention for HA (Cooper, Gregory, Walker, Lambe, & Salkovskis, 2017). Thus, apart from the
treatment effect on HA symptoms that can improve well-being of individuals, interventions for HA may
have important societal value, as HA is associated with increased health service use (Bobevski, Clarke, &
Meadows, 2016), and consequently increased healthcare costs (Fink et al., 2010). There is evidence of
poorer outcomes of treatment for HA in severe and chronic cases (olde Hartman et al., 2009), and
retrospective reports indicate that many adults with HA first experience difficulties in childhood (Noyes et
al., 2002). This indicates that there might be an untapped potential for recognition, prevention, and early

intervention directedsat HA already in childhood and adolescence.

Despite this, research on the subject in childhood and adolescence is scarce. During the past
decades, specific measures for measuring HA in childhood have been developed, such as the Childhood
Iliness Attitude Scales(CIAS) (Wright & Asmundson, 2003), demonstrating that symptoms of HA indeed
occur in childhood and adolescence. Cross-sectional studies of young people has also found associations
between HA and other psychopathology, such as other anxiety disorder symptoms including obsessive-
compulsive disorder symptoms (Wright, Lebell, & Carleton, 2016), subclinical psychotic experiences
(Rimvall et al., 2019), functional somatic symptoms (FSS) (Rask, Elberling, Skovgaard, Thomsen, & Fink,
2012), and depression (Sirri, Garotti, Grandi, & Tossani, 2015), as well as somatic conditions such as
congenital heart disease (Oliver et al., 2018). A longitudinal study of the Copenhagen Child Cohort 2000
(CCC2000) found increased healthcare costs among individuals with high HA scores at age 11, and showed
some continuity,of parent reported child HA at age 6 years and child self-reported HA at age 11 (Rask et al.,
2016).

To our knowledge, no studies have previously examined the continuity of HA from childhood

to adolescence. We aim to extend on previous findings from the CCC2000 prospective general population

This article is protected by copyright. All rights reserved



birth cohort and investigate potential continuity of HA symptoms from age 11 years until age 16 and
associated healthcare costs. Based on the current literature, we hypothesized that persistent HA would be
associated with continuously high healthcare costs over time, whereas remitting and increasing HA from

age 11 to 16 would show decreasing and increasing costs over time, respectively.

Methods

Study population

The prospective/birth cohort study, CCC2000, encompasses 6090 children born in Copenhagen County,
Denmark, in year 2000. The current study utilizes longitudinal questionnaire data from two follow-ups at
ages 11 and 16 years, collected from May 2011 to October 2012 and August 2016 to November 2017
respectively. All eligible: children/youths were invited by postal letters at age 11 and by governmental email
systems at age 16 Participants for the current study with baseline data at age 11 were characterized by
fewer perinatal adversities and came from families with fewer sociodemographic adversities compared to
non-participants’(Rask’et al., 2016). Further details regarding the cohort can be found elsewhere (Olsen et

al., 2019).

Child and adoleseent interviews

At age 11, HA was measured using the CIAS (Wright & Asmundson, 2003), which is a developmentally
modified versionyof the adult measure, the Iliness Attitude Scales (Kellner, 1986). We used a 21 items
version of the CIAS in the current study, encompassing three factors: fears, help-seeking behaviour, and
impact of symptoms (Thorisdottir et al., 2017). All items were scored on a 3-point Likert scale (1 = none of
the time, 2 = sometimes, 3 = a lot of the time), resulting in potential scores from 21-63, Cronbach’s alpha
0.81 in the current study. HA at age 16 was measured using the Whiteley-8, which corresponds to the well
validated Whiteley-Z (Fink et al., 1999) with an added question on presence of illness-related ruminations,
that is regardedrasaniimportant feature of health anxiety (Fink et al., 2004). All eight items are scored on a
1-5 (1 = not at all5:=ma lot) resulting in a score of 8-40, Cronbach’s alpha 0.92 in the current study. The
Whiteley Index was'chosen for the assessment at age 16 to secure comparable data with a large Danish
cohort study of adults for future collaborations, the Danish Study of Functional Disorders, Dan Fund
(Dantoft et al., 2017). Also, the measure is likely developmentally suitable as the youths approach

adulthood.
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FSS, emotional ICD-10 psychiatric disorders, and chronic somatic illness at age 11 were
included as potential explanatory factors for both persistence of HA and the association between HA and
healthcare costs. FSS were measured by self-report using the Children’s Somatization Inventory 24 (Walker,
Beck, Garber, & Lambert, 2009), Cronbach’s alpha 0.83 in the current study. Chronic somatic illness was
reported by parents.using a pre-defined list of chronic somatic conditions (e.g. epilepsy, diabetes), which
had been diagnosed by a medical doctor. Emotional disorders were assessed using the Development and
Well-Being Assessmentisynthesizing information from parents, the children themselves, and in some cases
teachers (GoodmanyFord, Richards, Gatward, & Meltzer, 2000). Final diagnoses were made by trained child
and adolescent psychiatrists, integrating information from both structured questions and open-ended
descriptions from all'available informants. Interrater reliability for any diagnosis was good (Kappa=0.81), as

previously reported in detail (Jeppesen et al., 2015).

Healthcare costs

Healthcare costs were obtained from the Danish National Health Service Register (Sahl Andersen, De Fine
Olivarius, & Krasnik;72011). We included all expenses related to consultations, examinations and tests
performed by, orin'relation to, general practitioners and other medical specialties outside of hospital
settings, but still part of the tax-funded medical system available for all citizens in Denmark. Costs incurred
by visits to psycholegists and psychiatrists were not included, since we sought to examine potentially
unnecessary, and thereby preventable, medical health expenses in the HA group. In order to estimate if
high/low healthcare costs were linked to the approximate time-period around which high/low HA
symptoms levels were reported, we calculated the expenses for all individuals for the years 2011-2012
(around the 15t HA measurement), 2013-2014 (interim period), and 2015-2016 (around the 2" HA
measurement), respectively. Costs for the whole period were adjusted to 2016 prices available from

Statistics Denmark and converted to euros (https://dst.dk/da/Statistik/emner/priser-

ogforbrug/forbrugerpriser/forbrugerprisindeks).

Family and perinatal.eharacteristics

We obtainediregister data on family sociodemographic and perinatal characteristics of the participants
from the Integrated Data Base for Labour Market Research and the Medical Birth Register and used these
for attrition analyses. We used information on birth weight, singleton/twin birth, maternal age at birth,
maternal education by 2010, family constitution at birth, changes in family composition, parental mental

disorder, and ethnic minority status.
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Ethics

The CCC2000 study was approved by the Danish Data Protection Agency (CSU-FCFS-2016-004, I-Suite
04544), and the Committee on Health Research Ethics in the Capital Region of Denmark has evaluated the
project (protocolid6023242). Rules and recommendations according to the Helsinki Declaration regarding
the use and anonymization of personal data were followed, and the data is only to be used for research

purposes. Participants gave informed consent.

Statistical analyses
For attrition analyses, youths who provided follow-up data at age 16 years were compared with those who

only participatedratrage 11 regarding background characteristics using Chi-square analyses.

For the analyses on HA continuity from age 11 to age 16 years, HA symptoms at both ages
were dichotomized into high (top 10%) and low (bottom 90%) scores based on the entire population
participating at the respective follow-ups, thus including individuals for whom longitudinal data was not
available. This approach was in line with previous studies of the CCC2000 11-year follow-up (Rask et al.,
2016; Rimvallet.al;#2019). We categorized HA symptoms from age 11 to 16 into four groups based on
continuity of symptoms: a) persistent (high score at both follow-ups), remitting (high at age 11, low at age
16), incident (lowsatsage 11, high at age 16), and consistently low HA (low at both follow-ups). The
distribution of the covariates sex, chronic somatic illness, emotional disorders and FSS were assessed for
the four groups.. The relative risk for persistent high score was calculated by binary regression analyses
using a log-link function. Multiple linear regression was used to assess the continuity of HA measured on

continuous scalestatsboth ages 11 and 16.

Differences in annual healthcare costs measured in euros (€) between the consistently low
HA group and_the threg other groups were assessed pairwise using linear regression at baseline in 2011-

2012, in the interimsperiod in 2013-2014 and at follow-up in 2015-2016.

Using a linear mixed model with a random intercept, we assessed the changes in healthcare

costs over thefollow-up period for the 4 different HA groups.

All analyses were adjusted stepwise for sex and chronic somatic illness (present vs. not
present), emotional disorders (present vs. not present) and FSS (measured on a continuous scale), all three

variables assessed at baseline.
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All statistical analyses were performed using STATA 15, and 95% Cl were used. Underlying
assumptions for the linear regression and mixed model were assessed by inspection of residual plots. Due
to the expected left-skewing of the residuals (owing to the general population sample) we used a non-
parametric bootstrap method, with 5000 repetitions, to estimate 95% bias corrected and accelerated

bootstrap confidence.intervals.

Forpost-hoc sensitivity analyses we a) applied top 15% and 20% cut-off scores for the HA
measures at both ages, instead of the a priori determined top 10% scores and b) redefined the top 10% HA-

score at age 11 by excluding items on children’s help seeking from parents in the CIAS.

Results

At baseline, 1884 children (31% of live sample) participated in self-reports of HA at age 11. These children
were characterized by fewer perinatal and sociodemographic adversities compared to the total population
as detailed in previous work (Rask et al., 2016). Follow-up data at age 16 was obtained for 1278 (68%) of
those participants:;Children with data from both assessments were more often female, had older mothers
with higher levels'of education at baseline, and came less often from immigrant families compared to those

lost to follow-up, see Table S1 for details.

Persistently high HA was found in 17 individuals (1.3%), whereas 104 (8.1%) had remitting
HA, 80 (6.3%) had'incident HA, and 1077 (84.3%) consistently scored within the bottom 90% HA scores
(Table 1). The distribution of the covariates sex, chronic somatic illness, emotional disorders and FSS across

the four HA groups are also shown in Table 1.
-Table 1-

Table 2'shows the continuity of HA from age 11 to 16. A top 10% score at age 11 was
associated with a'top 10% score at age 16 (RR 2.03 95%Cl 1.26-3.31). This estimated association was
reduced after.adjustment for sex and chronic somatic illness (RR 1.70 95%Cl 1.03-2.79) and further reduced
after full adjustment(RR 1.49 95%Cl 0.85-2.60). The covariates sex and chronic somatic illness at age 11
had an independent effect on age 16 HA in the final model, whereas emotional disorders and FSS at age 11

did not stand out as independent predictors. HA viewed on a continuous scale at both ages also showed
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continuity from age 11 to 16: $=0.20 (95%Cl 0.13-0.28). This association was somewhat reduced after full
adjustment for the above covariates: $=0.15 (95%Cl 0.08-0.22).

-Table 2-

Figure 1 shows the mean annual healthcare costs for the four groups from 2011 to 2016.
Persistent HA was associated with approximately 2-fold higher costs compared to the group with
consistently low HA around baseline in 2011-2012 (246€ [95%Cl 151-510] vs 124€ [95%Cl 113-140]) and
follow-up in 2015-2016 (191€ [95%Cl 135-341] vs 115€ [95%CI 106-133]). Incident HA was associated with
higher costs comparedito consistently low HA around follow-up (207€ [95%CI 172-254] vs 115€ [95%CI 106-

133]). Virtually nowdifferences were found between remitting HA and consistently low HA at any timepoint.
-Figure 1-

Detailed\differences in annual costs between the groups with remitting, incident and
persistent HA symptoms compared to consistently low HA are shown in Table S2. The higher costs were
only slightly explained by the covariates sex, chronic somatic illness, and emotional disorders, whereas FSS
explained somewhat more of the costs in the final models. Mixed model analyses of the development of
healthcare costs over the follow-up period found strong evidence that the costs in the incident group rose
markedly over-thefellow-up period (76€ [95%Cl 26-126]), whereas there was little to no evidence that the
costs within the groupswith consistently low, remitting and persistent HA- changed between follow-ups,

see Table S3 for-detailss Notably, adjustment did not change the estimated development in costs.

Sensitivity analyses using alternative cut-offs for HA (15% and 20% respectively instead of
the a priori defined 10% cut-off) produced no changes in the overall findings regarding neither persistence
of HA nor healthcare costs. When we redefined the top 10% HA-score by excluding items on children’s help
seeking from parents at age 11, costs at age 11 were reduced in 2011-2014 for the new persistent group,
but still had higher costs in 2015-2016. Healthcare costs for the groups with consistently low, remitting and

incident groups femained largely unchanged, as did the estimated continuity of HA.

Discussion

Main findings
There was strong evidence of continuity of HA scores from age 11 to 16 when viewing HA-symptoms on a

continuous scale at both ages. However, only a small group of children expressed high levels of HA at both
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follow-ups at age 11 and 16 (persistent HA). In the final adjusted model (adjusted for sex, chronic somatic
illness, emotional disorder and FSS), the evidence of an independent effect of high HA at age 11 on high HA
at age 16 was markedly reduced, whereas chronic somatic illness at age 11 and female sex stood out as
independent predictors of HA at age 16. As hypothesized, the group that had high HA levels at both follow-
ups had approximately twice as high healthcare costs over follow-up compared to youths with consistently
low HA levels. Also, the group with increasing/emerging high HA levels over follow-up displayed increased
healthcare costssovenfollow-up, as hypothesized. The costs remained higher even after adjustment for
chronic somatic illness;However, our hypothesis that the group with remitting HA had decreasing

healthcare costs‘'was dismissed, as the group had consistently low costs.

Methodological‘€onsiderations

The strengths of the study include the longitudinal design, the large sample size, and the additionally
collected information on the children’s mental and somatic health at baseline, that allowed relevant
adjustments to the analyses. Furthermore, detailed register data on healthcare costs were obtained
independently and.unbiased of the participants’ own health perceptions. All healthcare costs presented
were based on public health services available to all participants, limiting bias due to socioeconomic
characteristicsrofithesparticipants. However, the findings should also be interpreted in the light of some
important limitations. First, even though the sample size was large, namely the persistent HA group was
small, contributingtorbroad confidence intervals. Second, due to the 5-year period between data-points,
the data presented cannot simply be regarded as continuous. Multiple examinations of the youths between
the long follow-uprperiod would have been advantageous to describe more sophisticated and appropriate
trajectories of HA, as HA is expected to often exhibit fluctuating courses in line with other types of anxiety
(Pine & Klein, 2015)¥Third, participants in the current study were characterized by fewer psychosocial
adversities compared to the general population. This likely resulted in less variation in the data than would
be expected in the general population. Fourth, different measures of HA were utilized at ages 11 and 16.
Although this can be regarded as a limitation, it also underscores some continuity of the concept of HA over
time in the current study, rather than merely a psychometric continuity. Also, the top 10% cut-off utilized is
arbitrary, but sensitivity analyses indicated robustness of the findings, as the overall findings did not change
markedly when.alternative cut-offs were applied. Fifth, no information on parental HA was collected, which
might be an important factor, as the parents’ HA and health related behaviours may affect the healthcare
costs of the children (Thorgaard, Frostholm, Walker, Stengaard-Pedersen, et al., 2017). Finally, we lack a
measure of adverse childhood events at age 11, which can also affect the course and development of HA

(Reiser, McMillan, Wright, & Asmundson, 2014).
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Interpretation

We have previously found that parent reported HA at ages 5-7 was associated with child self-reported HA
at age 11 (Rask‘etal:;’2016). Together with the current findings and retrospective reports suggesting that
adult HA is often preceded by similar symptoms in childhood and adolescence (Noyes et al., 2002), the

overall evidence suggests continuity of HA across the lifespan.

As outlined in the introduction, important findings from cross-sectional studies on children
and adolescents/have shown that HA is associated with a broad array of other types of psychopathology
(Oliver et al., 2018;:Rask et al., 2016; Rimvall et al., 2019; Sirri et al., 2015; Wright et al., 2016). Crucially,
even in the adjusted analyses, there was still evidence of an independent effect of high HA at age 11 on the
risk of high HA at age 16, since the findings were only partially explained by chronic somatic illness.
However, the effect oflage 11 HA was markedly reduced after further adjustment for emotional disorders,
and particularly ESSoFurthermore, it can be argued that we over-adjusted our analyses when adjusting for
FSS and emotional disorders, as these variables and HA have overlapping features and are likely to have

bidirectional influences.

Even though the data on healthcare costs presented in the current study have large
confidence intervals; persistently high HA was consistently associated with increased healthcare costs in
the primary healthcare services compared to the group with consistently low HA, over and above chronic
somatic illness. This could indeed suggest that maladaptive healthcare seeking at age 11 is indicative of

persistence of HA and a potential target for identification of severe courses.

Noteworthily, in the fully adjusted models, female sex and chronic somatic illness at age 11
stood out as robustirisk factors of later high levels of HA at age 16 — more so than high HA levels at age 11.
Absence of somatic illness is not required to have HA, and somatic symptom burden has also previously
been found to be associated with higher levels of HA (Lee, Creed, Ma, & Leung, 2015). These individuals
require the same, or perhaps even more critically, intervention directed at HA as individuals without
somatic illness (Oliver et al., 2018). This emphasizes the need for identification of children that are likely to
develop impairing HA«n the settings of primary healthcare and paediatrics. Although some individuals
might already require specialized interventions in childhood, our findings also suggest that most individuals
that reported high HA at age 16 did not report HA within the highest 10% at age 11. Intolerance of
uncertainty, i.e. difficulties coping with uncertainty and fear of the unknown, has been suggested to be
important in the development of HA, particularly in youth with anxiety sensitivity (Wright et al., 2016). As

youths with chronic somatic illness are inherently prone to uncertainty due to their condition, it is likely
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that accommodation to fears and worries related to having a chronic somatic disorder might delay or
prevent the development of HA. Thus, attempts to reduce uncertainties, e.g, by thorough education and
information to the families about the child's somatic disorder, may constitute a viable target for preventive
intervention in non-psychiatric settings. This might particularly be important among girls as they are at
higher risk of develeping HA in later adolescence and early adulthood (Sunderland et al., 2013), as well as
other emotional'disorders (Pine & Klein, 2015). Furthermore, prior findings suggest that parental
(maternal) HAvandimaladaptive help-seeking on behalf of their children might impact the illness behaviours
of the child itself (Thorgaard, Frostholm, Walker, Jensen, et al., 2017). This notion supports future
investigation of family-based interventions directed towards families with high levels of anxiety/worries
and health care seeking, since family based preventive interventions directed at children of parents with
other anxiety disorders have shown promising results (Lawrence, Rooke, & Creswell, 2017). Furthermore,
more specific interventions for HA in childhood and adolescence need to be developed and tested
(Frostholm & Rask, 2019), although treatment with primarily cognitive behavioural therapy in adults overall

have shown positiverand potent results (Cooper et al., 2017).

Future observational studies could beneficially study the applicability of diagnostic criteria of
HA-related disorders (hypochondriasis in ICD-10 and illness anxiety disorder/somatic symptom disorder in
DSM-5) in children and adolescents, which the current study could not provide. Also, in depth studies of HA
trajectories and riskifactors of persistence would be very interesting, especially in clinical paediatric
samples, since'they likely constitute an at-risk group. Even though some individuals who show persistent
HA across development might require specialized treatment, evidence points at HA as a common
phenomenon in'the community. Many individuals might benefit from more generalist treatment options
that could includertreatment for HA related problems alongside treatment of other psychopathology and
somatic illness, which.«commonly co-occur with HA. Knowledge among clinicians in paediatric settings, that
chronic somaticllness'and female sex are important predictors of development of health anxiety, might
improve timelyridentification, prevention and/or treatment. Important personal, as well as societal, gains

might be achieved by identifying and intervening towards HA in youth.

Supporting information

Additional supporting information may be found online in the Supporting Information section at the end of

the article:
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Table S1. Attrition analyses.
Table S2. Differences in annual healthcare costs between health anxiety symptom groups.

Table S3. Changes in healthcare costs from 2011 to 2016 by health anxiety symptom group.
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Key points:

e Health anxiety, characterized by ruminations and excessive fears of severe somaticillness, is
poorly described in childhood and adolescence.

e  Weexamined continuity of health anxiety from age 11 to 16 years in a prospective, population-
based 'cohort.

e Healthanxiety displayed some continuity over time, but persistent health anxiety was rare, yet
associated with continually increased healthcare costs, independently of somatic illness.

e Symptoms of health anxiety were commonly reported in both childhood and adolescence in
cross section.

e Femalesexsand somatic illness were additional predictors of health anxiety. Timely
identification by clinicians working with children is important, as anxiety is highly tractable.

However;studies on specific interventions for health anxiety in youths are lacking.
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Table 1: Distribution of baseline covariates by health anxiety symptom group from age 11 to age 16.
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HA = health anxiety FSS = functional somatic symptoms

HA symptom groups were defined by top 10% HA scores at both ages: Consistently low HA = bottom 90% score at
both follow-ups, remitting HA = top 10% score only at age 11,

RR 95% CI p value

incident HA = top 10% score only at age 16 and persistent HA = top
N=1278 H 10% score at both ages.
Unadjusted Q
Age 11 HA 2.03 1.26-3.31 0.005
Model 1 h
Age 11 HA 41.7; 110291 0.019 Table 2: Relative risk of HA from age 11 to age 16
Sex (female) 3.20 1.96-2.91 <0.001
Model 2 (55 missing)u J
Age 11 HA 1.70 1.03-2.79 0.036
Sex (female) 341 2.07-5.64 <0.001
Somatic illness 2.00 1.29-3.10 0.002
Model 3 (56 missing)
Age 11 HA 1,66 1.00-2.76 0.051
Sex (female) 341 2.06-5.62 <0.001
Somatic illness 1.97 1.27-3.07 0.003

Emotional disorder 1.13 0.62-2.07 0.684

Model 4 (56 missing)!

Age 11 HA 1.49 0.85-2.60 0.163
Sex (female) 333 2.01-5.50 <0.001
Somatic illness 1.91 1.22-2.98 0.004

Emotional disorder 1.08 0.59-1.98 0.812

FSS 1702 0.99-1.05 0.274 HA = health anxiety FSS = functional somatic symptoms RR =

relative risk

HA scores were dichotomized at top 10% scores at both ages to indicate HA cases for the analyses. The effect of age 11
HA on age 16 HAswas successively adjusted for sex (model 1), and further adjusted for age 11 chronic somatic illness

(model 2), emotionakdisorders (model 3) and FSS (model 4).

Figure 1: Health anxiety symptom groups and annual health care costs.
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The graph shows unadjusted mean healthcare expenses with 95% bootstrapped and bias-corrected confidence intervals
for the different'healthranxiety (HA) symptom groups over follow-up from around the time of the 11-year cohort
assessment (year 2011-2012), between follow-ups (year 2013-2014) and around the time of follow-up (year 2015-
2016).
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