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Abstract

Background Mental health problems in preschool children are rising in Sweden, yet their economic impact on
the health sector remains poorly quantified. This study estimated the incremental healthcare utilization and costs
associated with early mental health problems to inform resource allocation and early intervention.

Methods \We analyzed an exact matched sample of 1206 drawn from a cohort of 6957 children aged 3-5 from
Uppsala Region, Sweden. Early mental health problems were identified using the Strengths and Difficulties
Questionnaire reported by mothers, fathers and teachers. Data were linked to national registers to estimate
cumulative healthcare utilization and costs over four years from a health sector perspective. Hurdle models,
generalized linear models, and two-part models compared utilization and costs between children with and without
early symptoms. Sub-group analyses by sex, symptoms, and raters were performed.

Results Children with early mental health problems consumed three additional units of medication with an
incremental cost of USS 299, one additional specialized outpatient visit with an incremental cost of US$ 622, and
five additional primary care visits with an incremental cost of US$ 376 compared to their healthy peers. Healthcare
utilization and costs were higher for boys with externalizing and internalizing symptoms. Findings were consistent
across all rater groups.

Conclusions Early childhood mental health problems represent a substantial economic impact to the healthcare
sector. The findings suggest that early identification and intervention in the preschool years may offer significant
opportunities for cost-offsetting and improved long-term system efficiency.

Key points for decision makers

Early childhood mental health problems are associated with higher costs and utilization across primary, specialized,
and pharmaceutical care within just four years of identification.

Such impacts are observable as early as age 3, suggesting that the “window of opportunity” for cost-saving
interventions begins in the preschool period.
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High consistency across parent and teacher ratings suggests that multi-informant screening is a robust tool for
identifying children likely to drive high healthcare utilization.

Keywords Preschool children, Early mental health problems, Healthcare utilization, Costs, Economic impact, Sweden

Introduction

Mental health problems among children and adolescents
stand out as a pivotal area where a heightened disease
burden is evident, constituting to a global prevalence
of 13% [1]. According to a meta-analysis conducted by
Vasileva et al. [2], children aged 1-7 years are reported
to have a high prevalence of mental disorders, indicating
the particular need of early targeted interventions among
this age group. Children experiencing poor mental health
and emotional difficulties often face a range of adverse
outcomes, including poor academic performance, higher
rates of school absenteeism, social difficulties, substance
use, and increased risk of physical health problems [3-6].
According to a national estimate of the economic impact
of child mental disorders in the UK, these conditions
were associated with additional health, social care and
education costs, totaling £1.4 billion in 2008 [7]. Like-
wise, research from other countries has reported that
children with mental health problems have large health-
care utilization and related expenditures [8—13], and con-
tinue to exhibit high mental healthcare service demands
and related costs in adulthood [14, 15]. Moreover, mental
health problems not only affect children themselves, but
also their families. These problems can lead to broader
societal repercussions, such as increased utilization
of social and healthcare services and lost productivity
among caregivers, compared to their healthy counter-
parts [16].

In Sweden, mental health problems among chil-
dren and adolescents have increased notably in recent
decades, manifesting in both psychological and somatic
complaints [17, 18]. In 2021, around 6% of the population
aged 0—17 years had been in contact with child and ado-
lescent psychiatry, with about one third of them seeing a
healthcare professional for Attention Deficit Hyperactiv-
ity Disorder (ADHD) [19]. With increasing mental health
problems in children, higher service utilization and costs
have also been reported. A study from Sweden by Sam-
paio et al. [20] using data from the Children and Parents
in Focus Study reported that preschool children with
both somatic and mental health problems had higher
service use, particularly at school and at home (such as
speech and language therapy, child and social welfare
services) than children experiencing no problems, with
mean annual costs of US$ 13,826 and US$ 1583, respec-
tively. However, this study used a cross-sectional design
and included only reports from one primary caregiver
[20]. Another study exploring the healthcare utiliza-
tion between 2016 and 2018 in children and adolescents

with psychiatric disorders in the Véstra Gotaland region
in Sweden observed that children aged 3-17 years old
with psychiatric diagnoses had more primary care visits,
somatic outpatient and inpatient care visits [21]. How-
ever, the authors did not estimate costs associated with
healthcare utilization.

Most mental health problems have an onset between
childhood and early adulthood, highlighting the impor-
tance of access and early intervention after first pre-
sentation of illness [22]. Despite the vast literature on
healthcare utilization and expenditure associated with
mental health problems in children and adolescents, data
on preschool children is scarce, particularly in the Swed-
ish context [23]. According to Dave et al. [24], fathers
and mothers tend to provide different ratings of their
children’s mental health problems. Thus, using only one
rater could lead to either under- or overestimation of
such problems. To account for these gaps in knowledge,
we aimed to estimate the cumulative incremental health-
care utilization and costs associated with early mental
health problems in preschool children, over a 4-year time
horizon, using data from a Swedish longitudinal observa-
tional study. Our study also considered reports of early
mental health problems from multiple raters (mothers,
fathers and preschool teachers), and examined differ-
ences by sex and type of mental health problems.

Methods

Study design

This longitudinal register-based study used cohort data
from the “Children and Parents in Focus trial,” collected
between 2013 and 2017 in Uppsala Region, Sweden [25].
The cohort data was linked to longitudinal data on inpa-
tient, specialized outpatient and primary care, as well as
prescribed medication from Swedish national registers
from the date of cohort inclusion (2013—-2017) until 2021.

Participants and procedure

This study included 6957 unique children aged 3-5 years
old who were recruited via Child Health Centers (CHC)
in Uppsala Region prior to their annual health check-ups
and whose parents/guardians consented to participate in
the study during the period of 2013-2017. Prior to the
yearly check-up, CHC nurses sent out a reminder and a
consent form to the child s primary caregiver along with
three sets of questionnaires—one for each parent and one
for preschool teachers. All parents of 3-, 4- and 5-year-
old children who attended the check-ups could partici-
pate in the study. The questionnaires were available in
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Swedish, English, Arabic, Persian, Sorani and Somali.
Parents who did not understand these languages were
excluded. The questionnaires included the Strengths and
Difficulties Questionnaire (SDQ) to measure children’s
mental health problems [26], the 12-item General Health
Questionnaire (GHQ-12) to assess parental psychologi-
cal distress [27, 28], as well as questions on sociodemo-
graphic background of children and their parents.

Exposure variable (early mental health problems)

Early mental health problems were assessed at ages 3, 4
and 5 years using the SDQ, a 25-item validated question-
naire with 5 subscales: emotional symptoms, conduct
problems, hyperactivity/inattention, peer relationship
problems, and prosocial behavior [26]. Total difficulties
scores were generated by adding the scores of the first
four sub-scales. Published norms derived from a Swed-
ish sample of 3-5 year-olds were used to establish clini-
cal cut-offs for mental health problems [29]. Based on the
total difficulties score, children were classified into two
groups. Children scoring above the pre-defined age- and
sex-specific cut-offs on the total difficulties score were
categorized as children with early mental health prob-
lems, while those scoring below the cut-offs were clas-
sified as children without early mental health problems.
In addition, internalizing symptom scores were derived
by summing the emotional and peer problem subscale
scores, while conduct problem and hyperactivity subscale
scores were combined to produce externalizing symptom
scores.

Mothers’ ratings on SDQ were used as base-case analy-
sis as they were the most prevalent raters in the cohort
(mother raters, n = 6720 compared to father raters, n =
6591) and given the differences in ratings of child behav-
ior noted in previous research [24, 30]. As some children
were assessed more than once, the earliest SDQ assess-
ment was chosen to identify mental health problems in
the children, ensuring the capture of earliest signs. This
same approach was taken in previous work [31] to (1)
assess child mental health problems as early as possible;
(2) extend the follow up time; and (3) capture health ser-
vices for children with mental health problems early on.

Outcomes

Outcomes included cumulative healthcare utilization and
related costs estimated from the earliest SDQ assessment
until ages 7-9. Costs were estimated from the Swedish
health sector perspective, including direct healthcare
costs and patients’ out-of-pocket expenses.

Healthcare utilization and costs

Inpatient and specialized outpatient care data were
sourced from the National Patient Register (NPR) held
by the Swedish National Board of Health and Welfare
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(Socialstyrelsen) [32]. The NPR provided data on the
main and secondary diagnoses classified according to
International Classification of Disease (ICD) codes (ICD
version 10) as well as information on dates, types, fre-
quencies, and duration of services used. Coverage of the
NPR is approximately 100% for inpatient and 80% for
outpatient services. For each of the inpatient stay and
specialized outpatient visit, a specific Nordic Diagnostic
Related Group (NordDRG) code was used. Costs related
to inpatient and specialized outpatient care resource were
estimated based on yearly DRG weights available from
the Socialstyrelsen [33]. Each DRG weight was assigned
a unit cost value for each year between 2013 and 2021.
For this period, the estimated yearly monetary value for a
DRG unit was between 42,265 SEK (Swedish Kronor) and
66,156 SEK.

DRG cost estimate = DRG weight x

cost per DRG unit for a given year

Prescribed medication data were sourced from the Pre-
scribed Drug Register (PDR) and included variables on
prescription date, dispensation date, medication dosage
and number of packages, drug type (generic/original/
imported), and different cost categories (total, additional,
cost per package, out-of-pocket costs) in SEK. Drug
costs were sourced from the Swedish PDR using mar-
ket prices. Furthermore, to assess whether the presence
of early mental health problems was correlated with the
use of specific drugs, relevant Anatomical Therapeutic
Chemical Classification System (ATC) codes were identi-
fied based on available data. Given that only 3-digit ATC
codes were available in the data, the following were con-
sidered: neuroleptics (N05), psycho-analeptics (N06) and
other nervous system drugs (NO7). In our analysis, total
costs of medication were considered.

Primary care data were obtained from the Region
Uppsala’s administrative system and included informa-
tion on types of primary care visit (e.g., home visit, health
center visit, telephone call, emergency visit), date of vis-
its, main and sub diagnoses, and names of primary care
centers. Relevant costs were estimated based on mean
unit costs sourced from the Swedish cost per patient
database [34]. Total primary care costs were calculated
by summing the unit costs of each visit type for each
individual.

Total cumulative utilization and associated costs over
the 4-year follow-up were calculated for each child in
each group (with early mental health problems vs. with-
out), as the product of resource units by relevant unit
costs. Because the dataset only included individuals with
complete follow-up data, there was no attrition, and all
cumulative estimates reflect full observation periods.
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Healthcare costs were inflated to 2024 Swedish Krona
(SEK) based on consumer price index [35] and subse-
quently converted to 2024 U.S. dollars (US$) using Pur-
chasing Power Parities for Gross Domestic Product [36].

Statistical analyses

Base case analysis

Baseline characteristics, and average utilization and costs
for each group (children with and without early mental
health problems) were analyzed descriptively. Incremen-
tal cumulative healthcare utilization and associated costs
were estimated using appropriate regression models,
defined as the differences between children with early
mental health problems and those without.

As part of the descriptive analyses, we also identified
whether each child with and without early mental health
problems had received any formal psychiatric diagnosis
or medication during the follow-up period using ICD-10
codes FOO-F99 (mental and behavioral disorders) from
the NPR, and ATC codes of N05, N06, and NO7 from the
PDR.

Covariates

Informed by Andersen’s Behavioral Model, a set of
observed individual-level variables were selected as
model covariates to account for factors that may influ-
ence access to healthcare services [37]: child age and sex,
parents’ education level, parents’ country of birth, par-
ents’ marital status, number of children in the household,
and parental psychological distress. Several variables
were recoded: parental marital status (originally five cat-
egories) was recoded into two (married/cohabiting; and
other); parental education (five categories) into three
(primary school; high school; and university); and num-
ber of children in the household into three categories
(1 child; 2 children; and > 3 children). Parental psycho-
logical distress was measured using the 12-item General
Health Questionnaire (GHQ-12), a validated self-report
screening tool including symptoms of anxiety, depres-
sion, social dysfunction, and loss of confidence [28].
Higher scores reflect greater distress. Based on estab-
lished scoring thresholds [28], a GHQ-12 score of > 12
was used to classify parents into a group with psycho-
logical distress and < 12 into a group without. Variable
recoding is detailed in supplementary material Table 1.

Matching of participants

To ensure comparability between groups, children with
early mental health problems were exact matched with
children without early mental health problems on rel-
evant confounders: sex (males, females), age (3, 4, 5
years old), parental education (primary school, high
school, university), country of birth (Sweden, other),
and parental psychological distress (yes, no). Parental
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marital status and number of children in the household
were excluded from the matching due to their limited
predictive value for healthcare utlization and costs [30],
but were retained as covariates in subsequent regres-
sion models to adjust for potential confounding. Exact
matching was conducted in R using the Matchlt package,
employing nearest neighbor matching without replace-
ment [38]. Covariate balance between groups before and
after matching was assessed using the standardized mean
difference (SMD), with SMD = 0 indicating no difference
between the groups. Descriptive statistics were used to
outline sample characteristics and assess the sample bal-
ance, both pre- and post-matching.

Analysis of utilization and cost data
Cumulative healthcare utilization and costs were pre-
sented as descriptive statistics for each health service cat-
egory as well as for total health service. Between-group
differences were calculated as the difference in group
averages with corresponding standard errors and 95%
confidence intervals. To estimate the change in health-
care utilization and costs over time, average healthcare
utilization and costs were estimated yearly for each group
(see detailed results on yearly average cumulative utiliza-
tion and costs in supplementary material Figs. 1 and 2).
Utilization data and healthcare costs typically display
distinct statistical characteristics: they are often non-
negative (i.e., they take on continuous values greater
than zero), substantially right skewed with long tails,
and frequently included a large portion of zeros (indi-
cating null consumption or cost). Using simple linear
regression models such as ordinary least squares (OLS)
to estimate such outcomes would result in mis-specified
models with biased estimates as they assume normal
distribution and constant variance [39]. Thus, a compre-
hensive assessment of model assumptions and data dis-
tribution was conducted prior to the regression analysis.
Each utilization and cost variable was first evaluated for
overdispersion using the Pearson x*/df ratio, with values
greater than one indicating overdispersion, signifying
that the variance exceeds the mean and that standard
Poisson or linear models may be inadequate due to unac-
counted heterogeneity or clustering in the data. The test
for normality was evaluated using the skewness-kur-
tosis test and visualized with quantile—quantile (Q-Q)
plots. Homoskedasticity was tested using the Breusch-
Pagan test [40], with low p-values suggesting the pres-
ence of heteroskedasticity. The appropriate link and
distribution family of utilization and cost data were cho-
sen based on the results of the modified Park test [41].
Most importantly, the proportion of zeros were calcu-
lated for each outcome variable, with > 10% suggesting a
large zero mass based on a common rule of thumb [42].
Model goodness-of-fit was further guided by the Akaike
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Information Criterion (AIC) and Bayesian Information
Criterion (BIC) estimates. Details on model diagnostics
can be found in supplementary material Table 2.

Based on the diagnostic results—the modified Park
test, high proportion of zeros, substantial right-skew-
ness of the distribution, heteroskedasticity, and strong
overdispersion of count and continuous data—a Hurdle
model with negative binomial distribution for healthcare
use and a two-part model with gamma distribution for
costs were used to model the difference in cumulative
healthcare consumption and costs between children with
and without mental health problems for each healthcare
category [39]. Both the hurdle and two-part models were
composed of two distinct parts. In the hurdle model, the
first part employed a logit model to estimate the prob-
ability of having zero visits, and the second part used a
truncated negative binomial model to model the count of
visits among those with non-zeros. Similarly, in the two-
part models, a logit model was employed to predict the
probability of zero expenditure, followed by a generalized
linear model (GLM) with a gamma distribution and log
link to model the positive expenditure values. Both first
and second components of the models were jointly inter-
preted as a whole model output. Since the model coef-
ficients were not directly interpretable, marginal effects
were estimated instead. Regarding the total healthcare
consumption and costs, a GLM with negative binomial
distribution for count data, and a GLM with gamma dis-
tribution for costs were selected due to low zero mass (<
10%) [43].

Sub-group analyses

Two sub-group analyses were conducted. First, average
cumulative utilization and costs among children with
mental health problems was descriptively analyzed by sex
for each healthcare category. Differences in mean values
between the groups were reported with corresponding
95% CI.

Using SDQ subscale cut-off norms from a working
paper, children with early mental health problems were
categorized into three symptom-based groups: those
exhibiting only internalizing symptoms, only external-
izing symptoms, and those with both (comorbid). For
each symptom group, average healthcare utilization and
associated costs were calculated across all types of health
services. To investigate potential sex differences within
these mental health profiles, each of the three groups was
further stratified by sex. This allowed for a comparison of
healthcare use and costs between boys and girls within
each symptom category.

Sensitivity analyses
Sensitivity analyses were conducted using SDQ rat-
ings reported by fathers and preschool teachers. Similar
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analytical approach was used as in the base case analysis.
However, for the analysis of preschool teachers’ rating,
exact matching was limited to sex and age of children due
to the absence of parental socio-demographic informa-
tion in the teachers’ questionnaire.

Matching was done in R. All other analyses were per-
formed using StataNow/MP 18.5.

Results

Base case

The initial base case mother-rater sample (1 =6720) had
a minimal covariate missingness (1.38%—2.44%) (supple-
mentary material Table 3). After excluding incomplete
cases, 6418 children remained, of whom 9.5% (n=608)
were reported by mothers to have early mental health
problems. Exact matching yielded a final analytic sample
of 1206 observations, with a 1:1 balance between groups
(n=603 per group) (Fig. 1). Descriptive comparisons
between matched and unmatched group showed simi-
lar background characteristics in sex, age, marital sta-
tus, and number of children in the family. However, the
unmatched group had higher proportions of mothers
with university education (76.1% vs. 67.5%), Swedish-
born mothers (86.6% vs. 80.9%), and lower parental dis-
tress (19.9% vs. 42.6%). After matching, the groups were
well-balanced (Table 1), consisting of 51% boys and 49%
girls, mostly recruited at 3 years of age (50.8%). Most
mothers (>95%) were either married or cohabiting. A
slight imbalance remained in the number of children
in the household (SMD =0.18), with the mental health
problem group had more single-child households (22.2%
vs. 16.1%) while the comparison group had more house-
holds with three or more siblings (19.1% vs. 13.9%).

As shown in Table 2, on average, children with early
mental health problems had higher total cumulative
healthcare utilization (mean: 28.96, 95%CI 25.92-32)
compared to children without early mental health prob-
lems (mean: 20.17, 95%CI 17.98-22.35) within the
four-year follow up. Total cumulative healthcare costs
followed a similar pattern, with the early mental health
problems group averaging US$4,255 (95%CI $3,701-
$4,808) versus US$2,794 (95%CI $2,372-$3,215) for their
counterparts.

The trend was consistent across all healthcare cat-
egories except for inpatient care. Children with early
mental health problems had 11 units of prescribed medi-
cation (95%CI 9.5-12.68) and costed US$624 (95% CI
$366—$882). They also had 4 specialized outpatient vis-
its (95%CI 3.35-4.12), with average costs of US$1,739
(95%CI $1,538-$1,941), and 14 primary care visits
(95%CI 11.98-16.10) with average costs of US$1,385
(95%CI $1,209-%$1,560). However, negligibly low values
were seen in both groups in terms of inpatient care visits
(mean: 0.09, 95%CI 0.06—0.13 versus mean: 0.07, 95%CI
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Total cohort sample (N=6,957)

Excluded: Father raters and

v

preschool teacher raters

Total mother-raters sample
(n=6,720)

Excluded: Missing data (n=302)

Complete sample before
matching (n=6,418)

Excluded: Unmatched data

A 4

(n=5,212)

Analytic sample after matching
(n=1,206)

A 4

A 4

Children with early mental
health problems (n=603)

Children without early mental
health problems (n=603)

Fig. 1 Study population flowchart (Mother-rated SDQ)

0.04—0.10), and costs (mean: $506, 95%CI $328-$685
versus mean: $347, 95%CI $177-$517).

Incremental healthcare utilization and costs

Regression results (Table 3) showed statistically sig-
nificant incremental utilization and related costs for all
healthcare categories except inpatient care among chil-
dren with early mental health problems compared to
their counterparts. On average, a child with early men-
tal health problems consumed approximately nine addi-
tional healthcare visits (8.84, 95%CI 5.97-11.72) and
incurred US$1,457 (95%CI $741-$2,173) additional total
costs over the four-year period. Moreover, they had three
additional medication prescriptions (2.98, 95%CI 0.91—
5.04) with associated costs of approximately US$300
($299, 95%CI $68-$591). Similarly, primary care use
and associated costs were higher among the early men-
tal health problems group, with extra 4.6 visits (95%CI
2.23-6.9) and US$376 (95%CI $168-$585) additional
costs per child. Specialized outpatient care also showed
significantly higher utilization and costs among chil-
dren with mental health problems, with 1.23 more visits

(95%CI 0.75-1.72) and US$622 (95%CI $373-$870) in
costs. Cumulative costs of different health service catego-
ries over the 4-year follow-up are displayed in Fig. 2.

Psychiatric diagnoses

Cumulative healthcare utilization and costs were primar-
ily driven by non-psychiatric related care in both groups
(Table 4). Nonetheless, children with early mental health
problems utilized significantly more services specifically
related to psychiatric diagnoses, with a between-group
mean difference of 1.17 units (95% CI 0.58—1.76) and an
associated cost difference of US$184 (95% CI $56—-$312)
in total healthcare. In specialized outpatient and primary
care settings, psychiatric-related utilization was low and
mean difference was negligible, with 0.22 (95%CI 0.12—
0.32) specialized outpatient visits and 0.04 (95%CI 0.02—
0.06) primary care visits with associated costs of US$95
(95%CI $47-$143) and US$5 (95%CI $2-$8) respectively
for children with early mental health problems compared
to those without. No significant psychiatric related uti-
lization and costs were seen in inpatient care in either

group.
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Table 2 Average cumulative healthcare utilization and associated costs over 4-year-follow-up among children with and without early
mental health problems (Mother-rated SDQ)

Children with early mental health prob- Children without early mental health Between-
lems (n=603) problems (n=603) group
difference
Prescribed medication
Utilization
n 493 463
Mean (SE) 11.09 (0.80) 8.17(0.67) 2.92(1.04)
Median (IQR) 3(1-11) 3(1-9)
95%Cl 9.50-12.68 6.86-9.48 0.88-4.96
Costs (in USD)?
Mean (SE) 624 (131) 331 (76) 293 (152)
Median (IQR) 67 (18-282) 52(12-192)
95%Cl 366-882 182-480 —-4-590
Inpatient care
Utilization
n 41 26
Mean (SE) 0.09 (0.02) 0.07 (0.02) 0.02 (0.028)
Median (IQR) 0(0-0) 0(0-0)
95%(Cl 0.06-0.13 0.04-0.10 —0.035-
0.075
Costs (in USD)?
Mean (SE) 506 (91) 347 (86) 159 (125)
Median (IQR) 0(0-0) 0(0-0)
95%Cl 328-685 177-517 —86-404
Specialized outpatient care
Utilization
n 474 405
Mean (SE) 3.74(0.20) 248(0.15) 1.26 (0.25)
Median (IQR) 2 (1-5) 1(0-3)
95%Cl 3.35-4.12 2.19-2.78 0.77-1.75
Costs (in USD)®
Mean (SE) 1739 (103) 1111(73) 628 (127)
Median (IQR) 888 (357-2133) 477 (0-1371)
95%Cl 1538-1941 967-1255 380-876
Primary care
Utilization
n 488 484
Mean (SE) 14.04 (1.05) 9.45 (0.60) 459(1.21)
Median (IQR) 8(2-16) 6(1-13)
95%Cl 11.98-16.10 8.27-10.62 2.23-6.94
Costs (in USD)?
Mean (SE) 1385 (90) 1004 (60) 381 (108)
Median (IQR) 777 (179-1704) 673 (135-1378)
95%Cl 1209-1560 887-1122 170-591
Total healthcare
Utilization
n 592 584
Mean (SE) 28.96 (1.55) 20.17.(1.171) 8.79(1.92)
Median (IQR) 16 (8-34) 13 (6-25)
95%Cl 25.92-32.00 17.98-22.35 503-12.55
Costs (in USD)?
Mean (SE) 4255 (282) 2794 (215) 1461 (352)
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Children with early mental health prob- Children without early mental health Between-
lems (n=603) problems (n=603) group
difference
Median (IQR) 2127 (945-4588) 1525 (715-3082)
95%Cl 3701-4808 2372-3215 771-2151

Cl Confidence interval, IQR Interquartile range, SE Standard error
2 Costs in 2024 USD

Table 3 Incremental healthcare utilization and costs of children
with early mental health problems (Mother-rated SDQ)

Children with early mental health problems (1=603) Marginal
effects
(95%Cl)
Prescribed medication
Utilization 298 (0.91,
5.04)*
Costs (in USD)? 299
(68-591)*
Inpatient care
Utilization 0.03(-=0.02,
0.07)
Costs (in USD)? 175
(—69-419)
Specialized outpatient care
Utilization 1.23(0.75,
1 .72)***
Costs (in USD)? 622 (373-
870)***
Primary care
Utilization 46 (2.23,
Costs (in USD)? 376 (168—
585)***
Total healthcare
Utilization 8.84 (5.97,
11.72)%%*
Costs (in USD)® 1457 (741-
2173)%%*

Cl Confidence interval

**¥: Statistically significant at p-value 0.001
*: Statistically significant at p-value 0.05

2 Costs in 2024 USD

For prescribed medications, both neuroleptics (NO5)
and psycho-analeptics (N06) were prescribed less fre-
quently than other medication types in both groups, with
between-group mean difference showing 0.27 (95%CI
0.02-0.52) for neuroleptics, and 0.64 (95%CI 0.29-0.99)
for psycho-analeptics. Corresponding costs showed
slightly higher mean value for children with early men-
tal health problems, with a mean difference of US$31
(95%CI $11.01-$51) for neuroleptics and US$62 (95%CI
$14-$110) for psycho-analeptics. No consumption of
other nervous system drugs (N07) was detected.

The top five most commonly prescribed medica-
tions were dominated by drugs for constipation (A06),

obstructive airway diseases (R03), and antibiotics for
systematic use (JO1) in both groups. Psycho-analeptics
(N06) appeared among the top five medications only
for children with early mental health problems, whereas
antihistamines (R06) were more frequent in the compari-
son group (Supplementary material Fig. 3).

The top five psychiatric and non-psychiatric related
ICD-10 diagnoses for each group are shown in Figs. 4 and
5 in supplementary material. All non-psychiatric related
diagnoses were identical in both groups with health
examination and investigation being the most frequent,
followed by asthma. In contrast, hyperkinetic disorders
(F90) and pervasive developmental disorders (F84) were
most commonly diagnosed in problems group, while
non-specific other behavioral and emotional disorders
(F98) and conduct disorders (F91) were two most com-
mon diagnoses in the healthy peer group.

Sub-group analyses

Among children with early mental health problems, girls
and boys did not differ significantly in inpatient care or
medication use. However, girls utilized significantly
less primary care, specialized outpatient care and over-
all healthcare compared to boys with mean differences
of —5.16 (95%CI -9.24 to -1.09), -0.82 (95%CI -1.58
to —0.06), and -7.32 (95%CI -13.35 to -1.29), respec-
tively. They also incurred significantly lower primary care
costs, with a between-group mean difference of - US$416
(95%CI -$764 to -$68). Differences in costs were not
significant in inpatient care and medication.

While stratified by symptom profiles, boys with exter-
nalizing problems had significantly higher utilization and
costs compared to girls across all health service catego-
ries with mean values of 13.41 units of prescribed medi-
cation (95%CI 9.25-17.56), 3.66 specialized outpatient
care visits (95%CI 2.83—-4.50), 11.91 primary care vis-
its (95%CI 8.95-14.87), and 29.07 total healthcare visits
(95%CI 22.74—35.40). Mean costs were US$823 for medi-
cations (95%CI $354-$1,291), US$1,642 for specialized
outpatient (95%CI $1,242-$2,042), US$1,240 for pri-
mary care (95%CI $949-$1,531), and US$4,089 for total
(95%CI $3,002-$5,175). A similar trend was observed
among boys with internalizing problems. Compared to
their female counterparts, they had higher mean val-
ues ranging from 12.68 units of prescribed medication
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Fig. 2 Incremental cumulative costs for children with early mental health problems over 4 years (Mother-rated SDQ)

(95%CI 7.71-17.65) and US$565 (95% CI $220-$909)
related costs, 4.05 outpatient care visits (95% CI 2.97—
5.14) and US$1,935 (95% CI $1,322-$2,548) related
costs, 21.04 primary care visits (95% CI 9.89-32.19)
and US$1,821 (95% CI $978-$2,663) related costs, and
37.84 total healthcare visits (95% CI 23.90-51.77) and
US$4,740 (95% CI $3,114—%6,366) related costs.

Detailed results on sub-group analyses can be found in
the supplementary material Tables 4 and 5.

Sensitivity analyses

Total sample with complete information were 6257 for
father-raters and 5288 for teacher-raters before matching.
Covariate missingness was small (1%—3%) for the fathers’
group and there was no missingness in the teachers’
group. Both raters had a higher proportion of children
with early mental health problems compared to mothers
(9.5%), with 12.8% for fathers and 10.1% for teachers. The
father-rating group had a slightly higher proportion of
girls (50.56%) than boys (49.44%). In the teachers’ group,
boys were 3% higher than girls (51.40% vs 48.60%). The
median age was 3 years old with IQR 3—4 in both groups.
As in the base case, more than half (56%) of the father
respondents had a university education, a total of 84%
were born in Sweden, and more than 95% were either
married or in partnership. Total analytic samples after
matching were reduced to 801 in each group in fathers-
rating sample and 535 in teachers’ respectively with 1:1
balance between the treatment and comparison groups.

Regression analyses using father-rated SDQ showed
similar results to that of mothers’ rating. According to
fathers’ ratings, children with early mental health prob-
lems had significantly higher incremental healthcare
utilization and costs in terms of prescribed medication
(3.16, 95% CI 1.49-4.83; US$331, 95% CI $77-$584),
specialized outpatient care (1.06, 95% CI 0.59-1.53;
US$563, 95% CI $313-$813), primary care (3.57, 95% CI
1.91-5.23; US$323, 95% CI $172-$473), and total health-
care (7.91, 95% CI 5.65-10.18; US$1,563, 95% CI $912—
$2,213). All results were statistically significant.

Teachers’ ratings also indicated significantly larger con-
sumption and costs related to specialized outpatient care
(0.89, 95% CI 0.23-1.54; US$448, 95% CI $124-$771),
primary care (3.26, 95% CI 1.09-5.42; US$272, 95% CI
$71-$473), and total healthcare (6.32, 95% CI 3.17-9.48;
US$1,255, 95% CI $524-$1,986). However, incremental
use of prescribed medication and inpatient care were not
statistically significant.

Detailed results can be found in the supplementary
material Tables 6 and 7.

Discussion

This longitudinal observational study used a large
cohort of over 6000 children aged 3-5 years old from
the Uppsala Region in Sweden. To our knowledge, this
is the first study to explore the healthcare utilization and
associated costs of early mental health problems among
preschool children in Sweden. This study showed that
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Table 4 Psychiatric and non-psychiatric related healthcare consumptions and costs (Mother-rated SDQ)

Category Children with early mental health Children without early mental Between-group difference
problems (n=603) health problems (n=603)
Mean (SE) 95%Cl Median Mean (SE) 95%Cl Median Mean SE Lower Upper
(IQR) (IQR) Cl Cl
Prescribed medication
Utilization
Neuroleptics (NO5) 044(0.11) 022,066  0(0-0) 0.17(0.06) 005,028  0(0-0) 0.27 013 002 0.52
Psychoanaleptics (N0O6) 0.72(0.17) 039,105 0(0-0) 0.08(0.05)  —0.01,0.17 0(0-0) 0.64 018 029 0.99
Other medications 9.93(0.74) 847,1139 3(1-10) 7.92 (0.66) 6.64,9.20 3(1-9) 2.01 0.99 0.07 3.95
Total 11.09 (0.80) 9.50,1268 3(1-11) 8.17(067) 686,948  3(1-9) 292 1.04 087 497
Costs (USD)?
Neuroleptics (NO5) 37(10) 17,57 0(0-0) 6(2) 2,1 0(0-0) 31 10.2 11.01 51
Psychoanaleptics (N0O6) 70 (24) 24,117 0(0-0) 8(5) -2,17 0 (0-0) 62 25 14 110
Other medications 517(126) 269,765 61 317 (76) 169,465 52 200 147  -88 488
(15-224) (10-183)
Total 624 (131) 366, 882 67 331 (76) 182,480 52 293 152 -4 590
(18-282) (12-192)
Inpatient care
Utilization
Psychiatric care 0.002 (0.002) —0.002, 0(0-0) 0.005 (0.005) —0.005, 0(0-0) —0.00 0.01 -0.01 0.01
0.005 0.01
Non-psychiatric care 0.09 (0.02) 0.06,0.12 0 (0-0) 0.06 (0.01) 0.03,0.09 0(0-0) 0.03 0.02 -0.01 0.07
Total 0.09 (0.02) 0.06,0.13 0(0-0) 0.07 (0.02) 0.04,0.10 0(0-0) 0.02 0.03 -0.03 0.08
Costs (USD)?
Psychiatric care 18 (18) —18,54 0 (0-0) 27 (27) —26,81 0 (0-0) -9 33 -73 55
Non-psychiatric care 437 (82) 277,597 0 (0-0) 266 (65) 139,393 0 (0-0) 171 105 -36 378
Total 506 (91) 328,685 0(0-0) 347 (86) 177,517 0 (0-0) 159 125 -86 404
Specialized outpatient care
Utilization
Psychiatric care 0.30 (0.04) 0.23,0.37 0(0-0) 0.08 (0.03) 0.02,0.15 0(0-0) 0.22 0.05 0.12 0.32
Non-psychiatric care 3.27(0.17) 2.93,3.60 2 (1-4) 2.28(0.13) 2.02,2.53 1(0-3) 0.99 0.21 0.59 1.39
Total 374(020) 335412  2(1-5) 248(0.15) 219,278 1(0-3) 1.26 025 077 1.75
Costs (USD)?
Psychiatric care 137.(17) 104,170 0 (0-0) 42 (18) 6,78 0 (0-0) 95 25 47 143
Non-psychiatric care 1520 (91) 1341,1700 794 1007 (61) 886, 1127 456 513 109 299 727
(343-1952) (0-1338)
Total 1739 (103) 1538,1941 888 1111 (73) 967, 1255 477 628 127 380 876
(357-2133) (0-1371)
Primary care
Utilization
Psychiatric care 0.05 (0.01) 0.03,0.08 0 (0-0) 0.01 (0.01) 0.003,0.02 0(0-0) 0.04 0.01 0.02 0.06
Non-psychiatric care 1.17 (0.08) 1.01,1.34 0(0-2) 1.11(0.08) 0.99, 1.30 0(0-2) 0.06 0.11 -0.15 0.27
Total 14,04 (1.05) 11.98,16.10 8(2-16) 945 (0.60) 827,1062 6(1-13) 459 1.21 223 6.94
Costs (USD)?
Psychiatric care 6 (1) 3,9 0 (0-0) 1(1) 01,2 0 (0-0) 5 1 2 8
Non-psychiatric care 157.(11) 135,179 0 (0-270) 152 (11) 131,173 0(0-224) 5 16 -25 35
Total 1385 (90) 1209,1560 777 1004 (60) 887,1122 673 381 108 170 592
(179-1704) (135-1378)
Total healthcare
Utilization
Psychiatric care 152(0.28) 097,206  0(0-0) 035(0.11) 013,057  0(0-0) 1.17 03 0.58 1.76
Non-psychiatric care 1446 (0.87) 12.74,16.17 7 (3-16) 11.39(0.76) 9.90,12.89 5(2-14) 3.07 1.15 0.81 533
Total 2896 (1.55) 2592,3200 16(8-34) 2017(1.11) 17.98,2235 13(6-25 879 192 503 12.55
Costs (USD)?

Psychiatric care 269 (47) 177,360 0(0-0) 85 (46) =5,175 0(0-0) 184 65 56 312




Moe et al. Child and Adolescent Psychiatry and Mental Health

Table 4 (continued)

(2026) 20:84

Page 12 of 16

Category Children with early mental health Children without early mental Between-group difference
problems (n=603) health problems (n=603)
Mean (SE) 95% Cl Median Mean (SE) 95%Cl Median Mean SE Lower Upper
(IQR) (IQR) Cl Cl
Non-psychiatric care 2631 (240)  2159,3102 1064 1742 (153) 1441,2042 739 889 285 330 1448
(418-2707) (174-1911)
Total 4255(282)  3701,4808 2127 2794 (215)  2372,3215 1525 1461 352 771 2151
(945-4588) (715-3082)

Cl Confidence interval, IQR Interquartile range, SE Standard error
2 Costs in 2024 USD

children with early mental health problems consumed
significantly larger healthcare resources and incurred
higher costs across multiple healthcare services over a
four-year period, compared to those without early mental
health problems.

Findings based on mother-rated SDQ indicated that
children with early mental health problems had nine
additional healthcare visits and costs of US$1,457. The
largest consumption of healthcare resources was seen in
primary care with almost five additional visits followed
by three additional units of prescribed medication, and
one additional specialized outpatient visit. This could be
due to the fact that primary care is the first line of health
service contact in Sweden, and that referral from primary
care is usually needed for timely access to the specialist
healthcare [19]. A large part of healthcare expenditure
(US$622) was seen in specialized outpatient care. In Swe-
den, specialized outpatient care includes both specialized
somatic and psychiatric healthcare visits to physicians,
nurses, psychologists, social-workers, occupational ther-
apists, and physiotherapists, which are resource inten-
sive. Moreover, since the healthcare reform in Sweden
in the 1990s, inpatient care has been increasingly out-
sourced to specialized outpatient care [19, 44]. This also
explains the mass of null consumptions and costs in inpa-
tient care in relation to outpatient care.

The results were similar to previous research from
other countries. An annual report on healthcare utiliza-
tion and expenditures for children with mental health
conditions using a nationwide sample in the US showed
that children aged 1-17 years old with mental health
problems had significant increase in healthcare visits by
50%, with a total of US$11.6 billion expenditure between
2006 and 2011 [11]. Likewise, a national survey on eco-
nomic impact of childhood mental health illness from
the UK showed that children aged 5-15 years old with
diagnosed psychiatric disorders had substantial annual
utilization costs, ranging from 15.8 million pounds in
primary care to 64.2 million pounds in specific mental
health services [7].

Setting our findings in the larger framework of the
long-term economic impact of child mental health issues
is also crucial. According to Wellander et al. (2016),

school-aged children in Sweden who had psychoso-
cial, anxiety, or depression needed extra help in school,
costing between US$ 8,855 and US$ 37,229 a month
[45]. This shows how quickly the expenses of the educa-
tion sector alone can surpass the early healthcare costs
estimated in this study. Although Swedish data remain
scarce, international studies provide further perspective.
For example, a US study estimated mean annual total
costs of US$ 6,405 per child with anxiety or depression
in 2016, including both direct and indirect costs [46].
Taken together, these findings suggest that the additional
healthcare costs we identified in preschool represent only
a fraction of the potential long-term impact.

In our study, non-psychiatric related care was the larg-
est driver of utilization and related costs in both chil-
dren with and without early mental health problems.
This could be explained by the follow-up period. Chil-
dren were only followed for 4 years from the age of 3-5
years, which could be too short to capture the possible
diagnoses of psychiatric illness, which are usually more
frequent in the later childhood. According to the WHO,
the prevalence of certain mental health problems, such
as depression, anxiety, and eating disorders increase
with increasing age, with most prevalence in the 10-19
years old group [47]. In addition, findings from previous
research [12, 13, 48, 49] showed that higher consumption
and costs related to mental health problems were more
pronounced in young adolescents aged 12—17.

Stratified analysis by sex showed that boys with early
mental health problems consumed more primary care
and specialized outpatient care compared to girls. In
previous research, which used data on children and
young adolescents aged 3-17 years from Region Vistra
Gotaland, Sweden, higher primary care visits were seen
among girls compared to boys. The contrasting results
could be explained by the age group of study popula-
tion. The previous study included adolescent population
where girls are a more prevalent group with depression
and anxiety, and primary care in Sweden is usually the
first line of service to go [21, 50].

Boys with externalizing symptoms had more health-
care visits and incurred higher costs than girls. This find-
ing is similar to previous studies where hyperactive male
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preschoolers were the only predictor of additional costs
and utilization [8]. Ample literature showed that exter-
nalizing problems are more commonly associated with
boys (e.g., ADHD, conduct disorders) and that boys are
more likely to externalize their symptoms such as show-
ing more impulsive and aggressive behavior [51-55]. In
addition, our study found that boys with internalizing
problems utilized more healthcare services than their
peers, with slightly higher use than those with external-
izing problems, particularly in primary care and spe-
cialized outpatient care. Traditionally, boys are more
commonly associated with externalizing problems and
girls with internalizing problems. However, our findings
reflect a previous study in Sweden looking at the trends
on internalizing symptoms of childhood and adolescent,
where there were significantly increasing percentage of
boys with anxiety symptoms and self-reported internal-
izing symptoms [56].

Among the three different raters, fathers had higher
ratings of their children’s SDQ total difficulties scores
compared to mothers (13% vs. 9%). This could be due
to several factors, such as differing interactions between
fathers and mothers with their children, or mothers
being more often the primary caregivers which may lead
to them becoming desensitized to their children’s prob-
lem behaviors [24]. Despite that, our multi-rater analyses
yielded similar findings between both parents.

Our study has strengths and limitations. A key strength
is that the study used multi-rater assessments which
reduces single-informant bias, captures context-spe-
cific symptoms across home and school settings, and
thus enhances the validity and policy relevance of find-
ings within the Swedish child healthcare and education
settings. Moreover, this is the first study in Sweden to
explore the longer-term economic impact of preschool
children with early mental health problems. In addition,
the study used observational longitudinal data with link-
age to the National Patient Registers and regional data,
which is a key strength as it allows for comprehensive
and accurate tracking of healthcare utilization over time
across different care settings. This linkage enables the
inclusion of real-world, routinely collected data at both
national and regional levels, reducing recall bias, enhanc-
ing generalizability, and supporting a more complete
estimation of healthcare costs and outcomes. Addition-
ally, the sample size is relatively large compared to pre-
vious research [20]. Regarding the limitations, the study
might underestimate the healthcare utilization and asso-
ciated costs of early childhood mental health problems
due to relatively short follow-up time. Some negative
consequences, such as the development of more severe
psychiatric disorders and increased healthcare use, may
not fully emerge until adolescence or adulthood [57]. A
longer follow-up would likely capture a greater portion of
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the long-term individual, societal, and economic impacts.
Moreover, our study lacked a few socio-economic vari-
ables such as household income and residential area that
could have been included in the matching. While our
study captured the earliest SDQ assessment, the major-
ity of the cohort had only one assessment. Consequently,
our analysis primarily reflected early mental health
problems assessed on one occasion. This data structure
precluded the stratification of the data sample into ‘per-
sistent’ versus ‘transient’ groups, which would require
repeated SDQ measurements over time to verify the sta-
bility of the mental health problems in children. Lastly,
although generalizability is a possibility within a similar
region context, cautions should be taken when applying
the results to another country context outside of Sweden.

Our study has substantial public health implications.
On scaling our results to a national level, if 6.7% of the
country’s preschool population (about 350,000 children
aged 3 to 5) screen positive for early mental health issues,
this would correspond to roughly 23,499 impacted chil-
dren in Sweden in 2024. Then the 4-year incremental
healthcare expenditure ranges from 4.11 million USD
(36.33 million SEK) in inpatient care to 34.24 million
USD (302.48 million SEK) of total healthcare expenditure
at the population level, with specialized outpatient care
contributing to more than one third of the total health-
care costs (14.62 million USD/129.13 million SEK) (see
detailed calculation in Table 8 supplementary material).
In comparison, Sweden’s national healthcare budget
in 2024 was 13.13 billion USD (116 billion SEK), which
means that our 4-year cost estimates would correspond
to approximately 0.03% to 0.26% of the annual national
healthcare spending attributable to preschool children
with early mental health problems. While this represents
only about 0.2% of Sweden’s national healthcare budget
for 2024, it is striking given that these costs arise solely
from preschool children and only reflect healthcare
expenditures. Considering the likelihood of increased
costs during school years and the additional impact on
education and social services, the long-term economic
impact is likely far greater. Healthcare planners and
policy makers of Sweden, particularly Uppsala Region,
should be informed of the economic impact of early
mental health problems and the importance of invest-
ing in interventions for early diagnosis, and effective, and
timely care among preschool children.

While our study did not measure help-seeking behav-
iors or treatment gaps, it is important to contextualize
these findings within the Swedish healthcare sector land-
scape. In Sweden, Child Health Centers (CHC), where
95% of 3-5 year-olds are enrolled, serve as the primary
entry points for early detection [58, 59]. Thus, the CHC
represent critical settings where early interventions
should be targeted. While national guidelines emphasize
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the importance of early interventions targeting men-
tal health problems [60], Sweden currently lacks a sys-
tematic, nationwide screening protocol for procedure
for mental health problems within the CHC. However,
regional implementations of the SDQ for the screening
of mental health problems withing the CHC (such as in
Uppsala and Stockholm) [61] and the nationwide rollout
of evidence-based parenting programs [62] represent sig-
nificant policy efforts to bridge these treatment gaps and
provide support before symptoms escalate.

Future research should be conducted with a longer fol-
low-up period to capture the adolescents’ mental health
problems impact, healthcare utilization and associated
costs. Moreover, our estimates reflect direct health-
care costs only. We did not include indirect costs such
as productivity losses of parents/caregivers to care for
their children, or other sector costs such as education/
social service costs. Inclusion of these costs would likely
increase the estimated economic impact substantially. It
would also be relevant to conduct a similar study includ-
ing on a national level in Sweden and compare with our
findings. Such comparisons could help identify inequi-
ties, inform regional planning, and support more tar-
geted policy interventions.

Conclusions

This study highlights the significant impact associated
with early childhood mental health problems over a four-
year period in Sweden, particularly in primary care, spe-
cialized outpatient care, and prescribed medications. The
presence of additional healthcare utilization from as early
as age three underscores the preschool period as critical
window for early identification and targeted intervention
with potential for cost-offsetting within the healthcare
system. The consistency of findings across parents- and
teacher-reports further supports the robustness of multi-
informant assessment as a policy-relevant approach for
identifying children at risk of high healthcare utilization.
Future research with longer follow-up and comparison
with national Swedish estimates is needed to explore
variation in care patterns and costs, and to inform effec-
tive mental health service planning across the country.
Additionally, cross-national comparisons would offer
insightful information about how Sweden’s healthcare
utilization patterns and related expenses of early child-
hood mental health problems align with or deviate from
international contexts.
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