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Abstract
Background

Evidence on adolescent sport and subsequent healthcare use remains fragmented across individual service
sectors. We examined whether extracurricular sport participation patterns across two adolescent
assessments were associated with service-specific healthcare use and expenditure through young
adulthood.

Methods

We linked school assessments with population-panel and national health-insurance records to follow 23,283
Hungarian students for 11 years (2011-2021). Regular extracurricular sport was assessed in grades 8
(2008) and 10 (2010) and classified as reported at neither assessment, grade 10 only, grade 8 only, or both
assessments. Poisson pseudo-maximum likelihood models estimated associations with annual utilization
and expenditure, adjusting for age, sex, family background, and baseline-school and calendar-year fixed
effects. False-discovery-rate adjustment covered the 39 main comparisons. Sensitivity analyses examined
measured health and socioeconomic selection and alternative specifications.

Results

The analyses included more than 250,000 person-years, with 99.3% of the complete-case cohort observed
in all 11 follow-up years. Compared with students reporting sport at neither assessment, those reporting
sport at both had 17% fewer dispensed prescriptions (adjusted rate ratio 0.830, 95% confidence interval
0.770-0.895), fewer primary-care contacts (0.958, 0.934-0.983), and more specialist outpatient visits
(1.074, 1.040-1.110). Patient pharmaceutical spending was lower (mean ratio 0.920, 0.882-0.961), but
observable publicly reimbursed expenditure showed no clear association (1.000, 0.854-1.170). Grade-8-
only participation was also associated with fewer prescriptions (0.880, 0.819-0.945). Prescription
estimates changed little after adjustment for inter-wave healthcare use and pre-exposure parental histories;
a separate grade-10 cohort showed a smaller association in the same direction.

Conclusions

Reporting sport at both adolescent assessments was associated with lower prescription and primary-care
use alongside higher specialist outpatient use through young adulthood. These contrasting associations
highlight the importance of examining service-specific healthcare use alongside aggregate expenditure
when evaluating adolescent sport.

Background
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Adolescence is a period of marked change in physical activity. Most young people do not meet current
recommendations, and participation falls as they progress through secondary school [1, 2]. Regular sport is
one of the principal organized settings in which adolescents are active, but it is not interchangeable with
total physical activity. It combines repeated participation with access to facilities, adult supervision, and a
social group, while entry and continuation depend on school provision, local opportunities, and household
resources. A recent meta-analysis found generally favorable associations between youth sport and later
physical activity, health, and wellbeing, but also emphasized the limited evidence from repeated exposure
measures and the importance of selection into sport [3].

Sport status is not fixed during adolescence. Dropout is common [4], and tracking from youth sport or
physical activity into adulthood is moderate rather than complete [5-8]. A single baseline measure therefore
combines young people with very different histories: some continue, some stop, and others enter later [9].
Recent longitudinal studies have begun to model these patterns directly, showing that activity profiles
across adolescence predict behavior and body composition in emerging adulthood [6, 7]. For subsequent
healthcare use, repeated measurement is valuable not because two observations establish a continuous
trajectory, but because they distinguish observed patterns that a one-time measure cannot.

Participation is also socially patterned. In high-income countries, children and adolescents from more
advantaged households are substantially more likely to take part in organized sport [10, 11]. The same
family resources, school environments, and health-related preferences can influence later access to care
and medication use. Repeated sport measurement alone therefore does not resolve selection. A convincing
analysis needs both a clear temporal ordering of sport and outcomes and information on the family
circumstances that precede participation.

Healthcare use is a different outcome from health status. It reflects morbidity, access, clinical practice, and
decisions to seek care, and the direction of association with sport may differ across services. Better fitness,
psychosocial health, and related health behaviors may reduce primary-care or medication use. Sport may
also lead to injuries, musculoskeletal complaints, diagnostic work-up, and specialist follow-up. Existing
studies in children and adolescents have usually examined one part of this process: physician contacts [12],
injury-related hospital care [13], psychotropic medication [14], or psychiatric hospitalization [15]. They do not
show whether lower use in one sector coexists with higher use in another within the same population.

Evidence on expenditure is thinner and comes mainly from middle-aged or older adults. Physical-activity
histories have been associated with lower later healthcare and pharmaceutical costs in Australian and US
cohorts [16, 17], and with primary-care costs in a recent 10-year study [18]. These findings cannot be
assumed to apply to young adulthood, when chronic disease remains relatively uncommon and sport-
related contacts may offset lower use elsewhere. Nor can a single aggregate cost measure show which
parts of the health system account for a difference.

Linked administrative records make a different longitudinal design possible. Stable identifiers preserve
follow-up after participants leave school, claims files record service use and paid amounts independently of
recall, and links to family and labor-market registers can recover pre-exposure household histories [19-21].
Because such records reflect registration, financing, and coding processes rather than a research protocol,
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valid inference also requires an explicit denominator and transparent reporting of linkage and sample
selection [22-24]. Hungary's Linked Administrative Panel Database (Admin4) follows a representative 50%
sample of the population from 2003 to 2021 across education, employment, family, and healthcare modules
[25, 26]. Linked to repeated school sport reports, it allows several service sectors to be followed in parallel,
distinguishes a year with no recorded use from a year outside observation, and provides family histories
measured before the first sport assessment.

This design addresses several limitations of the existing literature within a single linked cohort. We combine
sport assessments in grades 8 and 10 with 11 years of administrative healthcare follow-up for 23,283 young
people, distinguishing four observed participation patterns during adolescence. The analyses draw on more
than 250,000 person-years, with 99.3% of the complete-case cohort observed in all 11 follow-up years. This
breadth and continuity of observation allow us to examine primary care, specialist outpatient care, inpatient
care, prescriptions, and expenditure in parallel within the same individuals through young adulthood. We
then examine whether the estimates persist after accounting for healthcare use between the two sport
assessments and for parental socioeconomic and employment histories measured before either outcome
follow-up or the second sport assessment. Finally, we assess the grade-10 association in a separate, older
school cohort with longer follow-up. The resulting question is deliberately narrower than whether sport is
beneficial in general: are adolescent sport-participation patterns associated with the subsequent
composition of healthcare use, and do any service-specific differences translate into lower observable
publicly reimbursed expenditure? This matters for public health: if service sectors move in different
directions, the healthcare implications of adolescent sport cannot be inferred from prescriptions or
aggregate expenditure alone.

Methods
Data

We conducted a longitudinal record-linkage cohort study using the National Assessment of Basic
Competencies (Orszagos Kompetenciamérés; OKM) and the Linked Administrative Panel Database
(Admin4). Admin4 is constructed from records supplied by Hungarian administrative authorities and follows
a representative 50% sample of the population from 2003 through 2021 [25]. The sampling frame originates
from the national social-security register and is updated for entries to and exits from the population. Its core
panel contains demographic and labor-market records; supplementary modules cover education, family
relationships, social transfers, and healthcare. The data provider links the source registers before researcher
access and retains a stable anonymized person identifier across years and modules. Analyses were
conducted in the secure ELTE Centre for Economic and Regional Studies Databank environment; the
research team had no access to direct identifiers. The representativeness of the Admin4 sampling frame
does not imply that the final OKM-linked complete-case cohort is nationally representative, so each stage of
cohort construction is reported explicitly.

The source cohort comprised 53,495 students observed in grade 8 in the 2008 OKM. We located the same
anonymized individuals in the 2010 grade-10 assessment. Of the source cohort, 45,800 were observed in
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grade 10, 25,923 had a valid broad sport measure at both assessments, and 23,286 also had complete
information on age, sex, the family background index, and baseline school. Follow-up began in 2011, after
the second sport assessment, and ended in 2021. A total of 23,283 students contributed at least one
observed follow-up year. Main analyses included a person-year only when the individual was present in the
Admin4 population panel in that year. Outcome-specific samples differed slightly because the PPML
estimator removes fixed-effect singletons for sparse outcomes. Figure 1 documents the cohort flow, and
Additional file 1: Table S2 reports the stage-specific counts and selection diagnostics. The study size was
determined by the number of source-cohort members meeting the prespecified linkage, exposure, covariate,
and follow-up criteria; no a priori sample-size calculation was performed.

At each assessment, students reported whether they regularly participated in (i) a school-organized
extracurricular recreational sport activity and (ii) sport lessons or activities outside school. Neither item
referred to compulsory physical education [27]. An explicit yes to either item defined sport participation;
classification as no sport required explicit no responses to both. Undocumented code 0, codes 7-9, and
system-missing values were treated as missing. We classified students as reporting sport at neither
assessment, grade 10 only, grade 8 only, or both assessments. The categories describe status at two
observations; they do not identify the date of entry or dropout or establish uninterrupted participation
between waves. A stricter measure requiring valid responses to both sport items at both assessments was
used in sensitivity analysis. Detailed exposure coding and the broad and setting-specific participation-
pattern distributions are provided in Additional file 1: Table S1.

Annual healthcare measures came from National Health Insurance Fund modules covering primary care,
specialist outpatient care, inpatient care, and dispensed prescriptions. Utilization outcomes were primary-
care contacts, all specialist outpatient visits, laboratory services, non-laboratory outpatient visits, inpatient
days, and prescriptions dispensed. Expenditure outcomes were outpatient, laboratory, non-laboratory
outpatient, and inpatient expenditure; public pharmaceutical subsidy; patient pharmaceutical spending; and
observable publicly reimbursed expenditure. The last measure summed outpatient expenditure, inpatient
expenditure, and public pharmaceutical subsidy. It excludes person-level primary-care financing, fully private
care, and costs outside the available modules. The HT modules contain annual aggregate counts and
expenditure but no diagnosis, procedure, or drug-class codes.

The healthcare event modules are sparse: person-months without a recorded event are absent from the
event file [26]. After annual aggregation, we therefore coded a missing healthcare value as zero only when
the individual was present in the Admin4 population panel in that year. Years without population-panel
observation remained missing. This rule preserves the extensive margin of use while avoiding the
classification of an unobserved year as zero utilization. Monetary values were converted to constant 2021
Hungarian forints using the national consumer price index [28]. Rare negative annual amounts, reflecting
retrospective administrative corrections, were omitted only from the corresponding PPML expenditure
outcome.

The main covariates were age at the grade-8 assessment, sex, and the continuous OKM family background

index, which summarizes parental education and household resources. Baseline-school fixed effects absorb

all time-invariant characteristics shared by students from the same school, including local sport provision
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and school context; calendar-year fixed effects absorb common changes in healthcare use, reimbursement,
coding, and cohort age. Parent-child links derived from family-allowance records were not required for
inclusion in the main cohort. Because both the child and parent had to be present in the underlying 50%
sample, at least one parent was linked for approximately half of the analytic cohort. Within that subsample,
pre-exposure variables summarized parental earnings position, earnings-day intensity, labor-market activity,
linked-parent composition, and reconstructed family links during 2003-2007. Reporting follows STROBE
and RECORD [23, 29]; completed checklists are provided in Additional files 2 and 3, respectively. Additional
file 3 also provides supplementary information on study-population selection, person-level linkage, data
cleaning, and access to analytic materials.

Empirical strategy

For each outcome k, we estimated a Poisson pseudo-maximum likelihood (PPML) model on the annual
person-year panel. Let i index students, s their grade-8 school, and t calendar year. The conditional mean
was:

E[YU000 | S0, XU, a0, Al] = exp(800S0000 + A00S000 4 BOOSIOOND + XUry0 4 a0 + AD)

1

Sport reported at neither assessment is the omitted category. SK"%, SK8, and SKENK; indicate sport reported
at grade 10 only, grade 8 only, or both assessments. X; contains age, sex, and the family background index;
all and Al denote baseline-school and calendar-year fixed effects. Exponentiated sport coefficients are
conditional rate ratios for utilization outcomes and ratios of expected annual expenditure for monetary
outcomes. Because the sport-pattern indicators are fixed over follow-up, an individual fixed-effect model
would absorb the exposure and was not used.

Identification comes from differences in sport pattern between students from the same baseline school,
after accounting for common calendar-year shocks and observed covariates. School fixed effects remove
time-invariant school-origin differences but not unmeasured differences between students within a school.
The coefficients are therefore adjusted prospective associations, not treatment effects. In particular, the
model cannot eliminate confounding by prior health, motivation, family health practices, peer networks, or
access to sport that is not captured by the observed data.

PPML was used for both utilization and expenditure because it models the conditional mean on the
outcome's original scale, retains zero values, and remains consistent under general forms of
heteroskedasticity when the conditional mean is correctly specified [30, 31]. It does not require a Poisson
variance. This avoids the zero-handling and retransformation problems of log-linear models and targets the
annual mean, which is the relevant quantity for both service use and expenditure. Standard errors were two-
way clustered by person and baseline school to allow serial correlation within students and residual
dependence among students from the same school.

We estimated separate models for 13 outcomes and retained all three sport contrasts. Dispensed
prescriptions and observable publicly reimbursed expenditure were designated as the focal utilization and
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expenditure outcomes. Benjamini-Hochberg false-discovery-rate q values were calculated across the 39
main sport-outcome comparisons [32]. For the two focal outcomes, we also estimated stepwise
specifications that added age and sex and then family background in the main sample, followed by parental-
history adjustment in the core parent-linked sample. Because baseline-school and calendar-year fixed
effects were integral to the design, both sets of fixed effects were retained in the least-adjusted
specification.

Secondary and sensitivity analyses (dup: abstract ?)

Secondary analyses examined heterogeneity by sex and follow-up period and separated school-organized
from out-of-school sport. Grade-specific models used all participants with a valid sport measure at the
relevant grade, irrespective of validity at the other assessment. Period-specific models covered 2011-2013,
2014-2016,2017-2019, and 2020-2021. We also repeated the grade-10 analysis in a separate cohort of
students observed in grade 10 in 2008 and followed from 2009 through 2021.

Sensitivity analyses changed one design element at a time: the stricter two-item sport definition; exclusion
of 2020-2021; baseline-school-by-year or sex-by-year fixed effects; restriction to students observed in all 11
follow-up years; stabilized inverse-probability weights for inclusion in the two-assessment cohort, trimmed
at the first and 99th percentiles; and alternative clustering schemes. In the parent-linked subsample, we first
repeated the main model without parental covariates and then added the 2003—-2007 parental histories. A
separate model added the child's 2009 primary-care contacts, non-laboratory outpatient use, inpatient days,
and prescriptions, transformed with the inverse hyperbolic sine. Because 2009 lies between the two sport
assessments, this last specification addresses inter-wave health selection rather than confounding
measured before the first exposure. Analyses were conducted in Stata 17 using ppmlhdfe. Detailed
specifications and complete results for the secondary and sensitivity analyses are provided in Additional file
1.

Results

Study population and sport patterns

Of the 53,495 students in the source cohort, 85.6% were observed again in grade 10. Among the 25,923
students with valid sport status at both assessments, 37.2% reported sport at neither assessment, 9.7% at
grade 10 only, 24.7% at grade 8 only, and 28.4% at both (Additional file 1: Table S1). Students in the both-
assessments group were more often male and had a higher family background index than those in the
neither-assessment group. The complete-case cohort contained 23,286 students, of whom 23,283
contributed follow-up. The outcome models included 22,827-23,283 participants and 250,539-255,545
person-years; 99.3% of the complete-case cohort was observed in all 11 outcome years (Figure 1; Table 1;
Additional file 1: Tables S2 and S3).

Table 1. Characteristics of the final analytic cohort by sport-participation pattern.
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Characteristic Neither Grade10 Grade8 Both SMD: SMD: SMD:

only only G10 G8 both
Participants, N 8,615 2,280 5,706 6,682
Age at grade 8 13.84 13.85 13.85 13.85 0.02 0.02 0.02
assessment, mean (SD) (0.60) (0.50) (0.69) (0.49)
Male, percent 37.6 449 47.1 55.6 0.15 0.19 0.37
Family background index,  -0.02 0.22 -0.00 0.31 0.26 0.02 0.35
mean (SD) (0.90) (0.93) (0.92) (0.94)
At least one linked parent, 51.3 48.9 50.9 51.0 -0.05 -0.01 -0.01
percent
Primary care contacts in 5.99 5.52 6.05 5.47 -0.09 0.01 -0.10
2009, mean (SD) (5.31) (4.56) (5.00) (4.67)
Non-laboratory outpatient  2.84 2.97 2.85 3.37 0.02 0.00 0.09
visits in 2009, mean (SD) (5.50) (5.31) (5.36) (6.29)
Inpatient days in 2009, 0.31 0.27 0.31 0.28 -0.02 -0.00 -0.02
mean (SD) (2.02) (1.86) (2.22) (1.63)
Dispensed prescriptions 5.37 493 4.71 4.61 -0.01 -0.03 -0.03
in 2009, mean (SD (33.63) (24.56) (8.58) (9.00)

Note. The final analytic cohort has valid sport status at both assessments, complete baseline covariates, and
at least one observed follow-up year.

SMD denotes the standardized mean difference relative to participants reporting no sport at either
assessment.

Healthcare use in 2009 occurred after the grade 8 assessment and before the grade 10 assessment.

The 2009 measures are descriptive and enter only the inter-wave health-selection sensitivity analysis.

Main findings

The clearest difference concerned prescriptions (Table 2; Figure 2). Relative to students reporting sport at
neither assessment, those reporting sport at both filled 17% fewer prescriptions during follow-up (adjusted
rate ratio 0.830, 95% confidence interval 0.770-0.895). They also had fewer primary-care contacts, but more
specialist outpatient visits, particularly non-laboratory outpatient care. These associations remained among
the findings that passed false-discovery-rate adjustment (Additional file 1: Table S4). Laboratory use and
inpatient days did not differ clearly.

The service-specific differences were not accompanied by a clear difference in public expenditure (Table 3;
Figure 2). Patient pharmaceutical spending was lower in the both-assessments group (mean ratio 0.920,
95% confidence interval 0.882-0.961), whereas no clear association with observable publicly reimbursed
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expenditure was detected (1.000, 0.854—-1.170); the interval is compatible with both lower and higher
expenditure. Estimates for public pharmaceutical subsidy and inpatient expenditure were imprecise

(Additional file 1: Table S4).

Lower prescription use was also observed among students reporting sport in grade 8 only (rate ratio 0.880,
0.819-0.945), while the grade-10-only estimate was close to the null. For prescriptions, the both-
assessments group also had lower expected use than the grade-10-only group, whereas the direct
comparison with the grade-8-only group remained uncertain (Additional file 1: Table S5).

Table 2. Adjusted associations between adolescent sport-participation patterns and annual healthcare

utilization
Outcome Mean per Sport at grade Sport at grade Sport at both
person-year 10 only 8 only assessments

RR (95% Cl) RR (95% Cl) RR (95% Cl)

Primary-care contacts  4.04 0.972 (0.939- 0.993 (0.968- 0.958 (0.934~-
1.007) 1.019) 0.983)t

Specialist outpatient 3.96 1.051 (1.003- 1.030 (0.997- 1.074 (1.040-

visits, all 1.102) 1.065) 1.110)+

Laboratory services 0.91 1.024 (0.960- 1.006 (0.962- 1.014 (0.969-1.061)
1.093) 1.052)

Non-laboratory 3.05 1.059 (1.010- 1.038 (1.002- 1.093 (1.056-

outpatient visits 1.110) 1.075) 1.130)t

Inpatient days 0.42 0.868 (0.706— 1.062 (0.899- 0.935(0.789-1.109)
1.066) 1.254)

Dispensed 4.01 0.949 (0.864~- 0.880 (0.819- 0.830 (0.770-

prescriptions 1.043) 0.945)t 0.895)t

Note. RR, adjusted rate ratio; Cl, confidence interval. Reference group: no regular extracurricular sport reported
at either assessment (grade 8 in 2008, grade 10 in 2010), outcomes cover 2011-2021.

Estimates are exponentiated PPML coefficients adjusted for age at the grade-8 assessment, sex, family
background index, baseline-school fixed effects, and calendar-year fixed effects; 95% Cls are based on
standard errors two-way clustered by person and baseline school.

Missing claims-module aggregates were coded as zero only in person-years with population-panel observation.
Outcome-specific models included 22,827-23,283 participants and 250,539—-255,545 person-years (Additional
file 1: Table S3).

T Benjamini—Hochberg q < 0.05 across all 39 main sport—outcome comparisons; q values are reported in
Additional file 1: Table S4.

Table 3. Adjusted associations between adolescent sport-participation patterns and annual healthcare
expenditure
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Outcome Mean per Sport at Sport at Sport at both
person-year, grade 10 only  grade 8 only assessments
HUF
MR (95% CI) MR (95% Cl) MR (95% Cl)
Outpatient expenditure 9,314 1.088 1.010 1.040 (0.998-
(1.014- (0.969- 1.083)
1.167) 1.052)
Laboratory expenditure 2,071 1.126 0.983 0.997 (0.924-
(0.955- (0.918- 1.076)
1.328) 1.053)
Non-laboratory outpatient 7,245 1.076 1.018 1.052 (1.010-
expenditure (1.012- (0.977- 1.097)
1.143) 1.061)
Inpatient expenditure 13,746 1.009 1.031 1.046 (0.925-
(0.749- (0.922- 1.184)
1.359) 1.153)
Public pharmaceutical 8,251 1.163 0.723 0.890 (0.528-
subsidy (0.727- (0.389- 1.503)
1.862) 1.346)
Patient pharmaceutical 3,462 0.985 0.967 0.920 (0.882-
spending (0.927- (0.924- 0.961)t
1.047) 1.011)
Observable publicly 31,041 1.077 0.934 1.000 (0.854-
reimbursed expenditure (0.877- (0.780- 1.170)
1.323) 1.119)

Note. MR, ratio of expected annual expenditure (mean ratio); Cl, confidence interval. Reference group,
covariates, fixed effects, clustering, and 1 are as in Table 2. Expenditures are in constant 2027 HUF.

Observable publicly reimbursed expenditure equals outpatient expenditure plus inpatient expenditure plus
public pharmaceutical subsidy; person-level primary-care financing and fully private care are not observed. Rare
negative annual administrative corrections were omitted only from the corresponding outcome. Outcome-
specific models included 22,827-23,283 participants and 250,539-255,544 person-years (Additional file 1:
Table S3).

Secondary and sensitivity analyses

Stepwise models indicated that adjustment for age and sex attenuated the prescription differences, with
little further change after adding family background; observable publicly reimbursed expenditure estimates
moved toward the null after demographic adjustment and remained imprecise (Additional file 1: Table S6).
The prescription association was otherwise highly stable. Its magnitude changed little after adding pre-
exposure parental socioeconomic and employment histories (Additional file 1: Table S7), the child's 2009
healthcare use (Additional file 1: Table S8), or under alternative exposure, follow-up, fixed-effect, sample,
weighting, and clustering specifications (Additional file 1: Tables S9 and S10).
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There was no evidence that sport-pattern associations differed by sex for either focal outcome (Additional
file 1: Table S11). Formal interaction tests indicated variation across follow-up periods for prescriptions (p =
0.0473) and observable publicly reimbursed expenditure (p = 0.0223). The inverse prescription association
for the both-assessments group was present in each period and was greater in magnitude in later periods,
whereas the period-specific public-expenditure estimates were imprecise and showed no consistent
temporal pattern (Figure 3; Additional file 1: Table S12). Grade-specific models indicated lower prescription
use for any sport reported at either assessment, while setting-specific analyses showed lower estimates
particularly for sport reported at both assessments; public-expenditure estimates remained imprecise
(Additional file 1: Table S13). In the independent cohort of 34,112 students observed in grade 10 in 2008,
regular extracurricular sport was associated with a smaller prescription difference in the same direction,
while observable publicly reimbursed expenditure again showed no clear association (Additional file 1:
Table S14).

Discussion

Regular extracurricular sport reported across grades 8 and 10 was associated with a distinct pattern of
healthcare use through young adulthood. Students reporting sport at both assessments filled fewer
prescriptions and used less primary care, yet had more specialist outpatient contacts. No clear association
with observable publicly reimbursed expenditure was detected. The prescription association was
reproduced across alternative exposure definitions and samples, remained after adjustment for inter-wave
child healthcare and pre-exposure parental histories, and appeared in a separate school cohort.

The prescription finding is the clearest point of contact with earlier register studies. Adolescent activity has
been associated with later antidepressant and hypnotic use [14] and with psychiatric hospitalization [15].
Our outcome covers all dispensed prescriptions, so it reflects a broader component of treated morbidity, but
the available data cannot identify which therapeutic groups account for the difference. The result should
therefore not be read as evidence about mental-health medication, analgesics, respiratory treatment, or any
other class. It shows a durable difference in aggregate prescription use that warrants examination with
drug-level data.

The contrasting associations across healthcare sectors are a central finding. Lower prescription and
primary-care use coexisted with higher specialist outpatient use within the same cohort. A single healthcare
endpoint would therefore give an incomplete account of the association between adolescent sport and
subsequent healthcare use. Injury-related assessment is one plausible explanation, consistent with linked
evidence that active children have more injury-related hospital contact [13], but diagnosis and procedure
codes were unavailable. Rehabilitation, diagnostic investigation, access, and care-seeking may also
contribute. The linked design shows that these sectoral differences occur within the same cohort; it cannot
determine the clinical pathway behind them.

The family-linked analyses address an important source of concern in youth-sport research. Sport was
socially patterned, yet restricting the sample to linked families and adding parental earnings, employment,
and family-link histories measured before 2008 barely changed the prescription estimates. Nor did

adjustment for the child's healthcare use between the two sport assessments. These results make
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measured socioeconomic selection and inter-wave health selection less plausible as complete
explanations. They do not rule out confounding by baseline health, parental preferences, peer networks,
local sport supply, or other unobserved characteristics.

The linked data determine both the reach and the interpretation of the study. Sport was reported in school
before follow-up; healthcare outcomes were generated independently in the insurance system; and the
population panel distinguished a source-observed year with no recorded care from a year outside
observation. Family linkage supplied histories measured before the first sport assessment. Together, these
features reduce reliance on recall and conventional cohort retention and make it possible to compare
several parts of the health system within the same individuals. They do not make the records purpose-built
research data: the outcomes remain shaped by registration, reimbursement, and coding, and relevant
behavioral and clinical detail is absent.

The lack of a clear association with observable public expenditure contrasts with adult cohorts in which
sustained activity was associated with lower later healthcare costs [16—18]. Age is a likely part of the
explanation. Follow-up ended in the late twenties, before many inactivity-related chronic conditions become
common. At these ages, lower medication use can coexist with greater specialist contact, and a small
number of high-cost events makes expenditure estimates imprecise. The public-total outcome is also
deliberately narrow: it excludes person-level primary-care financing, fully private care, productivity losses,
and nonmedical outcomes. It is an administrative payer aggregate, not total healthcare or societal cost.

The two sport measurements improve on a fixed baseline indicator, but they do not establish a continuous
trajectory. The point estimate was lowest among students reporting sport at both assessments, yet it was
not clearly different from the grade-8-only estimate. The grade-8-only category may contain students who
stopped between waves, fluctuated in and out of sport, or were misclassified at one assessment; the grade-
10-only category does not reveal when participation began. The appropriate interpretation concerns
observed patterns at two school stages, not causal effects of starting, stopping, or maintaining sport.

Several limitations should be considered. Sport was measured only twice and without frequency, intensity,
sport type, competitive level, or informal activity. The final cohort represented 43.5% of the source cohort
and was somewhat younger, more female, and socioeconomically advantaged, although trimmed selection
weighting produced similar estimates. Accordingly, the estimates are most directly generalizable to
students who remained observable through both school assessments and had complete baseline
information, rather than to the full 2008 grade-8 source cohort. The health modules lacked diagnosis,
procedure, and drug-class detail, and fully private care was not observed. Most importantly, the analysis
remains observational. Temporal ordering and extensive measured adjustment strengthen the prospective
evidence but do not identify a causal effect.

These findings do not support a simple cost-saving account of adolescent sport. They instead point to
differences in how young adults use the health system and highlight why the healthcare implications of
adolescent sport should be evaluated across service sectors rather than inferred from prescriptions or
aggregate expenditure alone. Future work should link repeated sport measures to diagnosis and drug-class
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data and follow cohorts further into adulthood, when the balance between chronic disease, medication,
injury, and specialist care may change.

Conclusions

Adolescent extracurricular sport participation was associated with distinct patterns of healthcare use
through young adulthood. In an 11-year linked cohort of 23,283 Hungarian students, reporting sport at both
assessments was associated with fewer dispensed prescriptions and primary-care contacts but more
specialist outpatient visits than reporting sport at neither assessment. The inverse prescription association
remained stable across sensitivity analyses and was also observed, with a smaller magnitude, in a separate
cohort. No clear association with observable publicly reimbursed expenditure was detected. By combining
repeated sport assessments with long, nearly complete administrative follow-up, this study documents how
lower use in some healthcare sectors can coexist with higher use in others within the same cohort.
Evaluations of adolescent sport should therefore examine the composition of subsequent healthcare use
alongside expenditure, as neither a single service measure nor an aggregate spending total captures the full
pattern of associations.
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2008 grade-8 source cohort
National Assessment of Basic Competencies (OKM)

N = 53,495

v

Observed in the 2010 grade-10 assessment

N = 45,800

Valid broad sport measure at both assessments

N = 25,923

v

Complete age, sex, family background index,
and baseline-school information

N = 23,286

Final analytic cohort: at least one observed
follow-up year during 2011-2021

N = 23,283

Figure 1

v

Excluded between stages

n=7,695

Invalid or missing
broad sport measure at one
or both assessments
n = 19,877

Incomplete baseline covariate
or school information

n=2,637

n=3

Participant flow from the 2008 grade-8 source cohort to the 2011-2021 analytic sample.

Note. Sequential exclusions reflect re-observation in the 2010 grade-10 assessment, availability of valid
broad sport measures at both assessments, complete age, sex, family-background, and baseline-school

data, and contribution of at least one observed follow-up year.
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Expected annual expenditure ratio

* Grade 10 anlv A Grade R anlv Anth asspsameants

Adjusted associations between adolescent sport patterns and annual healthcare outcomes.

Note. Panel A shows adjusted rate ratios for utilization outcomes; panel B shows expected annual
expenditure ratios. Points are estimates and bars are 95% confidence intervals. The reference group
reported no regular extracurricular sport at either assessment; compulsory physical education was
excluded. Models adjust for age, sex, family background, baseline-school fixed effects, and calendar-year
fixed effects. Standard errors are clustered by person and baseline school. Expenditures are in constant
2021 HUF. Observable publicly reimbursed expenditure equals outpatient plus inpatient expenditure plus
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public pharmaceutical subsidy and excludes person-level primary-care financing and fully private care.
Horizontal axes are logarithmic.

1.10 __
T
N T
-
<) . T T |
© ' ! 1 I
= L I :
20904 | | im~o_ o L -4
3 Ly S L -+ E s
% Lo ‘**\%f -—- o Lo
=1 a2 e Lo Ll
© e T 1 :
< 0.80 : : B ,
o : 5
Lo i :
0.70 -
I I I I
2011-2013 2014-2016 2017-2019 2020-2021
Follow-up period
———o—— Grade 10 only ——4& —- Grade8only  ----7"---- Both assessments
Figure 3

Adjusted prescription-rate ratios by follow-up period.

Note. Points are adjusted rate ratios and bars are 95% confidence intervals. The reference group reported
no regular extracurricular sport at either assessment; compulsory physical education was excluded. Models
adjust for age, sex, family background, baseline-school fixed effects, and calendar-year fixed effects.
Standard errors are clustered by person and baseline school. The joint sport-pattern-by-period interaction
test yielded p = 0.0473. The vertical axis is logarithmic.
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