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ABSTRACT

Background: Cross-sectional studies have reported associations between pain catastrophizing and pain medication use in youth
with chronic pain; however, the factors underlying this association remain unclear. Guided by the paediatric Fear-Avoidance
model, this cohort study examined whether pain interference played a role in the longitudinal association between pain catastro-
phizing and subsequent pain medication use.

Methods: Participants were drawn from the EPIDOL project and included 180 adolescents (mean age =13.56 years; 78% female)
with chronic pain at both first assessment (T1) and 12-month follow-up (T2). Self-report measures assessed demographics (birth
sex and age), pain characteristics (location, extent, and intensity), pain interference, pain catastrophizing, and pain medication
use. Generalized structural equation models tested theory-guided autoregressive and cross-lagged panel specifications. Models
adjusted for age, birth sex, and pain intensity and accounted for temporal stability.

Results: Pain catastrophizing and pain medication use showed moderate to high temporal stability. No significant association
was observed between pain catastrophizing at T1 and pain medication use at T2. In contrast, pain interference at T1 was signifi-
cantly associated with pain medication use at T2, even when controlling for pain catastrophizing at T1. Findings were consistent
across model specifications.

Conclusions: The findings suggest that pain interference may represent a functional factor prospectively associated with sub-
sequent pain medication use. Future research should examine its potential role in linking pain catastrophizing and pain medi-
cation use when such associations are observed. Overall, the results support assessing both cognitive and functional dimensions
when evaluating pain-related management patterns in youth with chronic pain.

Significance Statement: This longitudinal study found that the association between pain catastrophizing and pain medication
use inadolescents with chronic pain was accounted for indirectly by pain interference. These findings highlight theimportance
of addressing both functional interference and pain-related cognitions in paediatric pain management.

1 | Introduction long-term efficacy and concerns about safety and misuse (Fisher,
Law et al. 2018). Despite these recommendations, pain medica-
Clinical guidelines emphasize cautious, time-limited pharma- tions continue to be prescribed for chronic pain in this popula-

cological treatment for adolescents with chronic pain (Cooper tion (Cooper et al. 2017), with estimates suggesting that up to
et al. 2017; Eccleston et al. 2017), given limited evidence for 65% of adolescents use analgesics (Konning et al. 2021). This
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high prevalence is concerning, particularly when use deviates
from guidelines or involves higher-risk substances (Groenewald
et al. 2019). For example, early exposure to prescription opioids
in adolescence has been associated with nonmedical or maladap-
tive use in adulthood (Groenewald et al. 2019), with long-term
negative consequences for quality of life (Palermo et al. 2014).

The sustained use of analgesics among adolescents with chronic
pain is recognized as a public health concern (Groenewald
et al. 2019). Identifying contributing factors is therefore critical
to improving pain management strategies (Eccleston et al. 2019).
Pain catastrophizing has been shown to be associated with in-
creased healthcare utilization (Feinstein et al. 2017) and an in-
creased likelihood of pain medication use during adolescence
(Groenewald et al. 2019; Konning et al. 2021; Roman-Juan
et al. 2023). Significant associations between pain interference
and pain catastrophizing have also been documented in paediat-
ric populations (Anastas et al. 2018; Dash et al. 2020; Hirschfeld
et al. 2015; Toliver-Sokol et al. 2011). This overlap suggests that
pain interference may represent a functional factor associated
with both pain-related cognitions and pain medication use;
however, most studies are cross-sectional, limiting our under-
standing of how these factors unfold over time (Groenewald
et al. 2019; Konning et al. 2021).

This study is guided by the paediatric Fear-Avoidance (FA)
model (Asmundson et al. 2012; Simons and Kaczynski 2012),
which provides a framework for understanding how cogni-
tive and emotional responses to pain can disrupt functioning.
According to this model, catastrophic appraisals of pain am-
plify fear and promote avoidance behaviours, ultimately in-
creasing disability and functional interference (Simons and
Kaczynski 2012). Within this framework, pain medication
use could be conceptualized as a behavioural response aimed
at managing pain-related distress and functional disruption
(Rogers and Farris 2022). Based on this model (Figure 1), it is
plausible that pain interference may represent a factor associ-
ated with both pain catastrophizing and subsequent pain medi-
cation use (Asmundson et al. 2012).
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Usingdatafrom a one-year prospective cohort of adolescents with
chronic pain, this study examined whether pain interference at
firstassessment (T1) played arole in the association between pain
catastrophizing at T1 and pain medication use at follow-up (T2).
Drawing on prior paediatric pain research (Feinstein et al. 2017;
Groenewald et al. 2019; Konning et al. 2021) and guided by the
FA model (Simons and Kaczynski 2012), we hypothesized that
(1) higher levels of pain catastrophizing at T1 would be asso-
ciated with increased pain medication use at T2, and (2) pain
interference at T1 would be associated with pain medication use
at T2, even when controlling for T1 pain catastrophizing.

2 | Methods
2.1 | Study Design

This longitudinal study draws on data from adolescents partic-
ipating in the EPIDOL project, a population-based study con-
ducted in schools in Catalonia (Spain) across two waves of data
collection: the first between 2018 and 2020 and the second be-
tween 2022 and 2024 (Mir¢ et al. 2023). An earlier publication
using data from the first wave employed a cross-sectional design
to examine associations between psychological factors (i.e., pain
catastrophizing, anxiety, and depression) and pain medication
use in adolescents with chronic pain (Roman-Juan et al. 2023).
The present study extends this prior work by utilizing new data
from the second wave of the EPIDOL project, with assessments
conducted at the first assessment (T1, February-June 2022) and
again at the 12-month follow-up (T2, February-June 2023).

The study protocol was approved by the Ethics Committee of
the Universitat Rovira i Virgili (reference: 136/2018) and carried
out following current ethical standards for research involving
human participants. It also adhered to the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
guidelines for cohort studies (von Elm et al. 2008). Patients or
members of the public were not involved in the design, con-
duct, or reporting of this study. However, patient and public
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FIGURE1 | Paediatric FA model providing a conceptual framework for the hypothesized associations among pain catastrophizing, pain inter-

ference, and pain medication use in adolescents with chronic pain. Adapted from (Vlaeyen and Linton 2000) and (Simons and Kaczynski 2012).
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involvement is planned for the dissemination of the main results
to ensure that the findings are communicated in an accessible
and meaningful manner.

2.2 | Procedure

Data collection took place in public and semi-private schools
located in the southeastern region of Catalonia that agreed to
participate in the EPIDOL epidemiological project. A detailed
description of the study procedures is available in a previous
study (Mir6 et al. 2023). Briefly, all students aged 8-18 who
were able to read, write, and speak Spanish were considered
eligible. Parents or legal guardians of these students were sent
an information letter explaining the study's objectives and pro-
cedures, and were asked to provide written informed consent.
Participation also required assent from the students themselves.
Eligible students whose parents provided consent and who as-
sented to participate completed a paper-and-pencil question-
naire during regular school hours, under the supervision of
trained research staff. Participants were informed that their re-
sponses would remain strictly confidential and used exclusively
for research purposes. As a token of appreciation, each partici-
pant received a small gift (a gym sack and a calendar) that had a
total value of approximately €3.

2.3 | Participants

For the current analyses, we focused on adolescents aged
12-18years who reported experiencing chronic pain, defined
as pain lasting at least 3 months (Treede et al. 2015), at T1
and T2. Children under the age of 12 were excluded because
they were not asked about pain medication use. A total of 433
adolescents participated in the second wave of the EPIDOL
project. From this cohort, 180 (42%) adolescents met criteria
for chronic pain at both assessments and completed mea-
sures at both time points, constituting the final analytic sam-
ple. Participants who reported chronic pain at only one time
point (n=103), were lost to follow-up (n=135), or did not re-
port chronic pain at either time point (n=15) were excluded.
Consistent with the focus on persistent pain, included partic-
ipants reported significantly higher pain interference, pain
catastrophizing, and pain medication use at T1 compared to
those excluded.

2.4 | Measures

2.41 | Demographic Variables

Birth sex and age were assessed using a self-reported demo-
graphic questionnaire.

2.4.2 | Pain Characteristics

Participants were asked to report any pain problems experi-
enced during the previous 3 months. Pain location was eval-

uated using a checklist covering 11 specific body areas (i.e.,
head, neck, chest, shoulders, back, arms, hands, buttocks/hips,

abdomen/pelvis, legs, and feet), along with an “other” option.
For each site, participants indicated whether the pain had lasted
more than 3 months (“Yes/No’). Following the criteria used in
previous studies (de la Vega et al. 2016; Mir6 et al. 2023; Roman-
Juan et al. 2023), participants were classified as having chronic
pain if they reported pain lasting >3 months in at least one of
the specified locations. Pain extent was determined based on the
number of reported pain locations. Participants reporting pain
in only one location were classified as having single-site pain,
whereas those who reported two or more locations were cate-
gorized as having multisite pain (Mir¢ et al. 2017, 2023). These
pain characteristics were reported only for descriptive purposes.

Pain intensity was measured using the 11-point Numerical
Rating Scale (NRS-11). Participants rated their usual (i.e., aver-
age) pain intensity over the previous week, on a scale from 0 (‘No
pain’) to 10 (“Very much pain’). The NRS-11 has demonstrated
adequate reliability and validity when used with paediatric pop-
ulations (Castarlenas et al. 2017).

2.4.3 | Pain Catastrophizing

Pain catastrophizing was assessed using the Spanish version
of the Pain Catastrophizing Scale for Children (PCS-C) (Solé
et al. 2016). This 13-item questionnaire evaluates negative
thoughts and emotional responses to pain, with items rated on
a 5-point Likert scale from 0 (‘Not at all’) to 4 (‘Always’). Total
scores range from 0 to 52, with higher scores indicating greater
levels of pain catastrophizing. The PCS-C has demonstrated
good reliability and validity properties in paediatric popula-
tions (Solé et al. 2016). In this sample, internal consistency was
good to excellent in T1 (¢ =0.88) and T2 (x=0.93). The PCS-C is
widely used to assess pain-related negative thinking in youth.
While alternative terminology for catastrophizing, such as
“pain-related worry,” has been proposed in recent discussions
(e.g., Boyd et al. 2025; Crombez et al. 2024; Webster et al. 2023),
we retain the conventional term pain catastrophizing here for
construct clarity and comparability with prior research.

2.4.4 | Pain Interference

Pain interference was assessed using the Spanish version of the
8-item Paediatric Patient-Reported Outcomes Measurement
Information System Pain Interference scale (PROMIS-PI v2.0)
(Varni et al. 2010). This instrument evaluates how often pain
has interfered with physical, emotional, and social functioning
over the past 7days, using a 5-point Likert scale from 1 (‘Never’)
to 5 (‘Almost always’). Raw scores are converted to T-scores
(M =50, SD=10), with higher scores indicating greater pain
interference. The PROMIS-PI has shown strong reliability and
validity for assessing pain interference in paediatric populations
(Varni et al. 2010). In this sample, internal consistency was good
in T1 («=0.85) and T2 (x=0.87).

2.4.5 | Pain Medication Use

Pain medication use was assessed with a dichotomous (“Yes/
No’) question asking whether participants had taken any
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medication to manage their pain in the past 3 months. This mea-
sure captured overall pain medication use during this period,
without distinguishing between specific indications, frequency,
or prescription status. Participants who responded “Yes” were
asked to indicate the type(s) of medication used, selecting from
ibuprofen, paracetamol, aspirin, or “Other.” If “Other” was se-
lected, participants were instructed to specify the name of the
medication. Information on dosage, frequency, and specific pain
indication was not collected.

2.5 | Statistical Analyses

Descriptive analyses were computed for all study variables,
including demographic (i.e., birth sex and age), pain charac-
teristics (i.e., location, extent, and intensity), pain catastro-
phizing, pain interference, and pain medication use. Means
and standard deviations were reported for continuous vari-
ables, while frequencies and percentages were provided for
categorical variables. To examine group differences by birth
sex, independent-samples t-tests were used for continuous
variables and chi-square (y?) tests for categorical variables.
Additionally, bivariate correlations were calculated to explore
zero-order associations among the key study variables, includ-
ing age and birth sex, for descriptive purposes. Point-biserial
Pearson coefficients were used for dichotomous variables (i.e.,
pain medication use and birth sex).

To address the study aim, generalized structural equation
models (GSEMs) were estimated, specifying a logit link for the
binary pain medication outcome and Gaussian links for contin-
uous outcomes. Temporal stability was specified by including
prior levels (T1) of pain medication use and pain catastrophizing
as predictors of their respective values at T2, thereby estimating
prospective effects adjusted for baseline levels. Pain interfer-
ence was modelled at T1 only, consistent with its theorized role
as a concurrent cognitive—functional variable in the proposed
structure. All models were adjusted for age, birth sex, and pain
intensity at T1, based on their established relevance in adoles-
cent pain outcomes (Fisher, Law et al. 2018; Fisher, Heathcote
et al. 2018; Groenewald et al. 2019; Walker et al. 2010).

Within this GSEM framework, both theory-guided and cross-
lagged panel specifications were tested to examine the consis-
tency of longitudinal associations across analytic approaches.
The theory-guided specification included two models derived
from the paediatric FA framework: Model 1 examined whether
pain catastrophizing at T1 was associated with pain medication
use at T2, while Model 2 extended this structure by including
pain interference at T1 to evaluate its role within the association
between pain catastrophizing at T1 and pain medication use at
T2 when modelled concurrently.

The cross-lagged panel specifications incorporated autoregres-
sive and cross-lagged paths among observed variables. Parallel
to the theory-guided approach, two cross-lagged models were
specified: Model 1 included pain catastrophizing and pain med-
ication use, whereas Model 2 additionally incorporated pain
interference into this structure. An initial non-trimmed model
included all possible cross-lagged and autoregressive paths
among these variables. Subsequently, trimmed models were

derived by sequentially removing nonsignificant paths based
on Wald tests (Aratjo et al. 1999) to examine whether a more
parsimonious longitudinal structure yielded comparable results.

Across both specifications, the combined pattern of coefficients
was examined using the product-of-coefficients approach (delta
method), with bias-corrected bootstrapping (10,000 resamples)
used to derive 95% confidence intervals (CIs).

All models were estimated using maximum likelihood with
robust standard errors, with missing data handled under the
missing-at-random assumption via full-information maximum
likelihood. Given the GSEM framework combining Gaussian
and logit links, model evaluation focused on parameter esti-
mates, standard errors, and 95% CIs. For ease of interpretation,
log-odds coefficients for the binary outcome were exponentiated
and reported as odds ratios (ORs) with 95% CIs. A two-tailed
significance threshold of p <0.05 was used throughout to deter-
mine statistical significance. Analyses were conducted using
Stata (version 14).

3 | Results
3.1 | Sample Description

Descriptive statistics for the demographic and key study vari-
ables at T1 and T2 are presented in Table 1. The mean age at
T1 was 13.56years (SD=1.34, range=12-18), and most par-
ticipants (78%) were female. Across both time points, the most
frequently reported pain locations were the back (57% and 87%,
respectively), head (54% and 80%, respectively), and abdomen/
pelvis (47% and 75%, respectively). Most participants reported
multisite pain (77% and 86%, respectively) and had used pain
medication in the preceding 3 months (79% and 88%, respec-
tively). Among those who reported pain medication use, non-
steroidal anti-inflammatory drugs were the most frequently
reported (74% and 92%, respectively).

Birth sex differences were observed for key study variables.
At both time points, female adolescents reported significantly
higher levels of pain catastrophizing and pain interference com-
pared to males (p<0.001). Furthermore, female adolescents
were more likely than male adolescents to report pain medica-
tion use at T2 (p=0.001). No significant birth sex differences
were found for pain intensity at either time point (p>0.05).
Detailed between-group comparisons are provided in Table 2.

Table 3 presents bivariate correlations among the key study vari-
ables. Pain catastrophizing showed moderate to strong correla-
tions with pain interference (r=0.38-0.57) and small to moderate
correlations with both pain intensity (r=0.11-0.28) and pain
medication use (r=0.16-0.24). Similarly, pain interference was
moderately correlated with both pain intensity (r=0.20-0.32)
and pain medication use (r=0.19-0.34). Correlations between
pain medication use and pain intensity were very small to
moderate (r=0.03-0.17). Birth sex showed small to moderate
correlations with pain catastrophizing (r=0.24-0.32) and pain
interference (r=0.34-0.48), indicating higher scores among fe-
males. In contrast, age was not significantly correlated with any
of the key study variables.
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TABLE 1 | Sample characteristics at first assessment (T1) and
12-month follow-up (T2).

T1 (first
assessment) T2 (12months)
M (SD) M (SD)
Variables or N (%) N or N (%) N
Sex 180 180
Male 40 (22.2) 40 (22.2)
Female 140 (77.8) 140 (77.8)
Age (years) 13.56 180 14.60 180
(1.34) (1.35)

Pain locations

Head (yes) 97(53.9) 180  114(79.7) 143
Neck (yes) 57(317) 180  75(69.4) 108
Chest/breast 37 (20.6) 180 38 (66.7) 57

(yes)

Shoulders (yes) 40 (22.2) 180 48 (64.9) 74

Back (yes) 102 (56.7) 180  117(87.3) 134
Arms (yes) 21 (11.7) 180 24 (46.2) 52

Hands (yes) 21(117) 180  26(66.7) 39

Bottom/hips 12 (6.7) 180 24 (58.5) 41

(yes)

Abdomen/ 85(47.2) 180  89(74.8) 119
pelvis (yes)

Legs (yes) 54 (30) 180 61 (71.8) 85

Feet (yes) 46 (25.6) 180  47(79.7) 59

Other 14 (7.8) 180
location(s) (yes)

11 (84.6) 13

Pain extent 180 180
Single-site pain 41 (22.8) 26 (14.4)
Multisite pain 139 (77.2) 154 (85.6)

Pain intensity 461(2.24) 179 4.10(2.11) 180

(NRS, 0-10)

Medication use 174 179
No 37 (21.3) 22(12.3)
Yes 137 (78.7) 157 (87.7)

Type of
medication

Nonsteroidal 129 (74.1) 174 134 (92.4) 145
anti-
inflammatory

drugs (yes)

Non-opioid 111 (63.8) 174 121 (89) 136

analgesics (yes)

Other (yes) 39(224) 174 18(26.1) 69

Abbreviations: M, mean; N, number of participants; NRS, numerical rating
scale; PCS-C, pain catastrophizing scale for children; PROMIS, patient-reported
outcomes measurement information system; SD, standard deviation; T1, first
assessment; T2, 12-month follow-up.

3.2 | Theory-Guided Autoregressive Models

Model 1 was estimated using an autoregressive GSEM with a
logit link for pain medication use at T2. As shown in Figure 2,
both pain catastrophizing and pain medication use showed
moderate to high temporal stability from T1 to T2. The direct
path from pain catastrophizing at T1 to pain medication use at
T2 was not statistically significant. Birth sex was significantly
associated with both outcomes at T2, with females reporting
higher levels of pain catastrophizing and a greater likelihood of
pain medication use. Neither pain intensity nor age at T1 was
significantly associated with the outcomes. Full parameter esti-
mates are presented in Table S1.

Model 2 included pain interference at T1 to evaluate its role
within the association between pain catastrophizing at T1 and
pain medication use at T2. As shown in Figure 3, pain catastro-
phizing and pain medication use again showed moderate to
high temporal stability across assessments. Pain catastrophizing
at T1 was significantly associated with higher pain interference
at T1, and pain interference at T1 was associated with greater
pain medication use at T2. Consistent with Model 1, no signif-
icant direct path was observed from pain catastrophizing at T1
to pain medication use at T2. Birth sex was significantly asso-
ciated with both pain interference at T1 and pain medication
use at T2, with females reporting higher levels of interference
and a greater likelihood of pain medication use. Age was not
significantly associated with any outcome. Pain intensity was
significantly associated with pain interference at T1 but was not
significantly associated with either T2 outcome. The combined
pattern of coefficients was consistent with an association in
which pain catastrophizing at T1 related to pain medication use
at T2 through its concurrent association with pain interference
at T1. The product-of-coefficients estimate was statistically sig-
nificant (OR=1.04, 95% CI=1.00-1.08, p=0.027). Full parame-
ter estimates are presented in Table S2.

3.3 | Cross-Lagged Panel Models

Model 1 (see Figure 4, top panel) was estimated using a cross-
lagged GSEM specification. Both pain catastrophizing and pain
medication use showed moderate to high temporal stability
from T1 to T2. No bidirectional associations emerged between
the variables. Birth sex was significantly associated with both
outcomes at T2, with females reporting higher levels of pain
catastrophizing and a greater likelihood of pain medication use.
Age and pain intensity at T1 were not significantly associated
with either outcome. Following the principle of parsimony, all
nonsignificant paths were systematically removed. The trimmed
model (Figure 5, top panel) retained the same pattern of signif-
icant temporal stability and birth sex associations, yielding a
more parsimonious structure. Full parameter estimates for the
non-trimmed and trimmed models are presented in Tables S3
and S4, respectively.

Model 2, which incorporated pain interference to evaluate its
role within the association between pain catastrophizing at T1
and pain medication use at T2 (Figure 4, bottom panel), again
demonstrated moderate to high temporal stability for pain
catastrophizing and pain medication use from T1 to T2. Pain
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TABLE 2 | Differences in key variables as a function of participant birth sex.

Female Male
Variables M (SD) N M (SD) N t df P d
T1-Pain intensity (NRS, 0-10) 4.64 (2.23) 139 4.53(2.31) 40 —0.286 177 0.775 0.048
T2-Pain intensity (NRS, 0-10) 4.25(2.13) 140 3.59 (1.98) 40  -1787 178 0.076  0.325
T1-Pain catastrophizing (PCS-C, 0-52) 21.64 (19.73) 139 15 (8.77) 40 —3.584 177 <0.001 0.371
T2-Pain catastrophizing (PCS-C, 0-52) 18.73 (11.55) 140 11.73 (9.63) 40 —3.531 178 0.001 0.627
T1-Pain interference (PROMIS, 20-80) 54.49 (10.62) 140 45.07 (10.01) 38 —4.905 176 <0.001 0.898
T2-Pain interference (PROMIS, 20-80) 53.05(10.31) 140 43.48 (9.35) 40 —5.331 178 <0.001 0.947
Female Male

Variables N (%) N N (%) N X df p @
T1-Pain medication use 109 (79.6) 137 28 (75.7) 37 0.263 1 0.608 0.039
T2-Pain medication use 128 (92.1) 139 29 (72.5) 40 11.054 1 0.001 0.249

Note: Values reflect comparisons between female and male adolescents at each time point. Significant values (p <0.05) are shown in bold.
Abbreviations: d, Cohen's d; df, degrees of freedom; M, mean; NRS, numerical rating scale; p, p-value for group difference; PCS-C, pain catastrophizing scale
for children; PROMIS, patient-reported outcomes measurement information system; SD, standard deviation; t, t-value from independent samples ¢-test; T1, first

assessment; T2, 12-month follow-up.

TABLE 3 | Bivariate correlations among key variables.

Variable 1 2 3 4 5 6 7 8 9 10
(1) T1-Pain intensity (NRS) 1 0.334 0.20? 0.11 0.30? 0.232 0.15¢ 0.03 —-0.03 0.09
(2) T2-Pain intensity (NRS) 1 0.14° 028  0.20° 0.32¢ 012> 017 -0.09  0.15°
(3) T1-Pain catastrophizing (PCS-C) 1 0.46 0.55% 0.392 0.18? 0.18°¢ —-0.05 0.242
(4) T2-Pain catastrophizing (PCS-C) 1 0.38%2 0.57% 0.16¢ 0.242 —-0.01 0.322
(5) T1-Pain interference (PROMIS) 1 0.57% 0.242 0.322 0.03 0.342
(6) T2-Pain interference (PROMIS) 1 0.19¢ 0.342 0.04 0.48?2
(7) T1-Pain medication 1 0.322 0.04 0.08
(8) T2-Pain medication 1 —-0.01 0.392
9) Age 1 -0.05
(10) Birth sex 1

Note: Values represent Pearson correlation coefficients, including point-biserial correlations for dichotomous variables (i.e., pain medication and birth sex).
Abbreviations: NRS, numerical rating scale; PCS-C, pain catastrophizing scale for children; PROMIS, patient-reported outcomes measurement information system;

T1, first assessment; T2, 12-month follow-up.
4p<0.001.

5p<0.05.

p<0.01.

interference at T1 was significantly associated with greater pain
medication use at T2. Consistent with Model 1, no significant
direct path was observed from pain catastrophizing at T1 to
pain medication use at T2, nor from pain interference at T1 to
pain catastrophizing at T2. Birth sex and pain intensity were
significantly associated with pain interference at T1, and birth
sex was also associated with both outcomes at T2. After remov-
ing nonsignificant paths, the trimmed model (Figure 5, bottom
panel) indicated that pain catastrophizing at T1 was associated
with pain interference at T1, and that pain interference at T1
was prospectively associated with greater pain medication use
at T2. The combined pattern of coefficients across cross-lagged
specifications was consistent with an association in which

pain catastrophizing at T1 related to pain medication use at T2
through its concurrent association with pain interference at T1.
The product-of-coefficients estimate was statistically significant
(OR=1.03, 95% CI=1.00-1.05, p=0.042). Full parameter esti-
mates from these non-trimmed and trimmed models are pre-
sented in Tables S5 and S6, respectively.

3.4 | Convergence Across Analytic Specifications
Overall, findings from the theory-guided autoregressive models

and the cross-lagged panel models converged, indicating strong
temporal stability, no direct prospective association between
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catastrophizing

b=0.40 >

T2 - Pain
catastrophizing

OR=1.02

T1 -Pain
medication

OR=7.97

T2 - Pain
medication

FIGURE 2 | Longitudinal associations between pain catastrophizing and pain medication use from first assessment (T1) to 12-month follow-up

(T2). Paths represent unstandardized regression coefficients (b) for continuous outcomes and odds ratios (OR) for the binary outcome from an autore-

gressive generalized structural equation model (GSEM). Models were adjusted for age, birth sex, and pain intensity. Solid lines indicate statistically

significant paths (p <0.05).

T1 -Pain
catastrophizing

N

b=0.43

™~

T1 -Pain
interference

T1 - Pain
medication

T2 - Pain
catastrophizing

b=040 |

OR=0.98

T2 - Pain
medication

FIGURE 3 | Longitudinal associations among pain catastrophizing, pain interference, and pain medication use from first assessment (T1) to
12-month follow-up (T2). Pain interference was modelled as a theoretically specified concurrent variable within the hypothesized pattern of associ-
ations between pain catastrophizing and subsequent pain medication use. Paths represent unstandardized regression coefficients (b) for continuous
outcomes and odds ratios (OR) for the binary outcome estimated using an autoregressive generalized structural equation model (GSEM). Models
were adjusted for age, birth sex, and pain intensity. Solid lines indicate statistically significant paths (p <0.05).

pain catastrophizing and pain medication use, and a consistent
pattern in which pain interference was prospectively associ-
ated with pain medication use when modelled alongside pain
catastrophizing.

4 | Discussion

This study examined whether pain interference at first assess-
ment played a role in the association between pain catastroph-
izing at first assessment and pain medication use at follow-up in
adolescents with chronic pain. Although previous studies have

reported concurrent associations between pain catastrophizing
and pain medication use in adolescents with chronic pain (Dash
et al. 2020; Groenewald et al. 2019; Roman-Juan et al. 2023), the
contribution of pain interference in this association remains un-
clear. This study provides initial evidence on the possible inter-
play among these variables over 1 year.

In contrast to our first hypothesis, no direct longitudinal as-
sociation was observed between pain catastrophizing and
pain medication use, indicating no independent prospective
association between these variables over 1 year. In the mod-
els including pain interference, pain catastrophizing at first
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T1-Pain
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T2 -Pain
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T1-Pain T2-Pain
medication medication
T1-Pain T2 -Pain

catastrophizing catastrophizing

S

T1-Pain
interference
T1-Pain T2-Pain
medication medication

FIGURE 4 | Nontrimmed cross-lagged GSEM models of longitudi-
nal associations between pain catastrophizing and pain medication use
from first assessment (T1) to 12-month follow-up (T2; top panel), and
the inclusion of pain interference in the longitudinal structure relating
pain catastrophizing and pain medication use from first assessment
(T1) to 12-month follow-up (T2; bottom panel). Models adjusted for age,
birth sex, and pain intensity.

assessment was associated with pain interference at first
assessment, and pain interference was associated with pain
medication use at follow-up. This pattern was consistent with
our second hypothesis and underscores the role of pain inter-
ference as a predictor of subsequent pain medication use, sug-
gesting that functional impairment may be more proximally
related to subsequent pain medication use than pain-related
cognitions. The findings point to a baseline cognitive-func-
tional link associated with later pain medication use rather
than a direct cognitive-behavioural pathway in the study
sample.

The absence of a direct association between participant cat-
astrophizing and subsequent medication use in this sample
may reflect contextual influences—such as parental or clin-
ical regulation of pain medication use—that shape medica-
tion decisions independently of pain-related cognitions (Dash
et al. 2020; Konning et al. 2021; Pielech et al. 2020; Wilson
et al. 2020). For example, caregivers may be more likely to
approve or facilitate pain medication use when pain-related
interference becomes visible or functionally disruptive (Dash
et al. 2020; Wilson et al. 2020). This interpretation aligns
with models emphasizing the joint contribution of cognitive
and functional processes to behavioural outcomes (Rogers
and Farris 2022; Simons and Kaczynski 2012; Zale and
Ditre 2015) and underscores the need for studies with addi-
tional time points. Findings were consistent across analytic
specifications.

T1-Pain
catastrophizing

T2-Pain
catastrophizing

b=0.40

T1-Pain T2 -Pain
. R OR=8.92 ) .
medication medication
T1-Pain 040 T2 -Pain
catastrophizing catastrophizing

b=0.46

T1-Pain
interference

OR=1.06

T1-Pain T2 -Pain
OR=7.32
medication medication

FIGURES5 | Trimmed cross-lagged GSEM models of longitudinal as-
sociations between pain catastrophizing and pain medication use from
first assessment (T1) to 12-month follow-up (T2; top panel), and the in-
clusion of pain interference in the longitudinal structure relating pain
catastrophizing and pain medication use from first assessment (T1) to
12-month follow-up (T2; bottom panel).

According to the paediatric FA model (Asmundson et al. 2012;
Simons and Kaczynski 2012), pain interference plays a cen-
tral role in functional impairment and has been linked to both
cognitive (i.e., pain catastrophizing) and behavioural (i.e., pain
medication use) responses to pain (Ahn et al. 2024; Anastas
et al. 2018; Dash et al. 2020; Hirschfeld et al. 2015; Slater
et al. 2024; Toliver-Sokol et al. 2011). In this study, greater pain
interference was associated with subsequent pain medication
use, whereas pain catastrophizing was associated with con-
current pain interference but not directly with subsequent pain
medication use. These findings suggest that pain interference
may represent a functional factor that was prospectively asso-
ciated with subsequent medication use in this sample. When
considered in light of prior research, the results support the
importance of examining cognitive and functional dimensions
jointly when investigating trajectories of pain management be-
haviours in youth (Dougherty et al. 2021; Feinstein et al. 2017;
Miller et al. 2018).

4.1 | Implications, Opportunities,
and Recommendations

These findings have implications for clinical practice and re-
search. Clinically, the results suggest that addressing pain in-
terference in particular, perhaps over pain catastrophizing,
may inform efforts to reduce pain medication use among ado-
lescents. Interventions targeting pain catastrophizing may limit
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the development or persistence of pain-related impairments,
while approaches targeting functional limitations may attenu-
ate the association between interference and subsequent pain
medication use. Given the central role that pain interference was
shown to have in this study, future work should continue to ex-
amine these factors as interconnected processes in adolescents
at risk of sustained pain medication use. Research is needed to
determine which adolescents are likely to benefit from interven-
tions targeting these processes, and to evaluate whether changes
in cognitive and functional domains are associated with subse-
quent changes in pain medication use in higher-risk groups. To
advance this work, studies could also consider expanding the
assessment of function beyond pain interference to include addi-
tional domains, such as physical activity, academic engagement,
and social participation.

4.2 | Limitations and Strengths

This study has limitations that should be acknowledged.
Although the one-year interval provides insight into longer-
term associations, it may have missed more proximal temporal
dynamics between study variables (Pavlova et al. 2020; Roman-
Juan et al. 2025). Some associations, including short-term
fluctuations or reciprocal influences, may unfold over shorter
timeframes. Such patterns are difficult to capture with a two-
wave design separated by 1 year, limiting the modelling of more
complex longitudinal processes. Pain catastrophizing and pain
interference were assessed concurrently at T1, precluding tem-
poral ordering between these constructs. Although pain cata-
strophizing may reflect a relatively stable cognitive tendency
and pain interference captures more proximal functional experi-
ences, the observed pattern of coefficients should be interpreted
as an association within a two-wave design rather than as evi-
dence of a temporally ordered mediation process.

In addition, the dichotomous assessment of pain medication use
(i.e., yes/no) likely reduced the model's sensitivity to variability
in dose, frequency, and medication type. While this approach
aligns with prior work (e.g., Roman-Juan et al. 2023), a more
detailed assessment of medication use could help identify dis-
tinct consumption patterns and improve the accuracy of the
estimated associations. Moreover, the high prevalence of medi-
cation use at both time points (approximately 80% at T1 and 90%
at T2) limited outcome variability and may have reduced sensi-
tivity to detect longitudinal effects.

Another limitation to consider is that the sample com-
prised school-attending adolescents with chronic pain from a
community-based epidemiological study and was predominantly
female. Previous research has shown that adolescent females tend
to report higher levels of pain catastrophizing (Fisher, Heathcote
et al. 2018) and greater pain interference (Anastas et al. 2018),
which may increase vulnerability to certain pain management
strategies, such as sustained pain medication use. While birth
sex, age, and pain intensity were controlled, the imbalance in
birth sex and community-based sampling may limit generaliz-
ability to samples that have more males or to clinical populations.

In addition, the analytic sample was restricted to adolescents
reporting chronic pain at both time points, possibly reflecting

a subgroup with more persistent pain and limiting extrapola-
tion to adolescents with transient or episodic pain. These sam-
ple characteristics may also have contributed to the absence of
direct cross-variable longitudinal effects observed in the mod-
els. Further research is needed to examine these associations
in clinical populations with larger samples and more frequent
assessments to better capture complex bidirectional interac-
tions over time. Finally, although participants met criteria for
chronic pain at both time points, the stability of pain between
assessments is unknown. Repeated evaluations would help
identify pain trajectories and their associations with pain med-
ication use.

Despite the limitations, this research also has some strengths.
To our knowledge, it extends prior work by identifying pain
interference as a functional factor that was associated with
cognitive and behavioural pain-related responses in a longitu-
dinal framework. The two assessment points over 1 year also
provide a basis for examining temporal associations and mod-
elling within-person changes. The community-based sample
enhances ecological validity and reflects pain medication use
beyond clinical settings. We used a structured modelling strat-
egy using GSEM, adjusting for baseline age, birth sex, and
pain intensity, and estimated complementary cross-lagged
panel specifications to evaluate consistency across alternative
longitudinal structures. Finally, this work contributes to the
paediatric pain literature by drawing on constructs from the
FA model and elucidating how pain interference relates to ad-
olescents' pain medication use trajectories over time.

5 | Conclusion

This study examined the longitudinal interplay between pain
interference, pain catastrophizing, and pain medication use in
adolescents with chronic pain. Pain catastrophizing and pain
medication use showed moderate to high temporal stability,
and no significant prospective association was observed be-
tween them. In contrast, pain interference was prospectively
associated with pain medication use across analytic specifi-
cations. Complementary cross-lagged panel specifications
yielded convergent results, supporting the robustness of the
findings. These findings align with theoretical models empha-
sizing the role of functional interference in pain-related coping
processes and suggest that pain interference may be clinically
relevant for understanding pain medication use trajectories.
They also highlight the importance of assessing cognitive and
functional processes in the clinical evaluation of adolescents
with chronic pain. Future studies should include more than
two time points and broaden the assessment of functioning to
clarify its role in shaping pain medication use patterns in this
population.
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