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Purpose: To investigate the potential impact of changes in patient reported outcome measures (PROMs) on subsequent healthcare use
following a self-management supportive program for low back pain.

Patients and methods: Clinical data from a cohort of 2803 participants enrolled in a self-management supportive intervention for
LBP (2018 to 2022) was linked with Danish national registry data. PROMs (predictors) were collected at baseline and at 3-months
follow-up (end of intervention), including pain intensity, disability, illness perceptions, self-efficacy, and health-related quality of life.
Healthcare use (outcome) was measured as the total use in the year before and after the intervention for i) visits to physiotherapists or
chiropractors and ii) analgesics use. Associations between standardized changes in PROMs and changes in healthcare use were
analyzed using zero-inflated negative binomial regression models and reported as incidence rate ratios (IRRs) with 95% confidence
intervals (Cls). Subgroup analyses were conducted for low, medium, and high baseline use of each outcome.

Results: Across PROMs, improvements from baseline to 3-months follow-up were associated with reductions in subsequent
healthcare use. For example, one standard deviation improvement in back pain, disability, and self-efficacy were associated with
6—8% reductions in visits (adjusted IRRs [95% CI], back pain: 0.92 [0.88, 0.97]; disability: 0.94 [0.90, 0.99]; self-efficacy: 0.92 [0.87,
0.96]). For analgesic use, improvements in back pain and self-efficacy were related to a 4% reduction (adjusted IRR [95% CI], back
pain: 0.96 [0.92, 1.01], self-efficacy 0.96 [0.91, 1.00]). Stronger associations were observed in subgroups with medium visit use and
medium or low analgesic use at baseline.

Conclusion: On a group-level, improvements across PROMs were associated with reductions in subsequent healthcare use following
participation in a self-management supportive intervention. The strength of the associations varied across subgroups and additional
factors not measured by the PROMs are likely to also influence changes in healthcare use.
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Introduction
Low back pain (LBP) is a prevalent condition affecting approximately 619 million people worldwide, with numbers
expected to increase due to increased aging of the population.' Globally, it is the leading cause of years lived disability
and it is associated with high healthcare use (HCU), contributing to the burden of LBP on society.'™

For most individuals with LBP, no specific structure can be identified as the nociceptive driver for the pain, this is
often referred to as non-specific LBP.’ Many individuals experience recurrent episodes, and LBP is often viewed as
a long-lasting condition with a fluctuating course rather than a series of isolated, unrelated occurrences.®’ To embrace

this complexity, LBP is best understood within a biopsychosocial framework, which acknowledges that multiple
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interacting factors contributes to the pain experience.® Moreover, there is currently no curative treatment for LBP, and as
a result, many individuals continue to seek care over time. Proposed actions to improve care for LBP include teaching
individuals to self-manage their condition.” This approach is endorsed by the World Health Organization (WHO) in its
guideline for non-surgical management of chronic LBP, which recommends education that guides self-management.'’

In this context, teaching individuals to self-manage means to empower people by equipping them with the knowledge,
skills, and confidence to manage their condition independently, potentially reducing reliance on healthcare providers.''
While this does not preclude the use of healthcare, it is plausible that such support could lead to a change in healthcare-
seeking behavior reducing future HCU, thereby alleviating pressure on healthcare systems.

It has been suggested that the decision to seek healthcare is influenced by an interplay between three domains: 1)
predisposing characteristics (eg, demographics, social structures, and health beliefs), 2) enabling factors (eg, access to
healthcare), and 3) a perceived need for care.'>'? Especially perceived needs, expressed as high pain intensity, disability,
or concerns about worsening of symptoms, are linked to high HCU for people with LBP.'*”

The influence of self-management supportive interventions on HCU may be mediated through clinical outcomes (eg,
disability and self-efficacy) that shape the perceived need for care. Self-management supportive interventions have
demonstrated small but positive effects on clinical outcomes such as pain intensity, disability, and self-efficacy.'®2°
However, for HCU the evidence is inconclusive.?! Yet, no previous studies have examined whether changes in these
outcomes are associated with subsequent changes in HCU. Understanding this relationship is crucial for identifying
modifiable drivers of HCU and optimizing self-management supportive interventions.

The aim of this study was to investigate the potential impact of changes in clinical outcomes on future HCU following
a self-management supportive program for LBP. We hypothesized that improvements in patient-reported outcome
measures (PROMs) were associated with reductions in HCU. Specifically, the study objectives were to 1) investigate
the association between changes in PROMs and changes in a) primary care visits to physiotherapists and chiropractors,
and b) redeemed prescriptions of analgesics from before to after participation in a self-management supportive program
for individuals with LBP, and 2) to examine whether these associations differ between subgroups of participants with
a low, medium, or high use of primary care visits and analgesics prior to the program, respectively.

Methods

This observational cohort study was based on data from the clinical registry “GLA:D® Back” linked with Danish
national registry-data using the civil registration number. The study has been reported according to Strengthening the
Reporting of Observational studies in Epidemiology (STROBE) guidelines.*?

Participants and Setting

Participants included in the study were individuals above 18 years with non-specific LBP who enrolled in GLA:D Back
between March 1st, 2018, and August 31st, 2022. They had to live in Denmark for at least 1 year before and 16 months
after their enrollment in GLA:D Back for HCU data to be available.

The GLA:D Back Program

A detailed description of the GLA:D Back program, including development, content, theoretical framework, and
implementation is provided elsewhere.”> > In short, GLA:D Back is a structured 10-week self-management supportive
program based on a cognitive behavioral approach. It consists of two individual session, two group sessions of education,
and two weekly sessions of supervised exercise over eight weeks Throughout the program, participants work with
individual goals for re-engagement in activity. The education focuses on key messages such as “the back is made for
movement” and “pain does not equal harm”, aiming for participants to engage with activity and understand pain as less
threatening. Themes of the education are discussed at the exercise sessions based on the participants’ experiences. The
clinician facilitates discussions and guide participants in problem-solving during exercises to foster self-efficacy and
sense of safety with movement. The program is underpinned by a theoretical model suggesting that acquiring new
knowledge and skills can lead to changes in beliefs and behaviors. These changes are proposed to reduce pain
interference and enhance self-efficacy, quality of life, and daily functioning.
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There are no strict inclusion criteria, but the target group is individuals with persistent or recurrent non-specific LBP.
It is delivered in primary care by chiropractors and physiotherapists nationwide in Denmark and participants pay around
400 Euros for the program, unless it is offered from a municipality rehabilitation center where there is no fee. Upon
enrollment participants are registered in the GLA:D Back registry via REDCap, provided and supported by the Odense
Patient data Explorative Network (OPEN). Data is collected using questionnaires at baseline, and after 3- (approximately
end of treatment), 6- and 12 months. For this study, we used data collected at baseline and at the 3-months follow-up.

Variables

Predictors: PROMs

The following PROMs were used: Pain intensity (numerical rating scale, range 0—10, higher scores indicating higher pain
intensity),%® disability (Oswestry Disability Index [ODI], range 0-100, higher scores indicating higher levels of
disability),”’* illness perceptions (Brief Illness Perception Questionnaire [IPQ], range 1-80, higher scores indicating
worse perceptions, eg more worries),>”? self-efficacy (The Arthritis Pain Self-Efficacy Scale [ASES], pain subscale,
range 1-10, higher scores indicating higher self-efficacy),”' health-related quality of life (EQ-5D®, range 0—100, higher
scores indicating higher health-related quality of life). PROMs were chosen based on the proposed determinants of

23,24

change in the GLA:D Back program to cover domains of symptoms, knowledge and beliefs about LBP, ability to

manage pain, and quality of life.

Outcomes: HCU
Number of visits to primary care was defined as the total number of all-cause consultations with a physiotherapist or
chiropractor in a 12-month period before and after the intervention. The before period (baseline) refers to the total use in
the 12 months preceding the date of enrollment in the intervention (index date). The after period included total use 4 to
16 months after enrollment, to ensure most participants had completed the program. Only one visit per provider type
per day was counted. Data on visits were obtained from the Danish National Health Insurance Registry, which contains
information on all services provided by physiotherapists and chiropractors reimbursed by the national health insurance.*
Analgesics use was defined as the total sum of defined daily doses (DDD) of prescriptions for paracetamol, non-
steroidal anti-inflammatory drugs (NSAIDs), and opioids redeemed 12 months before and 12 months after the program,
respectively. Data was obtained from the Danish National Prescription Registry, which contains information on all drug
prescriptions redeemed at pharmacies in Denmark.**** A complete list of Anatomical Therapeutic Chemical
Classification (ATC) codes can be found in Supplementary Table S1.

Additional variables

Additional baseline variables obtained from GLA:D Back included age, sex, body mass index (BMI, weight divided by
squared height), and duration of the current LBP episode (less than a year, more than a year). From national registries, we
obtained information on other chronic conditions (asthma, dementia, chronic obstructive lung disease, rheumatoid
arthritis, osteoporosis, schizophrenia, diabetes type 1 or 2), level of education (primary school/high school, skilled
worker/short-term education, long/medium term higher education),?” job situation (affiliated to the labor market, student,
retired, unemployed, welfare payment, or other),*® and whether a participant had received a hospital diagnosis for LBP or
MRI scan for LBP in the year before enrollment or the intervention had ended.>” All administrative data were obtained
from January 2016 to December 2023.

Statistical Analysis

The characteristics of the study population were described with percentages, means with SDs, or medians with 25th and
75th percentiles. Multiple imputations were performed to account for missing data in PROMs. The imputations were
based on predictive mean matching for numerical variables and logistic regression for binary variables and included:
PROMs, HCU outcomes, additional variables, and baseline measurements of fear avoidance beliefs, Start Back Screening
Tool and quality of life short form (SF-36).
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Associations between changes in PROMs and HCU were investigated in longitudinal regression models with two
time points. To account for excess zeroes and overdispersion of data, a zero-inflated negative binomial regression (ZINB)
model was chosen. The ZINB model is a two-part model, in which the first part estimates the odds of being a structural
non-user, while the other part estimates the incidence rate ratio (IRR) for HCU across the full sample.*® Given the study
objectives, the interpretation was only based on the count component (IRR). In the models for visits, random intercepts
were included for each unique ID and clinic, but removed in models for analgesic use as they did not improve model fit.

The modelling was conducted in three steps, separately for each PROM. First, crude models with an interaction
between each PROM and time were fitted (model 1). Second, for each PROM, adjusted models were fitted that included
age, sex, level of education, duration of pain, baseline HCU (visits or analgesics), and year of enrollment in addition to
the PROM-time-interaction (model 2). Lastly, fully adjusted models were fitted, in which all PROMS were added to
model 2 (model 3). PROMs’ scales were standardized to ensure comparability and inversed where needed to ease
interpretation (higher scores reflect improvement for all PROMs). For each model, the estimate of interest was the
interaction between a given PROM and time, reflecting the association between changes in HCU and PROM from
baseline to follow-up.

All analyses were performed in the total sample and in subgroups of high, medium, and low users, based on tertiles of
baseline use of visits and DDD, respectively. For analgesics use, subgroups were created based on a sample without
“non-users” (no use at baseline and follow-up). The model estimates for the PROM-time-interaction were presented as
IRR with 95% confidence intervals (Cls) and p-values.

All analyses were performed using R version 4.3.2,%° utilizing the mice*® and glmmTMB*' packages.

User Involvement

Previous participants from the GLA:D Back were invited as patient representatives to help interpret the results. In
a l-hour online group meeting, three participants provided their perspectives on 1) factors influencing healthcare
seeking, 2) interpretation of findings, 3) limitations in the chosen predictors and outcomes.

Results
Study Sample

In total, 2803 participants were included in the analysis (Figure 1). Overall, 68% were female, mean age was 58 years,
and 59% reported their LBP to have lasted for more than one year (Table 1). On a group level, all PROMs improved,
although the mean change was close to zero in self-efficacy (Table 2). On average, the number of visits was reduced by 3
(SD 14) from baseline to follow-up. Analgesic use showed a mean reduction of 20 DDD (SD 133). HCU before and after
the intervention is described in Table 3. Participants lost to follow-up were generally similar to the included participants
but had slightly worse scores on all PROMs at baseline (Supplementary Table S2).

Association Between Changes in PROMs and Visits
Across PROMS, the three models yielded similar results, except for self-efficacy in model 1 which had an IRR closer to
1 than models 2 and 3 (Supplementary Table S3 and Figure S1). All results reported from hereon are therefore based on

the fully adjusted model 3. Improvements in all PROMs from baseline to follow-up were associated with a reduction in
number of visits, although CIs for illness perceptions and EQ-5D included 1 (Figure 2 and Table 4). The strongest
associations were observed for back pain intensity and self-efficacy reflecting an 8% reduction in visits at follow-up per
SD improvement (back pain intensity, IRR: 0.92, 95% CI: 0.88, 0.97; self-efficacy, IRR: 0.92, 95% CI: 0.87, 0.96),
followed by a 6% reduction for ODI (IRR: 0.94, 95%: CI 0.90, 0.99). This corresponds to a reduction of 1 visit for
a 2.3-point improvement in back pain (on a 0—10 scale) from baseline to follow-up.

Association Between Changes in PROMs and Analgesic Use
In the fully adjusted model 3, IRRs for all PROMs except for ODI indicated that improvements were related to
reductions in analgesic use, but associations were uncertain with 95% CIs including 1 (Figure 2 and Table 4). For
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Enrolled in GLA:D Back
up to 31-08-2022
n=4186

Baseline population n=3980

A 4

Excluded n=206, death (85), moved
(43), failed to link CPR (78) n=206

v

3 months follow-up n=2803
completed (2663),
partly completed (140)

!

Population analyzed
n=2803

Figure | Flow chart for included participants. Follow-up refers to surveys collecting the patient-reported outcomes measures used as predictors.

v

Lost to follow-up n=1177

example, one SD improvement in back pain intensity was related to a 4% reduction in analgesic use (IRR: 0.96, 95% CI:

0.92, 1.01). Model 2 yielded similar results, while more uncertainty was observed for the crude model 1 (Supplementary
Table S3 and Figure S2).

Table | Characteristics of the Study Sample N = 2803

Female

1899/2803 (68%)

Age, mean (SD)

58 (12)

Duration of LBP episode lasting more than a year

1639/2777 (59%)

Missing

26

Occupation status year of enrollment

Affiliated with the labor market

1543/2803 (55%)

Under education

n<5 (<1%)

Unemployed

20/2803 (0.7%)

Welfare payment

267/2803 (9.5%)

Retirement

916/2803 (33%)

Other

40/2803 (1.4%)

(Continued)
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Table | (Continued).

Highest completed education

Primary School/high school

434 /2775 (16%)

Skilled worker/short-term education

1208 /2775 (44%)

Long/medium term higher education

1133 /2775 (41%)

Missing

28

Body Mass Index (kg/m®), median (25th, 75th percentile)

26.6 (23.8, 30.4)

Missing

60

One or more other chronic conditions before enroliment®

733 12803 (26%)

Notes: *Asthma, dementia, chronic obstructive lung disease, rheumatoid arthritis, osteoporosis, schizo-

phrenia, diabetes type | or 2.

Table 2 Patient Reported Outcome Measures (PROMs) at Baseline and Follow-Up. N = 2803

PROMs Baseline, 3 Months Follow-Up, Mean Change
Mean (SD) Mean (SD) (95% CI)

Back pain intensity 5.36 (2.29) 3.82 (241) —1.53 (—1.62, —1.43)

Missing n 15 22

Oswestry disability index 24 (12) 19 (13) —5.08 (-5.45, —4.71)

Missing n 41 126

Iliness perceptions 42 (1) 35 (14) —8.07 (-8.59, —-7.54)

Missing n 54 11

Self-efficacy 6.81 (1.86) 6.88 (2.04) 0.04 (-0.03, 0.12)

Missing n 79 203

EQ-5D 63 (19) 69 (18) 5.43 (4.74, 6.13)

Missing n 166 271

Table 3 Healthcare Use Before and After the Intervention

One Year Before
Enrollment

One Year After

end of Intervention

Visits to physiotherapists or chiropractor

No use 435/2803 (16%) 1236/2803 (44%)
Mean (SD) 12 (16) 9 (17)

Median (25th, 75th percentile) 8 (2, 16) 2 (0, 10)

Range 0, 166 0, 137

Analgesic use®

No use 922/2803 (33%) 1434/2803 (51%)
Mean (SD) 113 (172) 93 (167)
Median (25th, 75th percentile) 51 (0, I51) 0 (0, 112)

(Continued)
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Table 3 (Continued).

One Year Before | One Year After
Enrollment end of Intervention
Range 0, 1727 0, 1561
Any hospital care for LBP 410/2803 (15%) 258/2803 (9.2%)
Any MRI of the lumbar spine 641/2803 (23%) 219/2803 (7.8%)

Notes: “Redeemed defined daily doses of prescribed paracetamol, non-steroid anti-inflammatory drugs, and
opioids.

Subgroup Analyses
Overall, subgroups had similar baseline characteristics except for high users of analgesics that were older, had lower
socioeconomic status, more chronic conditions, and worse PROMs at baseline (Supplemental Tables S4 and S5).

Changes in PROMs from baseline to follow-up were similar across subgroups.

Associations between changes in PROMs and changes in HCU followed the same direction as in the total sample
(Figure 2 and Table 4). For visits, the associations were stronger for medium users than for the other subgroups
(Figure 2). For example, there was a reduction in visits by 17% per SD improvement in back pain intensity among

Visits to physiotherapist or chiropractor Analgesic use
1 1
Total sample 1 i
High users : : .
) | . Backpain
Medium users H |
Low users : :
1 1
Total sample — 00— —i0—
High users —.:— —.—: .
) 1 . Oswestry disability index
Medium users —_— T —— T
Low users L : — :
1 1
° Total sample —— 1 —0—
‘a  Highusers L 4 : —0—: .
S , i i Self efficacy
((D“ Medium users — i —— 1
Low users . N S : —_— :
1 1
Total sample —0— —@-i—
High users —0—: —.+ .
) | \ lliness perceptions
Medium users —_——, —— I
Low users : L 4 —0—:
1 1
Total sample i i
1 1
High users
o : : EQ-5D
Medium users i |
Low users : :
0.8 0.9 1.0 1.1 0.8 0.9 1.0 1.1
IRR
PROM Backpain + Oswestry disability index * Self efficacy * lliness perceptions EQ-5D

Figure 2 Adjusted incidence rate ratios (IRR) with 95% confidence intervals of the interaction between patient reported outcome measures (PROMs) and time, reflecting
the estimated change in either visits or analgesics given a one standard deviation change in PROMs. Models were adjusted for sex, age, duration of pain episode, level of
education, year of enrollment, use of visits or analgesics before enrollment, and each PROM score.
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Table 4 Associations Between Changes in PROMs and Visits or Analgesic Use at Follow-up

Visits to Physiotherapist or Chiropractor Analgesic Use
IRR (95% CI) P-value IRR (95% CI) | P-value

Backpain x time
Total sample 0.92 (0.88, 0.97) 0.001 0.96 (0.92, 1.01) | 0.12
High users 0.96 (0.87, 1.06) 0.433 0.94 (0.89, 0.99) | 0.02
Medium users 0.83 (0.75, 0.91) <0.001 0.87 (0.82, 0.93) | <0.001
Low users 0.95 (0.85, 1.05) 0.312 0.86 (0.79, 0.94) | <0.001
ODI x time
Total sample 0.94 (0.90, 0.99) 0.015 1.01 (0.96, 1.06) | 0.673
High users 0.96 (0.88, 1.05) 0.364 0.97 (0.92, 1.02) | 0.232
Medium users 0.85 (0.77, 0.94) 0.002 0.87 (0.82, 0.93) | <0.001
Low users 0.98 (0.87, I.11) 0.766 0.85 (0.77, 0.92) | <0.001
Self-efficacy x time
Total sample 0.92 (0.87, 0.96) <0.001 0.96 (0.91, 1.00) | 0.062
High users 0.96 (0.86, 1.07) 0.456 0.95 (0.90, 1.00) | 0.05
Medium users 0.84 (0.77, 0.93) <0.001 0.89 (0.84, 0.94) | <0.001
Low users 0.87 (0.78, 0.97) 0.011 0.91 (0.83,0.98) | 0.019
lliness perceptions x time
Total sample 0.97 (0.92, 1.01) 0.161 0.98 (0.94, 1.03) | 0.477
High users 0.94 (0.86, 1.04) 0.249 0.97 (0.92, 1.02) | 0.209
Medium users 0.89 (0.81, 0.99) 0.033 0.89 (0.83, 0.94) | <0.001
Low users 1.02 (0.91, 1.14) 0.732 0.91 (0.84, 1.00) | 0.042
EQ-5D x time
Total sample 0.97 (0.92, 1.01) 0.168 0.98 (0.93, 1.03) | 0.358
High users 0.99 (0.90, 1.08) 0.778 0.97 (0.92, 1.03) | 0.32
Medium users 0.97 (0.88, 1.07) 0.524 0.88 (0.83, 0.93) | <0.001
Low users 1.02 (0.91, 1.14) 0.788 0.89 (0.81, 0.97) | 0.012

Notes: Adjusted Incidence rate ratios (IRR) with 95% confidence intervals and p-values of the interaction between patient reported
outcome measures (PROMs) and time reflecting the estimated change in either visits or analgesics given a one standard deviation
change in PROMs. Models were adjusted for sex, age, duration of pain episode, level of education, year of enrollment, use of visits or
analgesics before enrollment, and each PROM score. Low users visits, n = 1028, range 0 to 4 visits. Medium users visits, n = 869,
range 5 to 12 visits. High users visits, n = 906, range 13 to 166 visits. Low users analgesics, n=634, range | to 59 defined daily doses
(DDDs). Medium users analgesics, n=626, range 61 to 165 DDDs. High users analgesics, n=621, range 165 to 1727 DDDs.
Abbreviation: ODI: Oswestry disability index.

the medium users (IRR: 0.83, 95% CI: 0.75, 0.91). For analgesic use, the strongest associations were observed for low
and medium users with estimates for high users being similar to the total sample. For example, high users reduced
analgesic use by 6% (IRR: 0.94, 95% CI: 0.89, 0.99) per SD improvement in back pain, while the reduction was 13% for
medium users (IRR: 0.87, 95% CI: 0.82, 0.93). Although the relative changes (IRRs) were smaller for high users, the
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absolute changes were comparable to medium users. For example, a one SD improvement in back pain corresponded to
a reduction of 14 DDD for medium users and 22 DDD for high users.

Discussion

This is the first study to examine the association between improvements in PROMs following a self-management
supportive intervention for LBP and subsequent HCU. Improvements in pain intensity, disability, illness perceptions,
self-efficacy, and quality of life were observed to be associated with reductions in both the number of visits and analgesic
use. However, the estimated reductions in HCU given improvements in PROMs were small and the certainty varied
across the PROMs. This suggests that other factors such as predisposing characteristics or enabling factors also influence
HCU, in line with the Behavioral Model of Health Services Use.'*'? Associations were most consistent and pronounced
for reductions in visits following improvement in back pain intensity, disability, and self-efficacy implying that, on
a group level, improvements in LBP clinical outcomes lead to reduced HCU.

Despite the intention of the intervention to improve self-efficacy, average self-efficacy scores changed little over time.
However, our findings suggested that when self-efficacy increases, it is likely to influence healthcare seeking behavior
leading to a reduction in HCU to the same extent as reductions in pain intensity. Furthermore, self-efficacy has been
found to be an important mediator for reducing pain and disability.*> This highlights the relevance of targeting self-
efficacy in interventions for LBP.

A key message in GLA:D Back is that hurt does not equal harm, and that multiple factors influence pain. Changes in
the understanding of pain could potentially lead to reduced HCU, by reducing individuals’ search for a specific structural
explanation for their pain or which is a recurring theme for individuals with high HCU due to pain.** Thus, it was
somewhat surprising that the associations for illness perceptions were more uncertain. This may be due to the
intervention not successfully altering participants’ perceptions or that the brief IPQ does not quantify perceived causes
of LBP and thus may not fully have captured changes in the understanding of pain.***

For EQ-5D, the uncertain associations, especially with reduction in visits, may be explained by the fact that EQ-5D
measures an individual’s general health-related quality of life. Multiple factors not related to the individual’s LBP
condition can hence affect this measure. While poorer general health may increase the perceived need for medical
treatment overall, it may not directly reflect a need for consulting a chiropractor or physiotherapist.

In the subgroup analyses, larger and more consistent associations were observed among participants with a medium
use of visits prior to enrolment in the intervention, and among those with low or medium analgesic use. The variation in
the magnitude of the strength of the association across subgroups indicates that factors related to initial healthcare-
seeking behavior may have a strong interplay with perceived needs for healthcare. Thus, improvements in PROMs like
symptom severity is not enough to explain why individuals use healthcare or not.

Estimates for the total sample were close to those of the high users, which indicates that these were mainly influenced
by high users. This is likely a result of high users having a low probability of being a structural zero (ie, related to
weights used in the ZINB model). High users, particularly of analgesics, differed on several baseline characteristics from
those using less analgesics, and may represent a more complex population requiring tailored deprescribing interventions.
For high users of visits, regular HCU may serve as preventive, social, or habitual functions, making it less sensitive to
symptom improvements. While the relative changes per SD improvement in PROMs were smaller in the high use groups,
the absolute reductions were similar or greater due to the higher use at baseline.

Strengths and Limitations
The combination of high quality HCU data from national registries (highly accurate and not prone to recall bias) and
PROMs from a large primary care clinical registry is unique and not generally available when conducting registry based
research.’*?

In Denmark, general practitioners (GPs), physiotherapists, and chiropractors are the primary care providers of care for
LBP.* Thus, not including visits to GPs in the study does not yield the complete picture of primary care visits. The reason
we did not include GP visits was a concern that many of the consultations would not be LBP-related, since there are no

diagnostic codes linked to visits in primary care in the national registries. Also, the lack of diagnostic codes may have
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overestimated the number of visits to physiotherapists and chiropractors, if participants stopped seeking care for LBP but
still used this type of healthcare for other conditions.

Another limitation of the study was that over-the-counter medication and visits not reimbursed by the national health
insurance are not part of national registries and hence not included in this study. This means that HCU was likely
underestimated. When individuals transition between registered and unregistered healthcare services, the association with
changes in clinical outcomes can become distorted, especially if such shifts are related to PROMs. Additionally, as
confirmed by the patient representatives, individuals with LBP use many different healthcare related services like
massage therapy or other non-reimbursed services (eg, yoga or home exercises). While changes in such services or
management strategies would be relevant to include, no registry data was available to account for this.

Also, unmeasured confounding should be kept in mind when interpreting the results. We had a specific focus on need
factors depicted by the PROMs, as these were the ones hypothesized to change through the intervention. Thus, we did not
consider all relevant enabling factors or predisposing factors that are likely to also affect changes in HCU. Especially
given the long follow-up, changes in general health, socioeconomic status, and other domains will inevitably have
happened for some participants.

The PROMs chosen for the analysis resonated well with the patient representatives, who emphasized the importance
of including the domains related to thoughts and perceptions in addition to pain and disability. However, measures
reflecting coping strategies and the acceptance of pain, may be additional factors affected by a self-management
supportive intervention that could influence future HCU.

The study sample likely underrepresents individuals with low socioeconomic status based on the out-of-pocket
expense to enter the program and the low proportion of individuals with only a primary school/ high school education.
Additionally, the study sample represents a clinical population of individuals with mostly minimal to moderate disability
who are motivated to engage in a structured group-based intervention. Therefore, findings may not be generalized to
individuals with more severe or medically complex presentations of LBP. The context of the Danish healthcare system,
where there is relatively easy access to primary care physiotherapy and chiropractic services, may also limit general-
izability to other healthcare systems.

Conclusion

Among individuals with LBP participating in a self-management supportive intervention, improvements across PROMs
were associated with reduced use of physiotherapy, chiropractic care, and analgesics in the following year. Most
prominent associations were observed for improvements in pain intensity, disability and self-efficacy, which highlight
the importance of addressing multiple aspects of pain when aiming to reduce HCU. Large variation in the strength of
associations between PROMs and HCU across subgroups suggests that factors beyond those captured by PROMs likely
contribute to variation in HCU. The interplay between factors such as socioeconomics, access to healthcare and cultural
influences therefore warrants further investigation.

Use of Generative Artificial Intelligence

During the preparation of this work the authors used Microsoft Copilot in order to improve readability, language, and
grammar of some of the text in the submitted manuscript, as well as help with syntax for some of the coding of statistical
analysis. After using these tools, the authors reviewed and edited the content as needed and take full responsibility for the
content of the publication.
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