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Background: Chronic non-cancer pain is common in primary care and may be managed with long-term opioid therapy. The German
guideline “Long-term Use of Opioids for Chronic Non-Cancer Pain” provides recommendations for such treatment. The role of opioid
formulation (long-acting vs. short-acting) and the association with opioid-related disorders remains underexplored. This study aims to
explore associations between opioid formulation and opioid-related disorders in patients with chronic non-cancer pain receiving long-
term opioid therapy in German general practices.

Methods: We conducted a retrospective cross-sectional claims data analysis using data from one statutory health insurer in Baden-
Wirttemberg (AOK), Germany, for the year 2021. The analysis included patients aged >18 years who received at least one oral or
transdermal opioid prescription in all four quarters. Exclusion criteria were malignant diseases or palliative care. The outcome was
opioid-related disorder (ICD-10 category F11.-). Multivariable logistic regression analyses were performed to identify predictors.
Results: Multiple models were calculated. The main model included a total of 34,205 patients. The mean age was 70 years, and 65%
were female. Overall, 3.1% of patients were diagnosed with an opioid-related disorder. Weak opioids were most frequently prescribed.
Long-acting opioids predominated. Higher odds of opioid-related disorders were observed in patients with substance use disorders
involving such as sedatives (OR = 5.6, 95% CI: 4.48-7.01) or alcohol (OR = 2.2, 95% CI: 1.82-2.66). Short-acting opioids (OR = 2.0,
95% CI: 1.53-2.48) and combined long- and short-acting therapy (OR = 3.5, 95% CI: 2.38-5.00) were associated with higher odds of
opioid-related disorders compared with long-acting opioids (all p <0.001).

Conclusion: The results suggest that short-acting opioids, either alone or as part of combination therapy, may be more strongly
associated with opioid-related disorders in patients with chronic non-cancer pain and long-term opioid therapy than long-acting opioids
alone. Further research is needed to clarify these relationships and their underlying causes.
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Introduction

Chronic pain is commonly defined as pain that persists or recurs for more than three months and extends beyond the
expected period of tissue healing.! It is recognised as a distinct disease entity that is often associated with significant
functional limitations and psychosocial distress. It places a high burden of suffering on those affected.'* The manage-
ment of chronic pain typically involves multimodal treatment strategies that integrate both pharmacological and non-
pharmacological interventions.”> Opioids can be part of this multimodal approach when prescribed and monitored
carefully.® While considered an essential component in the treatment of cancer-related pain, the use of opioids for

chronic non-cancer pain (CNCP) has been the subject of ongoing debate.* For most patients with CNCP, current evidence
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shows that opioids are no more effective than non-opioid analgesics or non-pharmacological interventions in improving
pain intensity or functional outcomes over a period of more than six months.>® In addition to questions of efficacy,
potential risks must also be considered, including the development of tolerance, loss of analgesic effect, and the
occurrence of opioid-related mental and behavioral disorders (ORD).? Nevertheless, different guidelines acknowledge
that opioid therapy may be considered for certain CNCP conditions when other analgesics or non-pharmacological
interventions do not provide adequate pain relief.* However, long-term opioid therapy for CNCP remains
controversial.” ' Definitions of long-term opioid therapy vary internationally. The German “Long-term Use of
Opioids for Chronic Non-Cancer Pain” (LONTS) guideline defines long-term treatment durations in studies as 26
weeks or longer (approximately six months), while, from a clinical perspective, long-term opioid therapy is already
considered to begin after more than three months of treatment.> Some long-term opioid therapy patients may develop
hyperkatifeia (reduced reward system responsiveness) leading to apathy, depressed mood, irritability, and emotional
dysregulation.'? This state can reduce analgesic effect without worsening of the underlying pain, increasing the like-
lihood of continued opioid use to avoid negative emotions and potentially fostering dose escalation, dependence, and
misuse.'? Data from the United States indicate that long-term opioid therapy for certain CNCP conditions does not
improve function or return-to-work rates and increases healthcare costs.'? An analysis funded by the Federal Institute for
Drugs and Medical Devices (BfArM) of 25 million insured individuals in Germany found that the age- and sex-
standardized prevalence of opioid analgesic prescriptions declined by 19% between 2005 and 2020 (from 52.3 to
42.4 per 1,000 individuals). There was only an increase among patients aged 80 years and over, followed by a minor
decline after 2020."® Despite the fall in prescriptions, the total number of oral morphine milligram equivalents (MME)
increased by 51% (from 191,987 mg to 290,733 mg per 1,000 person-years) until 2016, particularly among patients aged
60 and over. Thereafter, the total MME declined by 5.3% until 2020. Approximately 18% of new opioid recipients met
long-term opioid therapy criteria, most for CNCP.'* No evidence of an opioid crisis exists in Germany, but careful
monitoring of long-term opioid therapy patients remains essential.'?

General practitioners (GPs) are the primary opioid prescribers in Germany, where around 20% of patients in general
practice report pain lasting more than three months.'*'> GPs thus play a central role in assessing suitability, managing
risks, and monitoring ORD in patients with CNCP.'>"!” In the International Classification of Diseases — 10™ Revision —
German Modification (ICD-10-GM), ORD are classified under F11.-, encompassing conditions from harmful use (F11.1)
and dependence (F11.2) to acute intoxication (F11.0), psychotic disorders (F11.5), and amnesic syndromes (F11.6).'®
These conditions reflect the spectrum of opioid-related problems, ranging from misuse to psychiatric complications.
Clinical indicators of misuse may include inconsistent pain reports, requests for specific formulations, or obtaining
redundant prescriptions from multiple providers.> The boundary between medically justified use and harmful or non-
medical consumption is often fluid, which complicates the timely identification of problematic patterns.’ Due to the
complex nature of ORD, it is essential to identify predictors in order to reduce their likelihood and improve patient safety.
However, data on the prevalence of ORD in Germany remain limited. According to the German Epidemiological Survey
of Substance Abuse of 2018, approximately 5,5 million individuals aged 18-59 are affected by disorders related to
analgesic use overall, with a substantial proportion likely attributable to opioids.'” Internationally, significant increases in
opioid misuse and transitions to illicit opioid use have been observed, particularly in North America, Australia, and parts
of Europe.”’ The number of individuals using illicit opioids in Germany is estimated to exceed 200,000, with
a considerable degree of underreporting.'®

However, data specifically addressing ORD among patients with chronic non-cancer pain in primary care remain
scarce, highlighting the need for further investigation in this population. The impact of opioid formulations on ORD
remains underexplored and international guidelines differ regarding a preferred formulation.”' While some guidelines

2425 take a more cautious

recommend the use of long-acting opioids (LAOs),>**** American and Canadian guidelines
stance and emphasize potential risks associated with LAOs. The German LONTS guideline® recommends the use of
LAOs over short-acting opioids (SAOs) in long-term opioid therapy due to their presumed lower potential for misuse,
although this recommendation is not supported by high-quality studies.> This recommendation is based more on
considerations such as medication adherence, analgesic effectiveness, and general safety profiles than on robust evidence

specifically addressing the relationship between opioid formulations and ORD. Existing studies provide inconsistent
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findings and are often limited by methodological constraints, leaving uncertainty as to whether formulation type
independently influences the risk of ORD. Given these limitations, large-scale routine claims data provide a pragmatic
and ecologically valid opportunity to examine real-world prescribing patterns and their association with ORD in primary
care.

To explore the role of different opioid formulations, this observational study aims to identify predictors of ORD
among patients with CNCP receiving long-term opioid therapy in general practice in Germany.

Methods

Context

This study is part of the RELIEF project (Resource-oriented case management to implement recommendations for
patients with chronic pain and frequent analgesic use in general practice),”® funded by the German Federal Ministry of
Research, Technology and Space (former BMBF/now BMFTR, funding code 01GY2106). The study was approved by
the Ethics Committee of Heidelberg University’s Faculty of Medicine (S-087/2023) and authorised by the German
Federal Office for Social Security for the use of claims data. Both institutions reviewed and approved the study
methodology, confirming that all procedures comply with the relevant national and institutional guidelines and regula-
tions. All methods were performed in accordance with the relevant guidelines and regulations for claims data. As this
was a study involving secondary data analysis, the Ethics Committee of the Medical Faculty of Heidelberg (S-087/2023)
waived the need to obtain informed consent, in agreement with the data holder (AOK health insurance). The data holder’s
specific decision process is described in detail in the Ethics approval and consent to participate section.

Study Design

This observational study used claims data submitted for reimbursement purposes to AOK Baden-Wiirttemberg, the
largest statutory health insurer in Baden-Wiirttemberg.?” The observation period covered one year, from 1 January to
31 December 2021.

Study Population
Data referred to patient cases meeting the following predefined inclusion criteria: patient age 18 years or older; at least
one opioid prescription for oral or transdermal opioids from the ATC groups and codes listed in Supplementary Table S1

(see Supplementary Data — Table S1: ATC codes included and excluded for patient case selection based on claims data

from AOK Baden-Wiirttemberg, Germany, 2021) in all four quarters of the year 2021; opioid prescription issued by
a general practitioner.

Excluded were patients with prescriptions from specialist physicians, patients receiving palliative care or with
a diagnosis of malignant disease, as indicated by the following ICD-10-GM Codes: Z51.5 Palliative care; Z51.82
Combined radiotherapy and chemotherapy for malignant neoplasm; Z85.- Personal history of malignant neoplasm; C00-
C97 Malignant neoplasm. All patient cases with prescriptions corresponding to excluded ATC codes were removed from
the dataset. These included particularly cases with documented specific ATC codes for opioid substitution or misuse
therapy and cases with prescription of codeine-containing medications, as codeine is not recommended for CNCP and is
mainly used for mild acute pain or cough.

Model A

For a primary multivariable logistic regression, patient cases with an F11.- diagnosis in the first quarter of the observation
period were removed from the dataset to enable analysis of incident ORD in CNCP patients undergoing long-term opioid
therapy.

Model B

To characterize the subgroup with existing ORD, assess robustness of associations and provide prevalence estimates of
F11.- diagnoses, the exploratory Model B included all patient cases, regardless of baseline F11.- diagnosis in the
observed population.
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Measures

The dependent variable for the regression analyses was the presence of ORD, defined by ICD-10 -GM, F11.- codes for
mental and behavioral disorders due to opioid use. The analysis focused on oral and transdermal opioids, as these are
most commonly prescribed in general practice. Opioids were classified by release profile into LAOs (oral or transdermal)
and SAOs (oral only). Rapid-onset opioids (ROOs) or other release profiles were excluded. The release profiles, which
categorize opioids into LAOs and SAOs, were obtained from a summary provided by the German Pharmacy Portal
(DAP — German Pharmacy Portal; Abbreviations for dosage forms).”® Based on prescriptions over all four quarters,
patients were assigned to one of three groups: 1. LAOs only (reference group), 2. SAOs only 3. Combination of LAOs
and SAOs (same potency class). To maintain exposure consistency and reduce confounding, patients with mixed potency
combinations (for expamle:, concurrent prescriptions of weak and strong opioids within the observation period) or
changes in opioid formulations over time were excluded from the regression analyses, as they could not be clearly
assigned to a single opioid formulation exposure group. Opioid formulation groups were therefore defined more strictly
for the regression models than in the descriptive analyses. The combination therapy variable included only concurrent
LAOs and SAOs within the same potency class within the same quarter, while combinations across potency classes
within the same quarter were excluded. As this variable captured treatment patterns across quarters and allowed for
changes between potency classes over time, it included a broader patient group than the descriptive analyses.

Data Transfer and Data Storage

Data processing complied with the General Data Protection Regulation, the German Social Code’s data-protection
provisions, and applicable national law. Pseudonymised service and claims data were transmitted only after the
supervisory authority approved an application under the Social Code (submitted by AOK Baden-Wiirttemberg). As
part of the family- doctor centred care evaluation (HZV), AOK Baden-Wiirttemberg compiled the data and provided
them to the aQua Institute. Direct identifiers were replaced and data re-pseudonymised; the de-pseudonymization key
was accessible only to authorised AOK Baden-Wiirttemberg staff, and linkage only via a project-specific table held by
authorised aQua Institute staff. The aQua Institute transferred the data to the Department of Primary Care and Health
Services Research, Heidelberg University Hospital, where they were stored in compliance with data-protection
requirements. Access was restricted to designated department staff and RELIEF team members (GL, SB, RPD, CS)

on a need-to-know basis.

Data Analysis

Data storage and preparation were performed using MySQL (version 10.6.3-MariaDB), and descriptive and regression
analyses were performed using SPSS (version 28.0.1.0) and RStudio (R-4.5.1). Descriptive variables included age, sex,
nationality, CNCP diagnosis (ICD-10-GM: F45.4, R52.1, R52.2, F62.8), and opioid prescription characteristics by
potency class, formulation, and active substance (tramadol, tilidine, tapentadol, morphine, oxycodone, hydromorphone,
buprenorphine, fentanyl). Multivariable logistic regression analyses identified factors associated with ORD. Predictors
were age, sex, opioid formulation group, MME dose >120 mg/day (the variable was derived based on the Defined Daily
Doses (DDD), following the methodology after Schrader et al*’), and comorbidities: somatoform pain disorder (F45.40),
severe depressive episodes (F32.2, F32.3, F33.2, F33.3), harmful use of non-dependence substances (F55.- e g. nutri-
tional supplements, laxatives), and disorders due to sedatives/hypnotics (F13.-), alcohol (F10.-), or tobacco (F17.-). The
daily opioid dose was converted into MME using a multi-step approach based on DDD and established conversion
factors. Patients were categorized according to a threshold of >120 mg/day MME. A detailed description of the
conversion procedure and calculation steps is provided in the Supplementary Table S2 (see Supplementary Data —

Table S2: Included Predictors in the Regression Models, on claims data from AOK Baden-Wiirttemberg, Germany,
2021). Statistical significance was set at p < 0.05 Odds ratios (ORs) with 95% confidence intervals (CIs) were calculated.
Model fit was assessed with Nagelkerke’s R?, discriminative performance for predicting ORD by ROC-AUC, and

multicollinearity by correlation matrix.
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Results

From a total dataset of N=2,540,716 insured individuals, n=33,505 patients were included in Model A and n=34,205
patients in Model B based on the predefined inclusion criteria. Patient characteristics observed over all four quarters in
2021 are summarized in Table 1 The mean age of the cohort was 71.7 years in Model A and 71.4 years in Model
B. Female patients accounted for 65.7% in Model A and 65.2% in Model B. A diagnosis of CNCP was recorded in
62.6% of patients in Model A and 63.0% in Model B. Among the CNCP diagnoses, the most frequently coded condition
was “other chronic pain” (ICD-10-GM: R52.2), which was present in 79.2% of patients in Model A and 79.4% in Model
B. An ORD was identified in 1.0% of patients in Model A and 3.1% in Model B.

All patients included in the analysis received at least one opioid prescription in all four quarters. A majority of
patients —57.4% in Model A and 57.1% in Model B— were consistently treated with weak opioids throughout the
observation period. Within this subgroup, weak LAOs predominated, accounting for 89.6% (Model A) and 89.5%
(Model B) of prescriptions. Among patients treated with strong opioids, strong LAOs were similarly the most commonly
prescribed formulation, representing 96.1% in Model A and 96.0% in Model B. Within this group, transdermal opioids
represented a substantial proportion, comprising 40.4% in Model A and 40.0% in Model B. At the active substance level,
tilidine emerged as the most frequently prescribed opioid, accounting for 45.6% (Model A) and 45.3% (Model B) of all
prescriptions, followed by oxycodone (15.9% and 16.0%, respectively), while tramadol and fentanyl were prescribed in
approximately equal numbers of case, each representing approximately 14.0% across both models. The distribution of

prescription patterns is presented in Table 2.

Predictors of Opioid-Related Disorders

In both models, age was inversely associated with the odds of an ORD, with each additional year of age decreasing the
odds by 5.1% in Model A (OR = 0.949, 95% CI 0.94-0.95, p < 0.001) and by 4.9% in Model B (OR = 0.951, 95% CI
0.94-0.95, p < 0.001). Male sex (reference: female) was in Model A (OR = 1.14, 95% CI 0.91-1.43, p = 0.250) not
significant. In Model B, male sex was significantly associated with 23% higher odds compared to female sex (OR = 1.23,
95% CI 1.12-1.49, p < 0.001). Opioid formulations were a central determinant of ORD occurrence. Compared to patients

Table | Patients with Opioid Prescription Issued by General Practitioners in All Four Quarters of

2021
Characteristics N=33,505 (100%, Model N= 34,205 (100%, Model
A) B)
Age in years, Mean (SD), range 71.7 (15.6) 19-109 71.4 (15.8) 19-109
Sex: female n (%) 22,035 (65.7%) 22,326 (65.2%)
Nationality
German n (%) 29,799 (89.0%) 30,366 (88.8%)
Others n (%) 3705 (11.0%) 3839 (11.2%)
Diagnosis of chronic non-cancer pain* n 20,983 (62.6%) 21,561 (63.0%)
(%)
F62.80%* n (%) 456 (2.1%) 483 (2.2%)
R52.1%* n (%) 2686 (12.8%) 2786 (12.9%)
F45.4%* n (%) 7961 (37.9%) 8324 (38.6%)
R52.2% n (%) 16,638 (79.2%) 17,119 (79.4%)
FI1.- Diagnosis n (%) 366 (1.0%) 1069 (3.1%)

Notes: * Some patients may have multiple diagnoses of chronic pain. ** F62.80 — Persistent personality changes in chronic pain
syndrome, R52.1 - Chronic uncontrollable pain, F45.4 — Persistent pain disorder, R52.2 — Other chronic pain.
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Table 2 Distribution Opioid Prescriptions Issued by General Practitioners in Germany, 2021

Opioids* n (%) Patients with Prescriptions Across All Four | Patients with Prescriptions Across
Quarters (n=33,505; 100%, Model A) All Four Quarters (n=34,205; 100%, Model B)
Weak opioids** 19,224 (57.4%) 19,527 (57.1%)
Weak LAOs*#* 17,225 (89.6%) 17,470 (89.5%)
Weak SAOs*** 1584 (8.2%) 1644 (8.4%)
Weak opioids, both LAOs*** and SAOs*** 222 (1.2%) 236 (1.2%)
Strong opioids** 13,690 (40.9%) 14,099 (41.2%)
Strong LAOs*** 13,158 (96.1%) 13,536 (96.0%)
Strong transdermal opioids 5310 (40.4%) 5411 (40.0%)
Strong SAOs*** 293 (2.1%) 328 (2.3%)
Strong opioids, both LAOs*** and SAOs*** 26 (0.1%) 28 (0.2%)

Active ingredients*:

Tapentadol 1231 (3.6%) 1250 (3.6%)
Morphine 1235 (3.6%) 1314 (3.8%)
Buprenorphine 1358 (4.0%) 1398 (4.0%)
Hydromorphone 1727 (5.1%) 1780 (5.2%)
Fentanyl 4714 (14.0%) 4809 (14.0%)
Tramadol 4739 (14.1%) 4843 (14.1%)
Oxycodone 5335 (15.9%) 5501 (16.0%)
Tilidine 15,293 (45.6%) 15,517 (45.3%)

Notes: * Patients may be counted multiple times if they received different opioids concurrently across all four quarters. **1.7% (Model A, n = 590) and 1.7% (Model B, n =
579) of patients are not mentioned due to having received mixed prescriptions—meaning: different opioid potency class or formulations—across all four quarters, meaning
they did not consistently receive the same opioid throughout the year. These patients are missing in the individual opioid potency class or formulations.

Abbreviations: **LAOs, Long-acting opioid; ***SAOs, Short-acting opioid.

receiving only LAOs, those prescribed exclusively SAOs had 80% higher odds in Model A (OR = 1.8, 95% CI
1.24-2.71, p = 0.002) and 100% higher odds in Model B (OR = 2.0, 95% CI 1.53-2.48, p < 0.001). The highest odds
were observed among patients receiving both LAOs and SAOs formulations, with an 210% increase in Model A (OR =
3.1,95% CI 1.74-5.71, p = 0.001) and 250% increase in Model B (OR = 3.5, 95% CI 2.38-5.00, p < 0.001). High opioid
dosage (>120 MME on average over 365 days) was associated with a 270% increase in Model A (OR = 3.7, 95% CI
2.98-4.83, p < 0.001) and a 310% increase in Model B (OR = 4.1, 95% CI 3.52-4.74, p < 0.001). Regarding comorbid
diagnoses, severe depressive episodes were associated with 90% higher odds in Model A (OR = 1.9, 95% CI 1.42-2.55,
p < 0.001) and with a 80% increase in Model B (OR = 1.8, 95% CI 1.56-2.26, p < 0.001). Pain in somatoform disorders
was not significant in Model A (OR = 1.3, 95% CI 0.97-1.88, p = 0.073) and a significant increase of 50% in Model
B (OR = 1.5, 95% CI 1.26-1.88, p < 0.001). Harmful non-dependence use of substances was associated with a 160%
increase in Model A (OR = 2.6, 95% CI 1.72-3.95, p < 0.001) and a 220% increase in Model B (OR = 3.2, 95% CI
2.50—4.20, p < 0.001). Disorders due to sedatives/hypnotics use was associated with nearly threefold higher odds (290%
increase) in Model A (OR = 3.9, 95% CI 2.72-5.66, p < 0.001) and almost sixfold higher odds (460% increase) in Model
B (OR =5.6, 95% CI 4.48-7.01, p < 0.001). Disorders due to alcohol use was linked to a 130% increase in Model A (OR
= 2.3, 95% CI 1.71-3.10, p < 0.001) and a 120% increase in Model B (OR = 2.2, 95% CI 1.82-2.66, p < 0.001).
Tobacco-related disorders were also significant, with an 80% increase in Model A (OR = 1.8, 95% CI 1.45-2.32, p <
0.001) and a 60% increase in Model B (OR = 1.6, 95% CI 1.38-1.86, p < 0.001).
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Table 3 Predictors of Opioid-Related Disorders in Patients with Opioid Prescriptions from General Practitioners in Germany (Model
A: n = 33,505; Model B: n = 34,205), Calculated with Logistic Regression

Variables Observation Period Over Four Quarters in 2021 p-value p-value OR OR 95% Cl 95% CI Total Sample (n) Total Sample (n)
A B A B A B A B

Age in years <0.001 <0.001 0.949 0.951 0.94-0.95 0.94-0.95 31,446 32,129
Sex (Reference: female) 0.250 <0.001 1.14 1.23 0.91-1.43 1.12-1.49 31,446 32,129
Opioid formulations (Reference: LAOs only

29,752 30,342
- SAOs only 0.002 <0.001 1.8 20 1.24-2.71 1.53-2.48 1,439 1,499
- Combination Therapy (LAOs and SAOs) <0.001 <0.001 3.1 35 1.74-5.71 2.38-5.00 255 288
>120 mg MME (avg. over 365 days) <0.001 <0.001 37 4.1 2.98-4.83 3.52-4.74 3,042 3,295
Pain in somatoform disorders 0.073 <0.001 1.3 1.5 0.97-1.88 1.26-1.88 2,506 2,613
Severe depressive episodes <0.001 <0.001 1.9 1.8 1.42-2.55 1.56-2.26 2,374 2,501
Harmful non-dependence substance use <0.001 <0.001 2.6 32 1.72-3.95 2.50-4.20 469 552
Disorders due to sedatives/hypnotics use <0.001 <0.001 39 5.6 2.72-5.66 4.48-7.01 635 758
Disorders due to alcohol use <0.001 <0.001 23 22 1.71-3.10 1.82-2.66 1,806 1,945
Disorders due to Tobacco use <0.001 <0.001 1.8 1.6 1.45-2.32 1.38-1.86 4,545 4,767

Notes: Goodness of fit of the regression models: Nagelkerke’s R% Model A =,189; Model B =,251; AUC: Model A =,845; Model B =,850.
Abbreviations: LAOs, Long-acting opioid; SAOs, Short-acting opioid; MME, Morphine Milligram Equivalent.

Goodness-of-fit statistics indicated adequate model performance, with Nagelkerke’s R? = 0.189 for Model A and
0.251 for Model B. The AUC was 0.845 for Model A and 0.850 for Model B, reflecting excellent discrimination for the
dependent variable (ORD) in both models. Multicollinearity between predictors was ruled out using a correlation matrix.
The results of the logistic regression analyses are shown in Table 3.

Discussion

This study confirms established predictors of ORD and suggests that SAOs, either alone or as part of combination therapy,
may be more strongly associated with ORD in patients with CNCP and long-term opioid therapy than LAOs alone. To our
knowledge, this is the first German study to examine opioid formulation in relation to ORD during long-term therapy in CNCP
in general practice. These findings require confirmation in further studies to improve understanding of the underlying
mechanisms and clinical implications. The cohort predominantly comprised of older adults and women. Despite continuous
opioid prescribing, a substantial proportion of patients had no recorded diagnosis of CNCP. As patients with cancer-related
pain were excluded from the study, it can reasonably be assumed that opioid prescriptions were not issued for cancer-related
pain. The most common were weak opioids, followed by strong opioids. LAOs were the most frequently prescribed.
Multivariable regression analyses identified robust predictors of ORD: younger age, higher opioid dosage, exclusive SAOs
therapy, combined LAOs and SAOs therapy, severe depressive episodes and selected substance use disorders. An association
with male sex was evident only when prevalent cases were included. Larger observed effect estimates for sedative or hypnotic
use disorders in these models likely reflect differences in baseline patient characteristics. The fact that the confidence intervals
overlap suggests that convergence is possible with a larger sample size. These findings should be interpreted with caution
when extrapolating to prescribing patterns in Germany, as study-specific inclusion criteria have excluded certain patient
groups and also influence the representation of combination therapy and SAOs.

Opioid Formulations

Exclusive SAOs therapy and combined LAOs and SAOs therapy were associated with higher odds of ORD compared
with exclusive LAOs therapy. In the context of a German patient population, which is not characterized by an opioid
crisis, these findings provide initial evidence consistent with the recommendations of the LONTS guideline. While the
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fixed dosing schedules recommended by LONTS could not be assessed using claims data, our results offer first
indications that the choice of opioid formulation may be relevant in long-term opioid therapy for CNCP. However,
given the one-year observation period, the findings should be interpreted as reflecting associations within a limited time
frame rather than long-term trajectories of opioid use, dose escalation, or changes in prescribing patterns. In addition, the
smaller number of patients in the exclusive SAO and combination therapy groups resulted in wider confidence intervals,
which should be considered when interpreting these estimates.

Earlier literature (2003—2014), including several systematic reviews, found no meaningful differences in efficacy or
safety between LAOs and SAOs in CNCP,**? with most studies of low methodological quality. Consequently, earlier
recommendations emphasized tailoring therapy to individual needs, goals, and functioning rather than to opioid
formulation.>®? More recent meta-analyses confirmed comparable effects of LAOs and SAOs on functional outcomes
and side effects.®® High-quality evidence favoring one formulation remains lacking, and few studies have specifically
examined long-term opioid therapy.

The most recent guideline (2023) from the American Society of Interventional Pain Physicians (ASIPP)** stated that
LAOs and SAOs are similarly effective, but LAOs are associated with a higher incidence and prevalence of adverse

events. The rational cites Dowell et al,>

who—ypreparing the CDC guidelines—found no evidence that LAOs are more
effective or safer than intermittent SAOs use, or that they reduce misuse or addiction risk. In fact, LAOs use was
associated with higher total average daily opioid doses compared with SAOs taken as needed.>*>> This contrasts sharply
with the German LONTS guideline,’ which preferentially recommends LAOs, arguing that fixed dosing schedules may
improve pain control, adherence, and reduce fall and addiction risk. While acknowledging the lack of high-quality
evidence, LONTS emphasizes fixed dosing schedules more than opioid formulation type.3 When examining the impact of
combination therapy in patients with CNCP receiving long-term opioid therapy, one study from the United States
likewise reported an association between combination therapy and higher odds of opioid-related adverse events.>
However, in contrast to our results, this study found that LAOs alone were associated with increased odds of opioid-
related adverse events compared to SAOs. It should also be noted that several estimates were not statistically significant
in a consistent manner, and some confidence intervals were extremely wide (extending into triple digits), which
substantially limited their interpretability.>® As these findings are based on patient data from the United States opioid
crisis, they must be interpreted with caution, a point elaborated in the following section.

Based on prescribing trends and epidemiological data,’’ leading German pain medicine experts conclude that
Germany has not experienced and is unlikely to experience an opioid crisis. This context is essential for interpreting
differences in international guidelines. The ASIPP’s** restrictive stance reflects the United States opioid crisis, where
LAOs—particularly oxycodone—were heavily implicated in misuse and overdose, driven by liberal prescribing and
aggressive marketing rather than appropriately monitored chronic pain care.?” United States data therefore disproportio-
nately capture LAOs-related harms in high-risk populations.®* In contrast, our claims data analysis directly examined the
association between opioid formulation and ORD in German primary care, in a context not affected by an opioid crisis.

Patient Characteristics and Comorbidities
Existing evidence suggests that patients with CNCP and psychiatric comorbidities are particularly susceptible to opioid
misuse. This risk is notably elevated in younger individuals and those receiving high-dose regimens exceeding 120 mg
MME per day, especially in the presence of depressive or somatoform disorders.*®** A history of benzodiazepine
dependence or the concurrent use also increases vulnerability to opioid-related risks, as confirmed by national and
international studies.*>*' A German claims data analysis identified GPs as the main opioid prescribers to primarily older,
multimorbid patients.** Consistent with European® and German data,** older female patients with CNCP were observed
in this present study than male patients. National and international evidence confirms that long-term opioid therapy in
primary care is most often prescribed to older female patients, with weak opioids being most common.** However,
prescribing of strong opioids, particularly fentanyl, as also found in our data, warrants continued monitoring.**

Our regression model incorporated variables already known to be associated with an increased likelihood of ORD.

29,45-47

Consistent with the prior evidence, younger age, male sex, psychiatric comorbidities—specifically severe depres-

sive episodes—and opioid dosages exceeding 120 mg MME were strongly associated with higher odds of developing an
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ORD. This aligns with the German guideline on “Medication-Related Disorders”,*® which advises caution when

prescribing opioids to younger patients (20—40 years), males, and those with psychiatric disorders.*®

Evidence indicates that the concurrent prescription of opioids and tranquilizers in patients with CNCP receiving long-
term opioid therapy is associated with an increased likelihood of hospitalization.*’ This is consistent with our findings for
substance use disorders involving sedatives or hypnotics—which belong to the same pharmacological class as tranqui-
lizers—and which demonstrated an association with higher odds of ORD. Certain diagnoses within the ICD-10 category
F11.- frequently necessitate inpatient treatment, further underscoring the plausibility of this association. Notably, our
models also identified associations for harmful use of non-dependence substances (eg, nutritional supplements, laxatives)
and for alcohol-related disorders—associations which, to our knowledge and according to Just et al,*® previously have
not been reported in a German population. By contrast, disorders due to tobacco use showed also an association, though
it still contributed to the broader profile of substance use disorders in this group. Overall, these results underscore that
substance use disorders are relevant in patients with CNCP receiving long-term opioid therapy. Clinical monitoring
should therefore encompass not only the well-established associations with sedatives and hypnotics,*’ but also alcohol
misuse®® and harmful use of non-dependence substances, as these may represent underrecognised yet clinically relevant
factors contributing to ORD in patients with CNCP.

Strengths and Limitations

A major strength of this study is the large patient cohort, enabling robust regression analyses. Claims data provide
valuable insight into healthcare delivery and allow precise cohort definition through strict inclusion and exclusion
criteria. However, unlike prospective controlled trials, patient allocation occurs retrospectively, requiring cautious
interpretation. Several limitations should be considered. First, the analyses were based on claims data from a single
statutory health insurance provider in one federal state in Germany and covered a one-year observation period, which
may limit generalizability to other regions, healthcare settings, or longer time periods. In addition, the restriction to
patients receiving opioid prescriptions in general practice may exclude individuals with more severe or complex
conditions managed in specialist care, who may have a different risk profile for ORD. Furthermore, study-specific
inclusion criteria, such as the focus on oral and transdermal opioids, may have excluded patients receiving other opioid
formulations, which also affect the representation of combination therapy and SAOs. Second, inherent limitations of
claims data must be acknowledged. Actual medication intake cannot be confirmed; prescription redemption reflects intent
but does not capture adherence or reasons for non-adherence. Involvement of multiple prescribers could not be assessed.
Moreover, ORD were identified using ICD-10-GM F11.- codes, which may lead to underestimation, as such diagnoses
may not be consistently documented in routine primary care practice. Third, methodological aspects of variable definition
should be considered. The categorization of opioid dose into a binary variable (>120 mg/day vs. <120 mg/day MME)
may obscure differences across the full dose range. In addition, MME estimates were based on DDD, which represent an
approximation of actual exposure and should be interpreted with caution. In our regression models, relatively wide
confidence intervals, particularly for SAOs and combination therapies, indicate some uncertainty in the estimates.
Finally, the study design limits the assessment of temporal dynamics. The observation period was restricted to
one year, precluding analysis of long-term trajectories, dose escalation, or changes in prescribing patterns. Although
long-term opioid therapy was defined as continuous prescriptions across four quarters, international studies often apply
shorter definitions, which may limit comparability. In addition, a substantial proportion of patients had no recorded
diagnosis of CNCP, which may reflect under documentation in routine care.

Conclusion

To our knowledge, this is the first study to examine opioid formulations in relation to ORD among patients with CNCP
and long-term opioid therapy in general practice using German claims data. Our results confirm previously reported
associations between CNCP and ORD and provide further indications regarding the role of opioid formulation. Given
that GPs provide the majority of opioid prescriptions and ongoing care for this patient population in Germany, these
observations are particularly relevant to primary care. Generalizability and underlying mechanisms warrant further
investigation, particularly given the modest prevalence of ORD and the limited size of some subgroups.
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