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Background: As a major chronic disease Osteoarthritis (OA) poses a substantial clinical and economic challenge, especially in aging societies. Worldwide the economic burden of OA is significant, however data on related healthcare costs in Germany remain limited. With mounting financial pressures, identifying key cost drivers in healthcare is becoming increasingly vital. This study offers a novel quantification of Germany’s direct medical OA costs, examining demographic trends, and exploring implications for healthcare planning and policy in an international context.

Methods: Retrospective analysis of direct medical costs was conducted using data from the German Federal Statistical Office for the years 2002, 2004, 2006, 2008, 2015, and 2020. Costs were stratified by sex, age, and healthcare facility.

Results: In 2020, diseases of the musculoskeletal system accounted for 10% of Germany’s direct healthcare costs, with osteoarthritis being one of the leading contributors to this economic burden. OA-related costs rose from €8.6 billion in 2015 to €12.1 billion in 2020 (+41%), particularly among older adults. While costs declined in those under 45, they increased by 17% in those aged 45–65, 32% in those aged 65–85, and 99% in those over 85. Inpatient and semi-inpatient costs rose by 32%, reaching €6.6 billion, driven by nursing care, which nearly doubled between 2015 and 2020. Outpatient OA costs totaled €3.4 billion in 2020, with outpatient nursing showing the sharpest rise (+85%). Gender-specific differences were substantial: women incurred 70% of total costs, with higher shares in nursing care, while men had relatively higher expenditures in hospital and rehabilitation settings.

Conclusion: Osteoarthritis imposes a substantial and rapidly increasing economic burden on the German healthcare system, particularly due to adults aged 65 and older. Inpatient and nursing care have emerged as the primary cost drivers. In a European comparison, Germany ranks among the countries with the highest OA-related direct medical costs. These findings underscore the urgent need for osteoarthritis-specific public health strategies focused on prevention, individualized conservative treatments, and gender-sensitive care models to ensure the long-term sustainability of healthcare systems in aging societies.
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1 Introduction

Healthcare systems around the world are facing substantial economic challenges due to competing priorities and rising demands on public funding. This situation necessitates comprehensive analysis and the development of targeted, evidence-based strategies. According to the Organisation for Economic Co-operation and Development (OECD), the United States spent 17.8% of its Gross Domestic Product (GDP) on healthcare expenditures in 2021, the highest among member countries – followed by Germany (1). In 2022, total healthcare expenditure in Germany reached €497.7 billion, corresponding to €5,939 per capita and representing 12.8% of GDP (2). Ensuring the financial sustainability and functional resilience of the healthcare system in the medium and long term requires strategic planning and burden-reducing interventions. In addition to cross-cutting, disease-independent reforms, condition-specific approaches may be warranted. Identifying high-cost diseases and analyzing their economic burden in detail can yield valuable insights for targeted policy design and resource allocation.

In Germany, demographic changes have led to a continuously aging population structure. Given the close association between age and Osteoarthritis (OA), a rise in OA-related healthcare needs and costs is inevitable. OA is the most common joint disease worldwide (3–5), leading not only to significant impairments in quality of life but also to substantial global healthcare costs (6, 7). However, the disease-related costs of OA in Germany remain insufficiently studied. In particular, a comprehensive analysis of the economic impact of OA over the course of the 21st century has not yet been conducted. Understanding the dynamics of direct healthcare costs associated with OA over time is crucial for planning and allocating healthcare resources efficiently.

By providing the first long-term analysis, this study aims to analyze the trends in direct medical costs attributable to OA in Germany over an extended time period (2002–2020), stratified by sex, age and healthcare sector. Additionally, the study seeks to discuss the public health implications of the observed trends and to provide insights relevant for future healthcare planning and policy-making.



2 Materials and methods

This study is based on publicly available national health expenditure data provided by the German Federal Statistical Office (Statistisches Bundesamt, DESTATIS) (8). The analysis includes cost data from the years 2002, 2004, 2006, 2008, 2015, and 2020. These specific years were selected based on the availability of most recent stratified disease cost reports (Krankheitskostenrechnungen) published by DESTATIS. DESTATIS applies a top-down cost-of-illness approach and allocates healthcare expenditures to specific diseases based on diagnostic codes from the International Statistical Classification of Diseases and Related Health Problems (ICD-10). The analysis of this study includes ICD-10 codes M15-M19, covering polyarthrosis (M15), hip OA (M16), knee OA (M17), rhizarthrosis (M18), and other or unspecified OA (M19). This coding structure ensures broad inclusion of osteoarthritis subtypes. However, potential coding inconsistencies – particularly in generalized or non-specific cases – represent an inherent limitation of secondary data use. This study is based on aggregated cost estimates and the data represent population-level healthcare expenditures stratified by diagnosis, sex, predefined age groups and healthcare sector. As these data are not derived from individual patient-level records, no measures of statistical dispersion (e.g., standard deviations, confidence intervals) or sample-based variability are available. Consequently, formal hypothesis testing (e.g., p-values) could not be conducted, and all results are presented descriptively. Cost values are reported in absolute euros for each year (2002, 2004, 2006, 2008, 2015, and 2020). All cost data are reported in nominal euros, as provided by DESTATIS in the national health accounts, without adjustment for inflation. This approach was chosen to reflect expenditure trends as officially reported and used for healthcare budgeting and policy-making in Germany.

The 2020 quality report highlights that differences in data sources and methodological approaches may limit the comparability of cost calculations over time (9). Since this study specifically analyzes the direct disease costs of osteoarthritis (ICD-10: M15-M19), a preliminary evaluation was conducted in collaboration with the Federal Statistical Office of Germany to determine which datasets were comparable across different time periods and to identify potential limitations and confounding factors. A gender- and age-specific comparison of direct osteoarthritis-related healthcare costs from 2002 to 2008 with those from 2015 and 2020 may be affected by methodological biases due to variations in data collection for ‘offices of physicians’ and ‘pharmacies,’ which accounted for approximately 30% of total expenditures. Indirect OA disease costs, such as lost work years due to temporary disability, permanent invalidity, or mortality, were not included in this study due to limited data availability. While such data were reported for osteoarthritis in the 2008 disease cost calculation, they were not included in the official reports for 2015 or 2020. Additionally, a direct statistical comparison analysis of osteoarthritis-related costs between countries was not performed due to substantial differences in data collection methodologies and healthcare systems. Data were analyzed descriptively, focusing on cost trends over time and subgroup differences. No ethical approval was required for this study, as only aggregated and anonymized data from public sources were used. Data analysis and graphical representations were conducted using GraphPad Prism (Version 9.3.1).



3 Results

The five diagnostic groups that contributed most significantly to direct disease costs in Germany in both 2015 and 2020 were C00-D48 ‘Neoplasms, ‘F00-F99 ‘Mental and Behavioral Disorders’, I00-I99 ‘Diseases of the Circulatory System’, K00-K93 ‘Diseases of the Digestive System’, and M00-M99 ‘Diseases of the Musculoskeletal System and Connective Tissue’. The latter accounted for 10% of total direct disease costs in Germany in 2020 (8).


3.1 Temporal trends in direct costs of musculoskeletal diseases (2002–2020)

The direct disease costs caused by disorders of the ‘Musculoskeletal System and Connective Tissue’ have increased substantially since 2002 (Figure 1). Within this diagnostic group, dorsopathies and osteoarthritis consistently ranked among the leading contributors to healthcare costs. In 2020, each of these two cost-intensive diagnoses accounted for more than €10 billion in direct expenses, whereas the other diagnostic groups remained below €5 billion. Osteoarthritis incurred the highest direct healthcare costs in 2020, rising from €8.6 billion in 2015 to €12.1 billion in 2020 – an increase of 41%.
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FIGURE 1
 Direct disease costs associated with the ICD-10 diagnostic group ‘Diseases of the Musculoskeletal System and Connective Tissue’ in Germany from 2002 to 2020 (8).




3.2 Age- and sex-specific trends in OA-related costs over time

While costs remained largely stable and showed overall an absolute decline in age groups under 45 years, a marked increase was observed in the oldest age cohorts. Specifically, between 2015 and 2020, costs increased by 17% in the 45–65 age group, by 32% in the 65–85 age group, and by a striking 99% among individuals aged 85 years and older (8).

Figure 2 illustrates the progression of direct healthcare costs of OA associated with osteoarthritis from 2002 to 2020, stratified by age for both sexes: In patients aged 45 and older, costs rose for both sexes, with women continuously exceeding men. Among those aged 85 and older, costs increased from €952 million (women) and €148 million (men) in 2002 to €2.92 billion (women) and €618 million (men) in 2020. Gender differences in younger age groups (<45 years) were comparatively small and stable.

[image: Two line graphs depict the direct healthcare costs of osteoarthritis in Germany from 2002 to 2020, divided by age groups. Graph (a) shows costs in billions of euros, with ages 65 to under 85 years and ages 85 years and older incurring the highest costs. Graph (b) highlights the same trend, starting at lower cost levels. The age group 65 to under 85 years consistently incurs the highest costs, with a significant rise from 2015 onward.]

FIGURE 2
 Trends in direct healthcare costs of osteoarthritis (ICD-10 M15-M19) in Germany from 2002 to 2020, stratified by sex and age group: women (a) and men (b) (8).




3.3 Temporal shifts in OA cost distribution across healthcare sectors


3.3.1 Inpatient and semi-inpatient health care facilities

The cost development in inpatient/semi-inpatient healthcare facilities is depicted in Figure 3, showing an increase in disease-related expenditures by 32%, from €5 billion in 2015 to €6.6 billion in 2020. All three analyzed categories – hospitals, preventive/rehabilitation facilities, and inpatient/semi-inpatient nursing care – exhibited a substantial rise in costs from 2002 to 2020. In 2020, hospitals accounted for the highest expenses, totaling €3.5 billion, which corresponded to 52% of the total direct osteoarthritis-related disease costs in inpatient/semi-inpatient healthcare settings. Particularly noteworthy is the sharp increase in expenditures for inpatient/semi-inpatient nursing care, which nearly doubled from €1 billion in 2015 to €1.9 billion in 2020 (see Figure 3).
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FIGURE 3
 Direct healthcare costs of osteoarthritis in Germany attributable to inpatient and semi-inpatient healthcare facilities, categorized into ‘Hospitals’, ‘Preventive/Rehabilitation facilities’ and ‘Inpatient/semi-inpatient nursing’ (8).




3.3.2 Outpatient health care facilities

In outpatient health care facilities direct OA costs reached €3.3 billion in 2020, representing a 30% increase compared to 2015 (see Figure 4). The sector-specific analysis reveals significant differences in cost development. The most pronounced increase was observed in outpatient nursing, where expenditures rose from €952 million in 2015 to €1.76 billion in 2020, accounting for 52.7% of total outpatient direct healthcare costs in that year. In contrast, expenditures for ‘offices of ther medical professions’ (e.g., physiotherapy, occupational therapy) showed more moderate growth, increasing from €417 million in 2015 to €566 million in 2020 (+36%). Conversely, costs declined in several areas, including ‘pharmacies’ (from €490 million to €457 million), ‘health trade professions/ health retail’ (from €460 million to €407 million) and ‘offices of physicians’ (from €257 million to €155 million).
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FIGURE 4
 Direct healthcare costs of osteoarthritis in Germany attributable to outpatient care facilities in 2015 and 2020 (8).





3.4 Sex-specific OA cost distribution across care sectors in 2020

Of the total €12.1 billion in direct OA-related healthcare costs in 2020, 55% (€6.6 billion) were attributable to inpatient and semi-inpatient facilities, while 28% (€3.4 billion) were associated with outpatient care facilities (see Figure 5). Outpatient nursing services accounted for the largest share of outpatient costs at €1.8 billion. Consequently, expenditures for inpatient and semi-inpatient care were nearly twice as high as those for outpatient care. The combined costs of outpatient and inpatient/semi-inpatient nursing care service amounted to €3.6 billion, representing 30% of the total direct osteoarthritis-related healthcare expenditures.
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FIGURE 5
 Relative proportion of direct healthcare costs of osteoarthritis in Germany (2020) by facility type (inpatient, outpatient care, and other healthcare facilities) in relation to total direct costs, overall (a) and by sex: women (b), men (c) (8).


Female patients accounted for 70% of the total costs (€8.4 billion), while male patients contributed for 30%. Relative to their respective total costs, men incurred significantly higher expenditures in hospitals (40% vs. 25% for women) and preventive care/rehabilitation facilities (14% vs. 9% for women). In contrast, women generated higher costs in outpatient nursing (17% vs. 8% for men) and inpatient/semi-inpatient nursing (19% vs. 8% for men).




4 Discussion

OA represents a growing public health and economic challenge. This study provides the first long-term analysis of direct OA-related healthcare expenditures in Germany using official national data. Between 2002 and 2020, these costs increased by nearly 65%, reaching €12.1 billion in 2020. For comparison, in 2020 diabetes mellitus (ICD-10: E10-E14) accounted for €7.4 billion, depressive disorders (F32-F34) for €9.5 billion, and cardiac insufficiency (I50) for €7.4 billion in direct disease-related healthcare costs in Germany (10). This sharp rise of OA costs reflects demographic aging but also points to limitations in the effectiveness and structure of current OA care strategies.

Musculoskeletal and connective tissue disorders rank among the five most cost-intensive ICD-10 diagnostic groups in Germany based on direct healthcare expenditures, with OA accounting for the highest direct disease-specific costs in this group. This reflects not only the clinical significance of OA, but also its economic impact on the German healthcare system. The majority of total direct osteoarthritis-related costs are attributable to inpatient care facilities, with a significant cost increase observed between 2015 and 2020. Hospital-related expenditures contributed to this trend, even though OA hospitalization numbers increased only slightly between 2015 (416,008 cases), 2018 (418,272 cases), and 2019 (425,763 cases), while the average length of hospital stay for OA declined (2015, 9.8 days, 2019, 8.7 days) (11). This may indicate a higher proportion of patients with complex needs requiring more resource-intensive care within hospitals. A substantial post-pandemic rebound followed, with 470,644 OA hospital admissions recorded in 2023 (11), which will need to be evaluated in future disease cost analyses that include OA-related expenditures beyond 2020. Notably, observed expenditures for inpatient and semi-inpatient nursing care surged by 98%, emerging as the primary driver of the observed cost increase in inpatient and semi-inpatient settings between 2015 and 2020. Additionally, more than half of OA-related outpatient expenditures were attributable to nursing services, which rose by 85% over the same period. Even when accounting for structural policy reforms – such as the 2019 Nursing Staff Strengthening Act (Pflegepersonal-Stärkungsgesetz, PpSG), which likely contributed to rising nursing care costs through mandatory staffing improvements and wage adjustments – the magnitude of the increase indicates a growing demand for long-term care (12), particularly challenging in an aging society. The pronounced rise in OA-related expenditures among adults aged ≥65, and particularly in those aged ≥85, between 2015 and 2020 – especially with regard to OA-related nursing costs – is likely multifactorial. Demographic ageing in Germany has increased the absolute number of older OA patients, as evidenced by rising number of geriatric hospitalized OA patients (10) who often present with greater multimorbidity, frailty, and functional impairment. These factors not only elevate the intensity and complexity of care, but also extend recovery times, resulting in higher cumulative costs. Moreover, multimorbidity in older patients can constitute a contraindication to joint arthroplasty, further leading to a higher reliance on conservative management, geriatric rehabilitation, and long-term nursing care – all of which have experienced increasing unit costs. Rising expectations for mobility and quality of life in older adults may further contribute to rising demand for OA-related medical and rehabilitative services. Taken together, the observed increase in nursing expenditures may, at least in part, reflect the limited effectiveness of current treatment strategies in preventing care dependency, underscoring the urgent need for novel, personalized, and interdisciplinary approaches to OA care. Thus, OA is not only a growing economic burden but also a pressing challenge for long-term care systems, especially in light of the ongoing shortage of qualified nursing staff in Germany (13).

In contrast, costs for pharmacies and physicians declined between 2015 and 2020. This may reflect increased use of generics (14), and concurrent shift toward non-medical services, with greater emphasis on rehabilitation and prevention, as suggested by previous studies (15). Postoperative recovery may also last longer in older patients, further contributing to these costs (16).

Furthermore, findings from this study reveal marked sex-specific differences in OA-related cost distribution across care sectors, with women accounting for 70% of total costs in 2020 associated with higher OA prevalence in women. The 12-month prevalence of osteoarthritis in Germany was determined in 2014/15 to be 21.8% for women and 13.9% for men, irrespective of age (10). Moreover, the higher prevalence of osteoarthritis in women compared to men within the geriatric OA population, reflected in the higher hospitalization rates of women aged ≥65 and ≥85 with OA compared to men, likely contributes to comparatively higher nursing care expenditures among female patients (10). In addition, differences in OA pathophysiology, sex-related health-seeking behavior, and patterns of care utilization between sexes may contribute to the observed cost variations across different health care sectors. However, these explanations remain speculative, as the data of this study do not allow a clear causal attribution of the incurred costs. Nonetheless, our findings underscore the importance of incorporating gender-sensitive approaches in osteoarthritis research, therapeutic development, and healthcare planning.

The economic burden of direct osteoarthritis-related healthcare costs is further exacerbated by its substantial indirect costs, primarily due to disability, productivity losses and early retirement (17). OA related indirect costs due incapacity for work, disability, and mortality were lastly reported for osteoarthritis in the national disease cost calculation in 2008 and therefore not further analyzed in this study. However, as early as 2008, in Germany osteoarthritis accounted already for the loss of 39 out of 1,000 potential work years due to temporary work disability and an additional 30 work years due to permanent disability (18).

Germany’s direct medical costs for OA, as analyzed in this study, are substantial even in an international comparison. Other European countries report lower absolute expenditures. A recent Italian analysis estimated roughly €2.5 billion annual direct OA costs for ~3.9 million OA patients (19). Based on the total number of OA patients, direct healthcare costs in 2017 amounted to about €1.04 billion in Sweden and about 0.72 billion in Norway (20). Direct cost data from the UK indicate that, even as early as 2012, OA-related interventions accounted for £896 million annually (€1.10 billion, exchange rate 2012: £1 ≈ €1.23) (21). In 2015, total U. S. OA related costs were estimated at $193.9 billion (€174.51 billion, exchange rate 2015: 1 US$ ≈ €0.90), based on a 10.5% prevalence of affected individuals in the population (22). Recent data from Australia show direct OA costs in 2015 estimated at AU$2.1 billion reflecting its smaller population, with a forecast for 2030 exceeding AU$2.9 billion (€1.43 billion and €1.97 billion, exchange rate 2015 of 1 AU$ ≈ €0.68) (23). Differences in OA-related cost estimates across countries likely reflect a combination of factors, including variations in healthcare system structures, reimbursement mechanisms, coding practices, cost accounting methods, and population demographics. In Germany, the comparatively high expenditures may be partly attributed to the structural predominance of inpatient care. With nearly twice as many hospital beds per capita as the OECD average and consistently high hospitalization rates – particularly among older adults – Germany exhibits a systemic tendency toward inpatient care (24, 25). Across different health systems – whether in Europe, North America, or Australia – OA poses a consistently heavy economic burden, both in absolute costs and as a proportion of national health expenditures. This international perspective further highlights that urgent strategies are needed to mitigate the increasing burden of OA, a challenge further exacerbated by the still insufficiently understood pathogenesis, which hampers the development of causal therapies and limits current treatment options to symptomatic relief.

Biochemical inflammatory and molecular processes play a critical role in the onset and progression of osteoarthritis (26, 27). A causal pharmacological therapy targeting these OA underlying mechanisms could reduce osteoarthritis risk in aging populations and lower mid and long-term healthcare costs compared to symptomatic treatments. Until such therapies with disease-modifying osteoarthritis drugs (DMOADs) become available, multidisciplinary prevention and care strategies remain essential. Structured physical activity, multimodal pain management, weight control, and adherence to a Mediterranean diet show proven benefits (28–30). Given the heterogeneous nature of osteoarthritis, patient- specific interventions are required.

Despite guideline recommendations, physiotherapy remains underused. Expanded access to qualified physiotherapists and structured self-management programs could help reduce care dependency. Mediterranean dietary pattern exerts beneficial effects on osteoarthritis incidence and symptom severity, which is only partially explained by its impact on BMI (28, 30, 31), highlighting its potential role in both prevention and treatment. Thus, integrating dietary counseling and nutritional support into OA management – potentially via digital or group-based formats – may offer scalable preventive benefits. Additionally, sex-specific research and care planning could enable optimized and gender-sensitive OA treatment strategies, potentially reducing the disproportionate burden observed among women.

Public awareness campaigns and caregiver education could further delay loss of function in high-risk OA patients. Digital health applications (DiGAs) may serve as valuable tools for patient engagement, monitoring, and continuity of care (32), particularly when embedded in reimbursed care pathways. Embedding conservative OA treatments into structured care models – including home care, rehabilitation, and nursing home settings – could enhance tertiary prevention by maintaining mobility and autonomy. Implementing these approaches will require adjusted reimbursement models that strengthen incentives for outpatient prevention and improve compensation in geriatric care – in order to counteract the nursing staff shortage. We propose the establishment of specialized OA centers that integrate medical, rehabilitative, nutritional, and digital services to deliver individualized, multidisciplinary care across sectors. To strengthen long-term system integration, we further recommend evaluating the potential of embedding OA-specific care strategies into national chronic disease management frameworks. Although osteoarthritis is not currently included in Germany’s Disease Management Programs (DMPs), our findings suggest that its inclusion could be beneficial in light of the disease’s growing societal and economic burden.

Several limitations must be considered when interpreting the findings of this study. However, these limitations do not compromise the study’s central findings. This study relies on data from the German Federal Statistical Office, which uses a top-down cost-of-illness approach. Since the dataset consists of administrative, aggregated healthcare cost estimates without access to individual-level data, statistical analyses such as confidence intervals or p-values could not be calculated. Consequently, while the observed differences and trends in OA-related costs across time, age groups, and sexes appear substantial, they should be interpreted descriptively. Disease cost data are only published for selected reporting years (2002, 2004, 2006, 2008, 2015, and 2020). A more detailed year-by-year trend analysis was therefore not feasible and was deliberately avoided to maintain methodological accuracy. As of July 2025, no updated disease cost data beyond 2020 are available. This limits long-term projections but does not affect the internal consistency of the current analysis. Our analysis is based on aggregate OA-related costs, which reflect both disease-specific care demands and broader systemic cost drivers; the dataset does not permit a clear causal disentanglement of these factors. Although preliminary dataset evaluations ensured internal comparability across years, methodological inconsistencies – particularly in the recording of expenditures for “offices of physicians” and “pharmacies” – may have introduced bias when comparing data across time points. The annually adjusted DRG system remained largely unchanged between 2015 and 2020, suggesting a minimal impact on cost development. In contrast, the annual adjustment of regional and national base case values, which increased by 3.8% in 2020 compared to the previous year (33), represents a relevant cost driver. Finally, potential confounding effects from the COVID-19 pandemic must be considered, although the disease cost database reflects primary diagnoses only, while COVID-19 was classified as a secondary diagnosis according to WHO coding guideline. Nevertheless, pandemic-related effects, such as the reduction in osteoarthritis treatment cases in 2020, may have influenced costs and triggered a compensatory post-pandemic increase. This requires further evaluation in subsequent disease cost assessments.

In conclusion, this study demonstrates that osteoarthritis represents a major and escalating economic challenge for the German healthcare system, driven primarily by demographic aging and the increasing demand for inpatient and nursing care services. Future healthcare planning must prioritize and support the implementation of OA-specific prevention strategies, gender-sensitive and personalized conservative treatments, and better integration of OA management into geriatric, rehabilitative, and outpatient care frameworks. Embedding OA care into structured, community-based programs and leveraging digital health technologies could help reducing long-term care dependency and improve cost-efficiency. To ensure the sustainability of healthcare systems in aging societies, OA must be addressed not merely as a clinical condition, but as a structural challenge – requiring integrated, data-driven, and forward-looking public health strategies.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

HP: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. SG: Formal analysis, Methodology, Software, Writing – original draft, Writing – review & editing, Data curation. BF: Writing – original draft, Writing – review & editing. BM: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Acknowledgments

We express our gratitude to the Federal Statistical Office: of Germany (Destatis) for their valuable guidance and explanations. We also thank Mr. Marc Trettow, Department of Revenue Management, Head of Medical Controlling Division at the University Hospital Schleswig-Holstein, for his insightful comments on the DRG system. Additionally, we acknowledge the Friedrich-Alexander University Erlangen-Nürnberg, where Mr. Platzer completed his master’s thesis in Health Business Administration (MHBA), laying the groundwork for this publication.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations


AU$, Australian Dollar; BMI, Body Mass Index; DIGAS, Digital Health Applications; DMOAD, Disease-Modifying Osteoarthritis Drug; DMP, Disease Management Program; DRG, Diagnosis-Related Groups; GDP, Gross Domestic Product; ICD-10, International Statistical Classification of Diseases and Related Health Problems – Version 10; OA, Osteoarthritis; PpSG, Pflegepersonal-Stärkungsgesetz - Nursing Staff Strengthening Act; WHO, World Health Organisation.




References
	 1. Swiss Federal Statistical Office (2021). Health Expenditures in OECD Countries. Costs and Financing of the Healthcare System (COU); OECD Health Statistics 2023: Ratio of Health Expenditures to Gross Domestic Product. Available online at: https://www.bfs.admin.ch/asset/en/24845913 (Accessed May 21, 2025)
	 2. Federal Statistical Office of Germany (Destatis) (2024). Press Release No. 167 from April 25, 2024. Available online at: https://www.destatis.de/DE/Presse/Pressemitteilungen/2024/04/PD24_167_236.html (Accessed May 5, 2025)
	 3. Litwic,A, Edwards,MH, Dennison,EM, and Cooper,C. Epidemiology and burden of osteoarthritis. Br Med Bull. (2013) 105:185–99. doi: 10.1093/bmb/lds038
	 4. Hunter,DJ, March,L, and Chew,M. Osteoarthritis in 2020 and beyond: a lancet commission. Lancet. (2020) 396:1711–2. doi: 10.1016/S0140-6736(20)32230-3
	 5. Hunter,DJ, and Bierma-Zeinstra,S. Osteoarthritis. Lancet. (2019) 393:1745–59. doi: 10.1016/S0140-6736(19)30417-9
	 6. He,Y, and Wang,W. Global burden of osteoarthritis in adults aged 30 to 44 years, 1990 to 2019: results from the Global Burden of Disease Study 2019. BMC Musculoskelet Disord. (2024) 25:74. doi: 10.1186/s12891-024-07442-w
	 7. Steinmetz,JD, Culbreth,GT, Haile,LM, Rafferty,Q, Lo,J, Fukutaki,KG , et al. Global, regional, and National Burden of osteoarthritis, 1990-2020 and projections to 2050: a systematic analysis for the global burden of disease study 2021. The Lancet Rheumatology. (2023) 5:e508–e22. doi: 10.1016/S2665-9913(23)00163-7
	 8. Federal Statistical Office of Germany (Destatis). Disease Cost Calculation: Disease Costs in Million € for Germany. Breakdown Characteristics: Expenditures, Costs and Financing. Costs of Specific Diseases. Genesis Online Datenbank. (own calculations) (2022). Available online at: https://www.gbe-bund.de/gbe/isgbe.fundstellen?p_uid=gast&p_aid=46505276&p_sprache=E&p_thema_id=19460&p_action=TRT&kategorie=TAB&aktualitaet=0&sortierung=REL (Accessed September 2025).
	 9. Federal Statistical Office of Germany (Destatis). Qualitätsbericht. (2022). Available online at: https://www.destatis.de/DE/Methoden/Qualitaet/Qualitaetsberichte/Gesundheit/krankheitskostenrechnung.pdf?__blob=publicationFile (Accessed May 5, 2025).
	 10. Federal Statistical Office of Germany (Destatis). Disease Cost Calculation.: Disease Costs in Million € for Germany. Breakdown Characteristics: Expenditures, Costs and Financing. Costs of Specific Diseases. Genesis-Online Datenbank. (own calculations). (2022). Available online at: https://www.gbe-bund.de/gbe/isgbe.fundstellen?p_ uid=gast&p_aid=73531746&p_sprache=E&p_thema_id=10200&p_action=TRT#wrap (Accessed May 5, 2025).
	 11. Federal Statistical Office (Destatis). Health Expenditures by Type of Service, Wiesbaden: Federal Statistical Office (2022). Available online at: https://www-genesis.destatis.de/datenbank/online/statistic/23131/table/23131-0002/chart/line/ (Accessed May 5, 2025)
	 12. InEK GmbH. Pflegebudget 2020. (2020). Available online at: https://www.g-drg.de/pflegebudget-2020 (Accessed Febuary 5, 2025)
	 13. Karagiannidis,C, Janssens,U, Kluge,S, Walcher,F, and Marx,G. Intensivstationen: Ein Drittel der Betten ist gesperrt. Dtsch Arztebl International. (2021) 118:8092.
	 14. Blankart,KE, and Vandoros,S. Explaining why increases in generic use outpace decreases in brand name medicine use in multisource markets and the role of regulation. PLoS One. (2024) 19:e0301716. doi: 10.1371/journal.pone.0301716
	 15. Fransen,M, McConnell S, Harmer,AR, Van der Esch,M, Simic,M, and Bennell,KL. Exercise for osteoarthritis of the knee: a Cochrane systematic review. Br J Sports Med (2015) 49:1554–7. doi: 10.1136/bjsports-2015-095424
	 16. Olsen,U, Lindberg,MF, Rose,C, Denison,E, Gay,C, Aamodt,A , et al. Factors correlated with physical function 1 year after Total knee arthroplasty in patients with knee osteoarthritis: a systematic review and Meta-analysis. JAMA Netw Open. (2022) 5:e2219636. doi: 10.1001/jamanetworkopen.2022.19636
	 17. Leifer,VP, Katz,JN, and Losina,E. The burden of Oa-health services and economics. Osteoarthr Cartil. (2022) 30:10–6. doi: 10.1016/j.joca.2021.05.007
	 18. Federal Statistical Office of Germany (Destatis) and Robert Koch Institute (RKI). Lost employment years (in 1,000) for Germany (2020). Available online at: https://www.gbebund.de/gbe/!pkg_olap_tables.prc_set_orientation?p_uid=gast&p_aid=32153896&p_sprache=D&p_help=2&p_indnr=555&p_ansnr=43138757&p_version=9&D.000=1&D.003=3&D.417=2&D.946=2. (Accessed Febuary 5, 2025)
	 19. Colombo,GL, Heiman,F, and Peduto,I. Utilization of healthcare resources in osteoarthritis: a cost of illness analysis based on real-world data in Italy. Ther Clin Risk Manag. (2021) 17:345–56. doi: 10.2147/tcrm.S301005
	 20. Hallberg,S, Rolfson,O, Karppinen,J, Schiøttz-Christensen,B, Stubhaug,A, Grip,ET , et al. Economic burden of osteoarthritis – multi-country estimates of direct and indirect costs from the biscuits study. Scand J Pain. (2023) 23:694–704. doi: 10.1515/sjpain-2023-0015
	 21. Chen,A, Gupte,C, Akhtar,K, Smith,P, and Cobb,J. The global economic cost of osteoarthritis: how the Uk compares. Art. (2012) 2012:698709. doi: 10.1155/2012/698709
	 22. Zhao,X, Shah,D, Gandhi,K, Wei,W, Dwibedi,N, Webster,L , et al. Clinical, humanistic, and economic burden of osteoarthritis among noninstitutionalized adults in the United States. Osteoarthr Cartil. (2019) 27:1618–26. doi: 10.1016/j.joca.2019.07.002
	 23. Ackerman,IN, Pratt,C, Gorelik,A, and Liew,D. Projected burden of osteoarthritis and rheumatoid arthritis in Australia: a population-level analysis. Arthritis Care Res (Hoboken). (2018) 70:877–83. doi: 10.1002/acr.23414
	 24. Brunn,M, Kratz,T, Padget,M, Clément,M-C, and Smyrl,M. Why are there so many hospital beds in Germany? Health Serv Manag Res. (2023) 36:75–81. doi: 10.1177/09514848221080691
	 25. Krause,L, Prütz,F, Starker,A, Du,Y, Sarganas,G, Kuhnert,R , et al. Utilisation of medical Services in Germany and Europe - results of the European health interview survey (Ehis 3, 2018 - 2020). J Health Monit. (2024) 9:e12921. doi: 10.25646/12921
	 26. Felson,DT, Niu,J, Neogi,T, Goggins,J, Nevitt,MC, Roemer,F , et al. Synovitis and the risk of knee osteoarthritis: the Most study. Osteoarthr Cartil. (2015). doi: 10.1016/j.joca.2015.09.013
	 27. van den Bosch,MHJ, Blom,AB, and van der Kraan,PM. Inflammation in osteoarthritis: our view on its presence and involvement in disease development over the years. Osteoarthr Cartil. (2024) 32:355–64. doi: 10.1016/j.joca.2023.12.005
	 28. Buck,AN, Vincent,HK, Newman,CB, Batsis,JA, Abbate,LM, Huffman,KF , et al. Evidence-based dietary practices to improve osteoarthritis symptoms: an umbrella review. Nutrients. (2023) 15. doi: 10.3390/nu15133050
	 29. Xu,C, Marchand,NE, Driban,JB, McAlindon,T, Eaton,CB, and Lu,B. Dietary patterns and progression of knee osteoarthritis: data from the osteoarthritis initiative. Am J Clin Nutr. (2020) 111:667–76. doi: 10.1093/ajcn/nqz333
	 30. Liu,Q, Hebert,JR, Shivappa,N, Guo,J, Tao,K, Zeng,C , et al. Inflammatory potential of diet and risk of incident knee osteoarthritis: a prospective cohort study. Arthritis Res Ther. (2020) 22:209. doi: 10.1186/s13075-020-02302-z
	 31. Xu,C, Liu,T, Driban,JB, McAlindon,T, Eaton,CB, and Lu,B. Dietary patterns and risk of developing knee osteoarthritis: data from the osteoarthritis initiative. Osteoarthr Cartil. (2021) 29:834–40. doi: 10.1016/j.joca.2021.02.571
	 32. Gentili,A, Failla,G, Melnyk,A, Puleo,V, Tanna,GLD, Ricciardi,W , et al. The cost-effectiveness of digital health interventions: a systematic review of the literature. Front Public Health. (2022). doi: 10.3389/fpubh.2022.787135
	 33. BibliomedManager. Die Krise drückt die Preise. (2020). Available online at: https://www.bibliomedmanager.de/fw/artikel/41598-die-krise-drueckt-die-preise (Accessed May 5, 2025)


Copyright
 © 2025 Platzer, Gantz, Färber and Moradi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-13-1627510-g005.jpg
Both sexes

Total=€ 12058 million

Women
Total=€8445 million

Men
Total=€3613 million

Inpatient Care Faci
Bl Hospitals
BB Preventive Care/Rehabilitation Facilities

[ Inpatient’Semi-Inpatient Nursing

Outpatient Care Facilities
I Outpatient Nursing

Bl Health Trade Professions/ Health Retail
[ Pharmacies

I Offices of Other Medical Professions
[ Offices of Physicians

Other Healtheare Facilites

[ Health Protection

B Administration and other Facilities
[ Private Households





OPS/images/fpubh-13-1627510-g003.jpg
£
H
s
¢
o
5
4
2
o
e
8
£
3
3
I
8
g

6

4

24

0

————

&
o

> &
& &
L

T T T T T T T
P FP L PO OR DO > OO A DO
& & SRS
S S S S S S S S S S S

Years

-@ Inpatient/Semi-Inpatient Health Care Facilities

& Hospitals
-k Preventive Care/Rehabilitation Faciliies
¥ Inpatient/Semi-Inpatient Nursing





OPS/images/fpubh-13-1627510-g004.jpg
Direct Healthcare Costs of Osteoarthritis

in Germany in Billons of Euros

0.5

-+ Outpatient Nursing

8- Offices of Physicians

- Offices of Other Medical Professions
& Pharmacies

¥ Health Trade Professions/Health Retail






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Rising direct medical costs of osteoarthritis in Germany from 2002 to 2020: trends, demographic drivers, and public health considerations



		1 Introduction



		2 Materials and methods



		3 Results



		3.1 Temporal trends in direct costs of musculoskeletal diseases (2002–2020)



		3.2 Age- and sex-specific trends in OA-related costs over time



		3.3 Temporal shifts in OA cost distribution across healthcare sectors



		3.3.1 Inpatient and semi-inpatient health care facilities



		3.3.2 Outpatient health care facilities









		3.4 Sex-specific OA cost distribution across care sectors in 2020









		4 Discussion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Abbreviations



		References



















OPS/images/fpubh-13-1627510-g001.jpg
Direct Healthcare Costs in Germany in Billions of Euros

LIRS O

104

MOS-M14 Inflammatory Polyarthropathics
MI5-M19 Arthrosis

M20-M25 Other Joint Disorders

M45-M54 Dorsopathies

M70-M79 Other Soft Tissue Disorders

M80-MS85 Disorders of Bone Density and Structure





OPS/images/fpubh-13-1627510-g002.jpg
4

AT ; AR
FETESE S

o

L I I )
B

< E) < 3

s01n3 J0 SUOIIG Ut AUBWIES Ul

IYLEOBISO) JO SISOD) BIBOUIEH 1080

= Age 15to under 30 years
@ Age 85 years and older

~+ Age 30 to under 45 years
~+ Age 65 to under 85 years

o~ Age under 15 years
¥ Age 45 to under 65 years

Years






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Rising direct medical costs of
osteoarthritis in Germany from
2002 to 2020: trends,
demographic drivers, and public
health considerations












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






