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Abstract
BACKGROUND
Oral treatment of glucosamine (GA) combined with chondroitin sulfate (CS) was reportedly effective for pain relief and function improvement in osteoarthritis patients with moderate to severe knee pain in clinical trials. While the effectiveness of GA and CS on both clinical and radiological findings has been demonstrated, only a few high-quality trials exist. Therefore, controversy regarding their effectiveness in real-world clinical practice remains.

AIM
To investigate the impact of GA + CS on clinical outcomes of patients with knee and hip osteoarthritis in routine clinical practice.

METHODS
A multicenter prospective observational cohort study included 1102 patients of both genders with knee or hip osteoarthritis (Kellgren & Lawrence grades I-III) in 51 clinical centers in the Russian Federation from November 20, 2017, to March 20, 2020, who had started to receive oral capsules of glucosamine hydrochloride 500 mg and CS 400 mg according to the approved patient information leaflet starting from 3 capsules daily for 3 wk, followed by a reduced dosage of 2 capsules daily before study inclusion (minimal recommended treatment duration is 3-6 mo). Changes in subscale scores [Pain, Symptoms, Function, and Quality of Life (QOL)] of the Knee Injury and Osteoarthritis Outcome Score (KOOS)/Hip Disability and Osteoarthritis Outcome Score (HOOS) questionnaires during the observational period (up to 54-64 wk with a total of 4 visits). Patients’ treatment satisfaction, data on the combined oral use of glucosamine hydrochloride and CS, concomitant use of non-steroidal anti-inflammatory drugs (NSAIDs), and adverse events (AEs) were also evaluated.

RESULTS
A total of 1102 patients with knee and hip osteoarthritis were included in the study. The mean patient age was 60.4 years, most patients were women (87.8%), and their average body mass index was 29.49 kg/m2. All subscale scores (Pain, Symptoms, Function, and QOL) of the KOOS and HOOS demonstrated clinically and statistically significant improvements. In patients with knee osteoarthritis, the mean score increases from baseline to the end of Week 64 were 22.87, 20.78, 16.60, and 24.87 on Pain, Symptoms, Physical Function (KOOS-PS), and QOL subscales (P < 0.001 for all), respectively. In patients with hip osteoarthritis, the mean score increases were 22.81, 19.93, 18.77, and 22.71 on Pain, Symptoms, Physical Function (HOOS-PS), and QOL subscales (P < 0.001 for all), respectively. The number of patients using any NSAIDs decreased from 43.1% to 13.5% (P < 0.001) at the end of the observation period. Treatment-related AEs occurred in 2.8% of the patients and mainly included gastrointestinal disorders [25 AEs in 24 (2.2%) patients]. Most patients (78.1%) were satisfied with the treatment.

CONCLUSION
Long-term oral GA + CS was associated with decreased pain, reduced concomitant NSAID therapy, improved joint function and QOL in patients with knee and hip osteoarthritis in routine clinical practice.
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Core Tip: Long-term 64-wk treatment by oral capsules of glucosamine hydrochloride 500 mg and chondroitin sulfate 400 mg three times a day for the first 3 wk, then twice daily, was associated with clinically significant improvements in all subscale scores (Pain, Symptoms, Function, and Quality of Life) of the Knee Injury and Osteoarthritis Outcome Score/Hip Disability and Osteoarthritis Outcome Score and a decreasing number of patients with knee and hip osteoarthritis receiving any non-steroidal anti-inflammatory drugs in real-world clinical practice. Incidence of drug-related adverse events was low, and their nature was consistent with known safety profile of glucosamine hydrochloride and chondroitin sulfate combination.

INTRODUCTION
Osteoarthritis (OA), the most common musculoskeletal disease worldwide, is associated with significant morbidity and mortality[1]. According to the 2017 Global Burden of Disease study, OA is the 12th leading cause of years lived with disability (YLDs) of all ages. YLDs due to OA increased substantially by 31.5% from 2006 to 2016 in the world[2]. This burdensome syndrome has become more common due to the combined effects of the aging population, the increasing proportion of obese individuals worldwide, and the increasing number of joint injuries. By estimate, 250 million people are currently suffering from OA worldwide[3]. In an epidemiological study, approximately 13% of the Russian population over the age of 18 suffered from knee or hip OA[4].
Knee or hip OA is one of the most frequent and burdensome joint diseases, with knee OA being more common than hip OA. The clinical manifestations and symptoms of OA include pain, stiffness and impaired joint function, gradual pain onset, crunching, muscle atrophy, joint deformation, and joint enlargement[5]. By estimate, OA treatment costs in some high-income countries were 1%-2.5% of the gross domestic product, with hip and knee replacements accounting for the major share of such healthcare costs[3].
Management guidelines for OA patients by the Osteoarthritis Research Society International (OARSI) and the European Society for Clinical and Economic Aspects of Osteoporosis, Osteoarthritis, and Musculoskeletal Diseases recommend a combination of non-pharmacological and pharmacological interventions[6,7]. Non-pharmacological options include exercise therapy, walking aids, weight loss, physical therapy, patient education, and self-help programs. Non-steroidal anti-inflammatory drugs (NSAIDs), paracetamol, opioids, duloxetine, intra-articular injections of corticosteroids and hyaluronic acid are the most common medicinal treatment products. Long-term usage of symptomatic slow-acting drugs for OA (SYSADOAs) is also considered a treatment option for symptomatic OA by several medical associations[7-10]. SYSADOAs reportedly had a structure-modifying effect in OA, based on their ability to activate anabolic processes in the cartilage matrix, suppress the activity of lysosomal enzymes, and stimulate chondrocyte function[11]. Regarding structure-modifying effects, standalone therapies of glucosamine (GA) as well as chondroitin sulfate (CS) achieved a statistically significant reduction in joint space narrowing[12].
The SYSADOA class comprises many products (GA, CS, diacerein, and unsaponifiables of soy and avocado oils), with various degrees of clinical efficacy. The most commonly investigated and recommended SYSADOAs are GA, CS, and their combinations. The increase in effectiveness of the combination of GA and CS as compared to each drug alone could be explained by the differences in their mechanisms of action[11]. However, their efficacy in clinical studies remains inconsistent for various reasons[7,13-17]. 
While many randomized controlled trials (RCTs) showed a significant treatment effect and remarkable safety for GA and CS, controversy regarding their relative effectiveness as compared to placebo or other treatments, their cost-effectiveness, and the need for insurance coverage of the cost of the therapy remains[18-20]. A recent meta-analysis[21] demonstrated clinical and radiological effectiveness of GA and CS. However, only a few high-quality trials exist, and the validity of these results was limited by a high risk of bias introduced in the studies[21]. Efficacious GA and CS treatment dosages, regimen of administration and treatment duration to provide symptom- and structure-modifying effects are not well investigated and properly justified[21], which emphasizes the importance of obtaining additional data on the effectiveness and safety of SYSADOA treatment in long-term studies, particularly in real-world clinical practice. The lower satisfaction with effectiveness of medication was strongly associated with treatment adherence[22].
Currently, GA and CS combination have been registered as an over-the-counter medicinal product in some countries (Armenia, Azerbaijan, Belarus, Georgia, Kazakhstan, Kyrgyzstan, Mongolia, Russian Federation, Tajikistan, Turkmenistan, Ukraine, and Uzbekistan). GA and CS combination showed anti-inflammatory, analgesic, and chondroprotective activities in several clinical studies, including randomized studies[23,24]. Data on efficacy and safety of GA and CS combination therapy in routine clinical practice, particularly among patients with knee and hip OA receiving a long-term treatment, are of important practical interest.
This observational study aimed to assess pain dynamics, daily functional activity of joints, quality of life, and treatment satisfaction in patients with knee and hip OA, who received long-term GA and CS combination in routine clinical practice, and to collect data on the characteristics of OA patients receiving GA and CS combination treatment.

MATERIALS AND METHODS
Study design
This multicenter prospective observational cohort study was conducted in 51 clinical centers in the Russian Federation from November 20, 2017, to March 20, 2020. Patients with OA who had been prescribed GA and CS combination by a doctor during routine care or bought the medicine in a pharmacy on their own care were invited to participate in the study. The study planned to enroll no less than 1100 participants with OA (Kellgren & Lawrence stages I-III) in 80 centers, who were treated with GA and CS combination (capsules, 500 mg + 400 mg) for no longer than 2 wk at the time of study enrollment.
Patients used GA and CS combination according to the approved patient information leaflet, starting from 3 capsules daily for 3 wk, followed by a reduced dosage of 2 capsules daily. Theraflex® [capsules, glucosamine hydrochloride 500 mg and CS 400 mg, (GA + CS)] was authorized in Russia in 2008 for treatment of OA (grades I-III).
Inclusion criteria were as follows: patients aged 45-75 years with hip or knee OA of stages I-III according to the Kellgren & Lawrence classification; patient who started GA + CS treatment (capsules, 500 mg + 400 mg) no longer than 2 wk before study enrollment; and patients who personally signed and dated informed consent. For OA of several joints or bilateral knee or hip OA, only one “target” joint, in which the patient experienced the most pronounced pain at the time of study enrollment, was selected for evaluation.
Patients were considered ineligible for the study if: they had participated in any other studies involving interventions other than standard clinical practice; they had hip or knee OA stage 0 or stage IV; they had received GA + CS or other slow-acting drug for symptomatic treatment within the past 5 mo; they had received intra-articular corticosteroid injections within the past 3 mo, or hyaluronic acid injections, and/or intra-articular lower extremity autologous platelet-rich plasma injections within the past 6 mo; and women who were pregnant or breastfeeding.
Observational visits were scheduled based on routine clinical practice and GA + CS prescription by a consulting physician. The study protocol included an initial visit, two follow-up visits (Weeks 16-24 and Weeks 36-44 after GA + CS treatment initiation), and a final visit (Weeks 56-64 after treatment initiation). Once consent was obtained, patient demographics, lifestyle, medical history, and OA grades according to the Kellgren & Lawrence classification were recorded. During all visits, data on GA + CS usage were collected, patients’ basic vital signs and body mass index (BMI) were recorded, a physical examination was performed, and concomitant therapy and adverse events (AEs) were noted. Patients completed the Knee Injury and Osteoarthritis Outcome Score (KOOS) or the Hip Disability and Osteoarthritis Outcome Score (HOOS) questionnaires (depending on selected “target” joint). HOOS is used to evaluate patients' opinions about their hip joint and related problems. This scale is intended for adults with hip joint disability with or without osteoarthritis[25]. KOOS is used to evaluate the opinion of patients about their knee and related problems. It can be used for short-term and long-term monitoring[26]. HOOS and KOOS are widely used questionnaires for patient reported joint-specific assessment of symptoms and functions in subjects with knee/hip injury and osteoarthritis. Both questionnaires are available on-line.
KOOS/HOOS consist of 5 subscales: Pain, other Symptoms, Function in daily living (ADL), Function in sport and recreation (Sport/Rec) and knee/hip related Quality of life (QOL). Standardized answer options are given (5 Likert boxes) and each question gets a score from 0 to 4. Questionnaire scores range from 0 to 100 with a score of 0 indicating the worst possible knee/hip symptoms and 100 indicating no knee/hip symptoms. To simplify the process of completing the questionnaires and reduce the amount of information provided, the subscales “Function in daily living” and “Function in sport and recreation” of the KOOS/HOOS questionnaires were replaced by the KOOS Physical Function (KOOS‑PS) and the HOOS Physical Function (HOOS‑PS) short forms, respectively.
Additionally, during the post-baseline visit, patients were asked to rate their satisfaction with the treatment on a 5‑point scale (very satisfied - 5, satisfied - 4, neither satisfied nor dissatisfied - 3, dissatisfied - 2, very dissatisfied - 1).
An interim analysis after completion of follow-up visits on Week 16–24 by the first 550 enrolled patients was performed during the study. Its main purpose was to investigate changes in pain, functions of daily living, and quality of life in patients with knee and hip OA after the first treatment course with GA + CS. A report on the results of the interim analysis was presented at the European League Against Rheumatism online congress in 2020[23].
This study was approved by the Intercollegiate Ethics Committee of the Russian Federation (protocol number 08/17, dated on September 14, 2017) and by the Bayer Protocol Review Committee (held on June 14, 2017). Patients provided informed consent for data collection before starting any study-related procedures. Study was registered on ClinicalTrials.gov resource before patient enrollment with the study Identifier NCT03330288 on November 6, 2017[27].

Outcomes
Changes in parameters of the KOOS/HOOS subscales were assessed as the primary outcome of the study. Other outcomes, such as patient satisfaction with the study treatment, data on the use of GA + CS, frequency of concomitant use of analgesics and other pain medications, were also evaluated as additional study outcomes.

Data source
Data for the study were collected through clinical interviews with patients and from source documents available at the center. Source documents were original documents, data, and records, which could include laboratory data/information or assessment checklists, pharmacy records, etc. The KOOS/HOOS and treatment satisfaction questionnaires were completed by the patients themselves with touch-screen tablets provided to them.

Statistical analysis
Statistical analysis was performed using SAS 9.4 software package for Windows (SAS Institute Inc., Cary, NC, United States). Since the study was observational, descriptive analysis was used to process the data. All variables were analyzed in a full analysis set (FAS) that included all screened patients who received at least one dose of GA + CS and who had data to evaluate at least one efficacy and/or safety parameter. Categorical data were expressed as absolute numbers and percentages, and continuous data were expressed as mean values with standard deviations or 95% Wald confidence intervals (CI). The Student’s paired t-test and the Bonferroni–Holm correction for P value were used in the analysis of the dynamics of KOOS and HOOS scales. The null hypothesis was tested: no changes on the visits. According to the results of testing, the hypothesis is rejected on all visits. The analysis of treatment satisfaction was carried out using median values and 25 and 75 quantiles.

RESULTS
Patient characteristics
A total of 1111 participants were screened over the course of the study, of which 1102 participants were enrolled. The study group included male and female patients aged 45-75 years with knee (824 participants) or hip (278 participants) OA.
A total of 38 patients (3.4%) discontinued the study prematurely. The main reason was loss of contact with patient (33 patients), the remaining 5 patients discontinued participation by withdrawal of consent due to treatment switch to another SYSADOA, planned hip arthroplasty, or patient inability to visit the study center. A total of 1102 patients received at least one dose of GA + CS and were included in the FAS population for efficacy and safety analysis. Among these patients, 97.1% completed the visit for Weeks 16-24, and 96.6% completed visits for Weeks 36-44 and Weeks 56-64 (Figure 1).
Patient demographics and baseline characteristics were summarized in Table 1. Most patients (74.8%) had knee OA. Approximately, 87.8% of patients were women, 99.6% were Caucasians, and their mean age was 60.4 years. Notably, the average BMI of patients was 29.49 kg/m2, and most patients were obese or overweight.
At study enrollment, data on concomitant diseases were collected. The most common diseases were cardiovascular diseases (52.6%), metabolic and nutritional disorders (34.3%), and gastrointestinal disorders (22.1%). Hypertension (44.6%), obesity (23.2%), chronic gastritis (15.6%), varicose veins (9.3%), and type 2 diabetes mellitus (8.4%) were most often reported. Treatment of concomitant diseases was the main reason for the prescription of concomitant therapy during the observation period. At least one concomitant treatment was reported by 813 (73.8%) patients, the most commonly used concomitant medications were selective beta‑adrenergic blockers, angiotensin-converting enzyme inhibitors, and angiotensin II receptor blockers (in 19%, 13.9% and 12.9% of patients, respectively).

Changes in the KOOS scale
According to the KOOS questionnaire, patients with knee OA noted a significant improvement during the observation period. The mean score increases from baseline to the end of Week 64 were 22.87 (95%CI: 21.56–24.18), 20.78 (95%CI: 19.43–22.13), 16.60 (95%CI: 15.59-17.61), and 24.87 (95%CI: 23.41–26.34) on Pain, Symptoms, Physical Function (KOOS-PS), and Quality of Life subscales, respectively, (P < 0.001 for all). Notably, for all KOOS subscales, the largest score increases were achieved by Week 16-24 (observation for 4-6 mo), and the achieved effects further remained at the mean values for all subscales with a tendency to increase (P < 0.001 for all) (Table 2, Figure 2).
The most important questions (pain frequency and knee stiffness) of the KOOS questionnaire were analyzed separately. By the end of the 64-week observation period, the percentage of patients who reported pain frequency as “daily” or “always” decreased from 62.7% to 12.9% (Figure 3A). The percentage of patients who reported knee stiffness in the morning as “moderate”, “severe” or “extremely severe” decreased from 55.3% to 18.1%, and the percentage of patients with knee joint stiffness in the evening decreased from 60.9% to 18.6%. A significant improvement of quality of life was observed. According to answers to the question of how much the patient’s life was complicated by knee joint problems, the percentages of patients reported “not at all” and “slightly” increased from 1.9% to 28.7%, and from 19.5% to 38.5%, respectively, while the percentages of patients with “moderate”, “severe, and “extremely severe” decreased from 47.0% to 27.0%, 27.7% to 4.8%, and 3.9% to 1.0%, respectively.

Changes in the HOOS scale
Patients with hip OA showed positive dynamics in all HOOS subscales during the observation period. The mean increases from baseline to the end of Week 64 were 22.81 (95%CI: 20.47–25.16), 19.93 (95%CI: 17.49–22.36), 18.77 (95%CI: 16.61–20.93), and 22.71 (95%CI: 20.14–25.28) on Pain, Symptoms, Physical Function (HOOS-PS), and Quality of Life subscales, respectively. Similar to changes in the KOOS scale, the highest score increases in the HOOS subscales were achieved by Week 16–24 with a tendency to increase during further follow-up (P < 0.001 for all) (Table 3, Figure 4).
Similar to patients with knee OA, the percentage of subjects with less frequent and less severe symptoms, problems, or difficulties in the specified joint during the observation period increased among patients with hip OA. By the end of the 64-week follow-up, the percentage of patients with “daily” or “always” pain frequency decreased from 64.7% to 13.7% (Figure 3B), and those of patients with “moderate”, “severe”, or “extremely severe” morning hip stiffness and evening knee stiffness decreased from 55.4% to 15.9%, and from 61.9% to 17.0%, respectively. The percentages of patients who answered “not at all” and “slightly” in response to the HOOS question on complications due to hip joint problems increased from 1.8% to 23.7%, and from 22.7% to 41.5%, respectively, while the percentages of patients with “moderate”, “severe”, and “extremely severe” complications decreased from 46.4% to 28.1%, 25.5% to 4.8%, and 3.6% to 1.9%, respectively.

Duration of GA + CS usage 
During the observation period, most patients (749/1102, 68%) were treated with GA + CS capsules for more than 6 mo. Treatment duration was 3-6 mo for 261 patients (23.7%), 1-3 mo for 78 patients (7.1%), and less than 1 mo for 14 patients (1.3%). A total of 1006 (91.3%) patients complied with the recommendations for the use of GA + CS.

Patient satisfaction with treatment
The patient satisfaction response rates of “satisfied” or “very satisfied” on Visits 2, 3, and 4 were 78%, 79.9%, and 78.1%, respectively. Notably, over the visits, the proportion of patients who gave a rating of “very satisfied” tended to increase. In this regard, at Visit 2, 218/1070 (20.4%) patients rated treatment satisfaction as “very satisfied”. This rating was given by 261/1065 (24.5%) patients and 312/1064 (29.3%) patients at Visits 3 and 4, respectively. The results of patients with knee OA and hip OA were generally comparable.

Concomitant analgesics therapy 
At the end of each patient’s observation period, the investigators were asked for their opinion on the need for concomitant analgesic therapy for patients during the study. According to the data at the initiation of GA + CS treatment, 200/1102 patients (18.1%) with knee or hip OA received regular NSAID/analgesic therapy, and 276 patients (25.0%) received analgesic therapy episodically. For the majority of these cases, oral treatment was used (375 patients). However, some patients required only topical anti-inflammatory products (45 patients) or a combination of topical and oral analgesics (56 patients).
At the end of the study, the number of patients using any types of analgesics or NSAIDs decreased from 43.6% to 12.68% (P < 0.001) in the knee OA group, and from 44.36% to 10.58% (P < 0.001) in the hip OA group (Figure 5). The majority of patients [953/1102 (86.5%) patients] did not require analgesic therapy by NSAIDs at the end of follow-up, showing significant reduction in the need of concomitant NSAIDs or analgesics therapy. Notably, a decrease in the need for the use of topical and oral analgesic therapy was observed in both knee OA and hip OA groups (P < 0.001 for both) (Figure 5).

Adverse events
During the study, 307 AEs were reported in 190 (17.2%) participants. The most common AEs for system‑organ classes of MedDRA were: “Musculoskeletal and connective tissue disorders” (5.3%), “Gastrointestinal disorders” (4.7%), and “Infections and infestations”4.4%). The most common AEs by the Preferred Term included OA (worsening of the main diagnosis) (1.2%), upper abdominal pain (1.3%), upper respiratory tract infections (2.3%), and headache (1.3%). In most patients, AEs were mild [108 patients (9.8%)] or moderate [78 patients (7.1%)].
AEs considered by the investigators as “related to the study product” were reported for 31 (2.8%) patients (a total of 33 AEs) and mainly included gastrointestinal disorders [25 AEs in 24 (2.2%) patients]. The most common AE was upper abdominal pain [12 (1.1%) patients].
The dosage of GA + CS was reduced in 7 (0.6%) patients due to AEs (upper abdominal pain, diarrhea, dyspepsia, flatulence, stomach upset, hypothyroidism secondary to diffuse nodular goiter, and hyperuricemia). In 19 (1.7%) patients, AEs led to the cancellation of therapy with GA + CS. The most common cause was gastrointestinal disorders [12 (1.1%) patients]. Additionally, AEs, such as myalgia, cerebrovascular disorder, hypertension, essential hypertension, angina pectoris, peripheral edema, and hip arthroplasty were recorded.
Serious AEs (SAEs) were reported in 14 (1.3%) patients, including atrial fibrillation (2 patients), cholecystectomy, coronary bypass, hip arthroplasty, knee arthroplasty, hemorrhoids, ischemic thrombotic stroke, radicular pain syndrome, cholelithiasis, foot fracture, and myositis (one patient for each SAE). Additionally, one patient had several cardiac-related SAEs (atrial fibrillation, angina pectoris, chronic heart failure, ischemic cardiomyopathy, myocardial ischemia, and tachycardia) and another patient had gastrointestinal disorders (gastric ulcer and gastric ulcer bleeding, which was fatal). None of the SAEs were considered “related to the study product” by the investigator.

DISCUSSION
OA of knee and hip joints is one of the most common l causes of disability and chronic pain worldwide. OA also implies significant medical and social costs, both directly due to treatment and indirectly because of reduced productivity and early retirement[3]. 
The main objectives of OA medication treatment are to alleviate pain, support quality of life, and maintain functional independence. Additionally, patients and doctors are concerned about possible adverse events caused by long-term use of NSAIDs[28,29]. The meta-analysis of the preferences of OA patients demonstrated, that patients evaluate side effects in the first place, when choosing medications, and the effectiveness of treatment significantly less affects the choice of therapy[29].
The meta-analysis of the preferences of OA patients demonstrated, that patients evaluate side effects in the first place, when choosing medications, and the effectiveness of treatment significantly less affects the choice of therapy[29].
SYSADOAs, including the combination of GA and CS, have been observed as effective and safe. SYSADOAs exert a delayed effect that persists after they are discontinued. These drugs have a symptomatic effect and could potentially slow down OA progression by influencing several pathways in the pathogenesis of the disease[30]. The effectiveness of GA or CS as monotherapies has been confirmed by several studies, which provided the prerequisites for the combination therapy[31,32]. In an experimental model, the combination of GA and CS increased the production of glycosaminoglycans in chondrocytes by 96.6% as compared to a 32% increase with the administration of each agent alone[33].
One of the most recent RCTs showed that combination of GA and CS was non-inferior to celecoxib in terms of reduction of pain, stiffness, and functional limitation after 6 mo in patients with painful knee OA, with a good safety profile[14]. In contrast, there are studies demonstrating inconsistent effects of GA and CS for OA treatment. For example, one of the largest studies [Glucosamine/Chondroitin Arthritis Intervention Trial (GAIT)] showed no difference among the response rates, following the criteria recommended by OARSI, of CS alone, GA alone, and their combination in all OA patients[34]. However, a potentially high clinical efficacy was demonstrated in patients with moderate to severe knee pain. The proportion of patients whose pain syndrome had decreased by ≥ 20% by Week 24 was higher in the combination therapy group than in the placebo group (79.2% vs 54.3%, P = 0.002)[34]. Notably, a significant effect was demonstrated for the combination treatment, but not for the monotherapy of GA or CS[34]. The safety of GA and CS in OA has also been confirmed in a recent meta-analysis[35].
The aim of this prospective multicenter observational cohort study was to assess changes in pain, functions of daily living, and quality of life in patients with knee and hip OA who received long-term treatment with GA + CS (capsules, 500 mg + 400 mg) in a real-world clinical setting, using the KOOS and HOOS questionnaires. We consider that the initial characteristics of patients and the treatment results are consistent with the data accumulated to date on the effectiveness of the drug.
During this real-world clinical study, patients with knee OA and hip OA showed positive dynamics in all subscales of the KOOS and HOOS questionnaires (increases in the mean scores relative to the baseline values) at each visit during the observation period, with the most pronounced changes observed during the visit after the first treatment course of GA + CS (week 16-24). Hereafter, the effect achieved by the therapy was maintained with a tendency to increase during the entire observation period (Visit 3/week 36-44, Visit 4/week 56-64). Importantly, mean score increases in all KOOS subscales exceeded 8–10 points, which were consistent with the Minimal Clinically Significant Change (MCSC) according to Roos et al[36]. For the HOOS questionnaire, the mean score increases across all subscales were also higher than 8–10 points. While the MCSC score for the HOOS questionnaire currently remains under assessment, the results obtained in this study on the HOOS questionnaire could be considered clinically significant according to literature data[37,38]. It’s also worth noting that positive dynamics was observed for each question of the KOOS and HOOS questionnaires. In this regard, the proportion of patients with less frequent and less intense symptoms and difficulties associated with OA increased.
Data on patients’ satisfaction with the long-term treatment also demonstrated beneficial efficacy and safety profile. At the end of the treatment, almost 80% patients with knee or hip OA were “very satisfied” or “satisfied”. Satisfaction with the result of treatment is an important guideline in the choice of therapy tactics. The Guidance for Osteoarthritis by The National Institute for Health and Care Excellence (NICE) says that OA patients may be able to self-manage their condition effectively after getting information and guidance on management strategies. So, healthcare professionals should focus on the person's needs, so there are some situations in which planned follow-up may be necessary[39].
In general, during the observation period, patients showed a decrease in the need for concomitant pain therapy. Initially, 18.1% of the patients received regular analgesic therapy, and 25.0% of the patients received this therapy on demand (episodically). In most cases, systemic oral drug products were taken. By the end of the observation period, most patients (86.5%) did not require analgesic therapy with NSAIDs. This decrease in the need of analgesics over the observation period might be attributed to the overall improvements in functionality and well-being of the joints.
Notably, patients complied with the recommendations for the treatment duration of GA + CS. According to the evaluation results of treatment duration, therapy lasted for more than 6 mo in most patients (68.0%), 3-6 mo in 23.7%, 1-3 mo in 7.1%, and up to 1 mo in 1.3%. Therefore, the majority of patients (91.7%) generally complied with the treatment recommendations given in approved local patient information leaflet (minimal recommended treatment duration is 3-6 mo).
The baseline characteristics of our patients were consistent with the population of patients with knee and hip OA. Most patients (75.1%) had second‑stage OA according to the Kellgren & Lawrence classification. The most frequent comorbidities were primary arterial hypertension (44.6%) and obesity (23.2%).
AEs associated with GA + CS usage were registered only in 31 patients (2.8%), and mainly included gastrointestinal events, which was consistent with available information on the side effects of GA + CS. SAE was reported in 14 (1.3%) patients, which could be explained by the prevalence of older people with many comorbidities in the study population (average patient age: 60.4 years). However, no SAEs were related to GA + CS therapy.
Notably, usage of patient-reported outcomes (KOOS and HOOS questionnaires) is one of the strengths of this study. Patient used touch-screen tablets to report their daily functionality and quality of life during OA treatment. Currently, data regarding patient-reported outcomes in long-term observation of OA patients are lacking.

Limitations
This study had several limitations. First, it was not possible to directly assess the effectiveness of GA + CS, since the study was observational in its nature and did not include a control group. However, long-term follow-up of patients up to 64 wk greatly offsets this limitation and increases value of received real-world data. Additionally, the standard clinical setting implied certain limitations. For example, the inability to control the use of concomitant treatment and the inability to obtain data at all time points, which could adversely affect data interpretation. To simplify the process of completing the questionnaires and reduce the amount of information provided, the subscales “Everyday Life” and “Sports and Health Activities” of KOOS/HOOS questionnaires were replaced by the KOOS-PS and HOOS-PS short forms, respectively. Nonetheless, these scales demonstrated changes in OA symptoms, improvements in functionality of the joints and quality of life, and safety.

CONCLUSION
In the framework of routine clinical practice, after long-term treatment with a fixed combination of GA and CS, a decrease in pain syndrome and significant improvements in the functional state and quality of life of patients were observed. There was a significant reduction in the need for concomitant usage of analgesics. Most patients (approximately 80%) were satisfied with the treatment. The results of this real-world clinical study confirmed the potential benefit of the combination of GA and CS for the treatment of knee and hip OA.
Long-term supplementation with GA and CS combination could be considered a standard pharmacological option on top of non-pharmacological treatment measures during any disease stage. The results of this study were considered during the preparation of national clinical guidelines on the treatment of knee and hip OA in Russia[8,9].

ARTICLE HIGHLIGHTS
Research background
High prevalence of osteoarthritis (OA) forces healthcare professionals to look for efficient and safe long-term treatment options. Combined oral treatment with glucosamine (GA) and chondroitin sulfate (CS) was shown to be efficient for pain relief and function improvement in OA patients with moderate to severe knee pain in clinical trials. There is still need in additional data regarding their effectiveness in routine clinical practice.

Research motivation
Considering high prevalence of OA and its frequent co-existence with concurrent diseases, as well as the absence of proven long-term disease-modifying treatment options, the authors aimed to evaluate the effectiveness and safety of long-term therapy of GA and CS in the framework of real clinical practice. One of the key questions was to assess the effectiveness of this therapy in the treatment of the two most common OA affected joints – knee and hip. It was important to assess the dynamics of OA symptoms, including patients who were using non-steroidal anti-inflammatory drugs (NSAIDs), and assessment of the following need of concomitant analgesic therapy.

Research objectives
The main objective of the study was to evaluate dynamics of pain syndrome, functions of living, quality of life and satisfaction of patient as well as of actual study product utilization by patients with OA for an observation period up to 64 wk. The study was also aimed to evaluate the HCP approach to the treatment and management of patients with OA to understand the place of the combination of GA and CS in their recommendations and formed the basis for the development of clinical practice guidelines.

Research methods
An open-label multicenter non-interventional prospective cohort study enrolled patients with Hip or Knee OA stage I to III who started a treatment with combination of GA and CS to evaluate health status by physical examination and validated patient questionnaires for an observation period up to 64 wk. Patients visited clinical sites up to 4 study visits. During all visits data was collected by Investigators within the routine clinical practice. In addition, during each visit patient reported outcomes were generated, assessing Knee or Hip OA outcome, as well as a simple patient satisfaction questionnaire. Depending on the target joint, one of the questionnaires, either the Knee injury and Osteoarthritis Outcome Score (KOOS) or the Hip Osteoarthritis Outcome Score (HOOS) was used.

Research results
Mean improvement on Pain subscale in patients with knee and hip OA was 22.87 and 22.81 respectively, on the Symptoms subscales – 20.78 and 19.93, on the Physical Function subscale – 16.60 and 18.77, and on the Quality-of-Life subscale – 24.87 and 22.71 from baseline to the end of observation (up to 64 wk). Number of patients using any NSAIDs decreased from 43.1% to 13.5% by the end of the observation period. Treatment-related AEs were reported for 2.8% of patients and mainly included gastrointestinal disorders [25 AEs in 24 (2.2%) patients]. Most patients (78.1%) were satisfied with the treatment. Most patients (91.3%) generally complied with the recommended duration of treatment (not less than 3 mo per year).

Research conclusions
This observational study showed that long-term oral treatment with GA + CS is associated with decrease of pain, improvements of joint function, quality of life and decrease of concomitant usage of NSAIDs in patients with knee and hip OA in routine clinical practice. Treatment with GA + CS combination showed low incidence of drug-related AEs, and high level of patients’ satisfaction with the treatment along with high compliance with long duration of the treatment.

Research perspectives
In the long term perspective, this study will contribute to the enhancement of guidelines for the treatment of OA and improve the long-term outcomes for patients with OA. Authors believe, that application of the results of this study will help to reduce the medicinal load on the patient with analgesics and NSAIDs, which ultimately can reduce the number of concomitant adverse events and increase the safety profile of the therapy.
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Figure Legends
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Figure 1 Study design profile and recruitment of patients. Explanations for the participants excluded from the study were given in the Results section of this manuscript. GAH+CHS: 500 mg glucosamine hydrochloride and 400 mg chondroitin sulfate in one capsule; HOOS: Hip Disability and Osteoarthritis Outcome Score; KOOS: Knee Injury and Osteoarthritis Outcome Score; NSAID: Non-steroidal anti-inflammatory drugs.
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Figure 2 Dynamics of Knee Injury and Osteoarthritis Outcome Score subscale scores. KOOS: Knee Injury and Osteoarthritis Outcome Score.
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Figure 3 Dynamics of pain during the study (analysis of “Pain Frequency” questions in Knee Injury and Osteoarthritis Outcome Score and Hip Disability and Osteoarthritis Outcome Score). A: Knee osteoarthritis; B: Hip osteoarthritis. HOOS: Hip Disability and Osteoarthritis Outcome Score; KOOS: Knee Injury and Osteoarthritis Outcome Score.
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Figure 4 Dynamics of Hip Disability and Osteoarthritis Outcome Score subscale scores. HOOS: Hip Disability and Osteoarthritis Outcome Score.
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Figure 5 The need for concomitant symptomatic therapy with non-steroidal anti-inflammatory drugs for target joints at baseline and at the end of the observation period. NSAID: Non-steroidal anti-inflammatory drugs.

Table 1 Main characteristics of the study population, n (%)
	
	Knee osteoarthritis (N = 824)
	Hip osteoarthritis (N = 278)
	All (N = 1102)

	Age, (yr), mean (SD)
	60.4 (6.9)
	60.3 (7.2)
	60.4 (7.0)

	Gender
	
	
	

	Female
	728 (88.3)
	240 (86.3)
	968 (87.8) 

	Male
	96 (11.7)
	38 (13.7)
	134 (12.2)

	Ethnicity
	
	
	

	Caucasian
	820 (99.5)
	278 (100.0)
	1098 (99.6)

	Black
	1 (0.1)
	0
	1 (0.1)

	Asian
	3 (0.4)
	0
	3 (0.3)

	BMI, mean (SD)
	29.77 (5.5)
	28.66 (5.3)
	29.49 (5.5)

	Scale of stages of osteoarthritis according to Kellgren & Lawrence
	
	
	

	Stage 1
	81 (9.8)
	35 (12.6)
	116 (10.5)

	Stage 2
	617 (74.9)
	211 (75.9)
	828 (75.1)

	Stage 3
	125 (15.2)
	32 (11.5)
	157 (14.2)

	No data available
	1 (0.1)
	‑
	1 (0.1)


BMI: Body mass index.


Table 2 Change in Knee Injury and Osteoarthritis Outcome Score subscale scores (Full analysis set)
	Subscale
	Knee osteoarthritis (n = 824) – KOOS scale
	P valuea

	[bookmark: _Hlk49844551]
	Visit 1, baseline, n = 824
	Visit 2, week 16–24, n = 798
	Visit 3 
week 36–44, n = 794
	Visit 4, week 56–64, n = 794
	Changes from baseline on visit 4
	

	Pain
	61.48 (60.36–62.61)
	79.59 (78.48–80.70)
	82.50 (81.45-83.56)
	84.24 (83.15-85.34)
	22.87 (21.56–24.18)
	< 0.001

	Symptoms
	62.25 (61.02-63.48)
	77.65 (76.46-78.84)
	81.09 (79.97-82.21)
	82.80 (81.66-83.93)
	20.78 (19.43–22.13)
	< 0.001

	Functional activity of the joint
	61.46 (60.73-62.18)
	72.48 (71.63-73.34)
	75.78 (74.86-76.69)
	78.03 (77.06-78.99)
	16.60 (15.59–17.61)
	< 0.001

	Quality of life
	44.99 (43.83-46.16)
	61.40 (60.10-62.69)
	65.91 (64.54-67.27)
	69.92 (68.45-71.39)
	24.87 (23.41–26.34)
	< 0.001


awith Holm–Bonferroni method. Mean data are presented (95%CI). CI: Confidence interval; KOOS: Knee Injury and Osteoarthritis Outcome Score. 



Table 3 Change in Hip disability and Osteoarthritis Outcome Score subscale scores (Full analysis set)
	Subscale
	Hip osteoarthritis (n = 278) – HOOS scale
	P valuea

	
	Visit 1, baseline, n = 278
	Visit 2, week 16–24, n = 272
	Visit 3, week 36–44, n = 271
	Visit 4, week 56–64, n = 270
	Changes from baseline on visit 4
	

	Pain
	60.97 (58.93-63.02)
	76.36 (74.34-78.38)
	80.89 (78.95-82.84)
	83.63 (81.64-85.62)
	22.81 (20.47–25.16)
	< 0.001

	Symptoms
	61.17 (59.08-63.26)
	73.73 (71.62-75.84)
	78.17 (76.21-80.14)
	81.19 (79.21-83.16)
	19.93 (17.49–22.36)
	< 0.001

	Functional activity of the joint
	65.57 (63.62-67.52)
	78.46 (76.72-80.21)
	81.59 (79.93-83.26)
	84.11 (82.45-85.76)
	18.77 (16.61–20.93)
	< 0.001

	Quality of life
	46.79 (44.72-48.85)
	60.75 (58.50-63.01)
	65.41 (63.09-67.72)
	69.33 (66.83-71.82)
	22.71 (20.14–25.28)
	< 0.001


awith Holm–Bonferroni method. Mean data are presented (95%CI). CI: confidence interval; HOOS: Hip disability and Osteoarthritis Outcome Score (HOOS).
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