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Running head 

 Treatment of osteoporosis & osteoarthritis in the oldest old 

 

Key points 

• The numbers of ‘The Oldest Old’ are set to rise over the coming years, and with this the 

burden of osteoporosis and osteoarthritis will expand 

• At present evidence for treatments for osteoporosis and osteoarthritis is lacking in this age 

group (with post-hoc analysis playing a major role in demonstrating fracture risk reduction 

efficacy in anti-osteoporosis medications) and should be the subject of a future research 

agenda, including clinical trials 
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Abstract 
Osteoporosis and osteoarthritis are key diseases of musculoskeletal ageing and are increasing in 

prevalence and burden with the progressively ageing population worldwide. These conditions are thus 

particularly common in ‘the oldest old’ and there are complexities of managing them within the 

context of extensive multimorbidity, physical and mental disability and polypharmacy, the rates for all 

of which are high in this population. 

In this narrative review we explore the epidemiology of osteoporosis and osteoarthritis in the oldest 

old before examining trials and real-world data relating to the pharmacological treatment of these 

diseases in older adults including anti-resorptives and bone-forming agents in osteoporosis and 

Symptomatic Slow-acting Drugs for Osteoarthritis (SYSADOAs), paracetamol and NSAIDs in 

osteoarthritis, recognizing that in most cases the oldest old are excluded from clinical trials. 

We then review the potential benefits of nutritional interventions and exercise therapy before 

highlighting the health economic benefits of interventions for osteoporosis and osteoarthritis. 

In conclusion, the high prevalence of risk factors for both disease and adverse events associated with 

treatment in the oldest old mean that careful attention must be paid to the potential benefits of 

intervention (including fracture risk reduction and improvements in osteoarthritis pain and function) 

against the potentials harms and adverse effects. Further direct evidence relating to such interventions 

is urgently needed from future research.  
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1. Introduction 

Advances in health and social care have led to a global increase in the proportion of individuals 

surviving into older age.  

Osteoarthritis and osteoporosis were previously thought to be mutually exclusive but this relationship 

has been questioned since, and, further research has some shared associations and co-existence[1]. 

Both osteoarthritis and osteoporosis are associated with an increasing prevalence with age and so 

present a particular burden in older adults[2-5]. They cause substantial morbidity for individual 

patients, and substantial financial burden for the health economy at large[6, 7]. 

Ageing is associated with alterations in physiology which alter the presentation of diseases and the 

physiological capacity to respond to interventions. Age-related changes in pharmacokinetics and 

pharmacodynamics are well-established[8], such that a tailored regulatory approach has been 

developed for the assessment of new medications in this age-group[9, 10]. 

Within the cohort of ageing older adults sits a sub-group of ‘the oldest old’[11]. The definition of this 

term is debated, but with the expansion of the ageing population, and the consequent increase in 

diseases of musculoskeletal ageing, there is a clear need for a robust review of interventions for 

osteoarthritis and osteoporosis in this group. In order to address this need, The European Society for 

the Clinical and Health Economic aspects of Osteoporosis, Osteoarthritis and Musculoskeletal 

Disorders (ESCEO) convened an expert working group in February 2024. This group included patients, 

geriatricians, rheumatologists, orthopaedic surgeons, researchers, regulatory experts and health 

economists with oral presentations of the latest literature and discussion to determine a group 

consensus. This is presented in the following narrative review. 

2. Definition of the oldest old population 

The phrase ‘the oldest old’ refers to the oldest subset of older adults and emphasises a group of 

patients which may have substantial differences in pharmacokinetics, higher concurrent levels of co-

morbidity and are often excluded from participating in randomised controlled trials. Chronological age 

cut-off values for this group vary. 

For example, the European Medicines Agency sub-categorises the older adults into 65-74 years for the 

‘young old’, 75-84 years as ‘middle old’ and ≥85 years as ‘oldest old’[12]. The latter is the same as the 

British Geriatrics Society threshold, however, The American Geriatrics Society and World Health 

Organisation set a chronological threshold at ≥80 years[13]. Some individual studies choose a higher 

threshold of ≥90 years[14]. 



6 

 

The term ‘the oldest old’ is sometimes used in conjunction with ‘the fourth age’. Old age classically 

commences at 60-65 years, due to this being a common time for retirement from employment and 

has been referred to as ‘the third age’[15]. The fourth age marks a move into ‘dependence’ and is thus 

used in similar context to ‘the oldest old’[15].  

When considering clinical practice, clinical practice, in some countries, older adults are admitted to a 

geriatric unit at the age of 80 years; however, the age of admission to such services has crept up (from≥ 

75 years) over the last 10 years and may be more due to stretched geriatric healthcare resources, 

rather than a clinically meaningful threshold.  

Indeed, it is arguable that chronological age is limited in its application to the issue at hand, and that 

measures of ‘biological age’[16-18] would be more accurate in identifying individuals who display the 

characteristics which most associate with ‘the oldest old’ (greater morbidity, higher levels of 

dependence, higher risk of death) but without the bias of ‘ageism’, however, measures of biological 

age are not available in clinical practice. 

 It is important to conclude that a universal definition of ‘the oldest old’ is yet to be reached, however, 

in this review we will investigate the literature relating to those (chronologically) aged 80 years and 

above, though focusing on as old an age group as possible (within the confines of the currently 

available evidence). 

 

2.1 Osteoporosis 

The operational definition of osteoporosis rests upon the measurement of bone mineral density (via 

Dual-energy X-ray Absorptiometry (DXA))[19] which varies across the lifecourse, reaching a peak in 

early adulthood during the fourth decade, plateauing in middle life, and then declining from the age 

of 50 years. There is an increase in the incidence of all major fracture types (hip, vertebral, distal radial, 

proximal humerus) with age, with a near exponential increase in hip fracture incidence in men and 

women beyond 75 years[3], and, indeed, the median age for hip fracture is well above 80 years in 

many countries[20]. Although in this study, vertebral fracture incidence was not included above the 

age of 75 years, a similar pattern of increasing incidence is observed for vertebral fractures in other 

studies[21].  

Epidemiological trends for fractures vary according to type of fracture. For example, data from Tottori 

(Japan) demonstrate an exponential increase in the incidence of fractures of the femoral neck and 

trochanter with increasing age, reaching an incidence of 700/100,000 person-years for femoral neck 

fractures and 1700/100,000 person-years for trochanteric fracture in women aged 85-90 years 

between 2004-2006[22]. The incidence is lower in men; approximately 300/100,000 person-years for 
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femoral neck and 600/100,000 person-years for trochanteric fracture over the same period[22]. There 

is variation in the distribution of incidence by age. With trochanteric fractures there is a fairly rapid 

increase from the age of 75 years, and, for fractures of the femoral neck, a more constant, almost 

linear increase in incidence from the age of 65 years[22, 23]. A recent extension of this study has 

demonstrated that the exponential increase in trochanteric fractures continues in the 10th decade of 

life (those aged between 90-100 years) with an incidence of over 2000/100,000 person-years in 

women and approximately 1000/100,000 person-years[23]. Fractures are also associated with 

substantial increases in mortality[24, 25]. 

Concerningly, given the above epidemiology which emphasises the predilection for fractures in the 

oldest old, there is recognised undertreatment for those requiring anti-osteoporosis medication in this 

population[26]. A study from the Newcastle 85+ cohort showed that, of 259 older adults (mean age 

85.5 years, all participants were born in 1921) who were identified as requiring treatment for 

osteoporosis (via fracture risk calculation), only 74 (28.6%) were receiving anti-osteoporosis 

medication[27]. This represents a treatment gap of 71.4%, higher than the UK national average of 66%, 

emphasising the neglect that the oldest old are experiencing when it comes to osteoporosis care[28]. 

The issue of health equity runs deeper than the treatment gap, with a relative paucity of research into 

osteoporosis in older adults, leading to calls for more evidence from the International Conference on 

Frailty and Sarcopenia Research (ICFSR) which is echoed by the authors of this article[29]. 

2.2 Osteoarthritis 

Osteoarthritis is a disease of the joint characterised by reduction of cartilage thickness and is 

associated with pain, loss of function and reduced quality of life. The robust mapping of the 

epidemiology of osteoarthritis is hampered, in part, by variations in disease definitions [30]. 

Osteoarthritis can be defined clinically (by the presence of clinician-elicited signs)[31], radiographically 

(by features on radiograph images)[32] or via patient self-report of prior diagnosis (for example via a 

questionnaire assessment in a cohort study). It is worth considering that the clinical diagnosis of 

osteoarthritis includes measures of pain and discomfort and, given that activity levels are lower in the 

oldest old, the degree of movement-induced pain[33] (or any pain at rest which is precipitated by 

preceding physical activity) may be less, potentially leading to artificially lower rates of diagnosis in this 

population. 

The epidemiology of osteoarthritis was investigated in the 2021 Global Burden of Disease study which 

estimated the global prevalence of osteoarthritis at 595 million (95% uncertainty interval 535–656 

million) or 7.6% (95% UI 6.8–8.4%) of the global population[2]. The prevalence had grown 132% 

(130.3–134.1%) since the year 1990 demonstrating a striking upward trajectory with a projected 
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increase of 60-100% (depending on the site of osteoarthritis) by the year 2050 such that 1 billion 

people will have some form of osteoarthritis[2]. This is supported by the findings of Belgian Primary 

Care Registry study which found steady increases in prevalence in all age groups between the years 

1996 to 2015[34].  

Across the lifecourse, osteoarthritis is more common in women than in men with an age-standardized 

prevalence of 8,059 per 100,000 (95% CI 7251.9, 8867.9) for women and 5,780 per 100,000 (95% CI 

5,217.8, 6,341.2) for men[2]. In terms of the effect of age in this global, osteoarthritis epidemic, the 

prevalence of osteoarthritis (as a whole) steadily increases from the age of 40 years until the age of 80 

years. At this point the prevalence continues to increase, though at a less substantial rate[2]. The age 

distribution for osteoarthritis differs depending on the site, with hip, hand and ‘other’ (e.g. shoulder) 

arthritis increasing constantly from the age of 40 years, but with knee osteoarthritis peaking at the age 

of 80 years and then decreasing thereafter[2]. This distribution was also observed in osteoarthritis 

cases in a UK primary care data base study (in the Clinical Practice Research Datalink (CPRD)) [35]. The 

fact that this was observed in the entire osteoarthritis population may be due to the high prevalence 

of knee osteoarthritis in this study (over twice that of hip osteoarthritis and over three times that of 

hand osteoarthritis), or a reduced rate of presentation or diagnosis in this ‘oldest old’ population or 

the competing nature of morbidity. 

Indeed, an insurance registry study in Canada including nearly 500,000 participants highlighted the 

high level of co-morbidity in those with osteoarthritis, with 29% having hypertension, 20% depression, 

19% Chronic Obstructive Pulmonary Disease (COPD), 10% diabetes and 6% congestive heart 

failure[36]. 

To summarise, osteoarthritis and osteoporosis are frequent in the oldest old and, if the number of 

oldest old individuals increase, the prevalence of these diseases of musculoskeletal ageing will 

increase. The epidemiology of fractures is mapped for age, gender, geography and time, but the secular 

trends of osteoarthritis require further research. Further work is also needed to close the treatment 

gap for osteoporosis in the oldest old. 

3. Osteoporosis interventions 

As is the common theme throughout this paper, there is a paucity of data relating to osteoporosis 

interventions in the oldest old, with the majority of (particularly pivotal) trials neglecting to include 

this population and subsequent reliance on post-hoc analyses (Table 1). There are multiple causes for 

this underrepresentation of oldest old adults in clinical trials [37], including ageism (i.e. discrimination 

towards older subjects)[38]. 
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3.1 Anti-resorptive therapy 

Anti-resorptive medications, which largely inhibit the activity of osteoclasts, are the most commonly 

prescribed for the treatment of osteoporosis and have been widely studied for efficacy and safety, 

though less so in the oldest old age-group. 

The efficacy of alendronate was extensively examined in the Fracture Intervention Trials (FIT), with FIT-

1 demonstrating fracture risk reduction (with 22 hip fractures in the placebo group and 11 in the 

treatment group) in postmenopausal women with a history of radiographic vertebral fracture and DXA-

defined low bone mineral density (femoral neck BMD (FN-BMD) <0.68 g/cm2)[39] and FIT-2 in 

postmenopausal women with DXA-defined low FN-BMD alone (<0.68 g/cm2).  

Women aged 55-80 years were enrolled in FIT-I and randomised to placebo or alendronate (5mg daily 

for 2 years followed by 10mg daily for a further 1-2.5 years)[40, 41]. A post-hoc analysis (of data from 

FIT-1 and FIT-2 for participants with an osteoporotic level of BMD) of the relative risk reduction for 

fracture demonstrated that alendronate reduced the risk of hip fracture by 53% (relative risk (RR) 0.47, 

95% CI 0.27, 0.81, p<0.01), vertebral fracture by 45% (RR 0.55, 95% CI 0.37, 0.83, p<0.01), and distal 

radial fracture by 31% (RR 0.69, 95% CI 0.50, 0.98, p=0.04)[42]. For a composite end point of any hip, 

vertebral or distal radial fracture, alendronate was associated with a significant risk reduction of 40% 

(RR 0.60, 95% CI 0.47, 0.77, p<0.01)[42]. The absolute risk reduction (ARR) of this composite end point 

was examined in age categories which showed increasing absolute risk reduction with increasing age, 

including up to the age of 85 years (ARR 65 per 10,000 person-years for those aged 55 to <65 years; 

161 per 10,000 person-years for those aged 75–85 years) demonstrating the increasing benefit of 

alendronate versus placebo with age in this group (aged 75 to 85 years). The oldest old were not 

included in this study and, in order to examine the efficacy of alendronate in this population, we must 

move to evidence generated from real world data. 

A Swedish database of adults who were 80 years or older and had been referred for falls risk 

assessment was used as a basis for identifying those who had sustained a prior fracture[43]. Those 

taking alendronate were identified (n=1961) and propensity score matching was used to identify a 

control group (n=7844) with incident hip fracture as the primary outcome[43]. The mean age of the 

analysis group was 84.7 years (SD ~4). Cox proportional hazard models demonstrated that alendronate 

therapy was associated with a reduced hazard of hip fracture in unadjusted models (Hazard Ratio (HR) 

0.62, 95% CI 0.49, 0.79, p<0.001) and in those adjusted for confounders (age, sex, weight and height, 

and previous medication (including glucocorticoids and calcium/vitamin D), secondary osteoporosis, 

rheumatoid arthritis, alcohol-related diseases, Charlson comorbidity index, time since fracture, 
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previous vertebral fracture, previous hip fracture, previous hip arthroplasty, number of prior fractures, 

prior falls injury and prior diagnosis of osteoporosis)  (HR 0.66, 95% CI 0.51, 0.86), p<0.01)[43].  

In this group of middle/oldest old adults, alendronate treatment was associated with a reduced risk of 

mortality (HR 0.88, 95% CI 0.82, 0.95) but an increased risk of upper gastrointestinal symptoms (HR 

1.58, 95% CI 1.12, 2.24)[43], the latter being common to all age groups taking conventional, oral 

bisphosphonates[44]. 

The Hip Intervention Program (HIP) study was a 3-year, randomised, placebo-controlled trial of 

risedronate (2.5mg or 5mg daily) which included an arm of women 3886 women aged 80 years or 

more, who had at least one clinical risk factor for fracture or very low FN-BMD (T-score <–4 or T-score 

<–3 plus a hip-axis length of ≥11.1cm)[45]. Although there was a significant reduction in the risk of hip 

fracture from taking risedronate in the other, younger (aged 70-79 years) arm of the study (RR 0.6, 

95% CI 0.4, 0.9, p=0.009), there was no significant reduction in hip fracture incidence in the ≥80 year 

arm with an incidence of 4.2% (82 hip fractures) in those taking risedronate (n=2573) and 5.1% (49 hip 

fractures) in those taking placebo (n=1313) (RR 0.8, 95% CI 0.6, 1.2, p=0.35)[45]. 

The safety and efficacy of risedronate was examined in an analysis of  the oldest old (in this case ≥80 

years) from pooled trial data including HIP[45], Vertebral Efficacy with Risedronate Therapy-

Multinational (VERT-MN)[46] and VERT-North America (NA)[47]. The population was defined as 

women aged ≥80 years with a FN-BMD T-score of <-2.5 or at least one prevalent vertebral fracture, 

with 688 receiving placebo and 704 receiving risedronate (5mg daily). The anti-vertebral fracture 

efficacy of risedronate in this population was confirmed across the 3 years of study (HR 0.56, 95% CI 

0.39, 0.81, p<0.001) but it was particularly striking that the protective effect was observed as early as 

12 months after commencing treatment (HR 0.19, 95% CI 0.08, 0.40, p<0.001)[48]. The same, 

significant protective effect was not observed for non-vertebral fractures. The authors of this pooled 

analysis concluded that risedronate was “well tolerated, with a safety profile comparable with that of 

placebo”[48]. This was even the case for those with baseline active gastrointestinal tract disease and 

those taking NSAIDs, proton pump inhibitors (PPIs) or aspirin. 

Zoledronate, an intravenous bisphosphonate, was explored in the HORIZON trial[49] with a post-hoc 

analysis subsequently performed in a population of postmenopausal women aged ≥75 years with 

either a prevalent hip or vertebral fracture or an osteoporotic level of FN-BMD and were randomised 

to zoledronate (5mg per year) or placebo[50]. Zoledronate significantly protected against any clinical 

fracture as a whole and hip fracture, non-vertebral fracture and clinical vertebral fracture individually 

at both 1 year and 3 years after commencement with the most impressive reduction in risk for clinical 

vertebral fracture at 3 years (HR 0.34, 95% CI 0.21, 0.55, p<0.001)[50]. The efficacy of zoledronate to 
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reduce fracture risk in a group of individuals with a mean age of ~74 years was demonstrated in the 

HORIZON recurrent fracture trial, in which zoledronate was given to patients within 90 days of a low-

trauma hip fracture (resulting in a 35% risk reduction in clinical fracture, 8.6% in the zoledronate group 

and 13.9% in the placebo group, p=0.001)[51]. 

The safety profile reported for those ≥75 years in the HORIZON trial was similar for zoledronate and 

placebo, although adverse events proximal to the infusion (within 3 days of infusion) were more 

common in those receiving zoledronate (placebo vs zoledronate, 25.7% vs 41.5%, p<0.001), as were 

pyrexia (4.0% vs 12.1%, p<0.001), chills (0.6% vs 3.5%, p<0.001), influenza-like illness (2.1% vs 5.2%, 

p<0.001), myalgia (3.1% vs 8.6%, p<0.001) and bone pain (1.5% vs 4.3%, p<0.001)[50]. Interestingly, 

an increased risk of atrial fibrillation requiring hospitalisation[52], whilst observed in younger 

populations, was not observed in the older age group. 

Denosumab, a monoclonal antibody inhibitor of RANK ligand, was examined in the ‘Fracture REduction 

Evaluation of Denosumab in Osteoporosis every 6 Months’ (FREEDOM) trial[53]  with those aged ≥75 

years accounting for only 31.6% of the trial population[54]. A post-hoc analysis focusing on the efficacy 

of the intervention in high-risk populations including women aged 75 years or more (mean age 78.2 

years). The risk reduction for hip fracture in this group was 62% (p<0.01) and was comparable to the 

overall trial population[55]. These post-hoc analyses have demonstrated that adverse effects were 

similar in the older age group compared to the study population as a whole[55], though, in clinical 

practice, it is important to be aware of the increased risk of hypocalcaemia in older adults and those 

with severe renal impairment (creatinine clearance <30 mL/min). Monitoring and appropriate 

replacement of calcium and vitamin D must be ensured in these groups. The risk of rebound vertebral 

fractures following the discontinuation of denosumab, which appears to increase with greater duration 

of treatment[56] may be at least partly mitigated with one or more doses of zoledronate. A further 

post-hoc analysis of the FREEDOM study compared adults above and below a 75 year age threshold 

and found similar vertebral fracture protection for those ≥75 years (RR 0.36, 95% CI 0.25, 0.53) as for 

those <75 years (RR 0.30, 95% CI 0.22, 0.41)[57]. Non-vertebral fracture protection was not significant 

in those ≥75 years (RR 0.84, 95% CI 0.63, 1.12) but was for those <75 years (RR 0.78, 95% CI 0.63, 

0.96)[57]. 

3.2 Bone-forming therapy 

Within the panoply of anti-osteoporosis medications, in addition to the anti-resorptive agents 

discussed above, we have bone-forming, anabolic, bone-remodelling agents which stimulate new 

bone to form. These comprise recombinant parathyroid hormone (PTH) analogues including 

teriparatide and abaloparatide and the anti-sclerostin monoclonal antibody, romosozumab. Network 
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meta-analysis has shown that these bone-forming agents result in greater reduction in the risk of 

fracture than anti-resorptives [58], and that the fracture reducing efficacy of bone-forming agents is 

similar for PTH analogues as for anti-sclerostin agents[59]. 

The Fracture Prevention Trial (FPT) was a randomised, placebo-controlled trial of teriparatide in 

postmenopausal women (aged 42 to 86 years)[60] which demonstrated the BMD gains and fracture 

protection which could be accrued via teriparatide. The data from the FPT have been reviewed in a 

post-hoc analysis to investigate the effect of age with 75 years as the threshold (two groups aged <75 

years (n=841) or ≥75 years (n=244))[61]. Although the power of this study was limited by the low 

number of non-vertebral fractures in the older age group, overall, this study suggested that there 

wasno significant difference in efficacy between the two groups, and no difference in terms of safety 

[61]. 

Abaloparatide differs in structure to teriparatide, sharing 41% of its structure with PTH 1-34 and 76% 

with PTH-related protein 1-34[62] and showed significant efficacy for reducing the risk of vertebral and 

non-vertebral fractures[63] in postmenopausal women aged >65 years. A post-hoc analysis 

investigated the efficacy of abaloparatide in the women who were aged ≥80 years (abaloparatide: n= 

51, mean age 81.7 years, placebo: n=43, mean age 81.9 years)[64]. Whilst significant improvements in 

BMD were observed in those receiving abaloparatide in this age group (3.6% at the femoral neck and 

12.1% at the lumbar spine over 18 months) only numerical benefits (and not statistically significant 

benefits) were observed in terms of vertebral (abaloparatide=0, placebo=2) and non-vertebral 

fractures (abaloparatide=1, placebo=2) [64]. It should be noted that the power in these analyses may 

be the limiting factor for the demonstration of a statistically significant effect (for example, there were 

only 2 vertebral fractures and 3 non-vertebral fractures in this older age sub-group. In terms of safety, 

there was no clear distinction between the ≥80-year group and the study population as a whole. 

Abaloparatide treatment is associated with transient increases in heart rate of mild to moderate 

severity. These transient increases in heart rate were not associated with an increased number of 

serious cardiovascular events (MACE) or arrhythmias and no safety signal was identified for 

cardiovascular events with abaloparatide treatment from the available data including completed and 

ongoing clinical studies, and approximately 5 years of post-marketing experience data from the United 

States[65].  

A direct comparison of teriparatide against abaloparatide in the real-world data setting of a US claims 

database demonstrated that (even after 5 months of treatment) there is a lower risk of hip fracture 

with abaloparatide and there was no significant difference in cardiovascular safety profile between 

these two bone forming agents, although a higher frequency of cardiovascular events was reported as 
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compared to those reported in the pivotal ACTIVE study[66].  Of note, the incidence of serious 

cardiovascular events was similar in abaloparatide- and teriparatide-treated patients with a history of 

stroke or MI within the year before the index date or those with cardiovascular risk factors representing 

approximately 75% of patients in this retrospective observational study[65]. 

One of the pivotal trials of romosozumab, ARCH[67], was a randomised, blinded, alendronate-

controlled trial of romosozumab in a population of postmenopausal women (n=4093) treated for 12 

months with either romosozumab or alendronate, followed by an open-label period of 12 months 

treatment with alendronate in both groups. For the purposes of our review of the oldest old, the mean 

age of participants was 74 years (in both the alendronate and romosozumab arms) with 52% of 

participants being ≥75 years[67]. At 24 months, the romosozumab group had a clear benefit including 

a 48% reduction in the risk of vertebral fractures (RR 0.52, 95% CI, 0.40, 0.66, p<0.001), 27% lower risk 

of clinical fractures (HR 0.73, 95% CI, 0.61, 0.88, p<0.001) and 19% reduced risk of non-vertebral 

fracture (HR 0.81, 95% CI, 0.66, 0.99, p=0.04). In terms of safety profile, whilst there was no significant 

difference in osteonecrosis of the jaw (one episode in each group) and atypical femoral fracture (2 

events in the romosozumab-alendronate group and 4 events in the alendronate-alendronate group) 

more serious cardiovascular events were observed in the romosozumab-alendronate group (2.5%) 

versus the alendronate-alendronate group (1.9%). There is a rationale behind the association between 

cardiovascular disease and the inhibition of sclerostin[52], however, it has also been argued that the 

differential rates in cardiovascular events in the romosozumab group compared to the alendronate 

group is actually driven by the potential cardioprotective effects of alendronate, rather than the 

deleterious effects of romosozumab. Indeed, in a smaller randomised placebo-controlled study 

(n=332) of romosozumab (at doses of 70mg, 140mg and 210mg) in a post-operative hip fracture 

population in which over 60% of participants on romosozumab were ≥75 years there was no significant 

difference in myocardial infarction or fatal adverse events with romosozumab, although the numbers 

were numerically higher in the romosozumab groups. [68]. 

A meta-analysis of the five trials of romosozumab in postmenopausal females including ARCH[67], 

FRAME[69], STRUCTURE[70], McClung and colleagues[71] and Ishibashi and colleagues[72], and a 

single study in men, BRIDGE[73], showed no significant impact of romosozumab on single outcomes 

including myocardial infarction, stroke, cardiovascular death, heart failure or atrial fibrillation or on a 

composite cardiovascular outcome (stroke, atrial fibrillation, heart failure and coronary artery disease) 

or 3P-MACE (cardiovascular death, MI, stroke), but did show a significantly adverse effect for 

romosozumab on 4P-MACE (3P-MACE plus heart failure)[74] (Risk Ratio 1.39, 95% CI 1.01, 1.90). A 

further Bayesian network meta-analysis of the cardiovascular risk of osteoporosis medications in 

postmenopausal women alone showed no significant increase in odds of cardiovascular adverse 
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events including individual and composite outcomes[75]. In this network meta-analysis there was 

observed to be a cardioprotective effect of abaloparatide.  

A subsequent pharmacovigilance study in the US and Japan reporting potential romosozumab-related 

adverse events demonstrated an increased reporting odds ratio of MACE events with romosozumab 

in Japan, though not in the US. This may have been due to the older age and the higher proportion of 

men in the Japanese population[76]. 

To conclude, there is evidence of a signal for increased cardiovascular risk with romosozumab from 

trials, real-world data and a meta-analysis; however, the association with MACE is only significant if 

men are included in the meta-analysis. This does not preclude the use of romosozumab (and in men, 

new data or analyses may become available), which has clear skeletal benefits in reducing fracture risk 

but does highlight the need to assess cardiovascular risk in patients prior to commencing therapy. This 

might take the form of a clinical assessment of cardiovascular risk, perhaps combined with tools used 

for cardiovascular risk assessment, such as Q-RISK-3[77]. Comorbidity increases with age and will be 

substantially raised in the oldest old. For this reason, particularly rigorous cardiovascular assessment 

should be used in women over the age of 75 years.  

There are no significant cardiovascular safety concerns for teriparatide and according to currently 

available post-marketing experience this also seems to be the case for abaloparatide. Taking into 

account new results from an extension of the observational US claims database, which corroborate 

the previous finding of no significant difference in the safety profiles of abaloparatide and teriparatide 

(Reginster and colleagues, submitted for publication), it appears reasonable to limit the cardiovascular 

assessment prior to prescription of abaloparatide to blood pressure measurements. 

3.3 Fracture Liaison Services 

So far we have focused on primary prevention of fractures. Although there are clinically effective and 

health economically efficient models for screening for osteoporosis[78, 79], a substantial treatment 

gap still remains[80] but secondary prevention still provides an opportunity to reduce the risk of future 

fractures and may be particularly relevant in the population of the oldest old. 

Fracture Liaison Services (FLS) are models of care which systematically identify those who have 

sustained afracture so that they can be appropriately treated and their risk of future fractures reduced. 

This framework has been shown to be clinically effective, cost effective with reduced mortality[81-83] 

and is an important facet of the treatment of osteoporosis in the oldest old. 
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4. Osteoarthritis interventions 

Guidelines for the management of osteoarthritis at the knee, hand, hip and other joints recommend a 

step-wise approach to treatment, advocating a multimodal approach using a combination of exercise, 

dietary optimisation and weight management together with pharmacological therapies to benefit 

patients with the disease[84]. Surgical interventions, including arthroplasty, are associated with 

significant functional benefits, but the focus of this review will be on the pharmacological and (non-

surgical) non-pharmacological interventions for osteoarthritis[85]. 

4.1 SYSADOAs 

Symptomatic Slow-Acting Drugs for Osteoarthritis (SYSADOAs), including glucosamine and 

chondroitin, are included in the ESCEO knee osteoarthritis algorithm as a step 1 intervention for those 

patients who are symptomatic[84]. This is based on evidence from the literature, including a systematic 

review demonstrating benefits in reduced joint space narrowing and increased cartilage volume 

(glucosamine standard mean difference (SMD) 0.16, 95% CI 0.04, 0.28, chondroitin SMD 0.21, 95% CI 

0.10, 0.32) and symptomatic benefit in terms of pain (glucosamine SMD −0.15, 95% CI −0.25, −0.05, 

chondroitin SMD −0.06, 95% CI −0.15, 0.03), and function (glucosamine SMD −0.17, 95% CI −0.28, 

−0.07, chondroitin SMD −0.15, 95% CI −0.26, −0.03)[86]. There is variation in the quality of these 

medications and it is clear that high quality, prescription-grade formulations have a greater clinical 

effect than over-the-counter [87-89]￼, and also greater [90, 91]￼. 

SYSADOAs have a neutral safety profile as seen in the above individual studies[92], but also via meta-

analysis[93] and are therefore recommended as long-term therapy in guidelines[84]. Although specific 

data, including sub-group analysis or de novo studies are required in the oldest old, the current data 

from other age groups would suggest that this group of medications is safe to use in the oldest old. 

4.2 Analgesic medications 

4.2.1 Paracetamol 

Despite the widespread usage of paracetamol, and particularly in the oldest old who are more likely 

to have osteoarthritis, there is a distinct paucity of data relating to paracetamol in this population. 

In terms of the epidemiology of paracetamol usage, the mean age in osteoarthritis trials is 61-63 years, 

far below the threshold of the oldest old[94, 95]. Data from the Osteoarthritis Initiative (OAI) in the US 

show that 14% of patients with knee osteoarthritis used paracetamol, compared to what was found in 

a Dutch osteoarthritis survey where 13.1% of patients had ever taken paracetamol for their condition 

if they were only taking one medication, but the majority of patients take it in conjunction with another 

analgesic (for example NSAIDs and paracetamol were taken by 23% of the study population)[95]. The 

‘over the counter’ availability of paracetamol makes it difficult to track consumption via prescription 
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studies alone. A large study of patients ≥65 years with chronic pain in Taiwan showed that paracetamol 

use was highly prevalent in those ≥85 years with 76.9% patients taking the medication[96]. An 

Australian study of hospital patients with a mean age of 83 years showed that falls and osteoarthritis 

(both of which are associated with quadriceps weakening) were strongly associated with paracetamol 

usage and, separately, emphasised the extent of multimorbidity and poly-pharmacy which is relevant 

as we strive to manage osteoarthritis in the oldest old[97]. 

Efficacy data on paracetamol come via established libraries of evidence including Cochrane review[98] 

which includes trials with an age range of 55-70 years and network meta-analysis of 122 randomised 

controlled trials of knee osteoarthritis treatments, but only one study with a mean age >70 years[99]. 

In a further network meta-analysis including 192 trials of hip and knee osteoarthritis medications only 

3% of patients were ≥70 years[100] and, similar proportions of older adults were included in a meta-

analysis of osteoarthritis and back pain[101], emphasising once again the paucity of data in the oldest 

old. In the latter meta-analysis by Machado and colleagues, a significant (though not clinical 

meaningful) benefit was demonstrated for knee and hip osteoarthritis in terms of pain (Weighted 

mean difference (WMD) -3.7, 95% CI -5.5, -1.9) and disability (WMD -2.9, 95% CI -4.9, -0.9)[101]. 

However, learning from young age groups can be extrapolated from these data, including an increased 

risk of abnormal liver function tests with paracetamol usage (weighted mean difference 3.8, 95% CI 

1.9 to 7.4)[101], and that the rate of hospitalisation rises with increasing dose of paracetamol[102]. 

Indeed, the risk of abnormal liver function tests is likely to be higher in the oldest old, given, for 

example, the higher prevalence of polypharmacy in older age groups. In terms of cardiovascular 

adverse events, a Spanish registry case-control study has demonstrated that paracetamol was not 

associated with increased risk of acute myocardial infarction or stroke[103]. The mean age in this study 

was 72 years, older than that of the trials in osteoarthritis. 

A study investigating paracetamol usage in hospitalised patients with COPD, with a mean age of 85 

years, found that, at a dose of 4g per day (over the recommended daily maximum dosage), there was 

a time-dependent effect on COPD exacerbation risk, with usage for 7 days associated with a lower risk 

(HR 0.78, 95% CI 0.67, 0.92) and usage for 30 days associated with a higher risk (HR 1.27, 95% CI 1.06, 

1.52)[104]. 

There is potential promise from the ongoing RETHINK trial which is examining the efficacy of analgesics 

in osteoarthritis specifically recruiting patients from an older age group, in this case ≥65 years[105]; 

however,  at present there is a distinct lack of efficacy and safety data relating to paracetamol usage in 

the oldest old, particularly in the disease of osteoarthritis. Extrapolation from other disease areas 

suggest that dose and duration may be important from an efficacy and safety standpoint and 
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polypharmacy will likely play a substantial role in the pharmacokinetics of paracetamol in the oldest 

old. There may also be responders and non-responders to this widely used and prescribed medication, 

which should be an area of future work. In the absence of direct evidence regarding paracetamol in 

the oldest old, informed clinical practice must centre around current guidance with short-term use 

only[106, 107]. 

4.2.2 NSAIDs 

Cyclo-oxygenase (COX) has two subtypes: COX-1 which is constitutively expressed and plays a key role 

in the maintenance of renal homeostasis, protection of the gastric mucosa and regulation of platelet 

aggregation. COX-2 is induced by cytokines and growth factors as part of a pro-inflammatory 

response[108]. Non-steroidal anti-inflammatory drugs (NSAIDs) demonstrate a range of COX-

selectivity, from those which inhibit both COX-1 and COX-2 to formulations which more selectively 

target COX-2 [109]. 

There are particular issues which need to be considered when using NSAIDs in the oldest old. On the 

one hand, oldest old patients are more likely to have gastric, cardiovascular, cerebrovascular and renal 

comorbidities which will increase the risk of NSAID-related adverse events[110]. On the other hand, in 

osteoarthritis populations as a whole, NSAIDs are a useful alterative to opioids for those older adults 

who are known to have substantial adverse effects (including constipation, reduced appetite, 

drowsiness, confusion and dependence) [110, 111].  

A meta-analysis of 68 trials of NSAIDs in hip and knee osteoarthritis demonstrated that although 

efficacy (in terms of analgesic effect) may be better with higher dosages, lower doses may still provide 

some analgesic effect and may be associated with a lower risk of adverse events in an oldest old 

population[100]. Dose titration is therefore advocated if NSAIDs are used in the oldest old in the 

absence of relevant comorbidities. 

The effect profile of NSAIDs was investigated in a randomised trial of celecoxib, ibuprofen, or naproxen 

in patients with high cardiovascular risk and either osteoarthritis or rheumatoid arthritis (mean age 63 

years, 64% women)[112]. It should be noted that the mean dose of ibuprofen used was over 2g which 

is higher than the usual recommended clinical dosage but, nevertheless, ibuprofen was associated 

with higher renal adverse events compared to celecoxib, with celecoxib having significantly lower 

gastrointestinal adverse events than ibuprofen (but not significantly lower than naproxen)[112]. There 

was no significant difference in cardiovascular adverse event profile among the three NSAIDs[112]. 

Cardiovascular risk with NSAIDs was extensively studied via a meta-analysis including 280 trials of 

NSAIDs vs placebo and 474 trials of NSAID vs NSAID (encompassing over 200,000 person-years of 
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follow-up). This showed that, compared to placebo, coxibs (cyclooxygenase-2 (COX-2) inhibitors) were 

associated with an increased risk of MI or coronary heart disease death (RR 1.76, 95% CI 1.31, 2.37), 

major vascular events (RR 1.37, 95% CI 1.14, 1.66), death (RR 1.22, 95% CI 1.04, 1.44) and particularly 

heart failure (RR 2.28, 95% CI 1.62, 3.20)[113]. Interestingly, compared to non-selective NSAIDS, coxibs 

were only associated with a greater risk of MI or coronary heart disease death (RR 2.11, 95% CI 1.44, 

3.09) and major vascular events (RR 1.49, 95% CI 1.16, 1.92) when compared to naproxen (and not 

diclofenac or ibuprofen), emphasising the need to consider cardiovascular risk with coxibs but also 

with non-selective NSAIDs (perhaps less so with naproxen) [113]. 

In the same meta-analysis, all NSAIDs were associated with increased upper gastrointestinal 

complications (coxibs RR 1.81, 95% CI 1.17, 2.81, p=0.0070; diclofenac RR 1.89, 95% CI 1.16, 3.09, 

p=0.0106; ibuprofen RR 3.97, 95% CI 2.22, 7.10, p<0.0001; and naproxen RR 4.22, 95% CI 2.71, 6.56, 

p<0.0001)[113] 

The absolute impact of adverse events in coxibs was summarised in a meta-analysis of 36 osteoarthritis 

studies with the risk difference with COX-2 inhibitors (compared to placebo) being 5 more per 1000 

patients for upper gastrointestinal adverse events, 9 more per 1000 patients for abdominal pain, 12 

more per 1000 patients for hypertension and 7 more per 1000 patients for heart failure and oedema. 

As mentioned, the mean age in osteoarthritis trial populations is in the early 60-year bracket and it is 

likely that the rate of adverse events will rise beyond those quoted above in the oldest old. Real-world 

data suggest an increased risk of acute kidney injury, in particular, when treating with non-selective 

NSAIDs[114]. 

Proton pump inhibitors (PPI) attenuate the upper gastrointestinal adverse effects of non-selective 

NSAIDs; however, there is evidence to suggest that PPIs do not provide protection from lower 

gastrointestinal adverse effects, but also that PPIs may exacerbate lower gastrointestinal adverse 

effects, perhaps via alteration of the microbiome[115, 116]. 

The above should inform a clinical approach to treating osteoarthritis in the oldest old via both non-

selective NSAIDs and coxibs. Careful assessment of cardiovascular, gastrointestinal, haemorrhagic and 

renal risk should take place prior to commencement of NSAID therapy. Blood pressure should be 

monitored and gastroprotection provided (whilst bearing in mind the risk to the lower gastrointestinal 

tract). Diclofenac and rofecoxib should be avoided due to their high cardiovascular risk. Renal toxicity 

may be lower with celecoxib than non-selective NSAIDs. In general, NSAIDs should be used at the 

lowest dose for the shortest duration. 
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5. Diet 

The potential impact of diet on both osteoporosis and osteoarthritis has been extensively considered 

and the impact of quality of diet throughout the lifecourse may come to bear in the oldest old. 

Nutritional research is limited by issues with randomisation of diet and so robust trials are limited to 

dietary supplementation. 

Nevertheless, there are extensive guidelines for calcium, vitamin D and protein intake within a 

balanced diet in order to support bone health published by the International Osteoporosis 

Foundation[117]. This contains specific recommendations for older (including the oldest old) adults 

including calcium intake recommendations of 1200mg daily for those aged 70+, vitamin D intake of 

800 international units daily for those aged 71+ and protein intake ≥0.8g/kg body weight/day (above 

the recommended daily allowance, and usually in the range of 1.0-1.2 g(kg body weight/day) may be 

recommended for the oldest old) [117]. 

Overall, inferences on the effect of nutrition on osteoarthritis and osteoporosis in the oldest old must 

be drawn from studies in younger cohorts[118]. 

5.1 Osteoporosis 

5.1.1 Macronutrients 

Omega-3 fatty acids modulate the activity of osteoclasts and osteoblasts, dampen inflammatory 

processes and regulate calcium metabolism, working in consort to potentially benefit bone health. 

However, there is limited evidence regarding prevention and a systematic review of the literature 

demonstrated no effect of n-3 fatty acids on bone health[119, 120]. 

For carbohydrate there is a paucity of data, but a single study in postmenopausal women showed that 

diets with higher glycaemic index increased the risk of osteopenia and osteoporosis, with higher 

carbohydrate quality index leading to a reduced risk of low BMD[121]. 

For protein intake there is more data (though not in the oldest old) with a meta-analysis of 12 cohort 

studies and randomised controlled trials demonstrating a positive trend between higher protein 

intakes and higher femoral neck and total hip BMD[122]. A meta-analysis of four cohort studies 

showed that higher protein intakes were associated with a significantly lower risk in of hip fractures 

(pooled HR 0.89, 95% CI 0.84, 0.94)[122]. This is supported by other meta-analyses[123, 124] and 

supports the assertion that higher protein intake of 1.2-1.5g/kg body weight/day should be considered 

for the oldest old[125]. 

5.1.2 Micronutrients 

In terms of micronutrients, excess phosphorus should be avoided, particularly in low-calcium diets and 

magnesium levels should be replete, derived ideally via diet rather than supplementation[126, 127]. 
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Vitamin intake should be adequate, including B12 vitamins [128], vitamin C [129], and moderate 

evidence of a similar effect for vitamin E[130]. The data regarding vitamin K is more mixed, with no 

clear effect[131, 132]. 

Like bisphosphonates, phytates are analogs of pyrophosphate and a diet rich in phytates (via legumes, 

cereals, nuts) is associated with better BMD[133].  

5.1.3 Foods 

When it comes to foods and dietary patterns there are theoretical benefits of dairy products on bone 

via calcium intake, but meta-analyses of longitudinal studies are largely null[134, 135]. This should not 

dampen recommendations around dairy intake for protein and calcium intake[136], or indeed 

fermented dairy products[137, 138] and the potential role of the gut microbiome[139]. Soy, mostly 

supplemented to provide isoflavones, shows some relationship with BMD[140] and green tea (if intake 

is at least 5 cups per day) has been associated with small improvements in BMD and reduced fracture 

risk[141]. 

5.2 Osteoarthritis 

The majority of nutritional studies in osteoarthritis are, quite correctly, centred on obesity. However 

systematic reviews have shown reduced prevalence of osteoarthritis and improved quality of life in 

those taking a Mediterranean diet, and reduced progression of symptoms with a prudent diet[142]. 

Although there are studies examining the effect of alternative, supplemental therapies, many of these 

only show benefit in symptoms but no disease modification[143]. The gut microbiota is another area 

of interest and may be a future target for interventions[139, 144]. 

6. Exercise 

Musculoskeletal ageing, including in the oldest old, is associated with mitochondrial dysfunction, 

hormonal function, neuromuscular impairment, reduced protein turnover, reduced cardiorespiratory 

function, impaired myogenic capacity and an increasingly pro-inflammatory cytokine milieu[145]. 

The World Health Organisation provided guidelines on physical activity in 2020[146], with a general 

rule being ‘start low and go slow’ but ultimately aiming to exercise more than 300 minute per week 

for everyone who can, and older adults should aim to perform multicomponent activities for strength 

and balance on at least 3 days per week. 

In osteoarthritis there is a graded relationship between average daily energy expenditure and benefits 

for osteoarthritis. Evidence from the OsteoArthritis Initiative (OAI) suggests that 150 minutes of 

moderate-vigorous physical activity (MVPA) per week reduces functional decline by 32%[147], but 

even at lower levels of physical activity (at 55 minutes of Moderate to Vigorous Physical Activity 
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(MVPA)/week), osteoarthritis patients can maintain disability free status at 4 years[148]. Even if there 

were no bout of MVPA during the week but physical activity levels increase, then disability can be 

reduced[149]. Indeed, breaking the habit of sedentary behaviour may be a good aim and target for 

physical intervention in older adults[150]. 

Physical activity can take many forms, including household chores, and those participating in <1 hour 

of household activities (including chores) have a higher risk of hip fracture (HR 1.85, 95% CI 1.01, 3.38) 

than those participating in >6 hours of household activity[151]. 

Structured exercise centres around resistance training, functional training, balance training, impact 

training and aquatic therapy. Exercise prescription for older adults should focus on increasing the 

speed of movement to counteract the loss of fast twitch muscle fibres, diversifying load direction and 

applying loads rapidly to reduce falls risk and aiming to progressively overload to improve 

performance. The muscle groups targeted may be different for osteoarthritis of the knee, where the 

focus may be on quadriceps muscle strength, compared to osteoporosis, where the focus may be 

directed to the specific areas most vulnerable to fracture. For example, targeting the lower quarter for 

those more vulnerable to hip fracture, targeting the core musculature and back for those more 

vulnerable to vertebral fracture, with all osteoporosis patients advised to perform exercises to improve 

balance and minimize falls. 

Systematic reviews highlight the importance of potentially focusing on single intervention resistance 

training in the oldest old to improve strength if compliance is an issue with multicomponent 

approaches[152]. 

When considering strengthening approaches, to optimise training exercise should be supervised by a 

physical therapist, with a minimum effort of 40-60% for one repetition and the task should feel 

moderately hard to perform. The number of repetitions can be a set number (for example 10-15) of 

‘good form’ or according to the threshold that the individual should have no more than 3 ‘repetitions 

in reserve’[153]. Three or more sessions should be performed per week with 24-48 hours rest between 

sessions. This can lead to a 30% reduction in the pain from knee osteoarthritis. 

High-intensity resistance training, progressing gradually over 12 weeks from education to explosive 

movements, has been shown to benefit older men with osteosarcopenia associated with 

improvements in lumbar spine BMD (measured via quantitative CT) and skeletal muscle mass 

index[154]. The Otago Falls Program and GLA:D®[155] international programme are exemplars of 

programs for improving falls risk and symptoms from osteoarthritis respectively. 
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Exercise parameters which should be the subject of future work in the oldest old include muscle power 

(including ballistic exercises), adherence to therapy and adaption. 

7. Health economics 

Analysis of health economics is vital in the current healthcare environment with rising demands and 

budgetary constraints. Health Technology Assessment is a broad scientific field that encompasses a 

multi-disciplinary process incorporating various dimensions of value including effectiveness of an 

intervention, safety, costs, ethical-social-cultural factors, legal framework and the environment and 

sustainability[156, 157]. An economic evaluation typically investigates the (societal) costs against the 

number of Quality Adjusted Life Years (QALY, one QALY corresponding to 1 year in perfect health). 

When the intervention is associated with more QALY for lower cost, the intervention is said to be 

dominant. For interventions associated with more QALYs and more costs, the incremental cost-

effectiveness ratio (ICER) is investigated. The lower the ICER the more cost-effective the intervention. 

7.1 Osteoporosis 

The cost-effectiveness of anti-osteoporosis medications has been analysed in multiple studies[81, 158-

161], concluding that these interventions are generally cost-effective in men and women with low 

bone mass and/or fractures over the age of 60 years. 

Due to the increased incidence and high costs resulting from fractures in the oldest old, in terms of 

acute management and long-term care requirements, cost-effectiveness of these medications rises 

with age[162] and is often dominant in the oldest old (as the cost of the treatment is less than the cost 

of fractures prevented). There is a reduction in the ICER with increasing age due to higher fracture 

incidence with increasing age. 

7.2 Osteoarthritis 

Several studies have investigated cost-effectiveness of interventions for osteoarthritis[163-166]. The 

cost-effectiveness of these interventions (including pharmacological and non-pharmacological 

interventions) is heterogeneous, although most studies found interventions to be cost-effective (for 

specific ICER thresholds). There are very few studies including the oldest old. Mazzei and colleagues 

included individuals over the age of 50 years and found that most osteoarthritis interventions were 

cost-effective or dominant[165] and Kunkel and colleagues demonstrated the cost-effectiveness of 

total hip replacement as a surgical intervention for hip osteoarthritis in patients aged ≥80 years[167]. 

In summary, treatment strategies for osteoarthritis and osteoporosis, are cost-effective in the oldest 

old, though there are relatively few analyses incorporating individuals ≥80 years. 
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8. Conclusions 

To conclude, despite osteoarthritis and osteoporosis being highly prevalent in the oldest old, there is 

a remarkable paucity of data to inform clinical practice in this population.  

This evidence gap is particularly wide in trials of osteoarthritis, which generally have a mean age in the 

early 60s. Real-world data on pharmaceutical interventions in osteoarthritis is hampered by the 

inability to readily record over-the-counter medicines (such a paracetamol and NSAIDs). In 

osteoporosis, the evidence for older age groups comes largely from post-hoc analyses of pivotal trials 

but very rarely include the oldest old. It should also be emphasised that, although the relative fracture 

risk reduction may be similar across age groups, the absolute fracture risk reduction is greater in the 

oldest old. 

Medications for osteoarthritis and osteoporosis should be prescribed after a thorough assessment of 

comorbidity and polypharmacy in each individual patient. It should also be considered that 

chronological age is a single measure of ageing and substantial biological ageing can occur at younger 

ages, and the same careful approach should be taken to these ‘accelerated ageing’ patients. 

We finish with a call to fight ageism and for further research (clinical, epidemiological and health 

economic) focusing on interventions for osteoporosis and osteoarthritis in the oldest old in order to 

counteract the projected increases in prevalence which will arrive with the ageing epidemic. 
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Table 1: The characteristics and efficacy results for post-hoc analyses focused on older age groups of 

pivotal trials for anti-osteoporosis medications 

Medication  Comparator  n  Age  Fracture site  Effect size  

Alendronate[42]  Placebo  3658 (in total)  75-85 years  Any hip, 

vertebral or 

distal radial 

fracture  

Hip fracture RR 

0.47 (95% CI 

0.27,0.81, p < 

0.02) 

Vertebral fracture 

RR 0.55 (95% CI 

0.37, 0.83, p < 

0.01) 

Distal radius RR 

0.69 (95% CI 0.50, 

0.98) p<0.04)  

Zoledronate  

(HORIZON)[50]  
Placebo  Zoledronate=1961,  

Placebo=  

1926  

≥75 years  Clinical 
fracture, 
Clinical 
vertebral and 
non-vertebral 
fracture  

Clinical fracture 
HR 0.65 (95% CI 
0.54, 0.78, 
p<0.001) 
Clinical vertebral 
HR 0.34 (95% CI 
0.21, 0.55, 
p<0.001) 
Nonvertebral 
fracture HR 0.73 
(95% CI 0.60,0.90, 
p=0.002)  

Risedronate 

(HIP)[45] 

Placebo  3886 (in ≥80 year 
arm)  

≥80 years  Hip  Hip fracture RR 

0.8(95% CI 0.6, 

1.2, p=0.35)  

Denosumab  

(FREEDOM)[55]  
Placebo  2471 (≥75 years)  ≥75 years  

  

Hip  Hip fracture RR 

0.38 (95% CI 0.18, 

0.78, p=0.07)  

Teriparatide 
(FPT)[61]  

Placebo  244 (≥75 years)  ≥75 years  

  

Vertebral and 
non-vertebral 
fracture  

Vertebral 

fracture RR  0.35, 

(p<0.05)  

Non-vertebral 
fracture RR 0.75, 
(p=0.661)  

Abaloparatide 
(ACTIVE)[64] 

Placebo  94 (≥80 years)  ≥80 years  Vertebral and 
non-vertebral 
fracture  

Vertebral fracture 

(placebo 2, ABL 0)  

Non-vertebral 

fracture (placebo 

2, ABL 1)  

Not statistically 
significant  

ABL – abaloparatide, CI – Confidence Interval, HR – Hazard Ratio, NNT – Number Needed to Treat, RR 
– Relative Risk, ZOL – Zoledronate 



27 

 

References 

1. Im, G.-I. and M.-K. Kim, The relationship between osteoarthritis and osteoporosis. Journal of 
Bone and Mineral Metabolism, 2014. 32(2): p. 101-109. 

2. Steinmetz, J.D., et al., Global, regional, and national burden of osteoarthritis, 
1990&#x2013;2020 and projections to 2050: a systematic analysis for the Global Burden of 
Disease Study 2021. The Lancet Rheumatology, 2023. 5(9): p. e508-e522. 

3. Sambrook, P. and C. Cooper, Osteoporosis. Lancet, 2006. 367(9527): p. 2010-8. 
4. Global, regional, and national burden of osteoarthritis, 1990-2020 and projections to 2050: a 

systematic analysis for the Global Burden of Disease Study 2021. Lancet Rheumatol, 2023. 
5(9): p. e508-e522. 

5. Feng, J.N., et al., Global burden of hip fracture: The Global Burden of Disease Study. 
Osteoporos Int, 2024. 35(1): p. 41-52. 

6. MacDonald, M., et al., Distal and proximal resource influences on economic dependency 
among the oldest old. Gerontology, 2010. 56(1): p. 100-5. 

7. Ioakeim-Skoufa, I., et al., Multimorbidity Clusters in the Oldest Old: Results from the EpiChron 
Cohort. Int J Environ Res Public Health, 2022. 19(16). 

8. Tumer, N., P.J. Scarpace, and D.T. Lowenthal, Geriatric pharmacology: basic and clinical 
considerations. Annual review of pharmacology and toxicology, 1992. 32(1): p. 271-302. 

9. Cerreta, F., K. Vučić, and A. Laslop, Assessing Medicines for Use in the Geriatric Population. 
Clin Pharmacol Ther, 2023. 113(3): p. 536-540. 

10. Cerreta, F., et al., Medicines for an aging population: The EMA perspective and policies. J Am 
Geriatr Soc, 2024. 

11. Wu, Q. and D. Gu, Oldest-Old Adults, in Encyclopedia of Gerontology and Population Aging, 
D. Gu and M.E. Dupre, Editors. 2021, Springer International Publishing: Cham. p. 3637-3653. 

12. Agency, E.M., Studies in Support of Special Populations: Geriatrics (CPMP/ICH/379/95). 1994. 
13. Escourrou, E., et al., Cognitive, functional, physical, and nutritional status of the oldest old 

encountered in primary care: a systematic review. BMC Family Practice, 2020. 21(1): p. 58. 
14. Melikyan, Z.A., et al., Recruiting the Oldest-old for Clinical Research. Alzheimer Dis Assoc 

Disord, 2019. 33(2): p. 160-162. 
15. Laslett, P., The Third Age, The Fourth Age and The Future. Ageing and Society, 1994. 14(3): p. 

436-447. 
16. Vaiserman, A. and D. Krasnienkov, Telomere Length as a Marker of Biological Age: State-of-

the-Art, Open Issues, and Future Perspectives. Frontiers in Genetics, 2021. 11. 
17. Lu, A.T., et al., DNA methylation GrimAge strongly predicts lifespan and healthspan. Aging 

(Albany NY), 2019. 11(2): p. 303-327. 
18. Levine, M.E., et al., An epigenetic biomarker of aging for lifespan and healthspan. Aging 

(Albany NY), 2018. 10(4): p. 573-591. 
19. Kanis, J.A., et al., Intervention thresholds and diagnostic thresholds in the management of 

osteoporosis. Aging Clin Exp Res, 2022. 34(12): p. 3155-3157. 
20. Haleem, S., et al., Mortality following hip fracture: Trends and geographical variations over 

the last SIXTY years. Injury, 2023. 54(2): p. 620-629. 
21. Schousboe, J.T., Epidemiology of Vertebral Fractures. Journal of Clinical Densitometry, 2016. 

19(1): p. 8-22. 
22. Hagino, H., et al., Recent trends in the incidence and lifetime risk of hip fracture in Tottori, 

Japan. Osteoporos Int, 2009. 20(4): p. 543-8. 
23. Hagino, H., et al., Recent trends in the incidence of hip fracture in Tottori Prefecture, Japan: 

changes over 32 years. Arch Osteoporos, 2020. 15(1): p. 152. 
24. Gutiérrez-González, R., A. Royuela, and A. Zamarron, Survival following vertebral 

compression fractures in population over 65 years old. Aging Clin Exp Res, 2023. 35(8): p. 
1609-1617. 



28 

 

25. Castronuovo, E., et al., Early and late mortality in elderly patients after hip fracture: a cohort 
study using administrative health databases in the Lazio region, Italy. BMC Geriatr, 2011. 11: 
p. 37. 

26. Li, Q., et al., Age-dependent gender differences in the diagnosis and treatment of 
osteoporosis during hospitalization in patients with fragility fractures. BMC Geriatr, 2023. 
23(1): p. 728. 

27. Duncan, R., et al., Magnitude of fragility fracture risk in the very old--are we meeting their 
needs? The Newcastle 85+ Study. Osteoporos Int, 2015. 26(1): p. 123-30. 

28. Kanis, J.A., et al., SCOPE 2021: a new scorecard for osteoporosis in Europe. Arch Osteoporos, 
2021. 16(1): p. 82. 

29. Rolland, Y., et al., Osteoporosis in Frail Older Adults: Recommendations for Research from the 
ICFSR Task Force 2020. J Frailty Aging, 2021. 10(2): p. 168-175. 

30. Herrero-Beaumont, G., et al., Systemic osteoarthritis: the difficulty of categorically naming a 
continuous condition. Aging Clin Exp Res, 2024. 36(1): p. 45. 

31. Altman, R., et al., Development of criteria for the classification and reporting of 
osteoarthritis. Classification of osteoarthritis of the knee. Diagnostic and Therapeutic Criteria 
Committee of the American Rheumatism Association. Arthritis Rheum, 1986. 29(8): p. 1039-
49. 

32. Kellgren, J.H. and J.S. Lawrence, Radiological assessment of osteo-arthrosis. Ann Rheum Dis, 
1957. 16(4): p. 494-502. 

33. Lozano-Meca, J.A., M. Gacto-Sánchez, and J. Montilla-Herrador, Movement-evoked pain is 
not associated with pain at rest or physical function in knee osteoarthritis. Eur J Pain, 2024. 
28(6): p. 987-996. 

34. Spitaels, D., et al., Epidemiology of knee osteoarthritis in general practice: a registry-based 
study. BMJ Open, 2020. 10(1): p. e031734. 

35. Swain, S., et al., Trends in incidence and prevalence of osteoarthritis in the United Kingdom: 
findings from the Clinical Practice Research Datalink (CPRD). Osteoarthritis Cartilage, 2020. 
28(6): p. 792-801. 

36. Marshall, D.A., et al., Existing comorbidities in people with osteoarthritis: a retrospective 
analysis of a population-based cohort in Alberta, Canada. BMJ Open, 2019. 9(11): p. 
e033334. 

37. Crome, P., A. Cherubini, and J. Oristrell, The PREDICT (increasing the participation of the 
elderly in clinical trials) study: the charter and beyond. Expert Rev Clin Pharmacol, 2014. 7(4): 
p. 457-68. 

38. Ungar, A., et al., Carta of Florence against ageism. No place for ageism in health care. Eur 
Geriatr Med, 2024. 15(2): p. 285-290. 

39. Black, D.M., et al., Fracture risk reduction with alendronate in women with osteoporosis: the 
Fracture Intervention Trial. FIT Research Group. J Clin Endocrinol Metab, 2000. 85(11): p. 
4118-24. 

40. Black, D.M., et al., Fracture risk reduction with alendronate in women with osteoporosis: the 
Fracture Intervention Trial. FIT Research Group. The Journal of clinical endocrinology and 
metabolism, 2000. 85(11): p. 4118-4124. 

41. Ensrud, K.E., et al., Correlates of kyphosis in older women. The Fracture Intervention Trial 
Research Group. J Am Geriatr Soc, 1997. 45(6): p. 682-7. 

42. Hochberg, M.C., et al., Effect of alendronate on the age-specific incidence of symptomatic 
osteoporotic fractures. J Bone Miner Res, 2005. 20(6): p. 971-6. 

43. Axelsson, K.F., et al., Hip fracture risk and safety with alendronate treatment in the oldest-
old. J Intern Med, 2017. 282(6): p. 546-559. 

44. Fuggle, N., et al., Novel formulations of oral bisphosphonates in the treatment of 
osteoporosis. Aging Clin Exp Res, 2022. 34(11): p. 2625-2634. 



29 

 

45. McClung, M.R., et al., Effect of risedronate on the risk of hip fracture in elderly women. Hip 
Intervention Program Study Group. N Engl J Med, 2001. 344(5): p. 333-40. 

46. Reginster, J., et al., Randomized trial of the effects of risedronate on vertebral fractures in 
women with established postmenopausal osteoporosis. Vertebral Efficacy with Risedronate 
Therapy (VERT) Study Group. Osteoporos Int, 2000. 11(1): p. 83-91. 

47. Harris, S.T., et al., Effects of risedronate treatment on vertebral and nonvertebral fractures in 
women with postmenopausal osteoporosis: a randomized controlled trial. Vertebral Efficacy 
With Risedronate Therapy (VERT) Study Group. Jama, 1999. 282(14): p. 1344-52. 

48. Boonen, S., et al., Safety and efficacy of risedronate in reducing fracture risk in osteoporotic 
women aged 80 and older: implications for the use of antiresorptive agents in the old and 
oldest old. J Am Geriatr Soc, 2004. 52(11): p. 1832-9. 

49. Black, D.M., et al., Once-yearly zoledronic acid for treatment of postmenopausal 
osteoporosis. N Engl J Med, 2007. 356(18): p. 1809-22. 

50. Boonen, S., et al., Efficacy and safety of a once-yearly intravenous zoledronic acid 5 mg for 
fracture prevention in elderly postmenopausal women with osteoporosis aged 75 and older. J 
Am Geriatr Soc, 2010. 58(2): p. 292-9. 

51. Lyles, K.W., et al., Zoledronic acid and clinical fractures and mortality after hip fracture. N 
Engl J Med, 2007. 357(18): p. 1799-809. 

52. Fuggle, N.R., et al., Assessment of Cardiovascular Safety of Anti-Osteoporosis Drugs. Drugs, 
2020. 80(15): p. 1537-1552. 

53. Bone, H.G., et al., 10 years of denosumab treatment in postmenopausal women with 
osteoporosis: results from the phase 3 randomised FREEDOM trial and open-label extension. 
Lancet Diabetes Endocrinol, 2017. 5(7): p. 513-523. 

54. Bone, H.G., et al., The effect of three or six years of denosumab exposure in women with 
postmenopausal osteoporosis: results from the FREEDOM extension. The Journal of clinical 
endocrinology and metabolism, 2013. 98(11): p. 4483-4492. 

55. Boonen, S., et al., Treatment with denosumab reduces the incidence of new vertebral and hip 
fractures in postmenopausal women at high risk. J Clin Endocrinol Metab, 2011. 96(6): p. 
1727-36. 

56. Cosman, F., et al., Multiple Vertebral Fractures After Denosumab Discontinuation: FREEDOM 
and FREEDOM Extension Trials Additional Post Hoc Analyses. J Bone Miner Res, 2022. 37(11): 
p. 2112-2120. 

57. McClung, M.R., et al., Effect of denosumab treatment on the risk of fractures in subgroups of 
women with postmenopausal osteoporosis. J Bone Miner Res, 2012. 27(1): p. 211-8. 

58. Reginster, J., et al., Abaloparatide for risk reduction of nonvertebral and vertebral fractures in 
postmenopausal women with osteoporosis: a network meta-analysis. Osteoporos Int, 2019. 
30(7): p. 1465-1473. 

59. Händel, M.N., et al., Fracture risk reduction and safety by osteoporosis treatment compared 
with placebo or active comparator in postmenopausal women: systematic review, network 
meta-analysis, and meta-regression analysis of randomised clinical trials. Bmj, 2023. 381: p. 
e068033. 

60. Neer, R.M., et al., Effect of parathyroid hormone (1-34) on fractures and bone mineral density 
in postmenopausal women with osteoporosis. N Engl J Med, 2001. 344(19): p. 1434-41. 

61. Boonen, S., et al., Safety and efficacy of teriparatide in elderly women with established 
osteoporosis: bone anabolic therapy from a geriatric perspective. J Am Geriatr Soc, 2006. 
54(5): p. 782-9. 

62. Miller, P.D., et al., Abaloparatide: an anabolic treatment to reduce fracture risk in 
postmenopausal women with osteoporosis. Curr Med Res Opin, 2020. 36(11): p. 1861-1872. 

63. Miller, P.D., et al., Effect of Abaloparatide vs Placebo on New Vertebral Fractures in 
Postmenopausal Women With Osteoporosis: A Randomized Clinical Trial. Jama, 2016. 316(7): 
p. 722-33. 



30 

 

64. McClung, M.R., et al., Effects of abaloparatide on bone mineral density and risk of fracture in 
postmenopausal women aged 80 years or older with osteoporosis. Menopause, 2018. 25(7): 
p. 767-771. 

65. Agency, E.M., Eladynos (abaloparatide) EMA/852056/2022. 2022. 
66. Cosman, F., et al., Comparative effectiveness and cardiovascular safety of abaloparatide and 

teriparatide in postmenopausal women new to anabolic therapy: A US administrative claims 
database study. Osteoporos Int, 2022. 33(8): p. 1703-1714. 

67. Saag, K.G., et al., Romosozumab or Alendronate for Fracture Prevention in Women with 
Osteoporosis. The New England journal of medicine, 2017. 377(15): p. 1417-1427. 

68. Schemitsch, E.H., et al., A Randomized, Placebo-Controlled Study of Romosozumab for the 
Treatment of Hip Fractures. J Bone Joint Surg Am, 2020. 102(8): p. 693-702. 

69. Cosman, F., et al., Romosozumab Treatment in Postmenopausal Women with Osteoporosis. N 
Engl J Med, 2016. 375(16): p. 1532-1543. 

70. Langdahl, B.L., et al., Romosozumab (sclerostin monoclonal antibody) versus teriparatide in 
postmenopausal women with osteoporosis transitioning from oral bisphosphonate therapy: a 
randomised, open-label, phase 3 trial. Lancet, 2017. 390(10102): p. 1585-1594. 

71. McClung, M.R., et al., Romosozumab in postmenopausal women with low bone mineral 
density. N Engl J Med, 2014. 370(5): p. 412-20. 

72. Ishibashi, H., et al., Romosozumab increases bone mineral density in postmenopausal 
Japanese women with osteoporosis: A phase 2 study. Bone, 2017. 103: p. 209-215. 

73. Lewiecki, E.M., et al., A Phase III Randomized Placebo-Controlled Trial to Evaluate Efficacy 
and Safety of Romosozumab in Men With Osteoporosis. The Journal of clinical endocrinology 
and metabolism, 2018. 103(9): p. 3183-3193. 

74. Lv, F., et al., Denosumab or romosozumab therapy and risk of cardiovascular events in 
patients with primary osteoporosis: Systematic review and meta- analysis. Bone, 2020. 130: 
p. 115121-115121. 

75. Seeto, A.H., et al., Evidence for the cardiovascular effects of osteoporosis treatments in 
randomized trials of post-menopausal women: A systematic review and Bayesian network 
meta-analysis. Bone, 2023. 167: p. 116610. 

76. Vestergaard Kvist, A., et al., Cardiovascular Safety Profile of Romosozumab: A 
Pharmacovigilance Analysis of the US Food and Drug Administration Adverse Event Reporting 
System (FAERS). J Clin Med, 2021. 10(8). 

77. Hippisley-Cox, J., C. Coupland, and P. Brindle, Development and validation of QRISK3 risk 
prediction algorithms to estimate future risk of cardiovascular disease: prospective cohort 
study. Bmj, 2017. 357: p. j2099. 

78. Shepstone, L., et al., Screening in the community to reduce fractures in older women 
(SCOOP): a randomised controlled trial. Lancet, 2018. 391(10122): p. 741-747. 

79. Söreskog, E., et al., Long-term cost-effectiveness of screening for fracture risk in a UK primary 
care setting: the SCOOP study. Osteoporos Int, 2020. 31(8): p. 1499-1506. 

80. Fuggle, N.R., et al., The treatment gap: The missed opportunities for osteoporosis therapy. 
Bone, 2021. 144: p. 115833. 

81. Wu, C.H., et al., Economic impact and cost-effectiveness of fracture liaison services: a 
systematic review of the literature. Osteoporos Int, 2018. 29(6): p. 1227-1242. 

82. Wu, C.H., et al., Fracture liaison services improve outcomes of patients with osteoporosis-
related fractures: A systematic literature review and meta-analysis. Bone, 2018. 111: p. 92-
100. 

83. González-Quevedo, D., et al., Secondary osteoporosis prevention: three-year outcomes from 
a Fracture Liaison Service in elderly hip fracture patients. Aging Clinical and Experimental 
Research, 2024. 36(1): p. 103. 

84. Bruyère, O., et al., An updated algorithm recommendation for the management of knee 
osteoarthritis from the European Society for Clinical and Economic Aspects of Osteoporosis, 



31 

 

Osteoarthritis and Musculoskeletal Diseases (ESCEO). Semin Arthritis Rheum, 2019. 49(3): p. 
337-350. 

85. Murphy, B.P.D., M.M. Dowsey, and P.F.M. Choong, The Impact of Advanced Age on the 
Outcomes of Primary Total Hip and Knee Arthroplasty for Osteoarthritis: A Systematic Review. 
JBJS Rev, 2018. 6(2): p. e6. 

86. Yang, W., et al., The Efficacy and Safety of Disease-Modifying Osteoarthritis Drugs for Knee 
and Hip Osteoarthritis—a Systematic Review and Network Meta-Analysis. Journal of General 
Internal Medicine, 2021. 36(7): p. 2085-2093. 

87. Towheed, T.E., et al., Glucosamine therapy for treating osteoarthritis. Cochrane Database Syst 
Rev, 2005. 2005(2): p. Cd002946. 

88. Reginster, J.L., O. Bruyere, and C. Cooper, Different glucosamine sulfate products generate 
different outcomes on osteoarthritis symptoms. Ann Rheum Dis, 2018. 77(7): p. e39. 

89. Reginster, J.Y., Differentiation between various Chondroitin sulfate formulations in 
symptomatic knee osteoarthritis. Ann Rheum Dis, 2018. 77(8): p. e55. 

90. Reginster, J.Y., et al., Long-term effects of glucosamine sulphate on osteoarthritis progression: 
a randomised, placebo-controlled clinical trial. Lancet, 2001. 357(9252): p. 251-6. 

91. Pavelká, K., et al., Glucosamine sulfate use and delay of progression of knee osteoarthritis: a 
3-year, randomized, placebo-controlled, double-blind study. Arch Intern Med, 2002. 162(18): 
p. 2113-23. 

92. Palma Dos Reis, R., et al., Crystalline glucosamine sulfate in the treatment of osteoarthritis: 
evidence of long-term cardiovascular safety from clinical trials. Open Rheumatol J, 2011. 5: p. 
69-77. 

93. Honvo, G., et al., Safety of Symptomatic Slow-Acting Drugs for Osteoarthritis: Outcomes of a 
Systematic Review and Meta-Analysis. Drugs Aging, 2019. 36(Suppl 1): p. 65-99. 

94. Kingsbury, S.R., et al., How do people with knee osteoarthritis use osteoarthritis pain 
medications and does this change over time? Data from the Osteoarthritis Initiative. Arthritis 
Res Ther, 2013. 15(5): p. R106. 

95. van den Driest, J.J., et al., Analgesic Use in Dutch Patients With Osteoarthritis: Frequent But 
Low Doses. J Clin Rheumatol, 2019. 25(7): p. 297-303. 

96. Huang, Y.L., et al., Chronic pain and use of analgesics in the elderly: a nationwide population-
based study. Arch Med Sci, 2020. 16(3): p. 627-634. 

97. Al-Qurain, A.A., et al., Prevalence and Factors Associated with Analgesic Prescribing in Poly-
Medicated Elderly Patients. Drugs Aging, 2020. 37(4): p. 291-300. 

98. Leopoldino, A.O., et al., Paracetamol versus placebo for knee and hip osteoarthritis. Cochrane 
Database Syst Rev, 2019. 2(2): p. Cd013273. 

99. Zeng, C., et al., Comparative efficacy and safety of acetaminophen, topical and oral non-
steroidal anti-inflammatory drugs for knee osteoarthritis: evidence from a network meta-
analysis of randomized controlled trials and real-world data. Osteoarthritis Cartilage, 2021. 
29(9): p. 1242-1251. 

100. da Costa, B.R., et al., Effectiveness and safety of non-steroidal anti-inflammatory drugs and 
opioid treatment for knee and hip osteoarthritis: network meta-analysis. Bmj, 2021. 375: p. 
n2321. 

101. Machado, G.C., et al., Efficacy and safety of paracetamol for spinal pain and osteoarthritis: 
systematic review and meta-analysis of randomised placebo controlled trials. Bmj, 2015. 350: 
p. h1225. 

102. Rahme, E., et al., Hospitalizations for upper and lower GI events associated with traditional 
NSAIDs and acetaminophen among the elderly in Quebec, Canada. Am J Gastroenterol, 2008. 
103(4): p. 872-82. 

103. de Abajo, F.J., et al., Risk of nonfatal acute myocardial infarction associated with non-
steroidal antiinflammatory drugs, non-narcotic analgesics and other drugs used in 



32 

 

osteoarthritis: a nested case-control study. Pharmacoepidemiol Drug Saf, 2014. 23(11): p. 
1128-38. 

104. Kelly, T.L., et al., The association between exacerbation of chronic obstructive pulmonary 
disease and timing of paracetamol use: a cohort study in elderly Australians. Respir Res, 
2022. 23(1): p. 80. 

105. Endo, M., et al., Protocol for the RETHINK study: a randomised, double-blind, parallel-group, 
non-inferiority clinical trial comparing acetaminophen and NSAIDs for treatment of chronic 
pain in elderly patients with osteoarthritis of the hip and knee. BMJ Open, 2023. 13(2): p. 
e068220. 

106. Arden, N.K., et al., Non-surgical management of knee osteoarthritis: comparison of ESCEO 
and OARSI 2019 guidelines. Nat Rev Rheumatol, 2021. 17(1): p. 59-66. 

107. Mian, P., et al., Paracetamol in Older People: Towards Evidence-Based Dosing? Drugs Aging, 
2018. 35(7): p. 603-624. 

108. Schmidt, M., et al., Cardiovascular safety of non-aspirin non-steroidal anti-inflammatory 
drugs: review and position paper by the working group for Cardiovascular Pharmacotherapy 
of the European Society of Cardiology. Eur Heart J Cardiovasc Pharmacother, 2016. 2(2): p. 
108-18. 

109. Curtis, E., et al., Safety of Cyclooxygenase-2 Inhibitors in Osteoarthritis: Outcomes of a 
Systematic Review and Meta-Analysis. Drugs Aging, 2019. 36(Suppl 1): p. 25-44. 

110. Wongrakpanich, S., et al., A Comprehensive Review of Non-Steroidal Anti-Inflammatory Drug 
Use in The Elderly. Aging Dis, 2018. 9(1): p. 143-150. 

111. Fuggle, N., et al., Safety of Opioids in Osteoarthritis: Outcomes of a Systematic Review and 
Meta-Analysis. Drugs Aging, 2019. 36(Suppl 1): p. 129-143. 

112. Nissen, S.E., et al., Cardiovascular Safety of Celecoxib, Naproxen, or Ibuprofen for Arthritis. N 
Engl J Med, 2016. 375(26): p. 2519-29. 

113. Bhala, N., et al., Vascular and upper gastrointestinal effects of non-steroidal anti-
inflammatory drugs: meta-analyses of individual participant data from randomised trials. 
Lancet, 2013. 382(9894): p. 769-79. 

114. Ungprasert, P., et al., Individual non-steroidal anti-inflammatory drugs and risk of acute 
kidney injury: A systematic review and meta-analysis of observational studies. Eur J Intern 
Med, 2015. 26(4): p. 285-91. 

115. Wang, X., et al., Meta-analysis: cyclooxygenase-2 inhibitors are no better than nonselective 
nonsteroidal anti-inflammatory drugs with proton pump inhibitors in regard to 
gastrointestinal adverse events in osteoarthritis and rheumatoid arthritis. Eur J Gastroenterol 
Hepatol, 2011. 23(10): p. 876-80. 

116. Gwee, K.A., et al., Coprescribing proton-pump inhibitors with nonsteroidal anti-inflammatory 
drugs: risks versus benefits. J Pain Res, 2018. 11: p. 361-374. 

117. International Osteoporosis Foundation, Nutrition Guidelines. Available from: 
https://www.osteoporosis.foundation/health-professionals/prevention/nutrition. 

118. Alabadi, B., et al., Nutrition-Based Support for Osteoporosis in Postmenopausal Women: A 
Review of Recent Evidence. Int J Womens Health, 2024. 16: p. 693-705. 

119. Salari, P., et al., A systematic review of the impact of n-3 fatty acids in bone health and 
osteoporosis. Med Sci Monit, 2008. 14(3): p. Ra37-44. 

120. Bischoff-Ferrari, H.A., et al., DO-HEALTH: Vitamin D3 - Omega-3 - Home exercise - Healthy 
aging and longevity trial - Design of a multinational clinical trial on healthy aging among 
European seniors. Contemp Clin Trials, 2021. 100: p. 106124. 

121. Nouri, M., et al., How do carbohydrate quality indices influence on bone mass density in 
postmenopausal women? A case-control study. BMC Womens Health, 2023. 23(1): p. 42. 

122. Groenendijk, I., et al., High Versus low Dietary Protein Intake and Bone Health in Older 
Adults: a Systematic Review and Meta-Analysis. Comput Struct Biotechnol J, 2019. 17: p. 
1101-1112. 

https://www.osteoporosis.foundation/health-professionals/prevention/nutrition


33 

 

123. Shams-White, M.M., et al., Dietary protein and bone health: a systematic review and meta-
analysis from the National Osteoporosis Foundation. Am J Clin Nutr, 2017. 105(6): p. 1528-
1543. 

124. Wallace, T.C. and C.L. Frankenfeld, Dietary Protein Intake above the Current RDA and Bone 
Health: A Systematic Review and Meta-Analysis. J Am Coll Nutr, 2017. 36(6): p. 481-496. 

125. Bauer, J., et al., Evidence-based recommendations for optimal dietary protein intake in older 
people: a position paper from the PROT-AGE Study Group. J Am Med Dir Assoc, 2013. 14(8): 
p. 542-59. 

126. Dominguez, L.J., et al., Association between Serum Magnesium and Fractures: A Systematic 
Review and Meta-Analysis of Observational Studies. Nutrients, 2023. 15(6). 

127. Groenendijk, I., et al., Impact of magnesium on bone health in older adults: A systematic 
review and meta-analysis. Bone, 2022. 154: p. 116233. 

128. van Wijngaarden, J.P., et al., Vitamin B12, folate, homocysteine, and bone health in adults 
and elderly people: a systematic review with meta-analyses. J Nutr Metab, 2013. 2013: p. 
486186. 

129. Rondanelli, M., et al., Evidence of a Positive Link between Consumption and Supplementation 
of Ascorbic Acid and Bone Mineral Density. Nutrients, 2021. 13(3). 

130. Li, R., et al., Association between dietary intake of α-tocopherol and cadmium related 
osteoporosis in population ≥ 50 years. J Bone Miner Metab, 2023. 41(4): p. 501-511. 

131. Mott, A., et al., Effect of vitamin K on bone mineral density and fractures in adults: an 
updated systematic review and meta-analysis of randomised controlled trials. Osteoporos 
Int, 2019. 30(8): p. 1543-1559. 

132. Zhou, M., et al., Efficacy and safety of vitamin K2 for postmenopausal women with 
osteoporosis at a long-term follow-up: meta-analysis and systematic review. J Bone Miner 
Metab, 2022. 40(5): p. 763-772. 

133. Sanchis, P., et al., Estimated Phytate Intake Is Associated with Bone Mineral Density in 
Mediterranean Postmenopausal Women. Nutrients, 2023. 15(7). 

134. Matía-Martín, P., et al., Effects of Milk and Dairy Products on the Prevention of Osteoporosis 
and Osteoporotic Fractures in Europeans and Non-Hispanic Whites from North America: A 
Systematic Review and Updated Meta-Analysis. Adv Nutr, 2019. 10(suppl_2): p. S120-s143. 

135. Malmir, H., B. Larijani, and A. Esmaillzadeh, Consumption of milk and dairy products and risk 
of osteoporosis and hip fracture: a systematic review and Meta-analysis. Crit Rev Food Sci 
Nutr, 2020. 60(10): p. 1722-1737. 

136. Rondanelli, M., et al., Evaluating adherence, tolerability and safety of oral calcium citrate in 
elderly osteopenic subjects: a real-life non-interventional, prospective, multicenter study. 
Aging Clin Exp Res, 2024. 36(1): p. 38. 

137. Rizzoli, R. and E. Biver, Role of fermented dairy products in the health benefits of a 
mediterranean diet. Aging Clin Exp Res, 2024. 36(1): p. 75. 

138. Rizzoli, R., Dairy products and bone health. Aging Clin Exp Res, 2022. 34(1): p. 9-24. 
139. Rizzoli, R., Nutritional influence on bone: role of gut microbiota. Aging Clin Exp Res, 2019. 

31(6): p. 743-751. 
140. Somekawa, Y., et al., Soy intake related to menopausal symptoms, serum lipids, and bone 

mineral density in postmenopausal Japanese women. Obstet Gynecol, 2001. 97(1): p. 109-15. 
141. Zhou, F., et al., Tea consumption and risk of bone health: an updated systematic review and 

meta-analysis. J Bone Miner Metab, 2024. 42(1): p. 99-114. 
142. Morales-Ivorra, I., et al., Osteoarthritis and the Mediterranean Diet: A Systematic Review. 

Nutrients, 2018. 10(8). 
143. Fuggle, N.R., et al., Alternative and complementary therapies in osteoarthritis and cartilage 

repair. Aging Clin Exp Res, 2020. 32(4): p. 547-560. 



34 

 

144. Biver, E., et al., Gut microbiota and osteoarthritis management: An expert consensus of the 
European society for clinical and economic aspects of osteoporosis, osteoarthritis and 
musculoskeletal diseases (ESCEO). Ageing Res Rev, 2019. 55: p. 100946. 

145. Valenzuela, P.L., et al., Effects of physical exercise on physical function in older adults in 
residential care: a systematic review and network meta-analysis of randomised controlled 
trials. Lancet Healthy Longev, 2023. 4(6): p. e247-e256. 

146. WHO guidelines on physical activity and sedentary behaviour. Geneva: World Health 
Organization. 2020. 

147. Dunlop, D.D., et al., Risk factors for functional decline in older adults with arthritis. Arthritis 
Rheum, 2005. 52(4): p. 1274-82. 

148. Dunlop, D.D., et al., One Hour a Week: Moving to Prevent Disability in Adults With Lower 
Extremity Joint Symptoms. Am J Prev Med, 2019. 56(5): p. 664-672. 

149. Song, J., et al., Relationship of knee pain to time in moderate and light physical activities: 
Data from Osteoarthritis Initiative. Semin Arthritis Rheum, 2018. 47(5): p. 683-688. 

150. Pinto, D., et al., Association Between Sedentary Time and Quality of Life From the 
Osteoarthritis Initiative: Who Might Benefit Most From Treatment? Arch Phys Med Rehabil, 
2017. 98(12): p. 2485-2490. 

151. Lagerros, Y.T., et al., Physical activity and the risk of hip fracture in the elderly: a prospective 
cohort study. Eur J Epidemiol, 2017. 32(11): p. 983-991. 

152. Lau, L.K., et al., Effects of Exercise Interventions on Physical Performance and Activities of 
Daily Living in Oldest-Old and Frail Older Adults: A Review of the Literature. Am J Phys Med 
Rehabil, 2023. 102(10): p. 939-949. 

153. Knoop, J., et al., Is a model of stratified exercise therapy by physical therapists in primary care 
feasible in patients with knee osteoarthritis? : a mixed methods study. Physiotherapy, 2020. 
106: p. 101-110. 

154. Kemmler, W., et al., Effects of High Intensity Dynamic Resistance Exercise and Whey Protein 
Supplements on Osteosarcopenia in Older Men with Low Bone and Muscle Mass. Final 
Results of the Randomized Controlled FrOST Study. Nutrients, 2020. 12(8). 

155. Skou, S.T., et al., Group education and exercise is feasible in knee and hip osteoarthritis. Dan 
Med J, 2012. 59(12): p. A4554. 

156. O'Rourke, B., W. Oortwijn, and T. Schuller, The new definition of health technology 
assessment: A milestone in international collaboration. Int J Technol Assess Health Care, 
2020. 36(3): p. 187-190. 

157. O'Rourke, B., et al., The 'Top 10' Challenges for Health Technology Assessment: INAHTA 
Viewpoint. Int J Technol Assess Health Care, 2020. 36(1): p. 1-4. 

158. Li, N., et al., Cost Effectiveness Analyses of Interventions for Osteoporosis in Men: A 
Systematic Literature Review. Pharmacoeconomics, 2023. 41(4): p. 363-391. 

159. Li, N., et al., An Updated Systematic Review of Cost-Effectiveness Analyses of Drugs for 
Osteoporosis. Pharmacoeconomics, 2021. 39(2): p. 181-209. 

160. Yu, G., et al., A systematic review of cost‑effectiveness analyses of sequential treatment for 
osteoporosis. Osteoporos Int, 2023. 34(4): p. 641-658. 

161. Hiligsmann, M., et al., Comparison of the cost-effectiveness of sequential treatment with 
abaloparatide in US men and women at very high risk of fractures. Aging Clin Exp Res, 2024. 
36(1): p. 14. 

162. Hiligsmann, M., et al., Cost-Effectiveness of Sequential Abaloparatide/Alendronate in Men at 
High Risk of Fractures in the United States. Pharmacoeconomics, 2023. 41(7): p. 819-830. 

163. Hiligsmann, M., et al., Health economics in the field of osteoarthritis: an expert's consensus 
paper from the European Society for Clinical and Economic Aspects of Osteoporosis and 
Osteoarthritis (ESCEO). Semin Arthritis Rheum, 2013. 43(3): p. 303-13. 

164. Shi, J., et al., Cost Effectiveness of Pharmacological Management for Osteoarthritis: A 
Systematic Review. Appl Health Econ Health Policy, 2022. 20(3): p. 351-370. 



35 

 

165. Mazzei, D.R., et al., Are education, exercise and diet interventions a cost-effective treatment 
to manage hip and knee osteoarthritis? A systematic review. Osteoarthritis Cartilage, 2021. 
29(4): p. 456-470. 

166. Vo, N.X., et al., Cost-Effectiveness of Glucosamine in Osteoarthritis Treatment: A Systematic 
Review. Healthcare (Basel), 2023. 11(16). 

167. Kunkel, S.T., et al., The Cost-Effectiveness of Total Hip Arthroplasty in Patients 80 Years of Age 
and Older. J Arthroplasty, 2018. 33(5): p. 1359-1367. 

 


