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Abstract
Healthy aging is defined as the process of developing and maintaining the functional ability that enables wellbeing in older 
age. Healthy aging is dependent upon intrinsic capacity, a composite of physical and mental capacities, and the environment 
an individual inhabits and their interactions with it. Maintenance of musculoskeletal health during aging is a key determi-
nant of functional ability. Sarcopenia, osteoporosis and osteoarthritis, are a triad of musculoskeletal diseases of aging that 
are major contributors to the global burden of disease and disability worldwide. The prevention and management of these 
disorders is of increasing importance with pressure mounting from the aging population. In a new initiative, the Chinese 
Medical Association, Chinese Society of Osteoporosis and Bone Mineral Research, and the European Society for Clinical 
and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases jointly organized a symposium to dis-
cuss current practices and policies in the management of musculoskeletal aging. The meeting allowed experts from Europe 
and China to share their experience and recommendations for the management of these three major diseases. Discussing 
and analyzing similarities and differences in their practice should lead, through a mutual enrichment of knowledge, to bet-
ter management of these diseases, in order to preserve intrinsic capacity and retard the age-related degradation of physical 
ability. In future, it is hoped that sharing of knowledge and best practice will advance global strategies to reduce the burden 
of musculoskeletal disease and promote healthy aging tailored to meet the individual patient’s needs.
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Introduction

Healthy aging is defined by the World Health Organization 
as the process of developing and maintaining the functional 
ability that enables wellbeing in older age [1]. Healthy aging 
draws on two main concepts: intrinsic capacity, a composite 
of all physical and mental capacities that an individual has at 
any point in time; and the environment they inhabit and their 
interactions with it. For example, while older people may 
have limited capacity, they may still be able to shop if they 
have access to anti-inflammatory medication, an assistive 
device, and live close to affordable and accessible transport. 
Central to the concept of healthy aging is an understanding 
that neither intrinsic capacity nor functional ability remain 

constant; although both tend to decline with increasing age, 
life choices or interventions at different points during the 
life course will determine the trajectory for each individ-
ual. Measurement of functional ability and intrinsic capac-
ity may lead to better clinical care, earlier identification of 
change, identification of early determinants of trajectory, 
better understanding of population trends, better patient 
stratification for clinical trials, comparison of the impact of 
interventions and multiple research outcomes. Maintenance 
of musculoskeletal health during aging is a key determinant 
of functional ability.

Typically, decreases in muscle mass and strength, 
decreases in bone mass and function, and joint tissue degen-
eration occur with healthy aging. Sarcopenia, a progressive 
and generalized skeletal muscle disorder leads to dimin-
ished physical performance, frailty, and increased risk of 
falls and fracture in older people with reduced quality of 
life [2]. Osteoporosis, a skeletal disease of low bone mass 
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and deterioration of bone tissue, increases the risk of bone 
fragility [3]. Osteoarthritis, a progressive disorder causing 
joint pain and stiffness, leads to functional decline and loss 
of quality of life [4, 5]. These musculoskeletal disorders are 
major contributors to the global burden of disease and dis-
ability worldwide [6–8], and prevention and management 
of these disorders is of increasing importance with pressure 
mounting from the aging population [9].

In a major new initiative, the Chinese Medical Associa-
tion (CMA), the Chinese Society of Osteoporosis and Bone 
Mineral Research (CSOBMR) and the European Society for 
Clinical and Economic Aspects of Osteoporosis, Osteoar-
thritis and Musculoskeletal Diseases (ESCEO) jointly organ-
ized a 1-day symposium, held in Suzhou, China, on 17th 
October 2018, to discuss current practices and policies in 
the management of musculoskeletal aging. The meeting was 
organized under the auspices of the National Health Com-
mission of the People’s Republic of China, the WHO Collab-
orating Centre for Public Health Aspects of Musculoskeletal 
Health and Aging, the Belgian Federal Ministry of Health 
and Social Affairs and the Belgian Senate. The program 
identified similarities and differences between approaches 
in Europe and China for the identification, diagnosis, treat-
ment and management of these three pivotal musculoskel-
etal disorders. This article summarizes the presentations and 
discussions shared at the meeting. In future, it is hoped that 
sharing of knowledge and best practice will advance global 
strategies to reduce the burden of musculoskeletal disease 
and promote healthy aging tailored to meet the individual 
patient’s needs.

Osteoporosis

Osteoporosis is a systemic skeletal disease characterized 
by low bone mass and microarchitectural deterioration of 
bone tissue, with a consequent increase in bone fragility and 
susceptibility to fracture [10]. The diagnosis of osteoporo-
sis is at the same time an assessment of a risk factor for 
the outcome of fracture. The remaining lifetime probabil-
ity of an osteoporotic fracture in postmenopausal women 
is more than 40% in Western Europe [3]. Common sites for 
osteoporotic fracture are the spine, hip, distal forearm and 
proximal humerus, and collectively all osteoporotic fractures 
accounted for 3.5 million new fragility fractures in men and 
women in Europe in 2010 [11]. Community-based screening 
programs for fracture risk are not commonplace but could be 
effective in reducing hip fractures [12]. Osteoporotic frac-
tures are a major cause of morbidity; hip fractures cause 
acute pain and loss of function, and result in hospitalization. 
Vertebral fractures may also cause acute pain and functional 
loss. The direct cost of osteoporotic fractures was estimated 

at €37 billion across the 27 EU countries in 2010, which is 
expected to rise by 25% in 2025 [13].

The operational definition of osteoporosis is based on the 
T score for bone mineral density (BMD) assessed by dual-
energy X-ray absorptiometry (DXA) at the femoral neck or 
spine, and is defined as a value for BMD 2.5 standard devia-
tions (SD) or more below the young female adult mean [14]. 
Several clinical factors contribute significantly to fracture 
risk over and above that provided by BMD measurement 
including: age, sex, low body mass index (BMI), previous 
fragility fracture, parental history of hip fracture, glucocor-
ticoid treatment, current smoking, alcohol intake of three or 
more units daily and causes of secondary osteoporosis [15, 
16], and are incorporated into the Fracture Risk Assessment 
tool (FRAX®). Country-specific FRAX should be used to 
assess fracture probability in postmenopausal women; there 
are 63 FRAX models available covering 80% of the world 
population, used in 173 countries, and incorporated into 130 
guidelines worldwide, including those of the ESCEO and 
the International Osteoporosis Foundation (IOF) [15], and 
those of the CMA [17].

European practice for fracture risk assessment

The ESCEO-IOF guidance for the diagnosis and manage-
ment of osteoporosis in postmenopausal women outlines a 
case-finding strategy based upon clinical risk factor iden-
tification and stratification into high, intermediate and low 

Fig. 1   Case-finding strategy for osteoporosis from ESCEO-IOF 
guidance [15]. BMD bone mineral density, CRF clinical risk factor. 
Reprinted from: Kanis JA et al. [15] with permission from Springer 
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fracture risk (Fig. 1) [15]. A prior fragility fracture is a suf-
ficient signal that treatment of osteoporosis may be recom-
mended. The intervention threshold in women without a 
prior fracture can be set at the age-specific 10-year fracture 
probability derived from FRAX that is equivalent to women 
with a prior fragility fracture [15]. The availability of BMD 
measurement using DXA varies by country [10]. Thus, with 
limited access to DXA, BMD measurement may be reserved 
for those individuals who lie close to the intervention thresh-
old, which may reduce the need for DXA by up to 60% [15].

Osteoporosis in China

The size of the aging population is growing rapidly in China. 
For Chinese women, the prevalence of osteoporosis meas-
ured at at least one site increases with age from 24% in those 
aged 50–59 years to 83% in those aged over 80 years [18]. 
The prevalence of osteoporosis at the lateral spine region in 
this population was 9–11% at the age of 40–49 and 37–41% 
at the age of 50–59, and 0.5–4% at the age of 40–49 and 
4–22% at the age of 50–59 years at other skeletal sites [18]. 
The risk of vertebral fracture increases among postmeno-
pausal Chinese women from 13% at age 50–59 years to over 
50% after age 80 years [19]. Studies suggest that the rate of 
hip fractures is increasing in areas of Asia that are undergo-
ing urbanization [20]. Data collected between 1990–1992 
and 2002–2006 in Beijing, China, showed a 2.76-fold (95% 
confidence interval [CI] 2.68, 2.84) increase in age-specific 
hip fracture risk among women aged > 50 years and 1.61-
fold (95% CI 1.56, 1.66) increase in men from 1990 to 2006 
[20]. Osteoporosis-related fractures cause a substantial eco-
nomic burden [21], which is predicted to increase mark-
edly over the coming decades. Around 2.3 million osteo-
porotic fractures occurred in China in 2010 among people 
aged ≥ 50 years, costing US$9.5 billion; both the number 
and costs of osteoporosis-related fractures are estimated 
to double by 2035, reaching 6 million fractures costing 
US$25.4 billion by 2050 [22].

Case‑finding strategy for osteoporosis management 
in China

In order to better identify those at risk of osteoporotic frac-
tures, and prevent these from occurring, the CMA has out-
lined a case-finding strategy in its guidelines for primary 
osteoporosis [17]. Risk assessment may be performed using 
the IOF primary questionnaire for risk of osteoporosis, the 
Osteoporosis Self-assessment Tool for Asians (OSTA), or 
other risk factors, and be performed after a fall or during 
screening. Case diagnosis may involve X-ray to determine 
presence of fracture and DXA to measure BMD (Fig. 2). 
FRAX assessment is confined to patients with low bone 

mass (osteopenia) and thereafter stratified into high, middle 
and low fracture risk [17].

In China, there is often a gap between patients and doc-
tors in terms of osteoporosis care: patients do not know 
where to find a doctor who can treat osteoporosis, and doc-
tors do not know where to find patients without a fracture but 
at high risk of osteoporosis. One way to bridge the gap may 
be through the development of new Osteoporosis Centers 
in hospitals. Win Over Osteoporosis (WOO) is a national 
project of China, focused on enhancing the education of 
osteoporosis and screening for high-risk osteoporosis. A 
second option may be to optimize a tiered medical diagnosis 
and treatment system, through case referrals from primary 
to middle and tertiary care. Another route is to promote 
Healthcare Consortiums such as the National Osteoporosis 
Alliance Hierarchical Healthcare System (NOAH). Lastly, 
knowledge dissemination may be achieved through educa-
tion of family doctors and general practitioners and patient 
education and screening in the community.

European practice for using BTMs in the diagnosis 
and management of osteoporosis

Bone remodeling is a tightly coupled process of bone resorp-
tion and bone formation that occurs to preserve the mechani-
cal integrity of bone and regulate calcium homeostasis [23]. 
Bone turnover biomarkers (BTMs) are enzymes of osteo-
blasts and osteoclasts or by-products of bone remodeling, 
and are categorized into bone formation and bone resorption 
markers. BTMs may identify changes in bone remodeling 
within a relatively short time interval before changes in 
BMD can be detected. Thus, BTMs may be used to pre-
dict bone loss in pre- and post-menopausal women and to 
monitor the efficacy of treatment in osteoporotic women. 
Research evidence suggests that BTMs may provide infor-
mation on fracture risk independently from BMD, so that 
fracture risk prediction might be enhanced by their inclusion 
in assessment algorithms [24]. The IOF and International 
Federation of Clinical Chemistry and Laboratory Medicines 
(IFCC) recommend that a marker of bone formation, serum 
procollagen type I N propeptide (PINP), and a marker of 
bone resorption, serum C-terminal telopeptide of type I 
collagen (CTX-I), are used as reference markers of bone 
turnover and for prediction of fracture risk and monitoring 
of osteoporosis treatment [25].

Although there are significant associations between 
BTMs and incident fracture risk, the association is mod-
est and BTMs are not commonly used for the prediction of 
fracture risk [26]. However, BTMs are generally used for the 
follow-up of osteoporosis treatment efficacy, as there are sig-
nificant positive associations between the reduction in BTM 
and the reduction in fracture risk which support the use of 
BTM in monitoring treatment [25]. In Europe, BTMs are 
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recommended for the follow-up of patients treated with anti-
osteoporotic drugs because of poor adherence [27]. Adher-
ence to oral bisphosphonates is as low as 50% at 1 year; low 
adherence significantly jeopardizes the anti-fracture efficacy 
and cost-effectiveness of treatment.

Bone turnover biomarkers concentration can be affected 
by different conditions that are important to take into con-
sideration when interpreting results; this includes intra- and 
inter-subject variability, different measurement methods, 
variability in different diseases, and between different agents 
[25, 28–30]. Guidelines from The National Bone Health 
Alliance (NBHA) recommend standardized sample handling 
and patient preparation for CTX-I and PINP measurements 
to reduce pre-analytical variability [31].

BTMs in the management of osteoporosis in China

The proper application and assessment of BTMs in clini-
cal practice is important. To achieve this aim, the Japan 
Osteoporosis Society and the CSOBMR have developed 
guidelines for the use of BTMs in osteoporosis [32–34]. The 
normal range of BTMs in Chinese people has been estab-
lished through the Chinese Bone Turnover Marker study [35, 
36]; the study found no significant differences in CTX-I and 
PINP concentrations among different cities with different 

latitudes. Serum osteocalcin (OC) and bone-specific alka-
line phosphatase (BAP) are found to be the key determin-
ing factors of early BMD decreases in Chinese middle-aged 
women [37].

Data linking BTMs with fracture risk are lacking within 
Asian populations; from the Singapore Chinese Health 
Study, a population-based prospective cohort of Chinese 
men and women (45–74 years), higher serum levels of 
BTMs, namely PINP, OC, N-terminal crosslinking telo-
peptide of type I collagen (NTX-I) and CTX-I, were asso-
ciated with increased risk of hip fracture [38]. Among 
Chinese postmenopausal women in the Peking Vertebral 
Fracture study, serum CTX-I and PINP levels negatively 
correlated with BMD, and CTX-I was higher in postmeno-
pausal women with sustained fracture or vertebral fracture 
[39]. Further prospective longitudinal studies are needed to 
explore the predictive role of BTMs in relation to bone loss 
and fracture risk in the Chinese population.

The clinical value of BTMs in other diseases also needs 
to be evaluated. Suppressed BTMs are associated with 
increased osteoporotic fracture risk in non-obese post-
menopausal Chinese women with type 2 diabetes mellitus 
[40], while subcutaneous fat area correlates with OC in 
postmenopausal women and is negatively associated with 
BMD [41]. The effect of treatment on BTMs and BMD has 

Fig. 2   Case-finding strategy for osteoporosis from Chinese Medi-
cal Association guidance. Adapted from CSOBMR [17]. DXA dual-
energy X-ray absorptiometry, FRAX fracture risk assessment tool, 

IOF International Osteoporosis Foundation, OSTA Osteoporosis Self-
assessment Tool for Asians
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been evaluated in Chinese subjects with osteoporosis; for 
example, zoledronic acid (IV 5 mg/year) increased BMD at 
the lumbar spine over 2 years and rapidly decreased BTMs 
(PINP and CTX-I) [42], and treatment with low-dose alen-
dronate (70 mg every 2 weeks) in women with postmeno-
pausal osteopenia/osteoporosis increased lumbar spine and 
hip BMD and decreased serum BTMs [43]. A systematic 
review of teriparatide (SC 20 μg/day) for treatment of Asian 
patients with osteoporosis at high risk for fracture, shows a 
sustained increase in bone formation markers (PINP, BAP) 
and bone resorption markers (CTX-I, NTX-I) [44]. Novel 
BTMs, such as osteoprotegerin, receptor activator of nuclear 
factor-κB ligand, and sclerostin have emerged and are wor-
thy of further research [45, 46].

European guidelines for management 
of osteoporosis

The 2019 update of the European guidance for the diagnosis 
and management of osteoporosis in postmenopausal women 
contains new information on the general and pharmacologi-
cal management of osteoporosis (Fig. 3) [47], including data 
on the long-term effects of dietary intake and on fracture risk 
with drug treatment discontinuation [15].

Age-dependent intervention thresholds provide guidance 
for decision-making based upon the 10-year probability of 
major osteoporotic and hip fracture derived from FRAX 
[48]. Women aged over 65 years with a prior fracture can be 
considered for treatment without further intervention, while 
BMD measurement may be more appropriate in younger 
postmenopausal women [15].

Lifestyle and dietary measures

European recommendations include a daily calcium intake 
of 800–1200  mg and sufficient dietary protein, ideally 
achieved through dairy products. A daily dose of 800 IU 
cholecalciferol is advised for postmenopausal women at 
increased risk of fracture. Calcium supplementation is 
appropriate if the dietary intake is below 800 mg/day, and 
vitamin D supplementation considered in patients at risk of, 
or showing evidence of, vitamin D insufficiency [15].

Regular weight-bearing exercise is advised, tailored to 
the needs and abilities of the individual patient. A history 
of falls should be obtained in individuals at increased risk of 
fracture with further assessment and appropriate measures 
undertaken in those at increased risk [15].

Pharmacological intervention

The oral bisphosphonates (alendronate, risedronate and 
ibandronate) are recommended as initial treatment in the 
majority of cases. Gastro-resistant formulations of oral 

bisphosphonates may increase adherence, and thus may 
be a preferred option [47]. Treatments should be reviewed 
after 3–5 years treatment with bisphosphonate. In women 
intolerant to oral bisphosphonates (or in those for whom 
they are contraindicated), intravenous bisphosphonates or 
denosumab provides the most appropriate alternatives, with 
raloxifene, or menopausal hormone therapy as additional 
options [15].

Teriparatide is preferentially recommended for patients at 
high risk of fracture. Fracture risk should be reassessed after 
a new fracture, regardless of when it occurs. The risk of new 
clinical and vertebral fractures increases in patients who stop 
treatment. Withdrawal of denosumab therapy is associated 
with a rebound in vertebral fracture rate; bisphosphonate 
therapy can be considered after discontinuation of deno-
sumab [15]. Local osteo-enhancement procedures may be 
considered if there is an increased risk of hip fracture [47].

There is little evidence to guide decision-making beyond 
10 years of treatment and management options in such 
patients should be considered on an individual basis.

Osteoporosis treatment under Chinese guidelines

Osteoporotic fractures cause considerable mortality and 
morbidity in the aging population. The current diagnosis and 
medical treatment following fragility fractures is still insuf-
ficient in mainland China and needs to be optimized [49]. A 
Chinese nationwide survey identified that greater awareness 
of guidelines for osteoporosis management by orthopedists 
is needed to enable them to better manage their patients. For 
example, a significant number had prescribed doses of vita-
min D and calcium lower than the recommended levels [50].

Global mapping has identified a prevalence of low aver-
age dietary calcium intake in Asian countries (< 400 mg/day) 
and low vitamin D status (25–49 nmol/L) [51, 52]. Chinese 
guidelines recommend calcium intake of 1000–1200 mg/
day and vitamin D of 800–1200 IU daily for older adults 
[34]. Active vitamin D (alfacalcidol or calcitriol) are recom-
mended for osteoporotic patients who are elderly, have renal 
dysfunction, or have 1α-hydroxylase deficiency.

There is evidence that calcitriol may reduce BMD 
loss and improve quality of life in the short-term among 
elderly Chinese patients with osteoporosis, although further 
research is needed to assess long-term effects. Calcitriol in 
combination with other anti-osteoporotic agents can improve 
BMD, BTMs, bone pain and reduce the risk of new vertebral 
fracture [53].

Alendronate in combination with vitamin D3 shows 
greater increases in BMD at the lumbar spine and greater 
reduction in BTMs compared with calcitriol in Chinese 
postmenopausal women [54]. The combination could pro-
vide further benefit to the vitamin D status of postmenopau-
sal patients with vitamin D insufficiency/deficiency [55]. 
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Fig. 3   ESCEO-IOF algorithm 
for diagnosis and management 
of osteoporosis in postmeno-
pausal women [47]. BMD bone 
mineral density, BMI body mass 
index, COPD chronic obstruc-
tive pulmonary disease, DXA 
dual-energy X-ray absorpti-
ometry, FRAX fracture risk 
assessment tool, HIV human 
immunodeficiency virus, TBS 
trabecular bone score. Reprinted 
from: Kanis JA et al. [47] with 
permission from Springer 2019
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Higher baseline PINP and CTX-I, and greater PINP and 
CTX-I decreases at 6 months were associated with greater 
improvement in lumbar spine BMD after alendronate plus 
vitamin D3 treatment [56].

Osteoarthritis

Osteoarthritis (OA) is a degenerative disease with joint pain 
as the main symptom accompanied by functional limita-
tion, with morning stiffness common in knee and hip joints 
and joint swelling common in hand OA. Hip and knee OA 
together are the eleventh highest contributor to global dis-
ability; the years of life lived with OA-related disability was 
estimated at 17 million in 2010 [7]. OA is a progressive 
disorder that requires long-term management with various 
treatment options over the course of the disease. Treatment 
guidelines, including those from the ESCEO and CMA, exist 
to assist physicians in the diagnosis and treatment of OA 
[57–59]. The CMA guidelines include diagnostic criteria 
for hip, knee and hand OA (Table 1) [59]. While the patho-
genesis of OA remains unclear, there are no anti-OA drugs 
that can effectively halt disease progression, and eventually 
treatment with arthroplasty surgery may be necessary. How 
to delay the development of OA, improve quality of life of 
patients with OA, and even how to prevent OA, are questions 
that are still to be answered.

European management of knee OA

In 2014, the ESCEO published recommendations for the 
management of knee OA in the form of a treatment algo-
rithm that prioritized interventions through progressive steps 
[57]. The algorithm was well-received internationally and 

translated and published in Chinese [60]. Since 2014, con-
siderable new evidence has emerged leading the ESCEO 
to publish an updated algorithm (Fig. 4) [58]. The 2019 
algorithm retains a core set of education, weight loss as 
appropriate, and exercise alongside a combination of non-
pharmacological and pharmacological treatments. In step 
1, background pharmacological therapy is recommended 
with symptomatic slow-acting drugs in osteoarthritis (SYS-
ADOAs). There are many different agents in the class of 
SYSADOAs including glucosamine, chondroitin, diacerein, 
and avocado soybean unsaponifiables (ASU), which are sup-
ported by variable degrees of clinical efficacy data. Thus, 
among all SYSADOAs the ESCEO strongly recommends 
specifically the use of pharmaceutical-grade prescription 
glucosamine sulfate (pCGS) and chondroitin sulfate, for 
which the evidence base is unequivocal and there are no 
safety issues [57, 58, 61, 62]. Due to only weak efficacy and 
increasing safety concerns, paracetamol (acetaminophen) 
is only recommended for short-term analgesia at doses no 
greater than 3 g/day. Topical non-steroidal inflammatory 
drugs (NSAIDs) may be added in step 1 for cyclic add-on 
analgesia, for which moderate efficacy is demonstrated with 
good safety profile [63–65]. Oral NSAIDs are recommended 
as step 2 advanced pharmacological treatment, as intermit-
tent or cyclical treatment to control pain rather than chronic 
use due to a risk of gastrointestinal (GI) and cardiovascular 
(CV) adverse events (AEs) with all oral NSAIDs [66, 67]. 
In the case of contraindication to NSAIDs, or if the patient 
is severely symptomatic, intra-articular (IA) treatment may 
be considered. IA hyaluronic acid (HA) is an effective treat-
ment with beneficial effects on pain, function and patient 
global assessment [68–72]. IAHA has a slow onset of action, 
with superior longer-lasting efficacy compared with IA cor-
ticosteroids [73]. IA corticosteroids have shown efficacy in 

Table 1   Guidelines from the Chinese Medical Association for the diagnosis of osteoarthritis of the hip, knee and hand. Table compiled from 
Xing-Ming et al. [59]

Osteo-
arthritis 
diagnostic 
criteria

Hip Knee Hand: interphalangeal joint

1 Repeated hip pain in the last month Repeated knee pain in the last month Pain, sore, stiffness of interphalangeal joint
2 Erythrocyte sedimentation rate ≤ 20 mm/h X-ray film shows the typical mani-

festations of osteoarthritis
The number of joints with bony enlargement in 

ten interphalangeal joints ≥ 2
3 X-ray shows osteophyte formation Age ≥ 50 years The number of distal interphalangeal joints with 

bone enlargement ≥ 2
4 X-ray shows narrowing of joint space Morning stiffness ≤ 30 min The number of metacarpophalangeal swell-

ings < 3
5 – Bone friction sound during activity The number of deformed joints in ten inter-

phalangeal joints ≥ 1
Diagnostic 

condi-
tions

1 + 2+3 or 1 + 3+4 1 + (any 2 symptoms in 2, 3, 4, 5) 1 + (any 2 symptoms in 2, 3, 4, 5)
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the short-term (2–4 weeks) and may be used to treat knee 
effusion; no benefit of repeat courses of IA corticosteroids 
on symptoms and joint structure modification in the long 
term (2 years) [74]. Step 3, last pharmacological options 
before recourse to surgical intervention for severely symp-
tomatic patients are short-term weak opioids for which there 
is good evidence of analgesic benefit in knee OA albeit with 
a high degree of AEs of the GI, dermatological and central 
nervous systems [75–77].

Safety of analgesic agents in the treatment of OA

Recent reports of safety issues associated with paraceta-
mol have raised concerns over its routine chronic use, due 
to increasing evidence of GI, CV, hepatic and renal AEs, 
especially at the upper end of standard analgesic doses (up 
to 4 g/day) [78–80]. A dose–response effect was reported, 
with increased odds of reduced renal function (odds ratio 
[OR] 1.80; 95% CI 1.02, 3.18) [81, 82]. An increase in upper 
GI AEs (ulcers, hemorrhages) was found with relative rate 
elevation to 1.49 (95% CI 1.34, 1.66) [83], and an increased 
risk for all CV AEs was reported with increased risk ranging 
from 1.19 (95% CI 0.81, 1.75) (dose 325–650 mg/week) to 
1.68 (95% CI 1.10, 2.57) (> 4875 mg/week) [84]. Further, an 
increase in mortality risk was associated with paracetamol 
use versus non-use of 1.63 (95% CI 1.58, 1.68) [83, 85].

Recent meta-analyses of the safety of NSAIDs suggest 
that all non-selective NSAIDs and cyclooxygenase-2 (COX-
2) inhibitors have the potential for GI and CV toxicity [67, 
86]. A meta-analysis of 280 trials of NSAIDs versus placebo 
(N = 124,513) and 474 trials of one NSAID versus another 
NSAID (N = 229,296) found that all NSAID regimens 
increase upper GI complications compared with placebo 
(COX-2 inhibitors rate ratio [RR] 1.81; 95% CI 1.17, 2.81; 
diclofenac RR 1.89; 95% CI 1.16, 3.09; ibuprofen RR 3.97; 
95% CI 2.22, 7.10; and naproxen RR 4.22; 95% CI 2.71, 
6.56) [86]. The risk of upper GI AEs with non-selective 
NSAIDs is attenuated by use of gastroprotectant proton 
pump inhibitors (PPIs) [87].

The absolute risk of myocardial infarction (MI) associ-
ated with NSAID use is estimated at around 0.5–1% per year 
[88]. While it was previously thought that selectivity of the 
NSAID for the COX-2 enzyme governed the CV toxicity 
profile, recent results suggest that CV risk may be drug spe-
cific; rofecoxib is associated with an increased risk of CV 
events, while celecoxib is associated with a lower incidence 

of MI (OR 0.58; 95% CI 0.40, 0.86) and stroke (OR 0.60; 
95% CI 0.41, 0.89) [89], and celecoxib is non-inferior to 
naproxen or ibuprofen for CV safety [90]. However, a safety 
meta-analysis of COX-2 inhibitors (celecoxib, rofecoxib, 
etoricoxib, and valdecoxib) found a significant increase in 
CV AEs, even when rofecoxib was excluded, specifically 
hypertension, congestive heart failure and peripheral and 
generalized edema [66], which is consistent with other find-
ings [91].

Prevention and treatment of OA in China

There is a high burden from knee OA among the Chinese 
population, as identified in the China Health and Retirement 
Longitudinal Study [92]. Among 17,459 subjects (52.1% 
women; mean age 59.1 years) included in this analysis, the 
prevalence knee of OA was 8.1%, higher in women (10.3%) 
than men (5.7%), and with significant geographical differ-
ences: highest in the Southwest (13.7%) and Northwest 
(10.8%), and lowest in North China (5.4%) and Eastern 
Coastal (5.5%). Years lived with disability (YLD) for knee 
OA in China was estimated at 4,149,628, and YLD rate (per 
100,000 population) was 968. Female sex, older age, rural-
ity, lower education, and lower gross domestic production 
per capita were associated with high YLD rates for knee 
OA. Among urban populations the prevalence of hip OA is 
around 1%, and for hand OA the prevalence is 3% in men 
and 5.8% in women [59].

With the aging of China’s population, the incidence of 
OA is gradually rising and research interest in OA in China 
is steadily increasing [93]. Great efforts have been made in 
the prevention and treatment of OA in China, and updated 
guidelines for the diagnosis and treatment of OA in China 
were issued in 2018 [59]. These guidelines, updated from the 
earlier 2007 edition, have added diagnostic criteria for inter-
phalangeal joint OA (Table 1), revised diagnostic criteria for 
knee OA, and introduced Kellgren and Lawrence (KL) clas-
sification according to radiograph, and Outerbridge grading 
of OA (classification according to articular cartilage injury).

The overall treatment principle is a ladder of escalating 
treatment and individualized treatment according to the 
patient’s age, gender, weight, self-risk factors, lesion loca-
tion and severity. Basic treatment includes health education, 
physiotherapy, and exercise therapy [94]. Recommended 
pharmacological treatment includes the use of topical or 
oral NSAIDs [95], intra-articular injection of hyaluronic acid 
(HA) [96] or glucocorticoid, selective use of SYSADOAs, 
and cautious use of paracetamol and opioids [59].

Platelet-rich plasma (PRP) is an autologous and multi-
functional platelet concentrate of the blood that stimulates 
the cartilage healing process and improves the damage 
caused by articular disease and is under investigation for 
the treatment of OA. PRP treatment is significantly more 

Fig. 4   ESCEO updated algorithm for management of knee osteo-
arthritis [58]. COX-2 cyclooxygenase-2, CS chondroitin sulfate, CV 
cardiovascular, GI gastrointestinal, GS glucosamine sulfate, IA intra-
articular, NSAID non-steroidal anti-inflammatory drug, PPI proton 
pump inhibitor, SYSADOA symptomatic slow-acting drugs in osteo-
arthritis, OA osteoarthritis. Reprinted from: Bruyere O et al. [58] with 
permission from Elsevier 2019

◂
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effective than HA treatment in reducing pain measured on 
the Western Ontario and McMaster Universities Arthritis 
Index (WOMAC) pain score (p < 0.05) and International 
Knee Documentation Committee (IKDC) subjective score 
[97, 98]. Further, PRP and HA in combination significantly 
improved arthralgia, reduced humoral and cellular immune 
responses and promoted angiogenesis, which improved the 
patients’ histological parameters compared with PRP or HA 
treatment alone.

The effectiveness of traditional Chinese medicine treat-
ment has been explored in OA, using an artificial tiger bone 
powder. After 8 weeks of treatment, the combination of Chi-
nese traditional medicine and NSAID resulted in a signifi-
cantly greater change of Lequesne index and improvement 
of clinical symptoms compared with either treatment alone 
(p < 0.05) [99].

In terms of restorative treatment, improvements in sur-
gical methods, such as arthroscopy and osteotomy and 
arthroplasty have been achieved [100, 101]. Arthroscopy 
is effective in the treatment of knee OA with mechanical 
symptoms and can relieve symptoms for up to 2 years with-
out elevating the risk of arthroplasty [102]. Around 400,000 
patients have undergone arthroplasty annually in China since 
2014. Unicompartmental knee arthroplasty can result in sus-
tained improvement in pain and functional scores lasting for 
6–8 years [103], and delivers similar results to total knee 
arthroplasty but with the advantage of less trauma, and faster 
recovery [100].

In future, new treatments for OA may be derived from 
developments in basic research, which is unravelling the 
etiology of OA; research on the role of transforming growth 
factor-beta [104], H-type vessels [105], and metalloprotein-
ase degradation [106] is ongoing.

Imaging of OA

Radiography is the gold standard imaging technique used 
in clinical practice for evaluation of known or suspected 
OA and in research to visualize signs of OA including joint 
space narrowing (cartilage thickness and meniscal integrity), 
osteophytes, subchondral sclerosis and cysts. Radiographic 
outcome measures are currently the only approved endpoints 
in clinical trials. Semiquantitative assessments using radiog-
raphy include the KL grading system and the Osteoarthritis 
Research Society International (OARSI) atlas, which is more 
sensitive to longitudinal radiographic changes than KL grad-
ing [107]. The ability of magnetic resonance imaging (MRI) 
to visualize all joint structures in three dimensions has deep-
ened understanding of the natural history of OA. MRI can 
provide both semiquantitative and quantitative measure-
ment of OA; semiquantitative including cartilage, meniscus 
ligaments, bone marrow lesions (BMLs), synovium, joint 
effusion, cyst and loose bodies with a grading system, and 

quantitative measurement of cartilage thickness and volume, 
BMLs, meniscus and joint effusion using specialized soft-
ware and readers. MRI protocols exist that provide imaging 
data on multiple articular structures and features relevant to 
knee OA to support a broad range of measurement methods 
while balancing requirements for high image quality and 
consistency against practical considerations [107, 108]. A 
number of scoring systems have been developed for semi-
quantitative assessment using MRI that can be applied to 
different joints including: the Whole Organ Magnetic Reso-
nance Imaging Score (WORMS), the Kornaat Osteoarthritis 
Scoring System (KOSS), the Boston–Leeds Osteoarthritis 
Knee Score (BLOKS), the MRI Osteoarthritis Knee Score 
(MOAKS), the Hip Osteoarthritis MRI Score (HOAMS), 
and the Oslo Hand Osteoarthritis MRI score (OHOA-MRI) 
[109]. Other techniques including sonography and positron 
emission tomography–computed tomography (PET–CT) 
may be used; PET–CT has high sensitivity but low specific-
ity and poor spacial resolution [109].

Sarcopenia

Sarcopenia is a disease of aging, characterized by progres-
sive and generalized loss of skeletal muscle strength and low 
muscle mass or quality leading to low physical performance 
and a risk of adverse outcomes such as physical disability, 
falls, poor quality of life and death [110, 111]. Muscle mass 
is measured using body imaging techniques, such as DXA 
and bioimpedance analysis (BIA), muscle strength using the 
handgrip test, and physical performance using gait speed or 
the Short Physical Performance Battery (SPPB) [111, 112].

Sarcopenia identification in Europe

Progress in the identification and management of sarco-
penia has been hampered by a lack of clear consensus on 
the definition and diagnosis of sarcopenia, as several defi-
nitions have emerged from various groups using different 
assessment tools and cut-off values including: the European 
Working Group on Sarcopenia in Older People (EWGSOP) 
[110]; the International Sarcopenia Consensus Conference 
Working Group (ISCCWG) [113]; the Foundation for the 
National Institutes of Health (FNIH) [114]; the Society of 
Sarcopenia, Cachexia and Wasting Disorders [115]; and the 
Asian Working Group for Sarcopenia (AWGS) [112]. Using 
these five screening methods, the prevalence of sarcopenia 
was determined to range from 5.7 to 16.7% [116]. The most 
specific tool was found to be the EWGSOP algorithm (up to 
91%), which also has high validity for predicting the rate of 
falls [117]. All the screening tools performed well in iden-
tifying subjects who do not suffer from sarcopenia and who 
should not, with certainty, benefit from further assessment 
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of muscle mass. However, all the screening tools had low 
sensitivity, and thus do not have the necessary performance 
for efficient screening of the general population [116]. In 
the same population, the SarQoL® was able to discriminate 
sarcopenic from non-sarcopenic subjects with regard to their 
quality of life, regardless of the definition used for diagnosis 

as long as the definition includes an assessment of both mus-
cle mass and muscle function [118].

The revised European consensus on the definition and 
diagnosis of sarcopenia (EWGSOP2) recognizes that 
strength is better than muscle mass in predicting adverse out-
comes [111, 119]. Thus, low muscle strength is the primary 
parameter of sarcopenia, and the diagnosis is confirmed by 
the presence of low muscle quantity or quality; when low 
muscle strength, low muscle quality/quantity and low physi-
cal performance are all detected sarcopenia is considered as 
severe [111]. The EWGSOP2 recommends an algorithm for 
case-finding, diagnosis and severity determination for iden-
tification of people with sarcopenia, or at risk (Fig. 5). The 
EWGSOP2 provides cut-off points for different parameters 
(set at − 2.5 SD below mean reference values for healthy 
young European adults) (Table 2), which will help to har-
monize sarcopenia studies.

EU practice for management of musculoskeletal 
health

Resistance exercise and protein intake

The ESCEO recommends that the management of sarco-
penia should primarily be patient-centered and involve the 
combination of both resistance and endurance-based activity 
programs with or without dietary interventions [120]. Pro-
longed resistance-type exercise training is shown to increase 
skeletal muscle mass and strength, augment intrinsic capac-
ity, improve glycemia and lipidemia, and reduce blood pres-
sure in healthy elderly men and women [121, 122].

Functional impairment occurs alongside poor nutritional 
status among older adults receiving home care [123]. Con-
tractile loading of skeletal muscle, through resistive-type 
exercise and amino acid ingestion both act as a strong stimu-
lus for muscle protein synthesis and, when combined, can 
induce a net positive protein balance and muscle hyper-
trophy [124, 125]. Given that muscle protein synthesis in 
older muscles displays a blunted response to anabolic stimuli 

Fig. 5   EWGSOP2 algorithm for case-finding and diagnosis of sar-
copenia, and determination of severity [111]. BIA bioimpedance 
analysis, CT computed tomography, DXA dual-energy X-ray absorp-
tiometry, MRI magnetic resonance imaging, SPPB short physical per-
formance battery, TUG​ timed up-and-go test. Reprinted from: Cruz-
Jentoft AJ et al. [111] with permission from Oxford University Press 
2019

Table 2   EWGSOP2 cut-off 
values for determination of 
sarcopenia in the European 
population. Table compiled 
from Cruz-Jentoft AJ et al. 
[111]

Measurement Tools Cut-off values

Men Women

Muscle mass Appendicular skeletal mass < 20 kg < 15 kg
Appendicular skeletal mass/height2 < 7 kg/m2 < 6 kg/m2

Muscle strength Handgrip strength < 27 kg < 16 kg
Chair stand > 15 s for 5 rises

Physical performance Gait speed ≤ 0.8 m/s
Short Physical Performance Battery ≤ 8-point score
Timed up-and-go test ≥ 20 s
400-m walk test Non-completion or ≥ 6 min for 

completion
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compared with the young [126], the combined effect of 
contractile and nutrient interventions to optimize muscle 
anabolism could be important for counteracting sarcopenia 
[124, 127]. The European Society for Clinical Nutrition and 
Metabolism (ESPEN) has provided recommendations for 
healthcare professionals to help older adults sustain muscle 
strength and function into older age, in the form of practical 
guidance for optimal dietary protein intake and exercise for 
older adults (aged > 65 years) (Table 3) [128]. The timing of 
protein ingestion and exercise is also important to optimize 
muscle protein synthesis. Consuming an adequate amount 
of high-quality protein at each meal, in combination with 
physical activity, may delay the onset of sarcopenia, slow 
its progression, and reduce the magnitude of its functional 
consequences [129, 130]. The Sarcopenia and Physical 
fRailty IN older people: multi-componenT Treatment strat-
egies (SPRINTT) trial is testing whether a multicomponent 
intervention in high-risk older persons based on long-term 
structured physical activity, nutritional counseling/dietary 
intervention, and an information and communication tech-
nology intervention will prevent mobility disability for up 
to 3 years [131].

A systematic review has found only a limited effect 
of protein, essential amino acids (EAA), β-hydroxy 
β-methylbutyrate (HMB), creatine, dehydroepiandrosterone 
(DHEA) and fatty acid supplementation on muscle mass, 
muscle strength and physical performance of elderly sub-
jects, although the overall quality of the evidence was judged 
to be low and well-designed and appropriately powered ran-
domized controlled trials are needed [132].

Calcium and vitamin D

Calcium is largely involved in skeletal muscle-regulation 
and maintenance; it is also key to the activation of glycolytic 
metabolism and mitochondrial energy metabolism [133]. 
The major role of vitamin D in humans is related to bone 
metabolism and mineral homeostasis, and there is evidence 
that vitamin D contributes to calcium uptake and regulation 
in muscle cells [134]. Thus, calcium is important not just for 
bone health, but also for proper function of skeletal muscle. 
Worldwide there is much variation in dietary calcium intake 
[51] and vitamin D status [52]. Calcium intake and intestinal 
calcium absorption decrease with aging, as does adaptation 

to a low calcium diet and renal retention of calcium. Vita-
min D intake and endogenous production of vitamin D is 
also reduced with aging, and deficiencies in both dietary 
calcium intake and vitamin D intake and synthesis are 
linked to bone loss and fracture risk [135]. Successive meta-
analyses conclude that vitamin D supplementation reduces 
the risk of falling (number of fallers) by 8–22% [133]. The 
evidence base supports the use of calcium in combination 
with vitamin D supplementation (RR 0.87; 95% CI 0.77, 
0.97), rather than as the sole agent (RR 0.90; 95% CI 0.80, 
1.00) for reduction of fracture risk (N = 52,625), but with 
the magnitude of effect being modest [136]. Combined vita-
min D and calcium supplementation reduces fracture risk in 
postmenopausal women (N = 52,915), although the effects 
are smaller among community-dwelling older adults than 
among institutionalized elderly persons [137]. Consequently, 
the ESCEO-IOF recommends that calcium with concomitant 
vitamin D supplementation is supported for patients at high 
risk of calcium and vitamin D insufficiency, and in those 
who are receiving treatment for osteoporosis [133].

There appears to be a U-shaped association between vita-
min D level and risk of falls or fracture whether analyzed 
by dose or serum 25-hydroxyvitamin D levels; there was no 
decrease in falls on low vitamin D doses (400, 800 IU), a 
significant decrease on medium doses (1600, 2400, 3200 IU) 
(p = 0.020) and no decrease on high doses (4000, 4800 IU) 
compared with placebo (p = 0.55) [138–141]. In a retro-
spective observational study (N = 247,574; median follow-
up 3.07 years), a reverse J-shaped relation was identified 
between serum 25-hydroxyvitamin D level and all-cause 
mortality, indicating not only a lower limit but also an upper 
limit. The lowest mortality risk was at 50–60 nmol/L [142].

However, in a recent meta-analysis of 81 RCTs 
(N = 53,537), vitamin D had no effect on total frac-
ture (N = 44,790; RR 1.00; 95% CI 0.93, 1.07), hip frac-
ture (N = 36 655; RR 1.11, 95% CI 0.97, 1.26), or falls 
(N = 34,144; RR 0.97; 95% CI 0.93, 1.02). Results were 
similar for high-dose versus low-dose vitamin D and in 
subgroup analyses of trials using doses > 800 IU per day. In 
pooled analyses, there were no clinically relevant between-
group differences in BMD at any site (range − 0.16 to 0.76% 
over 1–5 years) [143]. Thus, further research is needed to 
better ascertain the effects of daily vitamin D dosing, with 
or without calcium. In addition, vitamin D supplementation 

Table 3   ESPEN guidance for 
optimal dietary protein intake 
and exercise for older adults 
aged > 65 years. Table compiled 
from Deutz NE et al. [128]

Recommendations

For healthy older adults, a diet that includes at least 1.0–1.2 g protein/kg body weight/day
For certain older adults who have acute or chronic illnesses: 1.2–1.5 g protein/kg body weight/day may be 

indicated, with even higher intake for individuals with severe illness or injury
Daily physical activity for all older adults, as long as activity is possible; also, resistance training when 

possible as part as an overall fitness regimen
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is shown to have a small positive impact on muscle strength, 
but additional studies are needed to define optimal treat-
ment modalities, including dose, mode of administration, 
and duration [144].

Prevalence of sarcopenia in China

Asia is a rapidly aging region with a huge population in 
which there is an urgent need for investigation and manage-
ment of sarcopenia. However, understanding of sarcopenia 
from a healthcare point of view is lacking; the prevalence 
of sarcopenia and definition should be based upon clinically 
relevant low muscle strength and muscle mass, identifying 
cut-off values for incident mobility limitation. The proper 
selection of cut-off values of handgrip strength, walking 
speed, and skeletal muscle indices with full considerations 
of gender and ethnic differences are of critical importance in 
determining the prevalence of sarcopenia. Selecting appro-
priate sarcopenia diagnostic cut-off values for all measure-
ments in the Asian populations is challenging. The Asian 
Working group for Sarcopenia (AWGS) sets out recommen-
dations for sarcopenia screening for community-dwelling 
older people and cut-off values for muscle mass measure-
ment, strength and performance (Table 4) [112, 145]. Using 
these cut-off values, the prevalence of sarcopenia estimated 
by the AWGS criteria ranges between 4.1 and 11.5% of the 
general older population [146]. By comparison, the preva-
lence of sarcopenia among older people in Taiwan ranged 
from 5.8 to 14.9% in men and 4.1–16.6% in women accord-
ing to International Working Group on Sarcopenia (IWGS) 
and EWGSOP criteria [147].

A cross-sectional survey was conducted in Shanghai, 
Eastern China, to evaluate the prevalence of loss of mus-
cle mass corresponding to sarcopenia in Chinese men and 
women and compare the results with the prevalence in 
other populations. Class 1 and class 2 sarcopenia were 
defined as the appendicular lean mass (ALM) index 
(ALM/height2) 1 and 2 SD below the sex-specific means 
for young adults. The reference values for class 1 and 2 
sarcopenia were 7.01 and 6.08 kg/m2 in men and 5.42 and 
4.79 kg/m2 in women based upon muscle mass measure-
ment by DXA. The prevalence of sarcopenia was 4.8% in 

women and 13.2% in men aged ≥ 70 years, which is lower 
than that in Caucasian populations, but similar to that in 
Japanese and Korean populations [148].

The prevalence of sarcopenia in an elderly suburb-
dwelling Chinese population (in Tianjin) was found to be 
6.4% in men and 11.5% in women aged ≥ 60 years using 
the AWGS criteria. Sarcopenia was inversely associated 
with BMI and positively associated with diabetes, pep-
tic ulcer, and daily drinking [149]. A comparison of sar-
copenia prevalence in community-dwelling elderly has 
found that rural elders are more vulnerable to sarcopenia 
than urban elders in a sample of western China’s elderly 
population (around Beijing). The prevalence of sarcope-
nia was 13.1% in rural elders and 7.0% in urban elders 
(aged 70.6 ± 6.7 years). Age (OR 1.22; 95% CI 1.15–1.29), 
female (OR 1.71; 95% CI 1.20, 5.65), malnutrition or at 
risk for malnutrition (OR 3.53; 95% CI 1.68, 7.41), rural 
residence (OR 2.15; 95% CI 1.33, 4.51), and polyphar-
macy (OR 1.23; 95% CI 1.06, 1.44) were independently 
associated with sarcopenia [150].

Among older hospitalized patients in the Chengdu 
region, the prevalence of sarcopenia was found to be 31% 
(age 81.0 ± 8.0 years). Being female (OR 4.75; 95% CI 
2.45, 9.20), smoking (OR 2.94; 95% CI 1.26, 6.69), cogni-
tive impairment (OR 2.08; 95% CI 1.10, 3.95), polyphar-
macy (OR 2.36; 95% CI 1.28–4.34) and BMI (OR 0.75; 
95% CI 0.68, 0.83) were independently associated with 
sarcopenia [151]. Sarcopenia is highly prevalent among 
elderly Chinese nursing home residents regardless of the 
diagnostic criteria used (31–38%). Malnutrition was inde-
pendently associated with sarcopenia; calf circumference 
was negatively associated with sarcopenia, as was ≥ 1 fall 
in the past year [152].

The decline in muscle mass, grip strength and gait speed 
has been examined in a longitudinal study of community-
dwelling older Chinese people (> 64 years) (N = 3018). After 
4 years, the rate of loss of muscle mass was modest (− 1.59% 
and − 2.02% in men and women), but the decline in gait 
speed was rapid (− 8.2% in men and − 9.0% in women) and 
the decline in grip strength was particularly fast in older 
Chinese women who lost 10% in 2 years (men lost 4% in 
2 years) [153].

Table 4   Measurement tools and 
cut-off values for determination 
of sarcopenia in the Asian 
population. Table compiled 
from CSOBR [145]

a Relative appendicular skeletal mass/height2

Measurement Tools Cut-off values

Men Women

Muscle massa Dual-energy X-ray absorptiometry 7 kg/m2 5.4 kg/m2

Bioimpedance analysis 7 kg/m2 5.7 kg/m2

Muscle strength Handgrip strength 26 kg 18 kg
Knee flexion/extension (quadriceps strength) 18 kg 16 kg

Physical performance 6-m usual gait speed 0.8 m/s 0.8 m/s
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Management of sarcopenia in China

Several guidelines have been published by various Chinese 
societies to advise on the screening and diagnosis of sarco-
penia (Fig. 6) [145], with management of sarcopenia in the 
elderly population focused on using a combination of nutri-
tional requirements and physical exercises [145, 154–157]. 
Calorie intake plays an important role in maintaining muscle 
mass in older people, and studies show that oral nutrition 
supplementation besides increasing protein intake could 
help older people with sarcopenia. A study of ambulatory 
elderly people (≥ 65 years) (N = 74) with reduced handgrip 
strength and/or gait speed recruited from five hospitals in 
China, randomized subjects to receive nutritional supple-
mentation (400 kcal/days), protein supplementation (20 g/
days) or the control group. All subjects were given healthy 
lifestyle education. After 3 months, handgrip strength and 
gait speed in the three groups were improved compared to 
baseline. Caloric supplementation may have had greater 
effect in maintaining muscle mass than protein supplementa-
tion in the elderly, although neither produced any additional 
effect on muscular function as compared with healthy life-
style education [158].

β-Hydroxy β-methylbutyrate has been shown to be effec-
tive and superior to other types of protein supplements to 
attenuate loss of muscle mass, strength and function; in 
studies including older people with sarcopenia or frailty 
(N = 203), lean body mass increased and muscle strength 
and function were preserved following HMB supplementa-
tion [159]. Studies of community-dwelling older people with 
sarcopenia have shown that HMB could play an additional 
role in increasing muscle mass and handgrip strength in 
combination with oral nutrition supplementation [160–163].

A further study is investigating the effect of nutrition 
plus an exercise program on physical function in sarcopenic 
obese elderly people [164, 165]. Resistance training, aerobic 
training or combination training in older obese adults with 
sarcopenia all demonstrate benefits in terms of increased 
muscle mass, reduced total fat mass, and visceral fat area 
after 12 weeks [166, 167]. Among elderly people with sar-
copenia, participating in kettlebell training significantly 
increased the sarcopenia index, grip strength, back strength, 
and peak expiratory flow over 8 weeks, which was main-
tained for a further 4 weeks post-training [168]. Long-term 
Tai Chi exercise over 6–12 months is shown to benefit mus-
cle strength of the lower limbs [169].

Conclusions

This article outlines approaches to identifying and treating 
musculoskeletal disorders in Europe and China. There are 
many similarities in approach between the different regions, 
which provide reassurance; however, differences may exist 
due to cultural and regional variations in organization of 
patient care. Challenges exist in both regions for identifica-
tion of patients with osteoporosis, and both the ESCEO-IOF 
and CMA guidance outline a similar case-finding strategy to 
stratify people into high/middle/low-risk groups and moni-
tor and treat accordingly (Table 5). The diagnosis of osteo-
porosis relies on BMD measurement, for which access to 
DXA equipment may vary between countries and regions, 
and country-specific FRAX assessment. The use of BTMs 
for prediction of fracture risk requires further validation, but 
BTMs may be used to monitor treatment. The normal ranges 
of BTMs in different populations need to be established.

Fig. 6   Screening and diagnosis 
of sarcopenia in China. Adapted 
from CSOBMR [145]
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Table 5   Similarities between 
European and Chinese 
guidelines for the diagnosis of 
osteoporosis. Table compiled 
from ESCEO-IOF [15] and 
CMA [17]

CMA Chinese Medical Association of osteoporosis and bone mineral disease branch, ESCEO-IOF Euro-
pean Society for Clinical and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal dis-
eases, IOF International Osteoporosis Foundation, BMD bone mineral density, DXA dual-energy X-ray 
absorptiometry, FRAX fracture risk assessment tool, OSTA osteo self-assessment tool for Asians

Europe
ESCEO-IOF 2019 [15]

China
CMA 2017 [17]

Risk assessment Risk factors Risk factors
IOF questionnaire
OSTA

Measurement DXA-based BMD DXA-based BMD
Diagnostic cut-off T score ≤ 2.5 T score ≤ 2.5
Fracture risk assessment Country-specific FRAX Country-specific FRAX
Risk classification High/middle/low High/middle/low
Treatment group High-risk patients High-risk patients

Table 6   European and Chinese 
guidelines for screening and 
diagnosis of sarcopenia: 
population-specific cut-off 
values for men and women. 
Table compiled from 
EWGSOP2 [111] and CMA 
[145]

CMA, Chinese Medical Association of osteoporosis and bone mineral disease branch; EWGSOP, European 
Working Group on Sarcopenia in Older People

Factor Measurement Cut-off values

Europe
EWGSOP2 [111]

China
CMA [145]

Men Women Men Women

Muscle mass Appendicular skeletal 
mass/height2

7 kg/m2 6 kg/m2 7 kg/m2 5.4 kg/m2

Muscle strength Handgrip strength 27 kg 16 kg 26 kg 18 kg
Physical performance 6-m usual gait speed 0.8 m/s 0.8 m/s 0.8 m/s 0.8 m/s

Table 7   Recommendations for pharmacological treatment of knee osteoarthritis: similarities between European and Chinese guidelines. Table 
compiled from ESCEO [58] and CMA [59]

CMA Chinese Medical Association of osteoporosis and bone mineral disease branch, ESCEO European Society for Clinical and Economic 
Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal diseases, NSAID non-steroidal anti-inflammatory drug

Treatment Europe
ESCEO 2019 [58]

China
CMA 2018 [59]

Glucosamine and chondroitin Recommend use of prescription formulations 
only

Selective use

Oral NSAIDs Recommend intermittent use of oral NSAIDs, 
and individualized treatment based on patient 
risk profile

Recommend using at lowest effective dose and 
individualized treatment based on patient risk 
profile

Intra-articular injection of glucocorticoid Selective use in patients with knee effusion Recommend use
The drug should be used no more than 2–3 times 

a year, and the injection interval should not be 
shorter than 3–6 months

Intra-articular injection of hyaluronic acid Recommend use in patients contraindicated to 
NSAIDs

Recommend use

Paracetamol and opioids Use with caution due to high propensity for 
adverse events

Use with caution
Pay attention to the adverse reactions and addic-

tion of opioids
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Similar challenges have arisen in the identification and 
management of sarcopenia, for which progress has been 
hampered by a lack of clear consensus on the definition and 
diagnosis of sarcopenia as several definitions have emerged. 
The recent EWGSOP2 revised consensus provides cut-off 
values for different parameters used for diagnosis of sarco-
penia, which are similar to those identified for Asian popula-
tions (Table 6). The use of appropriate population-based cut-
off values will help to harmonize future sarcopenia studies.

The challenge faced by physicians when treating osteoar-
thritis is finding an effective treatment for a specific patient 
from the breadth of available therapies, none of which pro-
vides a complete solution. The ESCEO algorithm recom-
mends a stepwise approach to pharmacological therapy 
informed by available evidence for the benefits and harms 
of various treatments. Similarly, guidance from the Chinese 
Medical Association outlines a ladder of escalating and indi-
vidualized treatment according to patient-specific factors. 
European and Chinese guideline recommendations for the 
use of different drug classes to treat knee OA are outlined in 
Table 7, and are largely complementary.

In conclusion, this meeting allowed experts from both 
regions to share their experience and recommendations for 
the management of three major diseases among musculo-
skeletal disorders. Discussing and analyzing similarities 
and differences in their practice should, through a mutual 
enrichment of knowledge, lead to better management of 
these diseases in order to preserve intrinsic capacity and 
retard age-related degradation of physical ability.
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