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Abstract

surgical risk and recovery.

Background: The progressive, debilitating nature of knee and hip osteoarthritis can result in severe, persistent pain
and disability, potentially leading to a need for total joint arthroplasty (TJA) in end-stage osteoarthritis. TJA in adults
with obesity is associated with increased surgical risk and prolonged recovery, yet classifying obesity only using
body mass index (BMI) precludes distinction of obesity phenotypes and their impact on surgical risk and recovery.
The sarcopenic obesity phenotype, characterized by high adiposity and low skeletal muscle mass, is associated with
higher infection rates, poorer function, and slower recovery after surgery in other clinical populations, but not
thoroughly investigated in osteoarthritis. The rising prevalence and impact of this phenotype demands further
attention in osteoarthritis treatment models of care, particularly as osteoarthritis-related pain, disability, and current
treatment practices may inadvertently be influencing its development.

Methods: A scoping review was used to examine the extent of evidence of sarcopenic obesity in adults with hip
or knee osteoarthritis. Medline, CINAHL, Web of Science and EMBASE were systematically searched from inception
to December 2017 with keywords and subject headings related to obesity, sarcopenia and osteoarthritis.

Results: Eleven studies met inclusion criteria, with indications that muscle weakness, low skeletal muscle mass or
sarcopenia are present alongside obesity in this population, potentially impacting therapeutic outcomes, and TJA

Conclusions: Consideration of sarcopenic obesity should be included in osteoarthritis patient assessments.
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Background

Osteoarthritis is a chronic, progressive joint disease and
leading cause of pain and mobility disability for over 27
million Americans [1] and 4 million Canadians [2]. Age,
sex, genetics, joint trauma, and obesity all influence the
development of this disease [3], and its progressive na-
ture means advanced treatment options may be required
in later stages to reduce pain, improve function and
maintain quality of life. Surgical replacement of articular
joint components, called a total joint arthroplasty (TJA),
is currently the most effective treatment for severe pain
and disability associated with end-stage knee or hip
osteoarthritis that ceases to respond to other therapeutic
interventions.
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There has been a rapid and sustained increase in de-
mand for TJA surgery around the world over the past
two decades. TJA rates in the USA doubled from
336,000 patients in 1993 to 735,000 patients in 2005 [4],
and are projected to top 4 million patients by 2030 [5].
In Canada, volumes are lower but the accrual rate tri-
pled from 42,000 patients in 2000 [6] to 117,000 patients
in 2016 [7], and similar persistent growth is apparent
throughout Europe [8]. This increased demand is out-
pacing the supply of TJA, leading to longer wait times
and pressure on health care systems to reduce delays in
accessing care. To ensure timely and appropriate TJA
access, optimization and prioritization of patient selec-
tion is critical. Clear, evidence-based guidelines for surgi-
cal appropriateness are lacking, resulting in a reliance on
clinical judgement [9]. This has led to subjectivity in risk
stratification, conflicting approaches and barriers or

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-018-2175-7&domain=pdf
http://orcid.org/0000-0001-9520-4302
mailto:godziuk@ualberta.ca
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Godziuk et al. BMC Musculoskeletal Disorders (2018) 19:271

delays in treatment access for patients with obesity due
to evidence of increased surgical risk.

Two meta-analyses have found increased risk of super-
ficial infections (OR 1.7-2.2) [10, 11] and deep infec-
tions (OR 2.4) [10] after total knee arthroplasty (TKA)
in patients with obesity (defined as a body mass index/
BMI > 30 kg/m?) compared to patients without obesity
(BMI < 30 l<g/m2). Those with severe obesity (BMI >
40 kg/m?®) appear to be at even higher risk, with four
times the rate of infection after TKA compared to those
without obesity [11, 12]. Increased infection after total
hip arthroplasty (THA) is less clear [13]. Yet controversy
exists around evidence of increased risk related to excess
body weight. Methodological concerns regarding quality
and comparability of studies have been raised, with
underpowered sample sizes, BMI categorization/dichoto-
mization, and absence of sub-classification by comorbid-
ity status limitations in current evidence [14, 15].

Suggestions for establishing a BMI threshold for with-
holding TJA surgery have been made [11, 14, 16], while
others argue against using BMI as an outright contra-
indication for TJA [17, 18]. Without clear guidelines,
orthopaedic surgeons may decide to deny or delay sur-
gery based on their interpretation of evidence of surgical
risk. Of greater concern, many surgeons recommend
that patients lose weight to reduce their BMI before
returning for re-assessment of surgical eligibility [12, 14,
19]. This recommendation is in contrast to current evi-
dence that suggests weight loss does not improve peri-
operative TJA risk. Lui et al. [20] found weight loss of
>5% of body weight in the year prior to TJA resulted in
either no difference or an increased risk of deep infec-
tion (OR 3.8). Weight loss may inadvertently increase
perioperative infection, as muscle lost concomitantly
with fat may lower lean muscle reserves, which are crit-
ical to the wound healing process [21].

Reliance on BMI may result in misclassification bias and
denial of surgery for patients with obesity. BMI is a poor
indicator of individual health as it cannot discern individ-
ual body composition of muscle, bone or fat [22]. Signifi-
cant deviations in body composition within BMI
categories have been reported [22-24], including twofold
differences in adiposity [25] and 30 kg differences in lean
soft tissue [26] between patients who have the same BMI
[27]. Relying on BMI as a screening tool for TJA ignores
the influence body composition has on surgical risk, par-
ticularly in relation to the amount of skeletal muscle mass
as shown in other clinical scenarios [28, 29]. A high BMI
could disguise important skeletal muscle mass depletion,
as in the condition of sarcopenic obesity [26, 30].

What is sarcopenic obesity?
Sarcopenic obesity is defined as the co-occurrence of
high adiposity and sarcopenia, a term coined to describe
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low skeletal muscle mass, strength and physical function
originally diagnosed in the elderly [31], but present
across the age spectrum [32, 33]. Sarcopenia is associ-
ated with physical disability, falls, extended hospital
stays, infection and non-infection related complications,
and increased overall mortality [34—36]. Importantly,
sarcopenia is not restricted to people who appear thin or
underweight. Aging is often paralleled by increased rates
of muscle loss and concomitant gains in adiposity (both
subcutaneous and intramuscular), which can culminate
in sarcopenic obesity [37].

Compounding the effects of both sarcopenia and obes-
ity, sarcopenic obesity is associated with poorer quality
of life and greater disability, morbidity and mortality
when compared with either obesity or sarcopenia alone
[37-39]. Although the majority of studies to date have
been conducted in elderly individuals, sarcopenia and
sarcopenic obesity are not limited to this population.
There are several clinical disorders where individuals are
prone to muscle loss (with or without concurrent obesity),
including diabetes, cancer, chronic obstructive pulmonary
disease, HIV, cirrhosis, and arthritis [40]. The presence of
sarcopenic obesity may be particularly important to con-
sider when surgery is indicated. In addition to increased
length of hospital stay and increased mortality associated
with this condition [40], there is convincing evidence of
its relationship with increased infection rates [28, 29, 41].

With obesity present in 26 to 38% of adults in Canada
and the USA respectively [42], and an aging population
with a longer life span, sarcopenic obesity may be a new
epidemiological trend of current times [43]. Importantly,
it cannot be identified by simply measuring body weight
or calculating BMI [44].

Is sarcopenic obesity a concern in osteoarthritis?
Individuals with osteoarthritis may be at particular risk
for sarcopenic obesity. The prevalence of osteoarthritis
rises with age and obesity, and osteoarthritis-related pain
can lead to inactivity and a decline in physical function.
These factors in combination create a vicious cycle of in-
flammation, inactivity and aging-related muscle loss ac-
companied by aging-related gains in adiposity, giving
rise and perpetuating the sarcopenic obesity phenotype
[45-47] (Fig. 1). Chronic diseases associated with osteo-
arthritis [48], such as diabetes, metabolic syndrome, and
hypertension, along with weight loss and subsequent
re-gain (weight cycling), could exacerbate skeletal muscle
loss, increase adiposity and contribute to the development
of sarcopenic obesity [49]. Further, the development and
progression of sarcopenia and osteoarthritis may occur
through interrelated pathways [50, 51].

Body composition phenotypes of low skeletal muscle
and high adiposity have been reported in patients with
knee and hip osteoarthritis by Karlsson [52—54], Purcell
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[55] and Visser [56], although sarcopenia or obesity were
not specifically identified. Nevertheless, this is compel-
ling evidence and may indicate that this condition is
present in osteoarthritis but not recognized or identified
as sarcopenic obesity.

To provide a more complete understanding of sarcope-
nic obesity in lower extremity osteoarthritis, a scoping re-
view was conducted to determine the extent of reported
prevalence and impact of low muscle mass, muscle weak-
ness or sarcopenia in adults with obesity and knee or hip
osteoarthritis. Scoping reviews enable a comprehensive
and encompassing review of emerging literature on a topic
[57], and can be preferable to systematic reviews when the
research question is examining the breadth of evidence on
a topic, as in this case. Scoping reviews utilize transparent
processes and systematic search strategies much like sys-
tematic reviews, and while they don’t typically include a
grading system or formal quality assessment of included
studies, a description of study limitations can be incorpo-
rated into the results.

Methods

This scoping review was conducted following the meth-
odology of Arksey and O’Malley [58], including a sys-
tematic search of the published literature. Medline,
CINAHL, Web of Science and Embase databases were
searched from inception to December 2017 using MeSH
terms and keywords related to osteoarthritis, obesity,
and sarcopenia (including dynapenia, muscle weakness,
muscle atrophy, low muscle mass, muscle loss, body

composition, body compartment, lean soft tissue, lean
body mass, lean mass, fat free mass, muscle size or
muscle mass). Inclusion criteria was determined by the
authors prior to search initiation. Studies were to be in-
cluded if they were primary or secondary analyses, and
subjects had knee or hip osteoarthritis. Additionally,
studies must have conducted group/subgroup analysis
by obesity (identified using body mass index/BMI, waist
circumference, fat mass or percent body fat), and exam-
ined muscle mass, muscle strength/weakness or sarcope-
nia. Studies on animal models and children were
excluded, along with studies where participants did not
have knee or hip osteoarthritis, or obesity, or if the study
was an editorial, protocol or review article. Reference
lists of relevant articles were hand searched to identify
articles missed in the primary investigation. From each
included study we extracted the author, publication year,
study design, sample population, methodologies for
assessing obesity and sarcopenia, study limitations and
relevant findings. A summary of extracted information
was tabulated and a descriptive analysis was conducted.

Results
A total of 796 articles were identified in the original
search and 118 full text articles were screened for poten-
tial relevance (Fig. 2). Eleven studies met inclusion cri-
teria [59-69], and a summary of study characteristics
and key findings are presented in Table 1.

Publication dates ranged from 2005 to 2017, with the
majority (n =8, 73%) published in the last three years,
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potentially indicating a growing awareness and under-
standing of sarcopenic obesity. Ten of the eleven studies
were cross-sectional [60—69], and one longitudinal [59].
Four studies (36.4%) were secondary analyses of the
Korea National Health and Nutrition Examination Sur-
vey (KNHANES) population cohort [61, 63, 64, 68], two
(18.2%) were secondary analyses of the North American
Osteoarthritis Initiative (OAI) population cohort [59,
62], one (9%) was a secondary analysis of the French
Knee and Hip OsteoArthritis Long-term Assessment
(KHOALA) cohort [69], and the remaining four (36.4%)
were independent studies with cohorts from Korea [60],
Thailand [65], Japan [67] and the Netherlands [66]. Eight
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studies focused on osteoarthritis of the knee joint [59,
61-65, 67, 68], with two additional studies examining
both knee and hip [60, 69], and one solely on hip osteo-
arthritis [66].

Discussion

This scoping review identified eleven studies with clear
indications that muscle weakness, low skeletal muscle
mass, or sarcopenia occur in conjunction with obesity in
lower extremity osteoarthritis. The majority of included
studies examined prevalence and association of the sar-
copenic obesity phenotype with the presence of knee or
hip osteoarthritis [60, 61, 63, 64, 67, 68], however others

Keywords and MESH headings
used in literature search:
Osteoarthriti* (or) arthroplast*;
and hip or knee; and obes*; and
sarcopen* (or) dynapen*, lean soft
tissue, body composition, body
compartment, lean body mass,
lean mass, fat free mass, muscle
size, muscle mass, muscle atrophy,
muscle weakness, muscle loss.

Duplicates removed n=25

Exclude n=312

Reasons for exclusion:

Review, editorial or protocol article
Subjects are animals or children

No osteoarthritis

Not hip or knee

Article not available in English

Inclusion criteria:

Primary study or secondary analysis

Subjects have knee/hip osteoarthritis

Study includes group or subgroup analysis by
Study examines skeletal muscle mass, muscle
strength/weakness or presence of sarcopenia

Fig. 2 Systematic search strategy and results

Conference abstracts only n=112

Search inception to December 2017
Medline n=122
CINAHL n=60
Web of Science n=324
EMBASE n=290

Articles retrieved n=796

4

Review title and abstract n=430

Full text review n=118

obesity

Articles included in
review n=11
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investigated the impact on pain, physical function, and
quality of life [59, 62, 65, 69] or arthroplasty outcomes [66].

The prevalence of the sarcopenic obesity phenotype in
adults with knee osteoarthritis may be as high as 35.4%
[60], although a wide range was reported across included
studies (prevalence of 3% [64], 13.9% [65], 16.2% [69],
and up to 35.4% [60]). Differences in prevalence are
likely related to varied obesity and sarcopenia classifica-
tion criteria utilized in each study, a problem previously
addressed elsewhere [26]. Obesity was classified by BMI
(in kg/m?) in all studies, but different cut-offs were used
in Asian populations (either BMI =25 [60, 61, 65, 67]
or>27.5 [63, 68]), and North American and European
populations (BMI =30 [59, 62, 66, 69]), making it diffi-
cult to compare across study groups and populations.
Prevalence also varied depending on the sarcopenia as-
sessment method used in the study. Ji et al. [60] exam-
ined differences in sarcopenic obesity rates in hip and
knee arthroplasty patients comparing low muscle mass
(assessed with dual-energy x-ray absorptiometry/DXA)
using three approaches: appendicular skeletal mass
(ASM)/height?, ASM/weight, and ASM relative to height
and total fat mass, called the residual method [70]). They
found prevalence of sarcopenic obesity differed between
1.3-354% in TKA patients and 0-18.4% in THA
patients depending on the approach. Whether distinc-
tions exist between low muscle mass present only in the
lower extremities versus the whole body remains unclear
[63, 67, 68]. Emerging evidence suggests that in patients
with a larger body mass, the ratio between fat and
muscle compartments (a metabolic load-capacity model)
may be most relevant for identifying clinically important
sarcopenic obesity [26].

There is currently no definitive diagnostic criteria
established to identify sarcopenic obesity [71-73]. Sev-
eral consensus papers on defining sarcopenia in the eld-
erly have been published, including the European
Working Group on Sarcopenia in Older Persons (EWG-
SOP) [31], the European Society for Clinical Nutrition
and Metabolism Special Interest Groups (ESPEN-SIG)
[74], the International Working Group on Sarcopenia
(IWGS) [75], and the Foundation for the National Insti-
tute of Health (FNIH) [76]. There is general agreement
that the presence or absence of sarcopenia in the elderly
should be based on a combined assessment of physical
function (measurement of gait speed), muscular strength
(measurement of handgrip or lower body strength), and
body composition (to determine low skeletal muscle
mass). However whether these measures are equally ap-
plicable to patients with concurrent chronic degenerative
conditions remains to be explored.

Of the studies in this scoping review, seven used only
body composition/low muscle mass for sarcopenia iden-
tification [60, 61, 63, 64, 67-69], three used only an
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assessment of muscle weakness (testing handgrip [66] or
quadriceps strength [59, 62]), and only one study utilized
a combined approach following EWGSOP consensus cri-
teria [65] including assessment of physical function with
gait speed in addition to muscle strength and body com-
position. Using gait speed as an assessment of physical
function may create challenges in the osteoarthritis
population. Osteoarthritis-related joint pain and stiffness
may impact testing methods or may require alterations
or alternatives to currently used criteria thresholds [77]
or modifications to gait speed parameters. Additionally,
risk of falls is high in those with moderate to severe
osteoarthritis [78], which may increase the challenge of
assessing physical function in this population.

The relationship between the sarcopenic obesity
phenotype and knee osteoarthritis may be unique com-
pared to other orthopedic and musculoskeletal condi-
tions. In the included studies, no association was found
between sarcopenic obesity and lumbar spondylosis [61],
or in patients with fractures, sprains and back pain [67],
or non-orthopedic hospital outpatients [60]. The devel-
opment and progression of sarcopenic obesity may be
interrelated with osteoarthritis development and pro-
gression. Lee et al. [63] found sarcopenic obesity was
more prevalent in Korean adults with knee osteoarthritis
compared to those without knee osteoarthritis (5.2% vs
1.8%, respectively). Batsis et al. [59] found rates of
muscle weakness with obesity were higher in adults with
clinically diagnosed knee osteoarthritis compared to
those at risk for knee osteoarthritis (16% vs 6%, respect-
ively). Sex specific differences may exist in this relation-
ship. Suh et al. [68] found increased odds of knee
osteoarthritis when low lower-extremity muscle mass
was present in women with obesity (OR 2.31, CI 1.35-
3.93), but not in men. Another study reported similar as-
sociations only in women over age 65 [61].

The findings of this scoping review support the theor-
etical impact of sarcopenic obesity on therapeutic out-
comes for osteoarthritis, and surgical risk and recovery
after joint arthroplasty. To date, only one study has in-
vestigated outcomes after TJA, with results showing
obesity with muscle weakness was related to delayed in-
dependent walking (more than 2 days) and prolonged
hospital stays (more than 4 days) compared to obesity
alone [66].

It is reasonable to infer that reduced muscle strength or
skeletal muscle mass would influence short and long-term
recovery after arthroplasty and rehabilitation requirements
to return to daily life. Muscle depletion is indicative of a
reduction in physiologic protein reserves, which can con-
tribute to impaired wound healing, increased risk of infec-
tions and longer recuperation after surgery [79]. A study
by Kumar et al. [80] found that handgrip strength < 15 kg
was associated with longer hospital stay after TJA,
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highlighting this potential relationship. Further, a study by
Mau-Moller et al. [81] reported that low thigh muscle
mass was a better predictor than BMI for loss of bone
mineral density after TKA. This is important as loss of
bone mineral density can lead to early prosthetic loosen-
ing after TKA and a need for revision surgery, suggesting
that muscle mass may be more relevant than BMI for long
term TKA outcomes.

Identifying sarcopenic obesity early in the continuum of
care for osteoarthritis is critical to avoid inappropriate
treatment recommendations. The current practice of
recommending weight loss prior to TJA based on assess-
ment of body weight or BMI [64] may need further con-
sideration as weight loss attempts may also result in loss
of skeletal muscle mass [40, 49], potentially exacerbating
the sarcopenic obesity phenotype. Body composition
measurement may be a critical assessment tool to distin-
guish between normal versus abnormal amounts of skel-
etal muscle mass and provide a more accurate assessment
of adiposity [82], as anthropometric measures of obesity
(using waist circumference, height, weight and BMI) may
not differentiate between muscle and adipose tissue com-
partments. As previously discussed, body weight loss >5%
in year preceding TJA was associated with increased surgi-
cal risk and higher readmission rates [20]. This may be a
result of individuals with sarcopenic obesity losing weight,
further reducing their already low muscle reserve, in turn
impacting healing rates and perpetuating the vicious cycle
of sarcopenia and obesity. Alternatively, it could suggest
individuals with obesity and normal skeletal muscle mass
(non-sarcopenic  obesity) became sarcopenic post
weight-loss (by losing more skeletal muscle mass without
a substantial decrease in body weight to be considered
non-obese) [40].

Study limitations

Every effort was made to comprehensively search and in-
clude all relevant studies in the literature, however there
is a possibility that some were inadvertently missed. Fur-
ther, while a limitation of scoping reviews is the lack of a
formal risk of bias or study quality assessment, we have
included a descriptive analysis of study design and limi-
tations in Table 1 of the results section to enable assess-
ment of level of evidence.

Conclusion

Sarcopenic obesity may be impacting therapeutic and surgi-
cal outcomes in osteoarthritis treatment approaches, yet
this cannot be discerned until assessments for sarcopenic
obesity are explored and regularly applied. There is a need
to move beyond BMI and simple obesity diagnosis in osteo-
arthritis models of care, possibly including more sophisti-
cated assessments of body composition. As gait speed and
handgrip strength assessments to identify patients at risk
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for sarcopenic obesity have not been well-tested in the
osteoarthritis population, further research is required to
clarify the effectiveness of these screening approaches in
populations with physical function limitations. In the in-
terim, incorporating clinical assessments for sarcopenic
obesity through body composition may be essential to pre-
vent misclassification bias and provide clarity on TJA surgi-
cal risk and recovery in adults with obesity.
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