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Abstract

Background Sarcopenia and sarcopenic obesity (SO) are age-related syndromes that may compromise physical and
mental health among older adults. The Nordic countries differ from other regions on prevalence of disease, life-style
behavior, and life expectancy, which may impact prevalence of sarcopenia and SO. Therefore, the aim of this study is
to review the available evidence and gaps within this field in the Nordic countries.

Methods PubMed, Embase, and Web of science (WOS) were searched up to February 2023. In addition, grey
literature and reference lists of included studies were searched. Two independent researcher assessed papers and
extracted data.

Results Thirty-three studies out of 6,363 searched studies were included in this scoping review. Overall prevalence of
sarcopenia varied from 0.9 to 58.5%. A wide prevalence range was still present for community-dwelling older adults
when definition criteria and setting were considered. The prevalence of SO ranged from 4 to 11%, according to the
only study on this field. Based on the included studies, potential risk factors for sarcopenia include malnutrition, low
physical activity, specific diseases (e.g., diabetes), inflammation, polypharmacy, and aging, whereas increased levels

of physical activity and improved dietary intake may reduce the risk of sarcopenia. The few available interventions for
sarcopenia were mainly focused on resistance training with/without nutritional supplements (e.g., protein, vitamin D).

Conclusion The findings of our study revealed inadequate research on SO but an increasing trend in the number of
studies on sarcopenia. However, most of the included studies had descriptive cross-sectional design, small sample
size, and applied different diagnostic criteria. Therefore, larger well-designed cohort studies that adhere to uniform
recent guidelines are required to capture a full picture of these two age-related medical conditions in Nordic
countries, and plan for prevention/treatment accordingly.
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Background

The number of older adults with age-related disorders
is expected to increase worldwide [1, 2]. Sarcopenia and
sarcopenic obesity (SO) are both age-related syndromes
that may compromise the physical and mental health of
older adults and increase their need for health care ser-
vices in old age [3, 4], and this may challenge the sus-
tainability of health care systems economically and by
shortage of health care personnel [5].

Sarcopenia is characterized by low muscle mass in
combination with low muscle strength [4]. SO is charac-
terized by the co-existence of obesity (excessive adipose
tissue) and sarcopenia [3]. Sarcopenia and SO are both
associated with physical disability, risk of falls, morbid-
ity, reduced quality of life and early mortality [4, 6-9]. In
SO the consequences of sarcopenia and obesity are com-
bined and maximized [4, 6—8].

Etiology of sarcopenia and SO is multifactorial and
closely linked to multimorbidity [3, 7-10]. Nevertheless,
lifestyle and behavioral components particularly diet and
physical activity, are important interrelated factors that
potentially can be modified. Physical inactivity and sed-
entary behavior may accelerate age-related loss of mus-
cle mass, reduce energy expenditure, and increase risk
of obesity [3, 11]. In addition, weight cycling (the fluc-
tuations in weight following dieting and regain) and an
unbalanced diet (particularly inadequate protein intake)
may accelerate loss of muscle mass and increase severity
of sarcopenia and SO in older adults [3, 12]. International
guideline for the treatment of sarcopenia emphasizes the
importance of resistance training potentially in combina-
tion with nutritional supplementation to improve mus-
cle mass and physical function [13]. Similar therapeutic
approach is suggested for treatment of SO [14]. However,
more research is needed to confirm optimal treatment of
SO [14].

According to a recently published meta-analysis the
global prevalence of sarcopenia ranged from 10 to 27%
in populations of older adults>60 years [15]. Further
the global prevalence of SO among older adults was
11% [8]. So, sarcopenia and SO are prevalent conditions,
with multiple negative health outcomes and should be
given special attention [16]. Despite the large burden on
patients and health care systems, the awareness of the
importance of skeletal muscle maintenance in obesity is
low among clinicians and scientists [3, 16].

A recent meta-analysis on publication trends revealed
that despite an increase in global research on sarco-
penia, the Nordic countries were only limitedly rep-
resented [6]. Nordic countries may differ from other
regions on aspects associated with the prevalence and
trajectory of sarcopenia and SO and challenge the rep-
resentativeness of research findings from other parts of
the world. These include a different prevalence pattern
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of noncommunicable diseases [17], different life-style
behavior and life-style associated risk factors [15, 18],
and higher life expectancy [18].

The Nordic countries including Sweden, Finland, Ice-
land, Norway, Denmark, and three autonomous areas
(Aland Islands, Greenland and Faroe Islands) share com-
mon elements of social and economic policies such as a
comprehensive publicly financed health care system [18,
19]. Additionally, these countries have a strong tradition
of collaboration including a common vision of a socially
sustainable region by promoting equal health and inclu-
sive participation in society for older adults [20]. There-
fore, more insight into the etiology, prevalence, and risk
factors for sarcopenia and SO among older adults is a
prerequisite for the development and implementation
of effective strategies to prevent and treat these complex
geriatric conditions in this geographic region. So, the aim
of this study is to conduct a scoping review to systemati-
cally identify and map the available evidence while also
addressing knowledge gaps and exploring the follow-
ing research questions: (1) What are the prevalence of
sarcopenia and SO in older adults living in the Nordic
countries? (2) Which risk factors or contributing condi-
tions are involved in the development of sarcopenia and
SO in the Nordic Countries? (3) Which interventions to
prevent or counteract negative health outcomes of sarco-
penia and SO have been tested or implemented among
older adults living in the Nordic countries?

Methods
Identification of relevant studies
The development and reporting of this review were done
by following the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines [21].
The literature search was developed to target three
main areas: Sarcopenia, sarcopenic obesity, and aging
(See Appendix 1 for full search strategy). All studies pub-
lished before the end of February 2023 were included in
this scoping review. The optimal sensitivity of search was
obtained by simultaneous search of the following data-
bases: PubMed, Embase, and Web of science (WOS).
Additionally, a detailed search for grey literature was per-
formed in relevant databases (e.g., Research Portal Den-
mark, Libris, Oria, Research.fi). Besides, reference lists
of the included studies were reviewed to identify eligible
studies. Duplicates and non-peer reviewed evidence (e.g.,
PhD thesis) were excluded but if the latter contained
published articles of relevance, these were included. If
more than one publication on similar outcomes (e.g.,
prevalence) were based on a single study, just one pub-
lication was included. Data were extracted from large
studies with combined data from several countries only
when findings were presented separately for the Nordic
countries.
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Inclusion and exclusion criteria

The inclusion criteria were as follow: Broad selection cri-
teria were used to be comprehensive: (1) studies with any
outcome (e.g., prevalence, risk factors, etc.) to address
our research questions on sarcopenia and SO, (2) stud-
ies on subjects with age>60 years in any type of settings
(e.g., community, nursing homes, general practice, hos-
pital, outpatients, homecare, etc.), (3) studies using any
definition of sarcopenia and SO without restriction for
criteria and cutoff values, (4) all type of study designs
(e.g., randomized control trials, cohort studies, cross-
sectional, etc.), (5) studies should be conducted in the
Nordic countries The exclusion criteria are as follow: (1)
studies without relevant outcome to sarcopenia or SO,
(2) studies without sufficient information to determine
eligibility.

Study selection and data extraction

Two independent researchers screened literature and
conducted data extraction. Any discrepancies between
them were resolved through discussion.

First, duplicates were removed by using EndNote 20.6
software, then titles and abstracts were screened to nar-
row down the list of potentially eligible studies. Finally,
the full text review was done to examine in detail the
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studies that were not excluded in first step. For more
clarification, the reasons for the exclusion were recorded
(Fig. 1).

The following information was extracted: (1) study
characteristics (e.g., first author’s name, country, year
of publication), (2) characteristics of the target popula-
tion (e.g., age, sex), (3) study design, setting, intervention
duration and follow-up time (if applicable), measure-
ments, tools, criteria, and results.

Results

Study selection

A combined total of 6,358 studies were identified
through the initial electronic database and grey litera-
ture searches. An additional five articles were identified
through other sources (citation searching). After remov-
ing duplication, 3,464 articles remained. A total of 3107
articles were excluded based on screening titles and
abstracts. Out of the remaining 357 studies, 324 were
excluded after the full-text review. Finally, 33 studies met
our inclusion criteria and were included in this current
scoping review [22-54] (Fig. 1).

Records identified through database
searching (n =6,358)

Additional records identified
through other sources:

Citation searching (n =5)

l

Records after removing duplicates (n =3,464)

A4

(n =3,464)

Records screened

Records excluded as they do
not meet selection criteria
(n=3,107)

\4

|

Full-text articles assessed
for eligibility (n =357)

Full-text articles excluded,
with reasons (n =324)

A 4

e Irrelevant outcomes: 251

e Mismatching age: 55

e Duplicate publications for
same outcome: 5

e Conference abstracts: 13

(n=33)

Studies included in
Systematic review

Fig. 1 PRISMA diagram for searching resources
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Study characteristics
Table 1 summarized characteristics of the included
studies.

The number of documents showed an increasing trend
between 2020 and 2021. A peak in the number of publi-
cations was observed in 2021 (24.2% of all documents).
All the studies were conducted across four (Denmark,
Norway, Sweden, and Finland) out of the five Nordic
countries and three autonomous areas. The highest con-
tribution in this field was made by Sweden (n=12).

Most studies were conducted in community-dwelling
settings [22-24, 28, 30, 31, 35, 36, 38—40, 42, 45-49,
54]. Seven studies included patients with acute diseases
(hospital-setting) [26, 27, 33, 37, 50-52], while four stud-
ies included patients with chronic conditions (out-patient
setting) [25, 32, 41, 44], and one study including nursing-
home residents [34]. In terms of study design, most of the
studies were observation studies with a cross-sectional
or longitudinal design (22-31, 33, 34, 36—-39-45, 46—54),
while three studies [32, 35, 46] applied interventions. It
appears, however, that one study [32] out of the above
three interventions is sub-project conducted within the
framework of larger intervention program. Sample size
ranged from 49 in a cross-sectional case control study
[52] to 3334 in a cohort study [30].

Five studies were among males only [22, 24, 36, 45, 53]
and three studies included females only [38, 47, 54]. The
rest of the studies had a mixed sample. Top subject area
was sarcopenia (31 out of the 33 included studies), and
on this subject, publications were categorized into the
following research areas (with some studies addressing
more areas): prevalence [22-27, 29, 30, 33, 35, 36, 37,
40, 42, 44, 45, 47, 49-51, 52-54], risk factors [24, 27, 28,
30, 31, 34, 38, 40, 42, 44, 47, 49-51], and effectiveness of
interventions on sarcopenia or indicator of sarcopenia
[32, 35, 46].

In most studies sarcopenia was defined according to
the criteria set by the European Working Group on Sar-
copenia in Older People in the updated version from
2019 (EWGSOP2) (n=15) or the original version from
2010 (EWGSOP) (n=14). However, in some studies mul-
tiple criteria such as EWGSOP, EWGSOP2, and National
Institutes of Health Sarcopenia Project definition (FNIH)
were applied [27, 39, 43], and in other studies alternative
criteria were used [26, 33, 35, 45, 57].

Different assessment methods of muscle mass includ-
ing Dual energy X-ray absorptiometry (DXA) [22, 24,
25, 27, 29, 30, 32, 33, 38-41, 45-47, 52-54], Bioelectri-
cal Impedance Analysis (BIA) [28, 31, 34, 44, 48, 49], Bio-
impedance Spectroscopy (BIS) [35, 42, 43], Computed
Tomography (CT) [33], and Computed Tomography
Angiogram (CTA) [26] were used in the included studies.

SO were defined by the co-existence of sarcopenia with
obesity. Studies on SO used the EWGSOP?2 criteria [39],
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or the EWGSOP?2 criteria for hand grip strength only
(probable sarcopenia) [23] in combination with obesity
estimated from BMI cut points [23, 39], waist circumfer-
ence [23, 39], and fat mass percentage [39]. Lastly, one
study used measures of body composition measures that
reflect adiposity as estimates of SO [48].

Four studies reported the prevalence of “probable sar-
copenia” [23, 30, 36, 45], while two studies reported the
prevalence of sarcopenia and comorbidities (e.g., osteo-
penia, pre-frailty, malnutrition) [33, 40].

Narrative synthesis

Due to the heterogeneity of the studies in definition of
sarcopenia, settings, and sample size, the overall reported
prevalence was variable and ranged from 0.9% [54] to
58.5% [26]. However, according to the most commonly
used criteria (EWGSOP2) the highest (46%) and lowest
(1%) prevalence of sarcopenia was reported in Sweden
among inpatients in geriatric care [27], and community-
dwelling older adults [30], respectively.

Prevalence of sarcopenia according to population and
definition criteria is illustrated in Table 2. Higher preva-
lence rates of sarcopenia were found in females com-
pared to males among community-dwelling older adults
[49] and in older adults acutely admitted to hospital [51].
Further, acutely admitted female patients also presented
with more severe sarcopenia compared to male patients
[51].

Frequency of sarcopenia was higher (9.1-40.0%) in
patients with diabetes (with and without complications
of charcot osteoarthropathy), compared to age-matched
healthy adults [52].

The prevalence of “probable sarcopenia” ranged
between 20.4% (reduced muscle strength only) and 38.1%
(fulfilling one of the following criteria: reduced muscle
strength, reduced muscle mass, or low physical function)
in Finnish community-dwelling adults [23, 36], while lon-
gitudinal studies on Swedish community-dwelling old (70
years) and very old adults (=85 years) the prevalence of
“probable sarcopenia” (reduced muscle strength only)
ranged from 1.8 to 73%, respectively [30, 45]. Lastly, in a
Swedish study among nursing home residents the preva-
lence of probable sarcopenia was 44% (evaluated by an
impaired chair stand test) [34].

Prevalence of Osteosarcopenia (sarcopenia and
osteoporosis) was 1.5% [36], and the prevalence of co-
occurrence of all three following conditions: pre-frail,
malnutrition, and sarcopenia was 7% [34].

We only identified two studies with prevalence of
SO [39] and probable SO [23]. The prevalence of SO in
a Swedish population was 4% and 11% in females and
males, respectively, while the prevalence of probable SO
among Finnish community-dwelling ranged between
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Table 1 (continued)

Results

Tool Criteria

Measurement

Setting

Design

Age

Field Sample

Study

(Range/Mean)

Size

(by sex)

EWGSOP, (By  Prevalence:

DXA, LEP

BC

Population-based

Observational

M: 593 60-74

S

Frost et al.

4.8% and 8.5% based LEP or LELB T-score,

respectively.

using LEP)

(2014), Den-
mark [53]

SMI, HGS, GS, EWGSOP Prevalence:
DXA

Community-dwelling  Muscle mass,

Cohort

S F: 409 70-80

Patil et al,,

(2024) 24:421

Sarcopenia:

WG &WHO

Muscle strength,
Muscle perfor-
mance, BC

(2013), Fin-
land [54]

EWGSOP: 0.9%
IWG: 2.7%

guidlines for
Osteopenia

Osteopenia: 36%

S: Sarcopenia; F: Females; M: Males; BC: Body composition; BMI: Body mass index; DXA: Dual energy X-ray absorptiometry; HGS: Hand grip strength; CST: Chair stands test; CTA: Computed Tomography Angiogram; ASM:

Appendicular skeletal muscle mass; ENGSOP: European Working Group on Sarcopenia in Older People; EWGSOP2: Revised consensus from the European Working Group on Sarcopenia in Older People; ALM: Appendicular

lean mass; NP: Not provided; MNA-SF: Mini nutritional assessment-short form; FFQ: Food frequency questionnaire; PA: Physical activity; SMI: Skeletal muscle mass index; BIA: Bioelectrical impedance analyses; TUG: Timed

Up and Go; MSA: Muscle-strengthening activities; 5STS: Five times sit-to-stand time; SRS: Sarcopenia risk score; RCT: Randomized control trial; COPD: Chronic obstructive pulmonary disease; GLIM: Global Leadership of

Malnutrition; PF: Physical function; SO: Sarcopenic obesity; BMD: Bone mineral density; BIS: Bioimpedance spectroscopy; SPPB: Short physical performance battery; CRi-SMI: Calf intracellular resistance skeletal muscle index;
TUG: Timed up-and-go test; EPI: Exocrine pancreatic insufficiency; FNIH: National Institutes of Health Sarcopenia Project; GS: Gait speed; ULSAM: Uppsala Longitudinal Study of Adult Men; WC: waist circumference; SM:

Skeletal muscle mass; T: Total; LBM: Lean body mass; IWG: International Working Group on Sarcopenia; LEP: leg extension power; LELB: Lower extremity lean mass

* OSTPRE-FPS: Osteoporosis Risk Factor and Prevention - Fracture Prevention Study; **HBCS: Helsinki Birth Cohort Study

Page 9 of 15

5.8% and 12.6%, depending on the criteria to define the
obesity (e.g., BMI, waist circumference, etc.) [23].

Several studies investigated aspects of etiology and
risk factors for sarcopenia [24, 27, 28, 30, 31, 34, 36, 38,
40, 42-44, 47, 49-51] and one study focused on SO [49].
Higher physical activity was associated with a decreased
likelihood of sarcopenia [30]. In addition, adhering to
world health organization (WHO) guidlines for physi-
cal activity and the Nordic nutritional recommendations
for protein intake was positively associated with greater
physical function and lower fat mass in older female
community-dwellers [38]. In older adults who are physi-
cally active, eating a healthy diet (based on the frequency
of intake of favorable food like fish, fruits, vegetables, and
whole grains versus unfavorable foods like red/processed
meats, desserts/sweets/sugar-sweetened beverages, and
fried potatoes) was associated with lower risk of sarco-
penia [28]. Further, among older adults who already meet
the physical activity guidelines, additional engagement
in muscle-strengthening activities was associated with a
lower sarcopenia risk score and improved muscle mass
and chair rise time [31].

Associations between sarcopenia, risk of sarcopenia
and malnutrition or nutritional status was identified in
geriatric patients [27, 51], older patients with hip fracture
[50], nursing home residents [34] and in community-
dwelling older adults [49]. Moreover, the importance
of nutritional intake was investigated in the following
studies [24, 36, 47]. A study among community-dwell-
ing men revealed an inverse association between total
energy intake, protein intake (total, plant, and fish pro-
tein), intake of dietary fibers, fat (total and unsaturated),
and vitamin D with sarcopenia status [36]. In a cohort of
71-year-old men a dietary pattern characterized by high
consumption of fruit, vegetables, poultry, rice and pasta
was associated with lower prevalence of sarcopenia after
16 years [24]. A longitudinal Finnish study on sarcopenia
indices among postmenopausal older women, showed
that lower adherence to the Mediterranean (focuses
on high consumption of olive oil) or Baltic Sea (focuses
on the dietary fat quality and low-fat milk intake) diets
resulted in higher loss of lean mass over a 3-year period
[47]. Further, a higher adherence to the Baltic Sea diet
was associated with greater lean mass and better physi-
cal function, and higher adherence to the Mediterranean
diet was associated with greater muscle quality [47].

In a study of patients with hip fracture age, polyphar-
macy, and low albumin levels was associated with sar-
copenia [50]. Exocrine pancreatic insufficiency was
an independent risk factor for sarcopenia [44]. This
study also revealed that sarcopenia was associated with
reduced quality of life, physical function, and increased
risk of hospitalization [44]. In a longitudinal study
of community-dwelling adults (+75 years) at risk of
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Table 2 Prevalence of sarcopenia according to population and
definition criteria

Population \ Definition criteria EWGSOP2 EWGSOP
Community-dwelling 1.0-214% [20,27,28,  0.9%*-54%
34, 38,43] [22,27,43,
45,47,52]
Patients in-hospital 11-46% [25, 35] 30% [48, 49]
Out-patients 11.3%%-15.2%*0% [23, 17.7%**-
39] 24.2*% [39,
42]
Nursing home 29%[32)

*Females only

**Males only

sarcopenia, high physical function, muscle strength, mus-
cle mass and low BMI predicted better physical function
and reduced need for care after four years [42]. Further-
more, in community-dwelling adults with sarcopenia,
muscle mass, muscle strength and physical function are
independent predictors of all-cause mortality. As a result,
they have been proposed by researchers as targets for
the prevention of sarcopenia-related over-mortality [43].
Lastly, community-dwelling older adults with sarcope-
nia had lower bone mineral density compared to those
without sarcopenia and they were more likely to develop
osteoporosis (Osteosarcopenia) [40].

Regarding SO risk factors, a longitudinal study among
community-dwelling older adults in Finland found that
SO (operationalized by measures of adiposity) were asso-
ciated with poorer physical function after ten years [48].

Our literature search identified three randomized con-
trolled trials investigating the effectiveness of interven-
tions to prevent or counteract sarcopenia in older adults
of Norway, Finland, and Sweden, respectively [32, 35, 46].
The Norwegian study [32] was a double-blinded random-
ized controlled trial (RCT). The study included those who
were at risk of developing sarcopenia, including patients
with chronic obstructive pulmonary disease (COPD) or
individuals who showed diagnostic indications of sarco-
penia. Participants received either vitamin D or placebo
supplementation for 28 weeks. Additionally, resistance
training sessions were provided to all participants from
weeks 14 to 27. Vitamin D supplementation did not sig-
nificantly affect response to resistance training in older
adults at risk of sarcopenia with or without COPD [32].

Furthermore, a RCT among pre-sarcopenic Swedish
older adults investigated the effectiveness of three weekly
sessions of instructor-led progressive resistance training
in combination with a non-mandatory daily nutritional
supplement (175 kcal, 19 g protein) compared to control
group. The 10 weeks intervention resulted in significant
between group improvements of physical function and
a significant improvement in body composition in the
intervention group [46].
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Another intervention study revealed that a 12-month
intervention with two daily nutritional supplements
(each containing 20 g whey protein) did not attenuate
the deterioration of physical function and muscle mass
in sarcopenic older community-dwelling adults com-
pared to isocaloric placebo supplements or no supple-
mentation. All participants were given instructions on
home-based exercises, importance of dietary protein and
vitamin D supplementation [35].

Discussion

Based on our broad literature search 33 studies were
identified that concerned sarcopenia and SO and met the
inclusion criteria. However, research on SO was very lim-
ited with only three studies identified. Narrative synthesis
of the included studies revealed that the most reported
classification tool for sarcopenia in Nordic countries was
the EWGSOP2. Moreover, some studies estimated sarco-
penia using EWGSOP. The overall prevalence of sarcope-
nia in Nordic countries according to EWGSOP2 ranged
between 1% and 46% [25, 28]. The prevalence of SO, how-
ever, was reported only in one study in Sweden (4—11%)
[39]. Even though the previous systematic reviews and
meta-analysis have reported the prevalence of sarcopenia
and SO in different regions and settings (e.g., commu-
nity-dwelling, nursing home, etc.) [8, 15, 55, 56], this cur-
rent scoping review is to the best of our knowledge the
first study that provides an overview of research on sar-
copenia and SO in the Nordic countries.

Based on our findings from 24 studies, there were large
variability in prevalence of sarcopenia in studies con-
ducted in the Nordic countries. We think that the wide
variation in estimated prevalence of sarcopenia in our
scoping review might be due to a different definition/
diagnostic criterion (e.g., EWGSOP, EWGSOP2, FNIH),
methodology to measure muscle mass (DXA, BIA, CT),
and heterogeneity in characteristics of the study popula-
tion (e.g., setting, age, medical conditions, co-occurrence
of multiple risk factors). A previous study on prevalence
of sarcopenia in Swedish older people showed significant
differences between prevalence of sarcopenia based on
EWGSOP2 and EWGSOP1 [29]. Therefore, research-
ers stressed that prevalence is more dependent on cut-
offs than on the operational definition [29, 57]. Further,
we know that various international sarcopenia working
groups have issued expert consensus and such diagnos-
tic criteria are being updated [4, 58]. Since the revision
of criteria focuses primarily on the adjustment of cut-off
values, the main reason for differences in prevalence even
when using an updated version of one diagnosis criteria is
modification in cut-off values. For instance, if the cut-off
value for gait speed was increased by 0.2 m/s, the preva-
lence of sarcopenia may increase by 8.5% [57]. Meaning
that even a small change in cut-off value can have a big
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impact on how sarcopenia is diagnosed. Besides when we
take definition criteria into account (Table 2), the preva-
lence of sarcopenia is still variable in the population of
community-dwelling adults for instance. We believe it is
basically because studies have applied different assess-
ment tools and tests to identify older adults with low
muscle mass and muscle strength, although using the
same definition criteria (Table 1). Previous studies have
illustrated that choice of methodology to assess muscle
strength (e.g., hand grip strength, chair rise) [59] and
muscle mass (e.g., DXA, BIA, anthropometry) [60-62] in
older adults may impact findings and this variability may
explain some of the variability in our findings. So, adher-
ence to the latest uniform diagnostic criteria for future
studies is recommended to simplify the comparison of
findings within the same country, across countries, and
regions. Moreover, we suggest that medical community
particularly GPs to come to an agreement on assessment
methods for muscle mass and muscle strength and the
use of one set of definition criteria for sarcopenia.

In previous meta-analyses [15], sub-group analyses
based on region and classification tool, revealed that the
prevalence of sarcopenia was higher in European stud-
ies using EWGSOP (12%) compared to rest of the stud-
ies using Asian Working Group for Sarcopenia (AWGS),
ENIH, and EWGSOP (3%) [15]. In our scoping review,
we also found a high prevalence of sarcopenia in Nor-
dic countries. Longevity and life expectancy is higher
in the Nordic countries compared to estimates for rest
of the world [18], which means that in this region many
people reach old age, and consequently they are more
likely to be diagnosed with sarcopenia as an age-related
disorder. Therefore, the authors of this current scoping
review emphasis the importance of preventive strategies
targeted major risk factors and effective interventions to
limit the consequences of sarcopenia in the Nordic popu-
lations. Besides, we think that the health care system in
the Nordic countries should be better equipped with the
necessary healthcare resources for both a timely diagno-
sis and dealing with this major age-related issue in the
years to come. However, due to the limitations regard-
ing the timely diagnosis, we highly recommend a com-
prehensive approach including establishment of support
services, implement educational programs, offer training
for health care professionals, and engage the community.

Many countries have conducted research on SO [7, 39,
63—65]. Based on our findings, however, among the Nor-
dic countries only Sweden and Finland have investigated
the prevalence of probable SO and SO [23, 29]. Besides,
we only found one study investigating the association
between body adiposity and physical function over time
[54]. We did not find any literature on risk factors or
interventions among older adults with SO in this region.
Therefore, we call on medical and research community
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in Nordic countries to attach importance to screening of
SO in elderly people to capture a full picture of this pub-
lic health risk to aging society and allocate healthcare
resources accordingly.

In terms of risk factors for sarcopenia, our study
revealed that malnutrition, low levels of physical activ-
ity, specific diseases (e.g., diabetes, osteoporosis), inflam-
mation, polypharmacy (multiple medicines), BMI, and
ageing are potential risk factor for sarcopenia in popu-
lations of the Nordic region. However, evidence on risk
factors derived mainly from cross-sectional associations
[27, 28, 30, 31, 34, 40, 44, 49-51], and only to a limited
extend from longitudinal studies [24, 38, 43, 47]. There-
fore, the associations between risk factors and sarcopenia
should be interpreted with caution due to the possibility
of reverse causality and confounding affecting the results.
Moreover, our findings on risk factors mainly came from
community-dwelling older adults, and only to a limited
extend hospital and nursing home settings. We think
that risk factors may vary depending on population char-
acteristics (e.g., age, sex, health condition) and setting
(e.g., hospital, nursing home, community). Therefore, we
encourage researchers of the Nordic countries to per-
form well-designed prospective cohort studies in differ-
ent settings to enhance the possibility to establish causal
inference as well as understanding degree and direction
of changes over time.

A recently published meta-analyses revealed a higher
risk of having polypharmacy in Europe among indi-
viduals with sarcopenia compared to people without
this condition [66]. A nationwide register-based study
in Swedish population also showed that the prevalence
of polypharmacy has increased in Sweden over the last
decade [67]. Sarcopenia itself is associated with mor-
bidity (identified by specific disease or inflammatory
markers) and different health-related outcomes (e.g.,
disability) [7]; therefore, future research should investi-
gate whether polypharmacy is a major factor to sarcope-
nia development [66]. Although we lack information on
polypharmacy in Nordic countries other than Sweden,
we encourage researchers in this region to examine the
above research gap in their future studies.

According to previous studies physiological changes in
ageing include systemic low-grade inflammation which
results in insulin resistance, affect protein metabolism
and leads to increased muscle wasting [68]. Acute and
chronic disease may increase the inflammatory response
and accelerate age-related loss of muscle mass and
increase risk of sarcopenia [68, 69]. Hence, we think that
special attention should be made by health care profes-
sionals particularly GPs to older adults with acute or
chronic conditions to limit the risk of sarcopenia.

Literature from the Nordic countries also indicated
that higher levels of physical activity and different dietary
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patterns (e.g., higher protein intake, fruit, vegetables,
fibers) were associated with reduced risk of sarcopenia
or improvement in indicators of sarcopenia. There was
a large heterogeneity in the studied aspect which makes
direct comparison of studies difficult. Nevertheless,
according to findings from a recent systematic review
of meta-analyses on sarcopenia the identified risk fac-
tors are in alignment with previously identified risk fac-
tors globally [70]. Other potential lifestyle-related risk
factors suggested from the above meta-analysis included
smoking and extreme sleep duration. However, we did
not identify studies investigating these health behaviors
in the Nordic populations. Therefore, high-quality cohort
studies are needed to deeply understand such associa-
tions with the risk of sarcopenia.

In this current review, we only found three interven-
tion studies in Nordic countries. However, two of them
were sub-projects of big intervention programs, mean-
ing that such studies were not designed explicitly for the
prevention/treatment of sarcopenia. Therefore, explicit
intervention studies on sarcopenia in this region is
recommended.

We believe that on a global level, research on sarco-
penia will carry on with nutrition, exercise, and under-
standing of molecular mechanisms. Furthermore,
examining the link between sarcopenia and other medi-
cal conditions/diseases would be the next step [6]. In
the Nordic countries, however, already performed stud-
ies have a basic and descriptive design, so that, well-
designed research and advanced analyses are lacking.
Hence, we recommend conducting large well-designed
and adequately powered studies to (a) explore the scale
of this age-related health issue on country and regional
level, (b) investigate the patterns of physical activity and
sedentary behavior to understand if this should be a tar-
get in older adults with SO and sarcopenia, (c) determine
whether elderly populations are suffering from nutri-
tional deficiency or are at risk of malnutrition. The latest
can support further studies to assess the impact of com-
bined physical activity and dietary intake, which are still
lacking globally [6].

A previous systematic review on therapeutic strategies
for SO revealed that exercise-based interventions (e.g.,
resistance training) reduced total adiposity and conse-
quently improved body composition. However, evidence
of other therapeutic strategies (e.g., nutritional supple-
mentation) was limited due to scarcity of data and lack
of unique definition for SO [69]. Therefore, authors sug-
gested that more research should be done to clarify opti-
mal treatment options for various age-groups and not
only for older adults [14].

In our scoping review, the included studies, did not
provide a status of either SO or the prevention/treatment
methods in this region. We believe that SO is practically
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neglected in clinical practice and research as well, and
this is mainly because it is difficult to separate it from
general obesity. The consequence of lacking knowledge in
this research area is that when older adults with SO are
recommended weight loss- a frequently used strategy for
management of general obesity- this may accelerate the
loss of muscle mass and increase the severity of the sar-
copenia [3]. Consequently, we think that this issue may
have adverse effects both on patients (e.g., decreasing
quality of their life) and on the health care system (e.g.,
increasing the health care demands) of this region. There-
fore, we encourage researchers to perform cohort studies
to understand the epidemiology and etiological basis of
SO, which are poorly understood even on a global scale
[8]. We think that the consensus definition on SO from
the European Society for Clinical Nutrition and Metab-
olism (ESPEN) and European Association for the Study
of Obesity (EASO) which was published in 2022 [3], can
positively affect the ability to define studies on prevalence
and prevention of SO. Besides, we recommend conduct-
ing further research to find the optimal treatment for
SO and reduce its adverse consequences both at indi-
vidual and society levels. Additionally, we think that the
concepts of sarcopenia and SO might be somehow unfa-
miliar to health care personnel. Therefore, it is highly rec-
ommended that more information be provided to bring
their attention to the significance of prevention, timely
diagnosis, and treatment of these two aging disorders.

Strengths and limitations of the study

This is the first study providing an overview of available
evidence on sarcopenia and SO among older adults in
the Nordic countries. These countries have important
similarities in welfare sectors and on a population level
and we believe that our findings will be a significant ben-
efit for researchers and health care providers to under-
stand the knowledge gaps and plan for future studies in
this geographical region. However, the current scoping
review has limitations. This review was limited to stud-
ies among individuals more than 60 years old which may
limit the overview of available research in this field, as
well as understanding risk factors, confounders for pre-
vention, and the potential for early detection of these two
diseases in younger age population. The included cross-
sectional studies in our review cannot provide informa-
tion on causality of the associations.

Conclusion

Sarcopenia and SO are generally prevalent syndromes
among older adults in Nordic countries, even though the
prevalence of them varies according to the criteria for
definition, population, and setting. Research among older
adults with SO was very limited in this region. Besides,
studies on risk factors were primarily cross-sectional and
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only few intervention studies were identified. Therefore,
we encourage researchers performing well-designed
studies (e.g., prospective cohorts) to understand the epi-
demiology and etiological basis of these two age-related
disorders. For the next step, implementation of interven-
tions targeting risk factors (e.g., combined physical activ-
ity and dietary intake) and evaluating of their impact on
prevention or treatment of sarcopenia and SO is recom-
mended. Furthermore, for the comprehensive advance-
ment of muscle health in older adults, we recommend
implementing interventions directed at health care per-
sonnel and encouraging more collaboration among cli-
nicians, professional societies, researchers, and policy
makers to ensure comprehensive and effective approach
to health care initiatives.

Abbreviations
SO sarcopenic obesity

WOS Web of science

PRISMA Preferred Reporting Items for Systematic Reviews and
Meta-analyses

EWGSOP2  European Working Group on Sarcopenia in Older People in the
updated version from 2019

FNIH National Institutes of Health Sarcopenia Project definition

DXA Dual energy X-ray absorptiometry

BIA Bioelectrical Impedance Analysis

BIS Bioimpedance Spectroscopy

cT Computed Tomography

CTA Computed Tomography Angiogram

WHO World Health Organization

GP General Practitioner

RCT Randomized Controlled Trial

COPD Chronic Obstructive Pulmonary Disease

EASO European Association for the Study of Obesity
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