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Abstract

Objectives: To determine the diagnostic cut-off values of components for sarcopenia in Caucasian women. Methods:
The present retrospective cross-sectional study based on the REFERENCE sample included 400 healthy women
aged 20 to 40 years, and the OSTPRE sample included 344 women aged 63 to 75. The subjects of the OSTPRE
population were re-measured five and ten years later after the baseline. Both samples underwent grip strength
(GS), quadriceps strength (QS), and total-body DXA (TB-DXA) measurements, from which Relative Skeletal Muscle
Mass Index (RSMI) was calculated. Results: In the REFERENCE population, the -1 SD / -2 SD cut-off points were
for RSMI 5.8 kg/m? / 5.1 kg/m?, for GS 32.0 kg / 26.4 kg, and for QS 39.8 kg / 29.8 kg. The prevalence of under
-2 SD distributions in REFERENCE were: RSMI 1.8%, GS 1.3%, and QS 2.0%, and in OSTPRE (15/20/25 years
measurements): RSMI 1.2 %/1.9 %/0.5 %, GS 52.2%/42.3%/48.8%, and QS 47.4%/55.2%/not available.
The distributions of GS and QS were statistically significantly different between REFERENCE and all OSTPRE
measurement points (p<0.00 1 in Chi-squared). Conclusions: The diagnostic cut-offs for components of sarcopenia
are RSMI 5.1 kg/m?, grip strength 26.4 kg, and quadriceps strength 29.8 kg in Finnish Caucasian women.
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Introduction

Sarcopenia is a progressive and generalized skeletal
muscle disorder that is associated with an increased
likelihood of adverse outcomes, including falls, fractures,
physical disability, and mortality'. Sarcopenia is related to
a higher risk of falls and fractures, impairment in activities
of daily living, and cardiac, respiratory, and cognitive
impairment. Furthermore, it impairs mobility, lowers the
quality of life, and increases mortality. Some other studies
have also found higher incidences of morbidity, mortality,
falls, fractures, poor quality of life, and hospitalization®".

The prevalence of sarcopenia has been reported to be
between 2% and 50% based on global data®'. The variety
in prevalence has been suggested to originate essentially
from various cut-off points used to diagnose the disease®.

The European Working Group on Sarcopenia in Older
People (EWGSOP) established in 2010 an operational
definition and diagnostic strategy for sarcopenia that has
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become the most used around the world®. They stated that
the correlation between muscle mass and muscle strength
is not linear. Therefore, the diagnosis of sarcopenia requires
measuring of muscle mass, muscle strength, and physical
performance.

In 2018, EWGSOP updated the definition, diagnostic
methods, and criteria of sarcopenia based on scientific
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REREFENCE

OSTPRE

Recruitment by flvers in
1) University of Eastern Finland, Kuopic

2} Kuopie University Hospital

3) Savenia University of Applied Sciences,

All women born 1932-1941 living in Kuopio during 1989

(OSTFRE)

14 220 women

Kuopio

Inclusion stratified by age:
20-25 vears: n=100
2530 vears: n=100
30-35 vears: n=100

35-40 vears: n=100

Total 400 women age 20-40 vears.

b

Random stratified subsample
went through Bone-DXA
measurement in 1989

3222 women

b

BASELINE OF THIS STUDY:
1 5-year follow-up visit with
random selection including DXA,
muscle mass and muscle strength

INEASUTEMEnts
Lost to
l follow-up
77 wemen
5-YEAR OF THIS STUDY:20-
wear follow-up visit including
DX A, muscle mass and muscle
strength measurements
267 women
Lost to
i follow-up
72 women

I0-YEAR OF THIS STUDY:25-
year follow-up visit including
DXA, muscle mass and muscle
sirength measurements

195 women

Figure 1.Study population selection.

evidence that had accumulated since the last statement!'.
They stated that muscle strength is the main criterion for
a diagnosis of sarcopenia. Muscle quantity (measured,
e.g., with Appendicular Skeletal Mass (ASM) or quality is a
secondary diagnostic method for diagnosing sarcopenia.
Different indexes have been introduced to adjust ASM, such
as BMI, height, and weight. ASM divided by the square of
height is the Appendicular Skeletal Muscle Index (ASM), i.e.,
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Relative Skeletal Muscle Mass Index (RSMI). Fat mass divided
by the square of height was determined as the Fat Mass Index
(FMI). However, there is no well-established consensus for
the best adjusting method for the fat mass. ASMI (ASM/
squared height) has been suggested to be more reliable in
comparison to others',

Muscle quantity can be determined with Dual-Energy
X-ray Absorptiometry (DXA), Bioelectrical Impedance
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Analysis (BIA), computed tomography (CT), or magnetic
resonance imaging (MRI). Muscle quality can be determined
in an accurate way with MRI and CT tools, which both
can detect intramuscular fat infiltration. The severity
of sarcopenia is determined by measuring physical
performance, which can be determined by operating gait
speed, SPPB (Short physical performance battery), TUG
(Timed-up-and-go-test), or 400m walking test. In addition,
EWGSOP 2 recommends establishing gender-specific and
region-specific studies of sarcopenic components (gait
speed, muscle mass, and strength) to improve the diagnostic
accuracy of sarcopenia. After ENGSOP’s and especially after
EWGSOP2’s recommendations, the -2 SD below the mean
of the young reference values has been the most used''>7'8,

Consequently, the main purpose of this study was to
determine the cut-off points for components of sarcopenia
based on the young reference population (aged 20-40
years) in the Finnish female population. The present cross-
sectional retrospective study follows the recommendation
by EWGSOP2 by using grip strength and reference values for
body composition as diagnostic criteria for sarcopenia’. The
second aim of the study was to investigate the prevalence of
components for sarcopenia in older women (aged over 60
years) in different age groups with a cross-sectional study
design.

Materials and Methods
Study design

The study setting is a retrospective cross-sectional study.
A study cohort from a previously defined young reference
population (REFERENCE) was used to define diagnostic cut-
off for sarcopenia. As suggested by EWGSOP2, we used
-1 and -2 standard deviations below the mean of healthy
young adults as a cut-off point for sarcopenia'. Using the
cut-off value, we studied the prevalence of sarcopenia in
older women from the Kuopio Osteoporosis Risk Factor and
Prevention study (OSTPRE). The OSTPRE and REFERENCE
study sets have been accepted by the Ethics Committee of
Kuopio University (The previous name of the University of
Eastern Finland).

Study populations
Young reference population (REFERENCE)

The young reference population (REFERENCE) included
400 young, healthy females (20-40 years, mean age
30 years) living in Kuopio, Eastern Finland (Figure 1). The
population was recruited between 2011-2014 using
electronic and conventional paper flyers. It consisted of
students and persons from the University of Eastern Finland,
Kuopio, Kuopio University Hospital, and Savonia University
of Applied Sciences, Kuopio. The participants for the study
were required to fit the following criteria: 1) no chronic
disease or permanent medication, 2) no orthopedic or other
major implants inside the body, 3) age 20-40 years, 4) not
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currently pregnant, 5) no previous bilateral oophorectomy.
Research nurses confirmed that the participants met the
inclusion criteria. In addition, all participants gave informed
consent for participation in the study. During the recruitment
REFERENCE population was recruited by stratifying it by age
as follows: (20-25 years: n=100, 25-30 years: n=100, 30-
35 years: n=100, 35-40 years: n=100). In the REFERENCE
population, 11.8% exercised once a week or less, 42%
2-3 times per week, 37.5% 4-6 times per week, and 8.8%
daily'®. No chronic diseases were allowed in the participants
for the REFERENCE sample. The socioeconomic data was
not gathered for the young reference sample. However, the
young reference population has been described earlier in
detail'®.

Study group consisting of older women (OSTPRE)

The study participants represent total-body dual-
energy x-ray absorptiometry (DXA) scans from the Kuopio
Osteoporosis Risk Factor and Prevention Study (OSTPRE)
densitometry sample. OSTPRE is an ongoing prospective
cohort study with over 30 years of follow-up.

The initial target population of OSTPRE included all
women born between 1932 and 1941 (n = 14 220) living
in Kuopio Province, Finland, in 1989 (Figure 1). A random
stratified subsample (n = 3,222) of the study population
underwent DXA densitometry at baseline and has been
followed at 5-year intervals. However, the muscle mass and
muscle strength measurements were both performed for
the same women for the first time after a 15-year follow-up
in 2004-2007. For the present study, we chose to include
only follow-up visits, where all three (DXA, muscle mass,
and muscle strength) measurements were performed. Thus,
baseline, 5-year, and 10-year DXA measurements were not
studied. A random subsample of 506 women underwent
a total-body scan and was invited to 15-year follow-up
densitometry between October 2004 and October 2007.
Valid DXA data were obtained from 344 (69 %) out of these
randomly selected women. Their ages varied between 63
and 75 years, and the mean age was 69 years. At the 20-
year follow-up in 2009-2012, 267 women were measured
with DXA. Their ages ranged between 69 and 79 years, and
the mean age was 74. One hundred ninety-five women were
measured with DXA in OSTPRE 25 inthe years 2014-2016,
and their mean age was 77 years. In the OSTPRE sample,
the mean number of chronic diseases was 4.6 (3.0 SD) in a
15-year follow-up, 5.4 (3.5) in a 20-year follow-up, and 7.0
(4.3 SD) in a 25-year follow-up. They also underwent muscle
strength (handgrip and quadriceps strength measurements)
and functional tests (walking speed, standing on one leg, and
ability to squat). In OSPTRE 25, quadriceps strength was not
measured in those women who were measured with DXA. In
the OSTPRE sample, all women were community-dwelling
pensioners at the time of the measurements. Trained
personnel performed muscle strength and anthropometric
measurements.
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Total body DXA

The total body dual-energy absorptiometry (TB-DXA)
measurements were performed by trained nurses. The fat
mass and muscle mass were determined with DXA. The TB-
DXA measurements were performed between 2011 and
2014 inthe Kuopio Musculoskeletal Research Unit (KMRU),
University of Eastern Finland, Kuopio. In REFERENCE, 206
women were measured with Lunar Prodigy DXA, and 194
women were measured with Lunar iDXA, with the imaging
and analysis protocols provided by the manufacturer
(Lunar Co, Madison, WI, USA), as described earlier2®2!,
The repeatability and reliability of this method have been
reported previously??23, These two DXA machines were
cross-calibrated?. In the OSTPRE 15-year follow-up, the
DXA measurement was performed for a random subsample
which included 344 women. In the 20-year follow-up for
267 women and in the 25-year follow-up, 195 women
were measured with Lunar Prodigy (GE Medical Systems,
Lunar, Liegen, Belgium). The Lunar iDXA measurements
were cross-calibrated with Lunar prodigy measurements
using different mathematical formulas described in the
previous study?*.The muscle mass of arms as measured
by Lunar Prodigy was converted based on the formula:
0.999 x iDXA muscle mass. The muscle mass of the legs,
as measured by Lunar Prodigy, was converted based on the
formula: 0.867 x iDXA muscle mass + 1.33. The total body
fat mass as measured by Lunar Prodigy was converted
based on the formula: 1.010 x iDXA fat mass — 0.74. The
study nurses double-checked the automated region of
interest (ROIs) of every measurement. The automated ROIs
were based on the algorithm provided by the manufacturer.
Phantom calibration was performed on a daily basis. All
quality control procedures were done according to the DXA
manufacturer.

Muscle strength measurements
(REFERENCE and OSTPRE)

Strength measurements included grip and isometric
knee extension strength measurements. Subjects were
encouraged to maximize their effort in both tests.

Grip strength was measured with a hand-held
dynamometer (JAMAR™  handgrip  dynamometer;
Sammons Preston, Bolingbrook, IL) and reported in kg?.
Grip strength was measured from the dominant hand while
sitting on a bench, with the forearm flexed from the elbow at
a 90° angle near the torso. Three attempts were recorded,
with rest periods of approximately 30 seconds taken
between attempts. Close attention was paid to making all
three attempts similar, with a focus on a fixed posture. The
best attempt out of the three was recorded as the maximal
result.

Quadriceps strength (QS) was measured with a knee
extensor bench and reported in kg?°. Isometric knee
extension strength was measured three times on both legs,
with a knee flexion of approximately 65° (dynamometer
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chair; Metitur Oy, Jyvaskyl3, Finland). Participants extended
the leg against the ankle strap with maximal effort, and the
peak force was recorded. Between each attempt, there
were approximately 30 seconds of rest. Participants were
helped into a straight sitting position with an adjustable
backrest and hip belt. An ankle strap was adjusted to meet
the distal end of the lateral malleolus of an individual in
the performing leg to minimize anthropometric bias. The
average of the three attempts per leg was recorded. The
results from both legs were then summed and divided by
two, forming the overall quadriceps strength score used in
the analysis.

Body composition variable definitions

The weight of each participant was measured with a
calibrated scale (Philips Type HF 351/00) and reported
in kg. Height was measured with a calibrated stadiometer
(Harpenden stadiometer), and reported in cm.

Based on the measurements, information on body
composition, such as muscle mass, fat mass, and bone
mass were used as independent variables. Based on the
recommendation of several working groups for the definition
of sarcopenia, the following indicators for sarcopenia were
used®2527, Appendicular skeletal muscle mass (ASM, kg) was
defined as the sum of muscle mass of both arms and legs.
Relative skeletal muscle index (RSMI, kg/m?) was calculated
as ASM divided by the square of height'2.

Fat Mass Index (FMI, kg/m?) was calculated as total body
fat mass divided by the square of height?2.

Statistical analysis

The data were analyzed using the Statistical Package for
Social Sciences (SPSS ver. 22, SPSS Inc., Chicago, lllinois,
USA) for Windows. In the present study, the diagnostic
cut-off for sarcopenia was set under -2 SD of the mean
of REFERENCE. In addition, the diagnostic cut-off values
-1SD to — 2SD of REFERENCE were set as the criterion for
presarcopenia®. The study population was divided according
to body composition and muscle strength values into under
-2 standard deviation (SD) and under -1 standard deviation
groups. The distributions were shown per cent for each
parameter. The statistical significance of standard deviation
distributions of components for sarcopenia in different study
populations was analyzed by Chi-squared homogenous test
without Yates’ correction. Only women who were able to
perform all measurements (DXA and muscle strength) were
included in the analyses.

The sample size of the present study was estimated as
described by Wellek et al.?°. If we use the formula [mean *
2 x standard deviation], the minimum required sample size
for a 95% confidence interval with a precision of £1.5%
is 302 observations. For non-parametric reference value
calculations, our sample of 400 observations allows for a
precision of £2% for a 95% confidence interval.
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400 344 267

30460 68.6(2.9) 73627 773D
166.6 (5.9) 158.8(5.2) 158.3(5.2) 157.2(5.4)
i 02 7310122 7180129 71.0(12.3)
23.1G3.7) 29.0(4.8) 286(5.2) 28.4(4.9)
6.60.7) 6.708) 6.6 (0.9) 6.9(0.9)
37.6(5.6) 26363 27.6(5.6) 26.7(55)
49.8(10.0) 305(7.8) 28.8(7.9) not measured
7028) 11.8(3.6) 11.6(3.6) 11.8(3.5)

RSMI = Relative skeletal muscle mass index; BMI = Body Mass Index.

Table 1. The Characteristics of the Young Reference (REFERENCE) and OSTPRE samples.

e T g

RSMI = Relative skeletal muscle mass index.

Table 2. The diagnostic criteria for components of sarcopenia based on values of the young reference population.

Results

In the REFERENCE sample (N=400), the mean age was
30.4 years (SD 6.0). The mean age of the OSTPRE 15

(N=267)73.6(SD 2.7) years andinthe OSTPRE 25 (OSTPRE
sample at the 25-year measurement) sample (N=195) 77.3
(2.7) years. Due to inclusion criteria, there were no chronic
diseases among the participants of the reference sample. In
the OSTPRE sample, the mean number of chronic diseases
was 4.6 (SD 3.0) in a 15-year follow-up, 5.4 (3.5) in a 20-
year follow-up, and 7.0 (4.3 SD) in a 25-year follow-up. In
the REFERENCE, the mean BMI was 23.1 (SD 3.7) kg/m?,
while in OSTPRE 15, OSTPRE 20, and OSTPRE 25, BMI were
29.0 (4.8) kg/m?, 28.6 (5.2) kg/m? and 28.4 (4.9) kg/
m?, respectively. The characteristics of the REFERENCE and
OSTPRE populations are presented in Table 1.

The diagnostics cut-off values for sarcopenia were
determined by using - 2 SD values of the reference
population. The cut-off values for RSMI, GS, and QS were 5.1
kg/m?, 26.4 kg, and 29.8 kg, respectively (Table 2).

N

15

1.8 % of the REFERENCE were under -2 SD of RSML. In
OSTPRE 15/20/25 measurements, 1.2% / 1.9% / 0.5%
of women were under -2 SD of REFERENCE RSMI. 1.3 % of
the REFERENCE were under -2 SD of grip strength. In the
OSTPRE 15/20/25 measurements, 52.2% / 42.3% /
48.8% were under -2 SD of REFERENCE grip strength. 1.3%
of the REFERENCE were under -2 SD of QS, whereas in the
OSTPRE 15/20 measurements, 47.4% / 55.2% of women
were under -2 SD of QS REFERENCE. The comparison of
distributions for FMI revealed that almost every woman
belonged to the -1 SD group. With regards to FMI, 100 %
of the OSTPRE 15 women, 99.6% of the OSTPRE 20, and
99.5% of women were over -1 SD (Figure 2). The change
in muscle mass and muscle strength with age is shown in
Figure 3.

Chi-squared homogenous test, the standard deviation
distributions of RSMI did not differ in REFERENCE compared
to any OSTPRE measurement points (p>0.05). The standard
deviation distributions of GS and QS were significantly
different in REFERENCE compared to all OSTPRE
measurement points (p<0.001).

The standard deviation distributions of RSMI did not
differ between the OSTPRE measurement points (p>0.05).
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Figure 2 shows the distributions of RSMI (kgjm*'}, Grip Strength (kg), Quadriceps Strength (keg) and Far Mass Index
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REFERENCE were compared to the respective distwributions in OSTFRE. N/A= Unable to do statistics because of

2 5D based on voung reference pepulations. The statistical

Figure 2. The distributions of components of sarcopenia in the different study populations.

The standard deviation distributions of GS were statistically
different when compared between OSTPRE 15 and OSTPRE
20. However, the result may be considered ambivalent
because the proportions of under — 2SD were higher in
OSTPRE 15 thanin OSTPRE 20. In GS, the standard deviation
distributions did not differ statistically significantly between
OSTPRE 15/20 and OSTPRE 25. In QS, the standard
deviation distributions were statistically significantly
different between OSTPRE 15 and OSTPRE 20. QS was
not performed in OSTPRE 25 follow-up. It was unable to do
statistics of FMI because of distributions.
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Discussion

EWGSOP2 suggests that gender and region-specific cut-
off values should be determined for sarcopenia. To date, we
are not aware of cut-off values reported for Nordic Countries.
Our study aimed to determine these cut-off values from a
population of healthy Finnish young women.

Based on the present study, the diagnostic cut-off
point for RSMI should be set at 5.1 kg/m?, for GS 26.4 kg,
and for QS 29.8 kg in Finnish Caucasian women. In RSMI,
the sarcopenic proportions were similar in older women
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RSMI (kg/m?) ; Grip strength (kg) ; Quadriceps strength (kg)

Age

— -Grip strength

——Quadriceps strength

Figure 3. The relationship between age and muscle mass/strength.

and young women, whereas in GS and in QS, sarcopenic
portions were significantly higher in older women than in
younger women. Our results strongly support the ENGSOP2
recommendation that muscle strength is the most important
indicator of presarcopenia and sarcopenia’.

Sarcopenia is rarely an independent disease but rather
a part of frailty syndrome®. Liguori et al. described that
mental health, physical activity, and nutritional and social
status are common factors affecting both of these two
diseases?'. In addition, the etiology, pathogenesis, and risk
factors of osteoporosis have been observed to be similar to
osteoporosis®2. Reginster et al. even asked a question that
is there one or two diseases? They stated sarcopenia and
osteoporosis are two disorders that mainly affect elderly
patients and cause financial burdens. They suggested
further investigations of common pathology pathways for
the developing drugs that can be used against both of these
diseases.

In 1994, Osteoporosis was determined by the World
Health Organization (WHO) as a bone mineral density is
less than 2.5 standard deviation below the sex-specific
mean value of young adult bone mineral density (BMD)33.
In contrast, there are no well-established cut-off standard
deviations or values for sarcopenia®‘. Therefore, they
recommended exploring geographic differences in
components of sarcopenia. In osteoporosis, a BMD has
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been the golden standard and accepted around the world,
whereas in sarcopenia, the most appropriate measure is not
as apparent. In addition, the outcome is not as obvious as the
fracture in osteoporosis34.

Investigators have taken an analog model of osteoporosis,
overweight,andunderweightstudiesindeterminingthe cut-off
values for sarcopenia. There is not a well-established method
to choose the best cut-off point but rather disagreement on
which would be the best cut-off point. EWGSOP 2 listed gaps
in sarcopenia research and suggested some topics which
need further investigation'. In their opinion, the development
of validated cut-off points will depend on normative data and
their predictive value for hard-end points, and this has to be
a high priority for research studies. In addition, they stated
that gender-specific and region-specific threshold values for
sarcopenia diagnosis improve the prediction of outcomes.
Based on this, the cut-off points of this study will subvert
the diagnosing of sarcopenia in Nordic countries and even in
Northern Europe.

Severalprevious studies havereporteddiagnosticcriteria
for sarcopenia based on cut-off values of components
for sarcopenia in older women. Furthermore, there are
only a few studies, including both the young reference
and older female populations. In addition, there are no
previous studies from Northern Europe. In comparison with
previous studies, in our young reference population, RSMI
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was similar to previous>-¢ but lower than in Mexico'2 and
higher than in the USA3” and China®®. In older women, RSMI
was higher than in previous studies, but the difference was
not large'235737, Apart from Baumgartner’s study RSMI did
not decrease much in earlier studies, and this finding is
similar to our results'®23536  The — 2 SD cut-off point in
RSMI of this study (5.1 kg/m?) was also similar compared
to previous studies (5.1 to 5.7 kg/m?2)8:36:37:39,

GS was higher in this study in the young and older
population than in previous studies. In the young population,
the GS was 37.6 kg, whereas in previous studies, the GS
values have ranged from 28.3 to 32.9 kg*°#2, In the older
population, the GS was 26.3 kg, while in previous studies,
the GS has ranged from 19.9 kg to 22.7 kg3%4°, The -2
SD cut-off point of GS was 26.4 kg in this study, whereas
it has ranged from 16 to 20 kg in previous studies®®3°, It
is still being determined why grip strength was significantly
higher than in previous studies. In this study, grip strength
was measured with a hand-held dynamometer (JAMAR™
handgrip dynamometer), the most used tool to measure
grip strength worldwide*®. The measurement position
and protocol were the same as in the other studies. Study
participants with hand or wrist arthritis can squeeze
Jamar with less force than other types of dynamometers,
thus minimizing pain®4. In Asia, the mechanical type of
dynamometer (Smedley) is widely used*s, and it has been
reported to underestimate grip strength compared to
Jamar“®, It has been reported that Jamar hydraulic has the
potential to overestimate grip force because of the inertial
movement of the needle, which can jump slightly higher than
the actual reading’. In addition, across studies, the position
of the hand during the grip strength measurement may vary.
In some devices, grip strength is measured with a balloon,
and in others, with a grip handle“®. These aspects are likely
to explain some of the differences in grip strength values in
our study in comparison to other studies. This topic requires
further research. The proportions of under -2 SD in GS and
QS were higher in OSTRPE 15 than in OSTPRE 20. Probably
more healthier women survived to later years OSTPRE and
were able to complete the OSTPRE 20 measurements.
Those who survived only to the 15-year follow-up but not to
the 20-year follow-up may have had lower muscle strength
and worse general health status.

According to EWGSOP 2, more research is needed to
determine the cut-off points of sarcopenia in different
regions of the world. Thus, the objective of this study is
crucial. This is the first study to define cut-off values for
components of sarcopenia for Nordic Women. The study also
determines the prevalence of sarcopenia in Nordic countries
based on two large study samples collected from the same
region. The advantages of the present study included its
healthy, relatively large REFERENCE sample, which included
400 young women. Our large REFERENCE sample was
composed of the same number of women in every quartile
(20-25 vyears, 25-30 years, 30-35 years, and 35-40
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years). The advantages of our OSTPRE sample included
its population-based nature and high participation rate.
The OSTPRE population included all women born in 1932-
1941 and residents in the Kuopio region in 1989. Thus, the
study sample may be considered representative of the total
female population. The measurement sample was selected
randomly from this total sample to minimize selection
bias. Both study populations were selected from the same
geographic area, and we believe they are comparable to
the computation of age differences between these two
populations. Trained personnel performed muscle strength
and anthropometric measurements, which may increase
the precision of measurements. Dual X-ray absorptiometry,
a pneumatic hand-held dynamometer (Jamar), and a
dynamometer chair are objective, convenient, and commonly
used methods for quantifying muscle mass, fat mass, grip
strength, and quadriceps strength. Furthermore, the results
of body composition are reliable because two different DXA
machines were cross-calibrated according to the previous
study?4.

There are several potential limitations that need to be
considered. Even though the OSTPRE densitometer sample
was a random stratified sample and recruiting of the
REFERENCE sample was based on distributing conventional
paper flyers, the study samples may not fully represent
the underlying population. Although these two study
populations (REFERENCE and OSTPRE) were collected from
the same geographic area, there may be some differences
between the study populations. For example, several lifestyle
factor differences between the REFERENCE and OSTPRE
populations may exist. The young reference population
was recruited from the personnel of the Kuopio University
Hospital and the University of Eastern Finland. Therefore,
it is not a random population sample, and the risk of bias
cannot be totally excluded. However, only healthy volunteers
were included, which eliminates the bias due to morbidities.
The young reference population has been described earlier
in detail'®. Moreover, the REFERENCE sample may include
persons who have completed higher levels of education than
the average Finnish population. Therefore, the REFERENCE
study sample does not fully represent the general population
of Finland. Furthermore, it is likely that in the OSTPRE study,
the frailest persons did not participate in the measurements.
Thus, the cut-off values may be higher than if the whole
sample had participated in the measurements. Lastly, it is
possible that the members of the OSTPRE sample have done
more manual work in their earlier lives than the members
of the REFERENCE sample®®. The physical activity levels
and dietary intake were not considered in the comparison
of REFERENCE and OSTPRE groups, although they affect
muscle strength because inquiry to the REFERENCE did not
include dietary intake information and physical activity was
asked with a different way in the REFERENCE than OSTPRE=°,
DXA can separate fat, bone mineral, and lean tissue based on
X-ray absorption, and it highly correlates with both MRI and
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CT measures of skeletal muscle mass®'. However, Erlandson
et al. stated that DXA is unable to assess muscle quality
because of the inability to quantify intramuscular adipose
tissue (IMAT) distribution within and around muscles. This is
considered to be a major limitation of DXA imaging®2.

Conclusion

In conclusion, this population-based study on the Finnish
female population determines the diagnostic criteria for
components of sarcopenia for Caucasian women. Based on
the present study, the diagnostics criteria are RSMI 5.1 kg/
m?2, grip strength 26.4 kg, and quadriceps strength 29.8 kg
in Finnish Caucasian women. The proportions of sarcopenic
values of GS and QS increased in older women, while in
RSMI, the sarcopenic values were the same in younger and
older women. Thus, we recommend using muscle strength
measurements as a primary parameter for the diagnosis of
sarcopenia.

Ethics approval

The study was approved by the Ethics Committee of
Kuopio University (The previous name of University of Eastern
Finland), approval numbers: 1217/13.02.00/2018 and
11/201 1. All methods were carried out in accordance with
relevant national guidelines and regulations.

Consent to participate
All participants provided written informed consent.

Funding

This study was supported by the Northern Savo Cultural
Foundation, the Academy of Finland and Department of
Psychiatry, University Hospital of Oulu, Oulu Finland (R.
Honkanen, MD, prof).

Authors’ contributions

S.S, Ju.S, T.R, R.H and H.K collected the data for the
study. S.S and Jo.S conceived and designed the analysis
and performed the analysis. Ju.S, T.R, R.H and H.K made
suggestions for improvements of writing. S.S and Jo.S
prepared the main text, tables and figures. All authors
reviewed and approved the final version of the manuscript.

Acknowledgments

All authors would like to express our thanks of
gratitude to study nurses for collecting the data by
collecting questionnaires papers and performing physical
measurements.

References

1. Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: Revised
European consensus on definition and diagnosis. Age Ageing
2019:48(1):16-31.

2. Visser M, Schaap LA. Consequences of sarcopenia. Clin Geriatr Med
2011;27:387-399.

219

20.

21.

22.

23.

Sjoblom S, Suuronen J, Rikkonen T, et al. Relationship between
postmenopausal osteoporosis and the components of clinical
sarcopenia. Maturitas 2013;75:175-180.

Rizzoli R, Reginster JY, Arnal JF, et al. Quality of life in sarcopenia and
frailty. Calcif Tissue Int 2013:93:101-120.

Beaudart C, McCloskey E, Bruyere O, et al. Sarcopenia in daily practice:
assessment and management. BMC Geriatr 2016;16:1-10.
Tsekoura M, Kastrinis A, Katsoulaki M, et al. Sarcopenia and Its
Impact on Quality of Life. Adv Exp Med Biol 2017;987:213-218.
BeaudartC, ZaariaM, Pasleau F, et al. Health Outcomes of Sarcopenia:
A Systematic Review and Meta-Analysis. PLoS One 2017;12.
Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. Sarcopenia:
European consensus on definition and diagnosis. Age Ageing
2010;39:412-423.

Dam TT, Peters KW, Fragala M, et al. An evidence-based comparison
of operational criteria for the presence of sarcopenia. Journals of
Gerontology - Series A Biological Sciences and Medical Sciences
2014;69 A:584-590.

. Abellan Van Kan G. Epidemiology and consequences of sarcopenia. J

Nutr Health Aging 2009;13:708-712.

. Shafiee G, Keshtkar A, Soltani A, et al. Prevalence of sarcopenia in the

world: a systematic review and meta- analysis of general population
studies. J Diabetes Metab Disord 2017;16.

. Baumagartner RN, Koehler KM, Gallagher D, et al. Epidemiology

of Sarcopenia among the Elderly in New Mexico. Am J Epidemiol
1998;147:755-763.

. Lee ES, Park HM. Prevalence of Sarcopenia in Healthy Korean Elderly

Women. J Bone Metab 2015:;22:191.

. Kim KM, Jang HC, Lim S. Differences among skeletal muscle

mass indices derived from height-, weight-, and body mass index-
adjusted models in assessing sarcopenia. Korean J Intern Med
2016;31:643-650.

. Bahat G, Tufan A, Tufan F, et al. Cut-off points to identify sarcopenia

according to European Working Group on Sarcopenia in Older People
(EWGSOP) definition. Clin Nutr 2016;35:1557-1563.

. Petermann-RochaF,ChenM, Gray SR, et al. New versus old quidelines

for sarcopenia classification: What is the impact on prevalence and
health outcomes? Age Ageing 2020;49:300-304.

. Rodriguez-Rejon Al, Ruiz-Lopez MD, Artacho R. Diagnosis and

prevalence of sarcopenia in long-term care homes: EWGSOPZ2 versus
EWGSOP1. Nutr Hosp 2019;36:1074-1080.

. Reiss J, Iglseder B, Alzner R, et al. Consequences of applying the new

EWGSOP2 quideline instead of the former EWGSOP guideline for
sarcopenia case finding in older patients. Age Ageing 2019;48:7 13—
718.

. Suuronen J, Sjoblom S, Tuppurainen M, et al. Effects of ethinyl

estradiol-containing oral contraception and other factors on body
composition and muscle strength among young healthy females in
Finland-A cross-sectional study. Eur J Obstet Gynecol Reprod Biol
2019;232:75-81.

Rikkonen T, Salovaara K, Sirola J, et al. Physical activity slows
femoral bone loss but promotes wrist fractures in postmenopausal
women: a 15-year follow-up of the OSTPRE study. J Bone Miner Res
2010;25:2332-2340.

Kroger H, Tuppurainen M, Honkanen R, et al. Bone mineral density
and risk factors for osteoporosis-a population-based study of 1600
perimenopausal women. Calcif Tissue Int 1994:55:1-7.
Komulainen MH, Kroger H, Tuppurainen MT, et al. HRT and Vit D in
prevention of non-vertebral fractures in postmenopausal women; A 5
year randomized trial. Maturitas 1998;31:45-54.

Kroger H, Heikkinen J, Laitinen K, et al. Dual-energy X-ray
absorptiometry in normal women: a cross-sectional study of 717



S. Sjoblom et al.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Finnish volunteers. Osteoporos Int 1992;2:135-140.

Saarelainen J, Hakulinen M, Rikkonen T, et al. Inclusion of Regional
Body Composition Parameters Improves Bone Mineral Density Cross-
Calibration Between GE Lunar Prodigy and iDXA Densitometers. J
Clin Densitom 2017;20:97-105.

SirolaJ,RikkonenT, Kroger H, et al. Factors related to postmenopausal
muscle performance: a cross-sectional population-based study. Eur
J Appl Physiol 2004;93:102-107.

RollandY, Czerwinski S, VanKan GA, et al. Sarcopenia: its assessment,
etiology, pathogenesis, consequences and future perspectives. J
Nutr Health Aging 2008;12:433-450.

Fielding RA, Vellas B, Evans WJ, et al. Sarcopenia: An Undiagnosed
Condition in Older Adults. Current Consensus Definition: Prevalence,
Etiology, and Consequences. International Working Group on
Sarcopenia. J Am Med Dir Assoc 201 1;12:249-256.

Vanltallie TB, Yang MU, Heymsfield SB, et al. Height-normalized
indices of the body’s fat-free mass and fat mass: potentially useful
indicators of nutritional status. Am J Clin Nutr 1990;52:953-959.
Wellek S, Lackner KJ, Jennen-Steinmetz C, et al. Determination
of reference limits: Statistical concepts and tools for sample size
calculation. Clin Chem Lab Med 2014;52:1685-1694.
Cruz-Jentoft AJ, Kiesswetter E, Drey M, et al. Nutrition, frailty, and
sarcopenia. Aging Clin Exp Res 2017;29:43-48.

Liguori I, Russo G, Aran L, et al. Sarcopenia: assessment of disease
burden and strategies to improve outcomes. Clin Interv Aging
2018;13:913-927.

Reginster JY, Beaudart C, Buckinx F, et al. Osteoporosis and
sarcopenia: two diseases or one? Curr Opin Clin Nutr Metab Care
2016;19:31-36.

Kanis JA, Kanis JA. Assessment of fracture risk and its application
to screening for postmenopausal osteoporosis: synopsis of a WHO
report. WHO Study Group. Osteoporos Int 1994:4:368-381.
Edwards MH, Dennison EM, Aihie Sayer A, et al. Osteoporosis and
sarcopenia in older age. Bone 2015;80:126-130.

Yu S, Appleton S, Adams R, et al. The impact of low muscle mass
definition on the prevalence of sarcopenia in older Australians.
Biomed Res Int 2014;2014.

Gould H, Brennan SL, Kotowicz MA, et al. Total and appendicular lean
mass reference ranges for Australian men and women: the Geelong
osteoporosis study. Calcif Tissue Int 2014;94:363-372.

Newman AB, Kupelian V, Visser M, et al. Sarcopenia: alternative
definitions and associations with lower extremity function. J Am
Geriatr Soc 2003;51:1602-1609.

Han DS, Chang KV, Li CM, et al. Skeletal muscle mass adjusted by
height correlated better with muscular functions than that adjusted

39.

40.

41.

42.

43.

44,

45,

46.

47

48.

49.

50.

51.

52.

by body weight in defining sarcopenia. Sci Rep 2016:6.

Chen LK, Liu LK, Woo J, et al. Sarcopenia in Asia: Consensus report of
the Asian working group for sarcopenia. J Am Med Dir Assoc 2014.
Elsevierinc 15:95-101.

Watanabe K, Tsubota S, Chin G, et al. Differences in parameters of the
explosive grip force test between young and older women. J Gerontol
ABiol SciMed Sci 201 1;66:554-558.

Kubota H, Demura S, Kawabata H. Laterality and age-level differences
between young women and elderly women in controlled force exertion
(CFE). Arch Gerontol Geriatr 2012;54.

Dodds RM, Syddall HE, Cooper R, et al. Grip strength across the
life course: Normative data from twelve British studies. PLoS One
2014.9.

Sousa-Santos AR, Amaral TF. Differences in handgrip strength
protocols to identify sarcopenia and frailty - A systematic review.
BMC Geriatr 2017. BioMed Central Ltd, 17.

Lee SH, Gong HS. Measurement and Interpretation of Handgrip
Strength for Research on Sarcopenia and Osteoporosis. J Bone
Metab 2020;27:85.

Ha YC, Hwang SC, Song SY, et al. Hand grip strength measurement in
different epidemiologic studies using various methods for diagnosis
of sarcopenia: a systematic review. Eur Geriatr Med 2018;9:277—
288.

Kim M, Shinkai S. Prevalence of muscle weakness based on different
diagnostic criteria in community-dwelling older adults: A comparison
of grip strength dynamometers. Geriatr Gerontol Int 2017;17:2089-
2095.

Hogrel JY. Grip strength measured by high precision dynamometry
in healthy subjects from 5 to 80 years. BMC Musculoskelet Disord
2015;16:139.

Lee SH, Gong HS. Grip Strength Measurement for Outcome
Assessment in Common Hand Surgeries. Clin Orthop Surg 2022;
14:1.

Haapasalo H, Kannus P, Sievanen H, et al. Effect of long-term
unilateral activity on bone mineral density of female junior tennis
players. J Bone Miner Res 1998;13:310-319.

Isanejad M, Mursu J, Sirola J, et al. Association of protein intake with
the change of lean mass among elderly women: The Osteoporosis
Risk Factor and Prevention — Fracture Prevention Study (OSTPRE-
FPS). JNutr Sci 2015;4:1-8.

Erlandson MC, Lorbergs AL, Mathur S, et al. Muscle analysis using
pQCT, DXA and MRI. Eur J Radiol 2016;85:1505-1511.
Heymsfield SB, Adamek M, Gonzalez MC,et al. Assessing skeletal
muscle mass: historical overview and state of the art. J Cachexia
Sarcopenia Muscle 2014;5:9-18.



