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Abstract
Purpose Declines in muscle mass and function are inevitable during the aging process. However, what is the “normal age 
appropriate” decline of muscle mass and function? Further, is this decline uniform for muscle mass versus functions or 
between different functional abilities? Using recognized Sarcopenia criteria [i.e. skeletal muscle mass index (SMI) defined 
as appendicular skeletal muscle mass/height (kg/m2), handgrip strength, gait velocity], the aim of the present project was to 
determine corresponding changes in community-dwelling men 70 years+ with low SMI over a 2-year period.
Methods One hundred and seventy-seven (177) men within the lowest SMI quartile of a recent epidemiologic study (n = 965) 
were included in the 2-year follow-up analysis. Muscle mass was determined via direct-segmental, multi-frequency Bio-
Impedance-Analysis, handgrip strength was tested with a Jamar hand-dynamometer and habitual gait speed was assessed 
with photo sensors applying the 10 m protocol.
Results SMI, handgrip strength and gait velocity all declined significantly ( P< 0.001; effect size, d′ 0.39–1.17), however, 
with significantly higher reductions (P< 0.001) in functional compared with morphologic Sarcopenia criteria (P ≤ 0.006). 
Less expected, handgrip strength featured a fourfold higher decline compared with gait velocity (− 12.8 ± 10.9% versus 
− 3.5 ± 9.0%).
Conclusion We provided evidence for significant non-uniform changes of Sarcopenia criteria in a cohort of community dwell-
ing men 70 years+ with low SMI. We doubt that this result might be a particularity of the selected cohort; however, studies 
with other (older) cohorts should address this issue in more depth. Of practical relevance, our data further give implications 
for the prioritization of interventions that address Sarcopenia criteria in older community-dwelling men.
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Introduction

Sarcopenia, characterized as the loss of muscle mass and 
function [13, 16, 64], was recently included in the inter-
national classification of diseases (ICD)-10 as a clinical 
condition (M62.84). However, declines in muscle mass and 
function are inevitable during the adulthood aging process. 
Further, what is the “normal age appropriate” decline of 
muscle mass and function? A large number of studies focus 

on this issue. Cross-sectional studies that determined aver-
age reduction of muscle mass or, more precisely, fat-free 
mass (FFM) across adulthood reported declines in the range 
of around 0.3–0.5% per annum (p.a.) in men [15, 49]. How-
ever, data vary “dramatically” [48] between studies depend-
ing on age ranges [37, 38] and regions of interest assessed.1 
Addressing Caucasian men 70 years+, the more reliable 
longitudinal studies that determined changes of FFM [14, 
21, 35] reported reductions of 0.5–0.8% p.a. Although the 
relevance of morphometric muscle parameters for healthy 
aging might per se be consistently underestimated,2 func-
tional aspects are indisputably more important for older 
people’s well-being and independent living.
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2 …considering its relevance for resting metabolic rate and ther-
moregulation [33, 34].
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Defining muscle function “as a muscle’s ability to 
produce force and (joint) motion”, all recent Sarcopenia 
approaches [10, 13, 16, 31, 64] included “motion” (i.e. gait 
velocity”), “force” (i.e. grip strength) or both criteria in their 
Sarcopenia definition. Addressing strength, the few data that 
focus on this issue in men [2, 19, 24, 40, 44] reported an 
accelerated decline after the mid/late 1950s that is much 
more pronounced [14, 21, 35] than the decline in muscle 
mass. Further, and comparable to FFM, maximum strength 
reductions of the lower limbs were much higher compared 
with upper limbs [4, 14, 18, 39, 66]. There is considerable 
evidence that lower leg strength predicts gait speed in older 
people [53]. This aspect might contribute to the acceler-
ated and very steep decline in gait speed in men 80–90 years 
[mean value (MV) 0.97 m/s; 0.83–1.10 m/s] compared with 
men 70–79 years old (MV 1.26 m/s; 1.21–1.32 m/s) reported 
by a descriptive meta-analysis [6]. Hence, although there is 
a consensus that functional and morphological criteria—
included in the present Sarcopenia definitions—decline 
significantly with advanced age, their relative contribution 
in the development of Sarcopenia is unclear. Considering 
the highly relevant effect of muscle mass and function on 
healthy aging in older people [34, 41, 59], it is important to 
clearly determine age-dependent, potentially non-uniform 
changes of muscle mass and function in populations with or 
without increased risk for sarcopenia. Corresponding data 
might allow the physician to provide more specific preven-
tive measures at an early stage of the decline of muscle mass 
and/or function. The aim of the present study was thus to 
quantify changes of muscle mass, handgrip strength and 
gait velocity over 24 months in community dwelling men 
70 years+. In order to include a clinically relevant group, 
only men with a low skeletal muscle mass index were 
included.

Based on the present literature, our primary hypothesis 
was that the Sarcopenia-Z-Score will deteriorates signifi-
cantly, with a significantly more prominent decline in func-
tional compared with morphologic Sarcopenia criteria. Our 
secondary hypothesis was that the decline in gait velocity 
was significantly more pronounced compared with handgrip 
strength.

Methods

Study Design

This contribution is part of the ongoing Franconian Osteo-
penia and Sarcopenia Trial (FrOST) project. This 2 year 
observational study was initially based on epidemiologic 
data of the Franconian Sarcopenic Obesity study (FranSO) 
[29]. The present project focused on community dwelling 
men in the lowest quartile of skeletal muscle mass index 

as determined by the approach of the European Working 
Group on Sarcopenia in Older People (EWGSOP) [13] and 
aimed to determine changes of Sarcopenia in this cohort 
at risk. The Institute of Medical Physics and the Institute 
of Biomedicine of Aging, University of Erlangen-Nürnberg 
(FAU), Germany, initiated the project, which was approved 
by the University Ethics Committee of the FAU (Ethikantrag 
67_15b and 4464b). After receiving detailed information, 
all study participants gave written informed consent. The 
Study was conducted in accordance with the HELSINKI 
declaration.

Setting and Participants

The FranSO-study recruited community-dwelling men 
70 years and older living in the area of Erlangen/Nürnberg, 
Germany using citizen registers provided by the municipal-
ity. Altogether 965 men were eligible and were assessed 
between February and April 2016 for parameters that focus 
on Sarcopenia, obesity, physical functioning and disability. 
Details of the recruitment and eligibility assessments have 
been previously published [29].

Two years later, in January/February 2018, men in the 
lowest SMI3 quartile of FranSO (n = 242) were contacted 
by personal letters and subsequent phone calls. Of impor-
tance, we were unable to determine the status of 12 men 
who could not be contacted, although citizen registers and 
obituary columns were carefully checked (Fig. 1). Another 
16 men were institutionalized, nine participants died during 
the 2-year observation period and 18 males refused to par-
ticipate (Fig. 1). After application of the follow-up eligibil-
ity criteria: (1) community-dwelling men 72 years+; (2) no 
amputations of limbs or cardiac pacemaker implants during 
the last 2 years; (3) no new implementation of glucocorticoid 
therapy > 7.5 mg/day during the last 2 years; and (4) any 
cognitive impairments that confound assessment, 184 men 
were invited to the follow-up assessment. However, three 
men were unable to conduct the assessments due to acute 
diseases. A further four men initially willing to participate 
did not appear for their assessment dates although several 
appointments were made. Correspondingly, 177 out of 242 
men (73%) in the lowest quartile of the FranSO study and 
with complete data sets were finally included in the analy-
sis (Fig. 1). Of importance we did not observe differences 
for baseline values listed in Table 1 between participants 
included (n = 177) and men not included in the 2-year fol-
low-up analysis. However, the 12 untraceable men were 
significantly older, had a significant less favorable Z-Score 

3 SMI was calculated as fat free mass of the upper and lower extremi-
ties (= appendicular skeletal muscle mass) divided by square body 
height (kg/m2) [5].
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and suffered from more diseases compared with the cohort 
included (n = 177). 

Table 1 gives baseline characteristics of this cohort within 
the lowest SMI quartile compared with the remaining part 
of the FranSO study.

Outcomes

Primary Outcome

• Changes of Sarcopenia Z-Score applying the EWGSOP-I 
approach [13].

Secondary Outcome

• Changes of Sarcopenia criteria constituting the Sarcope-
nia Z-Score i.e.

– Changes of skeletal muscle mass index (SMI)
– Changes of habitual gait velocity
– Changes of handgrip strength.

Measurements

Baseline and follow-up assessments were performed using 
the identical calibrated devices, in exactly the same set-
ting and at the same time of the day (± 90 min). However, 
research assistants who guided and supervised the tests were 
not consistently identical between baseline and follow-up.

The Sarcopenia Z-Score according to the EWGSOP-I 
approach included SMI, gait velocity and handgrip strength. 
Cut-off values applied were 0.8 m/s for gait velocity and 
30 kg for handgrip strength. However, divergent from the cut 
off value for skeletal muscle mass index (SMI) suggested by 
the EWGSOP for BIA assessments [11, 26, 27]; we applied 
the “Weißenfels Score” (7.177 kg/m2),4 specifically evalu-
ated for this northern Bavarian cohort of community dwell-
ing men 70 years+ [29]. Based on the corresponding cut offs 
and individual data, the Sarcopenia Z-Score was calculated:

Fig. 1  Flow chart through the 
present project

4 T-Score based approach of SMI (ASMM/height2) based on 2 SD 
below the mean value of a young reference cohort of 1189 healthy 
Caucasian men 18–35 years old [28].
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Z = [(30 − individual handgrip strength)/SD handgrip 
strength] + [(0.8 − individual gait velocity)/SD gait veloc-
ity] + [(7.177 − individual SMI)/SD SMI].

Body mass and composition were determined via 
direct-segmental, multi-frequency Bio-Impedance-Anal-
ysis (InBody 770, Seoul, South Korea) applying standard 
protocols. Lean body mass was defined as fat-free body 
mass. Comparable to the calculation of the BMI (i.e. body 
mass/height2; kg/m2) and following the approach sug-
gested by Baumgartner [5], SMI was calculated as fat free 
mass of the upper and lower extremities (= appendicular 
skeletal muscle mass) divided by square body height (kg/
m2). Using the appendicular assessment approach, the vast 
majority of (soft) fat free mass can be considered as mus-
cle mass.

In order to standardize the BIA assessment, we consist-
ently used the same BIA test protocol that includes minor 
physical activity for 8 h and 15 min of rest in a supine posi-
tion immediately before the BIA assessment. Further, all 
participants were provided with written specifications about 
dos and don’ts including basic nutritional guidance 24 before 
testing.

A standardized assessment of habitual gait speed [36] 
was performed using the 10 m protocol recommended for 
research [57]. Participants started in an upright position 3 m 
before the first photo sensor (HL 2-31, TagHeuer, La Chaux-
de-Fonds, Switzerland), started walking and stopped 2 m 
after the second photo sensor. Tests were performed wear-
ing regular shoes without any specific walking aids. The 
standardized instruction to the participants was consistently 
“walk at a speed just as if you were walking along the street 
to go to the shops”.

Handgrip strength was tested three times for the dominant 
and non-dominant hand using a Jamar handgrip dynamom-
eter (Sammons Preston Inc., Bollington, USA). Handgrip 
width was adjusted individually to participant hand size. 
Tests were performed while standing upright, arms down 
by the side [45]. The standardized instruction to the partici-
pants was consistently “squeeze as strongly as possible”. The 
average result of the three trials for the dominant hand was 
included in the analysis.

General characteristics (e.g. family and educational 
status, occupational career), medication, diseases and life-
style (including physical activity and exercise; [32]), falls, 

Table 1  Characteristics of the 
study participants

SMI skeletal muscle mass index
a Highest three quartiles of the FranSo study
b Only subjects included in the FrOST study (i.e. 177 of 242, see Fig. 1) were included
c As determined by direct-segmental, multi-frequency Bio-Impedance-Analysis (Inbody 770, Seoul, 
South Korea)
d As determined by baseline questionnaires
e As assessed by physical activity and exercise questionnaires [32]. Scale from 1: very low/very bad to 7: 
very high/very good
f Resistance exercise on machines, functional gymnastics, Pilates, strengthening exercises for low back pain, 
Whole-body Electromyostimulation
g Rating scale from 1 (no help from others to conduct my daily live at all) to 7 (unable to conduct most 
challenges of daily life)

Variable FranSOa (n = 723) FrOST  cohortb 
(n = 177)

d′ p

Age (years) 76.8 ± 4.6 77.5 ± 4.5 0.15 0.098
Body height (cm) 175.4 ± 6.7 172.0 ± 5.8 0.54 < 0.001
Body mass (kg)c 87.8 ± 10.7 75.8 ± 8.2 1.26 < 0.001
Body fat (%)c 30.7 ± 6.6 29.8 ± 6.3 0.14 0.115
Lean body mass (kg)c 60.8 ± 7.3 53.2 ± 3.9 1.30 < 0.001
SMI (kg/m2)c 8.48 ± 0.52 7.45 ± 0.33 2.37 < 0.001
Handgrip strength (kg) 38.1 ± 7.6 35.5 ± 5.9 0.38 < 0.001
Gait velocity (m/s) 1.24 ± 0.22 1.24 ± 0.19 0.01 0.834
≥ 3 diseases (%)d 31.7 28.9 – 0.661
Diabetes mellitus II (%)d 12.2 13.6 – 0.615
Glucocorticoids (%)d 8.0 10.7 – 0.234
Physical activity (Index)d,e 4.02 ± 1.10 4.06 ± 1.09 0.04 0.932
Resistance-type exercise (%)d,f 37.3 29.4 – 0.056
Independence grade (Index)g 1.68 ± 0.82 1.80 ± 0.80 0.15 0.101
Smokers (%)d 10.1 11.2 – 0.634
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injurious falls, fractures, self-rated degree of independence 
were determined using a standardized questionnaire com-
pleted by the participants while visiting our lab. We also 
used the abridged version of the Late Life Function and Dis-
ability Instrument (LLFDI) [46]. Prior to the tests, partici-
pants were asked to list their medications and diseases in 
order to generate completeness and accuracy of the question-
naire. This summary was checked by research assistants in 
cooperation with the participants before the tests were con-
ducted. During this interaction, degree of independence and 
autonomy, family status, social network and use of ambula-
tory nursing services was inquired more specifically. How-
ever, in this publication we focus on the effect of increasing 
age on dedicated Sarcopenia criteria, thus specific outcomes 
determined by the questionnaires are not addressed.

Risk of Bias

We undertook great efforts to contact people or their rela-
tives who could not be reached by email or personal phone 
calls. The underlying reason for this approach was the fact 
that people who have lost their independence or died might 
have had greater declines of morphologic and functional 
Sarcopenia parameters compared with men still living in 
the community.

Statistical Analysis

Based on a statistically (Shapiro–Wilk test) and graphically 
(Q–Q plots) checked normal distribution, the outcomes pre-
sented in Table 1 were reported using mean values (MV) and 
standard deviation (SD). However, although most variables 
were normally distributed, we used the more conservative 
nonparametric Wilcoxon rank test and the Friedman test that 
is the non-parametric alternative to the one-way ANOVA 
with repeated measures. Of importance, for the first part 
of our hypothesis, we analyzed changes (baseline versus 
24-month control) of Sarcopenia Z-Score and underlying 
criteria using the Wilcoxon rank test. In order to check dif-
ferences between the Sarcopenia criteria we used the relative 
changes (%). After assessing whether there are changes in 
the three criteria by a Friedman test, we finally applied Wil-
coxon tests that addressed the differences between SMI and 
gait velocity (primary hypothesis) as well as between gait 
velocity and handgrip strength (secondary hypothesis). We 
adjusted primary and secondary study endpoints for mul-
tiple testing using the Bonferroni procedure. We specified 
directed hypotheses, thus a single-tailed test was applied. 
Differences between baseline and follow-up for dichotomous 
variables were analyzed using the McNemar’s test. Signifi-
cance was accepted at P < 0.05. Further, although percentage 
changes might be adequate to allow the reader to estimate 
the amount of the differences between the criteria we also 

calculated Cohens dz′ (i.e. MV/SD) in order to provide effect 
sizes (ES). Statistical procedures were performed using 
SPSS Statistics version 25.

Results

Table  1 shows baseline characteristics of the 177 men 
included in the analysis. At baseline, 10.2% of the cohort 
was classified as sarcopenic according to EWGSOP [13]. 
After 2 years, the number of participants with Sarcopenia 
increased significantly (P< 0.001) to 18.1%. Although the 
corresponding topic was not addressed by this study, Table 1 
demonstrates that differences between the lowest (FrOST 
baseline cohort) versus the three highest quartiles of SMI 
of the FranSO-study were significant (all  P < 0.001) for 
body height, body mass, lean body mass and of course SMI. 
With respect to functional parameters, handgrip strength was 
significantly lower in the FrOST baseline cohort; however, 
gait velocity was almost identical between both cohorts 
(Table 1). Further, significant differences in diseases, medi-
cation and lifestyle, including physical activity and exercise 
were not observed.

Figure 1 shows participant flow through the study. Of 
importance for the interpretation of the study 9 men were 
deceased, 16 men were no longer living independently and 
12 men cannot be contacted even though strong empha-
sis was placed on the “whereabouts” of these subjects. 
Although citizen registers and obituary columns were care-
fully checked and relatives and neighbors were contacted, 
we were ultimately unable to identify the status of these 
men.

Average observational period was exactly 731 ± 5 days; 
individual variation ranged from 721 to 744 days.

The Sarcopenia Z-Score declined significantly (P < 0.001; 
ES  dz′ 1.04) during the 2-year observation period (Table 2). 
In parallel SMI decreased by − 1.49 ± 2.75% ( P < 0.001, 
dz′ 0.54); handgrip strength declined by − 12.8% ± 10.9% 
(P < 0.001, ES  dz′ 1.17) and gait velocity fell by − 3.5 ± 9.0% 
(P < 0.001, ES dz′ 0.39). When comparing the declines 
between the three criteria, the Friedman test resulted in 
significant differences (P < 0.001). Applying a pairwise 
comparison to test our primary hypothesis, the difference 
between SMI and gait velocity, as the functional criterion 
with the lower decline compared with handgrip strength, 
was significant (P = 0.006). Thus, our primary hypothesis 
that “Sarcopenia-Z-Score significantly deteriorates with a 
significantly more prominent decline in functional compared 
with morphologic Sarcopenia criteria” can be accepted.

Addressing our secondary hypothesis that “the decline 
in gait velocity was significantly more pronounced com-
pared with handgrip strength”, we failed to determine a 
corresponding difference. In contrast, the decline in upper 
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extremity function (i.e. “handgrip strength”) was signifi-
cantly (P < 0.001) more pronounced (− 12.8 ± 10.9% versus 
− 3.5 ± 9.0%) than the decrease of gait velocity, which can 
be considered as a criterion for lower extremity function.

Confounding Variables

Changes in potentially confounding parameters were listed 
in Table 3. Additionally, no relevant changes were observed 
for the number of diseases. In parallel to SMI (Table 2), 
BMI decreased significantly during the 2-year observa-
tional period. Of importance, physical activity as reported 
by the study participants was maintained during the obser-
vation period. However, the number of men who exercised 
(P = 0.045) and more specifically, the number of participants 
who conducted a resistance type exercise training, decreased 
significantly during the 2-year period (P = 0.031).

Discussion

In this study we aimed to determine the age dependent 
decline in Sarcopenia criteria in community dwelling men 
70 years+ with low skeletal muscle mass index (SMI ≤ − 1.2 
SD T-Score [28]). Finally, we confirmed our hypothesis 
of a significant deterioration in Sarcopenia Z-Score and a 

significantly more pronounce decline in functional compared 
with morphologic criteria. However, when comparing the 
recently applied functional Sarcopenia criteria [10, 13, 16, 
31, 64] “handgrip strength” and “gait velocity”, we observed 
about four times higher declines in handgrip strength com-
pared with gait velocity (P < 0.001), a finding that strongly 
contrasts to our expectation.

Revisiting the first part of our hypothesis, we admit that 
our results of a significant overall worsening of “Sarcope-
nia” as determined by a dedicated Z-Score that averaged 
the changes of the individual Sarcopenia criteria during 
a 2-year period in men 70 years+ are far from spectacu-
lar. However, more pronounced than the corresponding 
Z-Score, Sarcopenia prevalence is almost double (10.2 to 
18.1%; P < 0.001). This finding can be largely attributed to 
the 12.8% decline in handgrip strength5 that can be consid-
ered as the functional “killer criterion”6 in the Sarcopenia 
approaches of the EWGSOP [13] and the FNIH [64]. Apply-
ing the IWGS approach [16] that focuses on gait speed as 

Table 2  Changes of Sarcopenia 
criteria during the observational 
period of 2 years

MV mean value, SD standard deviation, CI confidence interval, SMI skeletal muscle mass index
***P < 0.001

Variable MV ± SD 95% CI Range

Sarcopenia Z-Score baseline (Index) − 4.09 ± 1.92 − 3.80 to − 4.37 − 9.28 to 1.71
Sarcopenia Z-Score changes (Index) − 1.29 ± 1.24*** − 1.10 to − 1.47 − 2.70 to 5.53
SMI baseline (kg/m2) 7.45 ± 0.33 7.39 to 7.49 6.36 to 7.85
SMI changes (kg/m2) − 0.11 ± 0.21*** − 0.08 to − 0.14 − 0.62 to 0.48
Handgrip strength baseline (kg) 35.5 ± 5.9 34.6 to 36.4 18 to 45
Handgrip strength changes (kg) − 4.6 ± 3.8*** − 4.02 to − 5.14 − 14 to 8
Gait velocity baseline (m/s) 1.24 ± 0.19 1.21 to 1.27 0.50 to 1.68
Gait velocity changes (m/s) − 0.047 ± 0.111 − 0.030 to − 0.063 − 0.37 to 0.22

Table 3  Changes in potentially 
confounding parameters during 
the observational period of 
2 years

MV mean value, SD standard deviation, CI confidence interval, SMI skeletal muscle mass index
a As determined by baseline questionnaires
b As assessed by physical activity and exercise questionnaires [32]. Scale from 1: very low/very bad to 7: 
very high/very good
c Rating scale from 1 (no help from others to conduct my daily live at all) to 7 (unable to conduct most chal-
lenges of daily life)

Variable MV ± SD 95% CI Range

Body Mass Index (kg/m2) − 0.28 ± 0.77*** − 0.17 to − 0.39 − 2.27 to 1.54
Physical activity (Index)a,b − 0.07 ± 1.78 − 0.33 to 0.17 − 2 to 2
Independence grade (Index)a,c 0.02 ± 0.52 − 0.05 to 0.10 − 2 to 2

5 …along with baseline values close to the cut-off value of 30  kg 
[13].
6 The FNIH [64] recommended grip strength as the sole functional 
criteria; the EWGSOP-I algorithm [13] applied grip strength after 
gait velocity > 0.8 m/s.
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the only functional criterion, changes of Sarcopenia preva-
lence were non-significant (4.0–6.2%; P = 0.219).7 Indeed, 
differences in sarcopenia prevalence due to the application 
of varying sarcopenia criteria, cut-off and assessment tools 
are a common and comprehensible finding [28, 30]. Corre-
spondingly, considering the different developments of Sar-
copenia criteria observed in the present study, changes in 
Sarcopenia prevalence were highly dependent on the Sarco-
penia definition applied. Taking these features and our focus 
on differences in the development of Sarcopenia criteria into 
account, we prefer not to embark on a further discussion of 
changes of Sarcopenia prevalence in community dwelling 
men 70 years+ with low SMI. Addressing the latter crite-
rion, however, there is no evidence for a pronounced further 
decline of SMI in this cohort. In actual fact, the annual SMI 
loss of 0.75% corresponds to longitudinal changes reported 
by other studies that determined changes of 0.4–0.9% p.a. of 
lean body mass/fat free mass, appendicular skeletal muscle 
mass or skeletal muscle mass index as assessed by direct-
segmental, multi-frequency Bio-Impedance-Analysis or 
Dual Energy X-Ray Absorptiometry in men 70 years and 
older [14, 21, 35, 52, 61].

Notably, changes of strength in older age (i.e. 70 years+) 
were reported to be much higher. Longitudinal studies 
showed that at age 75 years, men lost 3–4% p.a. strength 
(review in [49]). However, since age-dependent strength 
loss is not uniform across the body [49], it is important to 
focus on the region of interest. Most longitudinal studies 
in older people reported lower annual changes of handgrip 
strength (2–4% p.a.; e.g. [14, 41, 42, 63]) than the 6% p.a. 
decline in the present study. Dey et al. [14], contrasts its 
0.8% p.a. decline in fat free mass to a 4.0% decrease in hand-
grip strength in his cohort of men 75 years, observed for 
5 years and thus confirmed our result of significantly higher 
functional compared with anthropologic Sarcopenia criteria 
changes in people 70 years+. Nevertheless, the outstand-
ing decline in handgrip strength observed in the present 
study is difficult to explain. Methodical reasons related to 
the proper standardization and realization of the test were 
unlikely, since considerable emphasis was placed on a high 
repetition accuracy of the test procedure.

Comparable to handgrip strength (e.g. [3, 8, 41, 51]), low 
habitual gait speed is closely related with frailty, hospitaliza-
tion, morbidity and mortality [1, 8, 22, 41, 47, 54, 55]. Of 
relevance, the first important finding of our study was that 
men in the lowest SMI quartile of the study featured similar 
gait velocity performance compared with their “SMI-nor-
mal” peers (Table 1). Additionally, gait speed of this cohort 

(1.24 m/s) is in the range of reference values (1.26 m/s) 
reported for men 70–79 years old [6] and, independent of 
age, gender and anthropometrics, in the normal range of gait 
speed (1.2–1.4 m/s) [17]. Further, during the 2-year period, 
we observed an annual loss of 1.7% (0.023 m/s). Compared 
with the gait speed cut-offs of 0.8 m/s and 1.0 m/s provided 
by the EWGSOP [13], the IWGS [16], and the AWGS [10], 
the 24 month follow-up value of 1.20 ± 0.17 m/s of the 
present study is still within the normal range. Considering 
further that 0.12 m/s8 was calculated as a substantial mean-
ingful change (ES 0.5) of gait speed in community dwelling 
people 74 ± 6 years [56], the fivefold lower annual decline in 
our community dwelling men 70 years+ is far from alarm-
ing. Nevertheless, revisiting our secondary hypothesis, we 
had hypothesized higher declines in gait velocity compared 
with handgrip strength due to the higher strength and power 
reductions of the lower compared with the upper limbs [4, 
14, 18, 39, 66]. However, although most studies (e.g. [9, 25, 
58, 60]) emphasize the close correlation (up to r = 0.939) 
between knee extensor strength/power and habitual or maxi-
mum gait speed in 60–85 years old healthy adults, there are 
a large variety of determinants which impact gait speed in 
older people. While lower extremity muscle size9 appears 
not to be a predictor for walking speed [12], ROM of the 
lower limb joints [9, 60] and motor control [12, 23] are 
closely related to gait velocity. Moreover, several non-mus-
culoskeletal factors e.g. several domains of cognitive status 
[20, 62, 65], depression [7, 43] and of course motivation/test 
compliance relevantly contribute to explaining the variance 
of gait speed in older adults. Thus, although a determinant 
of muscle function i.e. muscle’s ability to produce force and 
motion, it might be inadequate to subsume gait speed under 
the topic “lower extremity force”.

However, our study features some particularities and limi-
tations that may prevent an adequate comparison with other 
studies in this field. (1) In this observational study, we focus 
on the subgroup of community dwelling men within the low-
est SMI quartile of the FranSO study. Comparing this cohort 
with their peers with normal-high SMI might have provided 
further insight in the age-dependent development of Sarco-
penia criteria. (2) In parallel, additional tests e.g. leg/hip 
extensor/flexor strength, cognitive status, etc. might have 
explained the minor changes in gait velocity in more depth. 
However, economic reasons prevent both approaches. (3) 
There is a considerable loss to follow-up, predominately due 
to men who died, were institutionalized, or were unable to 
reach our lab. Considering that these reasons were, at least to 
a high proportion, related with functional impairments, our 

7 …correspondingly non-significant changes would result when 
applying the AWGS approach [10], that is however not suitable for 
this Caucasian cohort.

8 Smallest meaningful change (ES 0.2) was calculated to be 0.05 m/s.
9 i.e. Cross sectional area of the triceps surae, quadriceps and ham-
strings as assessed by MRI.
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results may underestimate the true decline of morphologic 
and functional decline of Sarcopenia criteria in older people. 
As discussed below, this might be a limitation of the general-
izability, however, due to the aim of this ongoing project, we 
opt to focus on the target group of community dwelling men. 
(4) Due to the big sample size, significance (P ≤ 0.05) should 
not be confounded with clinical relevance. This refers par-
ticularly to the “significant” but limited clinically relevant 
decline in gait speed in this cohort (see above). (5) High 
emphasis was placed on exact reproducibility of baseline and 
2-year follow-up tests. We consistently applied the identi-
cal calibrated devices, in exactly the same order and setting 
at the same time of the day. Further, tests were introduced 
consistently with the identical standardized instruction i.e. 
“walk at a speed just as if you were walking along the street 
to go to the shops” (gait velocity) and “squeeze as strongly 
as possible” (handgrip strength). However, we have to admit 
that baseline and follow-up-assessments tests were not con-
sistently guided by the same research assistants. Although 
research assistants were carefully briefed and supervised by 
the principal investigator, even small differences in instruc-
tions might affect the results of functional testing. This may 
be the case particularly for habitual gait speed,10 although 
we did not observe differences when two research assis-
tants subsequently instruct the same participant. (6) It is 
difficult to estimate the external validity of our study with 
respect to its generalizability on other older cohorts. We 
however aimed to focus on a cohort at higher risk for—or 
already with established Sarcopenia—to monitor changes in 
morphologic and functional Sarcopenia criteria over 2 years.

In conclusion, we provided evidence for non-uniform 
changes of Sarcopenia criteria in a cohort of community 
dwelling men 70 years+ with low skeletal muscle mass 
index (≤ − 1.2 T-Score). Our finding that appendicular mus-
cle mass reductions were much less pronounced compared 
with functional changes was in line with the present litera-
ture. However, what we did not expect was the very steep 
decline in handgrip strength we observed, while the corre-
sponding fall in gait velocity was clinically less relevant. We 
doubt that this result might be a particularity of the selected 
cohort; however, studies with other (older) cohorts should 
address this issue in more depth. However, what is the prac-
tical application of our finding? Principally, one has to con-
sider the aspect that type and composition of interventions 
that address muscle mass, handgrip-strength, gait speed or 
related abilities vary widely. Thus, the knowledge in kinetics 
of muscle mass and function is of high clinical relevance to 

schedule optimum therapies and consider their prioritization 
in older people.
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