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Abstract

Background Chronic low-grade inflammation has been suggested as one of the key elements in the development of
sarcopenia, but in contrast to disease-related loss of muscle mass, the role of chronic low-grade inflammation in
age-related (primary) sarcopenia is still not clear. The aim of this study was to investigate low-grade inflammation
in relation to age and the potential association between inflammatory biomarkers and body composition, muscle
strength and physical performance in a healthy Danish cohort.

Methods There were 1160 generally healthy men and women (range: 22-93 years) included. Appendicular lean mass
(ALM) and visceral fat normalized to height (kg/m?) was assessed by dual-energy X-ray absorptiometry (iDXA, GE
Lunar). Muscle strength and physical performance were evaluated by handgrip strength (HGS), 30 s sit-to-stand
performance, and maximal gait speed (GS). Systemic levels of TNF-a, IL-6, IL-1p, IL-4, IL-13, and IFN-y were measured
using multiplex bead-based immunoassays (Bio-Rad). hsCRP was assessed using latex particle-enhanced
immunoturbidimetric assays (Roche Diagnostics).

Results With age, ALM/h? HGS, sit-to-stand performance and GS decreased, whereas visceral fat/h? increased in
both men and women (P < 0.05). Systemic levels of hsCRP, TNF-a, IL-4, and IFN-y increased with age in men and
women (P < 0.05), while IL-1p increased in women only (P < 0.01). Higher levels of hsCRP were associated with lower
ALM/h? in elderly (>65 years) men and women (P < 0.001). Higher levels of hsCRP were associated with lower
handgrip strength in elderly women (P < 0.05) whereas higher levels of hsCRP was not associated with lower HGS
in elderly men (P = 0.056). Higher levels of hsCRP were associated with lower GS (P < 0.05), whereas IFN-y was
positively associated with GS in elderly women (P < 0.05), but not elderly men. Visceral fat index was positively asso-
ciated with hsCRP in elderly men and women (P < 0.001). Compared with elderly with normal HGS, elderly men and
women with low HGS displayed higher levels of TNF-a and hsCRP (P < 0.05).

Conclusions With age, systemic levels of hsCRP, TNF-qa, IL-4, and IFN-y increased, with hsCRP and TNF-a being
especially elevated in more physically frail elderly supporting the association between low-grade systemic inflammation
and poor physical function. In contrast, only high levels of hsCRP were weakly associated with low muscle mass and
positively associated with visceral fat and low physical function, suggesting that chronic low-grade inflammation is
not the main driver of age-related loss of muscle mass as previously suggested.
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Introduction

Ageing is a multifaceted biological process with important
hallmarks such as changes in body composition, sarcopenia,
and chronic low-grade inflammation.> The term
“inflammaging” was introduced by Franceschi and colleagues
at the beginning of the new millennium to characterize the
chronic two- to fourfold increase in circulating levels of
inflammatory biomarkers typically observed with ageing.>*
Chronic low-grade inflammation and sarcopenia have inde-
pendently been associated with adverse health outcomes,
such as disability, loss of independence, morbidity, mortality,
and hospitalization.>®

The aetiology of sarcopenia is still not fully elucidated but
is believed to be a multifaceted interplay between physical
inactivity, changes in the neuromuscular system, lower
levels of anabolic hormones as well as chronic low-grade
inflammation.” ! But, whereas high cytokine levels in acute
or chronic disease states are known to accelerate the devel-
opment of sarcopenia,*>*® the role of chronic low-grade
inflammation for loss of muscle mass in otherwise healthy
older individuals (primary sarcopenia) is less clear.*? The
relationship between inflammatory biomarkers and muscle
mass, muscle strength, and physical function has tradition-
ally been investigated by assessing a single or limited
number of inflammatory proteins** and although CRP, IL-6
and TNF-a are among the most investigated inflammatory
markers, no single biomarker has yet been consistently
associated with the negative physical outcomes observed
with ageing.'**

A recent systematic review and meta-analysis on markers
of inflammation and their association with muscle mass and
muscle strength concluded that higher systemic inflamma-
tion was associated with lower muscle strength and muscle
mass, but also questioned the temporal relationship be-
tween inflammatory markers and measures of muscle mass
or strength owing to a high frequency of cross-sectional
designs and inconsistent or weak longitudinal associations.
Hence, the authors argued the need for clearly defined
study populations.** The aim of this study was therefore
to investigate a range of inflammatory biomarker profiles
in a large healthy cohort aged 22-93 years and further to
examine the potential association between inflammatory
biomarkers and muscle mass, visceral fat, muscle strength,
and physical function in healthy older well-functioning
individuals.

Methods
Study cohort

The current study uses data from the Copenhagen
Sarcopenia Study, a population-based cross-sectional study
conducted at Copenhagen University Hospital Rigshospitalet,
Glostrup, from December 2013 to June 2016. More detailed
information regarding The Copenhagen Sarcopenia study
has been described elsewhere.'® In brief, the study included
men and women aged 20 to 93 years, living in the Copenha-
gen metropolitan area, who were all characterized as living
independently and being apparently healthy. Exclusion
criteria were pregnancy, acute or chronic medical illness,
cancer, surgery within the last 3 months, use of corticoste-
roids, and any history of compromised ambulation or
prolonged immobilization. For the present study, participants
lacking inflammatory data (n = 70), body composition (n = 11)
or data for strength or physical function (n = 12) were ex-
cluded, leaving data on 1160 participants (men: n = 521,
mean age = 58.2 * 16.7 years; women: n = 639, mean
age = 58.7 = 17.9 years) for analyses. Written, informed
consent was obtained from all participants, and all investiga-
tions were conducted in accordance with the Declaration
of Helsinki Il and approved by the Ethical Committee of
Copenhagen (H-3-2013-124).

Anthropometric measurements and body
composition

Height (cm) was assessed without shoes to the nearest
0.1 cm. Weight (kg) was measured to the nearest 0.1 kg with-
out shoes, wearing light clothing. Whole body dual-energy
X-ray absorptiometry DXA exams were acquired as per the
manufacturer’s instructions on an iDXA fan beam densitome-
ter (GE Lunar, Madison, WI, USA). The same scanner was used
throughout the study, and whole-body scans were carried out
by trained technicians. Analyses were performed using
Encore software version 16.0. Appendicular lean mass
(ALM) was defined as the sum of lean soft tissue from the
arms and legs and relative ALM was acquired by normalizing
ALM to height? (kg/m?) to account for body size. Visceral fat
index was acquired by normalizing VF to height? (kg/m?) to
account for body size.
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Assessment of muscle strength and physical
function

In all participants, handgrip strength (kg) was assessed using
a handheld dynamometer (Jamar, Sammons Preston Rolyan,
Chicago, lllinois, USA) with participants in a seated upright
position with the elbow flexed at 90° and the arm supported
by a horizontal surface. All participants had three successive
maximum force trials with each hand, as described in detail
elsewhere.’® The maximum value was used as the final HGS
score.

The 30 s chair stand test was used to assess sit-to-stand
performance (STS) as the number of times a participant was
able to rise and sit from a standardized chair (no armrest,
height 45 cm) in 30 s. The participant was seated with the
back straight and the arms folded across the chest. Following
a verbal cue, the participant was instructed to stand erect
and return to the initial seated position as many times as
possible within 30 seconds. Participants were monitored
and instructed to fully sit between each stand. Only full
standing positions were counted.

Maximal gait speed (GS) was assessed over a course of
10 m. Participants were asked to stand with their feet behind
a starting line and, following a verbal cue, to start walking at
their maximal safe walking pace. To reduce the effect of
deceleration, participants were asked to continue beyond
the 10 m. The time was measured with a stopwatch to the
nearest 0.1 s. Maximal gait-speed was calculated as the
10 m distance divided by time (m-s~!). High test-retest and
inter-rater reliability have previously been established for
the physical tests mentioned earlier.*® More detailed infor-
mation regarding the test-protocols have been described
elsewhere.®

Circulating inflammatory markers

Blood samples were obtained from the antecubital vein of
each participant on the day of clinical examination. Due to
logistic circumstances blood samples were obtained in a
non-fasting state. Serum and plasma samples were collected
in serum and EDTA-treated tubes, respectively. Samples were
centrifuged and distributed to polypropylene microcentrifuge
tubes and stored at —80°C until analysed. Inflammatory bio-
markers were measured in plasma samples using commer-
cially available multiplex magnetic bead-based immunoassay
kits from Bio-Rad (Bio-Rad Laboratories, Inc.), as per the man-
ufacturer’s instructions. Multiplexed biomarkers were as fol-
lows: Interleukin (IL)-1f3, IL-4, IL-6, IL-10, IL-13, IL-15,
interferon-y (IFN)-y, and tumour necrosis factor (TNF)-o.
Cytokine levels were determined using the Bio-Plex MAGPIX
multiplex reader (Bio-Rad Laboratories, Inc.) utilizing Luminex
XMAP technology (Luminex), and data were analysed using
the Bio-Plex Manager Software, Version 6.1, Build 727. Two

internal laboratory controls were included in all runs. Pooled
plasma samples from healthy adults were split in two por-
tions. The first portion comprised Control A while Control B
consisted of the other portion spiked with the high standard
from the Bio-Rad immunoassay kit. Vortex and incubation pe-
riods, pipettes, and freezing/thawing cycles were consistent
between assays to minimize inter-assay variation. Standards,
blanks, and controls were run in duplicate, while samples
were run in a single well. Two blinded laboratory technicians
performed all analyses. Lower limit of quantification (LLOQ)
values and mean inter-assay coefficients of variances (CVs)
for the multiplexed cytokines can be found in Supporting
Information, Table S1.

Serum levels of hsCRP were assessed using latex-
entrenched immune-turbidimetry analyses (Roche/Hitachi
automatic instrument COBAS®). The lower limit of detection
(LLOD) was 0.15 mg/L and the inter-assay CV was 2.1-8.4%.
In the analyses of the first 200 samples, samples with extrap-
olated values under the LLOD (5.6%) were reanalysed using
double sample volume. However, as these reruns only
changed the concentration estimates by 0.01, the subse-
quent extrapolated values were considered valid for the
remaining samples.

Statistics

Statistical analyses were performed in IBM® SPSS Statistics,
version 25. Participants were divided into three groups
representing young (20-39 years; 87 men and 119 women),
middle-aged (40-64 years; 219 men and 238 women), and
elderly (65-93 years; 215 men and 282 women). Cytokine
levels below the LLOQ were substituted by simple imputation
of the value between 0 and the LLOQ based on the lowest
accepted standard for the respective cytokine. IL-10 and
IL-15 were excluded from all analyses as these inflammatory
markers were virtually undetectable in the vast majority of
participants.

Normality of distribution was assessed with Kolmogorov—
Smirnov’s test. Differences in clinical, functional, and body
composition characteristics between groups were assessed
using the following: independent-samples Kruskal-Wallis
tests, independent-samples Mann—Whitney U tests, univari-
ate analyses of variance, or independent t tests adjusted for
multiple comparisons using Bonferroni’s correction for each
dependent variable. Biomarker profiles for the different
age-groups were presented as medians and interquartile
range (IQR) with error bars displayed according to Tukey’s
method.

Sample size calculation for the association between in-
flammatory biomarker levels and muscle mass, visceral fat,
muscle strength, and physical performance was based on
previous results reported in a meta-analysis (r = 0.20),*?
a = 0.05 (two-tailed), and f = 0.20.” The required sample
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size was 194 participants. IL-1B, IL-4, and IL-6 had a high
(>50%) number of values below the LLOQ and were not in-
cluded in the following analyses. Linear mixed-effect models
were used to explore the potential association between in-
flammatory biomarkers and relative ALM, visceral fat index,
handgrip strength, STS performance, and maximal GS in el-
derly men and women, respectively. Sex was included as a
fixed factor, participants’ ID as a random factor, and the cor-
responding inflammatory biomarker level as a covariate. The
maximum likelihood estimation and the best-fitting covari-
ance structure based on log-likelihood values were consid-
ered for the model. The analyses were performed in steps
resulting in three models representing (i) unadjusted analy-
ses, (ii) analyses adjusted for age, and (iii) analyses adjusted
for age and body mass index (BMI). Analyses with visceral
fat index as the dependent variables were performed in
steps resulting in two models representing (i) unadjusted
analyses and (ii) analyses adjusted for age. Relative ALM, vis-
ceral fat index, muscle strength, and physical performance
were used as continuous dependent variables in the analy-
ses. Bonferroni’s correction for multiple testing was applied
to adjust for eight hypothesis tests (four inflammatory
markers with separate analyses for men and women) for
each dependent variable. Independent-samples Mann-
Whitney U tests were used to investigate whether elderly
participants with low muscle strength, evaluated as low
HGS, had higher levels of inflammatory markers compared
with elderly with strength measures within the normal
range. Low HGS was used as a categorical variable while in-
flammatory markers were used as continuous independent
variables. All analyses were two-sided with statistical signifi-
cance set at P < 0.05.

Results
Descriptive characteristics of the study population

In total, data from 1160 men and women (mean age
58.5 years + 17.4; 55% were female) were included.
Demographic, anthropometric, and functional characteris-
tics as well as body composition of the study population
stratified by sex-specific age-groups are presented in
Table 1. Relative to young men, middle-aged and elderly
men were significantly shorter, had a higher BMI, a larger
accumulation of visceral fat, lower maximal GS, and lower
STS (P < 0.05). Additionally, elderly men had significantly
lower relative muscle mass (P < 0.05) and HGS
(P < 0.05) compared with young men (Table 1). There
was no difference in body mass between male age-groups.
Relative to young women, middle-aged and elderly women
were significantly heavier, had a higher BMI, a larger
accumulation of visceral fat, lower HGS, lower maximal

Young women (n = 119) Middle-aged women (n = 238) Elderly women (n = 282)

Elderly men (n = 215)

Young men (n = 87) Middle-aged men (n = 219)

Table 1 Demographic, anthropometric and functional characteristics and body composition of the study population stratified by sex-specific age-groups
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25.6 + 4.5%"
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52.9 + 7.3*
69.8 = 12.1*"
25.5 + 4.5%"
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2
Visceral fat (g)

Body mass (kg)

Age (years)
Height (cm)

BMI (kg/m

6.40 = 0.86'
23.8 = 5.7*"
15.0 + 5.1*
1.78 + 0.47*"

6.76 = 0.83"
32.0 = 6.1*"
22.1 = 6.5%"
2.41 + 0.52*"

6.59 = 0.77"
34.4 + 6.0
2.54 + 0.39"

26.9+7.0

7.78 = 0.97*
40.3 = 8.7*
16.4 £ 5.9*
2.02 = 0.51*

8.42 = 0.94
51.2 =83
23.3 + 6.3*
2.62 = 0.43*

8.57 = 1.04

53.0 = 8.5
2.80 = 043

27555

ALM/h?)

MVC, hand (kg)
Gait speed (m/s)

30 s STS reps (n)

Muscle (

Denotes a significant difference from young sex-specific group.

Results are presented as means + SD unless otherwise indicated. Statistical significance set at P < 0.05. Results are Bonferroni corrected.
'Denotes a significant difference from men.

ALM, appendicular lean mass; BMI, body mass index; STS, sit-to-stand performance.
Result is presented as median (interquartile range).

a
*
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GS, and lower STS (P < 0.05) (Table 1). In addition, elderly
women were significantly shorter compared with young
women (P < 0.05). There was no difference in relative
muscle mass between female age-groups. Compared with
women, men of all age-groups were significantly taller,
heavier, had a higher BMI, larger accumulation of visceral
fat, higher relative muscle mass, higher HGS, and higher
maximal gait-speed (P < 0.05) (Table 1). Notably, there
was no difference between young men and women regard-
ing sit-to-stand performance, but middle-aged and elderly
men performed significantly better than their female coun-
terparts (P < 0.05).

204

Low grade inflammation and the relation to age
and sex

Systemic levels of hsCRP, TNF-a, IL-6, IL-1(3, IL-4, IL-13, and
IFN-y were obtained from all participants and included for
further analyses in relation to age and sex. Inflammatory
characteristics (median; interquartile range) stratified by
sex-specific age-groups are presented in Figure 1. In 18 cases,
participants were excluded due to outlying plasma or serum
values as we assumed these values to reflect an acute inflam-
mation rather than a chronic low-grade inflammation. Outlier
cut-offs can be viewed in Table S2.
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Figure 1 Biomarker profiles for seven inflammatory markers throughout the age-span divided into young (22-39 years), middle-aged (40-64 years),
and elderly (65-93 years). *P < 0.05, **P < 0.01, ***P < 0.001. Results are Bonferroni corrected and presented as medians (interquartile range) with
error bars displayed according to Tukey’s method. Elderly men had significantly higher concentrations of hsCRP, TNF-q, IL-4, and IFN-y compared with
young men, and significantly higher concentrations of hsCRP and TNF-a compared with middle-aged men. Elderly women had significantly higher con-
centrations of hsCRP, TNF-a, IL-1p, IL-4, and IFN-y compared with young women, and significantly higher concentrations of hsCRP, TNF-a, and IL-6 com-
pared with middle-aged women.
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Relative to young men, elderly men had significantly
higher concentrations of hsCRP (P < 0.01), TNF-o
(P < 0.001), IL-4 (P < 0.01) and IFN-y (P < 0.05). In addition,
elderly men had significantly higher concentrations of hsCRP
(P < 0.001) and TNF-a (P < 0.001) compared with middle-
aged men. There were no differences in IL-1f, IL-6, or IL-13
concentrations across male age-groups. Relative to young
women, elderly women had significantly higher concentra-
tions of hsCRP (P < 0.001), TNF-a (P < 0.001), IL-1B
(P < 0.01), IL-4 (P < 0.001), and IFN-y (P < 0.001). Further-
more, elderly women had significantly higher concentrations
of hsCRP (P < 0.001), TNF-a. (P < 0.001), and IL-6 (P < 0.05)
compared with middle-aged women.

Notably, there were no consistent sex-differences in in-
flammatory biomarker concentrations. Young women had
significantly lower TNF-o (P < 0.05) concentrations compared
to young men, whereas middle-aged women had significantly
higher concentrations of IL-1B (P < 0.01), IL-4 (P < 0.05), IL-6
(P < 0.01), IL-13 (P < 0.05), and IFN-y (P < 0.01) compared
with middle-aged men. Elderly women had significantly
higher concentrations of IL-4 (P < 0.05), IL-13 (P < 0.05),
and IFN-y (P < 0.05) compared with their male counterparts.
There were no sex-differences in hsCRP concentrations across
age-groups.

Low-grade inflammation in relation to body
composition, muscle strength, and physical
performance in elderly

Standardized beta coefficients with corresponding 95% confi-
dence intervals (Cls) for the association of inflammatory
markers with relative ALM (unadjusted, adjusted for age
alone, and then for age and BMI) in elderly are shown in
Table 2. After adjustment for age and BMI, inverse associa-
tions were observed between relative ALM and hsCRP in el-
derly men and women (P < 0.001), whereas no associations
were observed between relative ALM and the remaining cy-
tokines in neither men nor women. Further, inverse associa-
tions were observed between HGS and hsCRP in both
elderly men (P < 0.01) and women (P < 0.05) (Table 3),
which remained significant in women after adjusting for age
and BMI (P < 0.05), but not in men (P = 0.056). No associa-
tions were observed between the remaining cytokines and
HGS in neither elderly men nor women (Table 3).
Sit-to-stand performance was inversely associated with
hsCRP in both elderly men (P < 0.001) and women
(P < 0.05) but not after adjusting for both age and BMI
(Table 4). Moreover, STS was positively associated with IL-13
(P < 0.01) in elderly men but following adjustment for age
and BMI it was no longer significant (P = 0.08). The remaining
cytokines were not associated with STS in elderly men and
women, respectively (Table 4). Following adjustment for age
and BMI, maximal GS displayed an inverse association with

hsCRP and a positive association with IFN-y in elderly women
(P < 0.05, Table 5). No other associations were observed
between inflammatory markers and GS (Table 5).

Visceral fat accumulation normalized to height squared vis-
ceral fat index (kg/h?) was inversely associated with hsCRP in
elderly men (p < 0.001) and women (p < 0.001) and
remained associated after adjusting for age. Visceral fat index
showed no associations with the remaining inflammatory
markers in neither elderly men nor women (Table 6).

Elderly men and women with low HGS (HGS below
36.11 kg for men and 20.17 kg for women (n = 145)*” had sig-
nificantly higher levels of hsCRP (P < 0.01) and TNF-a
(P < 0.05) and were significantly older (73.3 + 5.7 vs.
78.5 + 7.1 years, P < 0.001) compared to elderly men and
women with HGS within the normal range. There was no dif-
ference in remaining biomarkers, sex, or BMI between partic-
ipants with low muscle strength and participants with
strength measures within the normal range.

Discussion

Chronic low-grade inflammation has been studied in a
wide range of populations and consistently suggested as
one of the key factors involved in the development of
sarcopenia. ™ **819 However, it is still debatable whether
chronic low-grade inflammation is independently contribut-
ing to the age-related changes in muscle mass and physical
function or whether these markers merely reflect visceral
or ectopic fat accumulation or an underlying chronic
disease.*?° Several studies have investigated associations
between inflammatory markers and muscle mass, muscle
strength or physical function in elderly individuals with incon-
sistent results, depending on the population and inflamma-
tory markers.’® In the present study, we have assessed
biomarker profiles in a large healthy cohort and combined
data with measurements of appendicular lean mass, visceral
fat, HGS, STS, and maximal GS to explore potential associa-
tions between systemic inflammation and characteristics of
age-related sarcopenia (primary sarcopenia). Although we
found significant increases in inflammatory biomarker con-
centrations with ageing, only higher hsCRP was weakly
associated with having lower muscle mass, indicating that in-
flammation may not play a key role for the normal
age-related loss of muscle mass.

Systemic low-grade inflammation in relation to age
and sex

As reflected in the inflammatory biomarker profiles for each
sex-specific age-group (Figure 1), considerable variability
was observed both within and between age-groups
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cantly lower from the fifth decade whereas appendicular lean
mass (ALM/h?) was significantly lower after the age of
70 years in men and 80 years in women.*® In addition to oc-
curring earlier in life, the prevalence of low muscle strength
was also much higher compared with low muscle mass. The
fact that the decline in muscle strength far exceeds that of
muscle mass during ageing indicates that the quality of the
remaining muscle tissue is diminished with ageing. It is likely
that an increase in intermuscular adipose tissue (IMAT) ob-
served with ageing®®?! is involved in this discrepancy. Besides
the fact that IMAT may affect muscle architecture and conse-
quently the force production of the muscle, it also releases a
variety of inflammatory mediators resulting in both local®®
and systemic inflammation.?® As such, future studies should
investigate whether hsCRP may serve as a biomarker for de-
tecting low muscle strength in otherwise healthy elderly, or
whether hsCRP merely reflects an increase in visceral or ec-
topic fat accumulation.

We also found that higher levels of hsCRP were weakly as-
sociated with lower maximal GS in women (P < 0.05) (Table
5). In line with these findings, elevated levels of C-reactive
protein (CRP) and IL-6 have been associated with lower mus-
cle strength and poorer physical performance in 1020 men
and women over the age of 65 from the INCHIANTI study,?*
as well as in 542 older adults over the age of 55 across several
health conditions.'® Somewhat to our surprise, we found a
weak positive association between IFN-y and maximal GS in
elderly women (Table 5). Although IFN-y is important for
muscle regeneration following injury,?® it is also known to in-
hibit regeneration by suppressing M2 macrophage activation
in models of persistent inflammation.?>?® As such, the ob-
served positive association between maximal GS and IFN-y
seems counterintuitive and as these associations were weak,
the clinical significance of this finding is questionable.

Low functioning vs. high-functioning elderly

It is evident that sarcopenia markedly increases the risk of
disability, morbidity, hospitalization, and mortality.>® In addi-
tion to understanding the aetiology of sarcopenia, it also
seems important to discover sensitive predictors of early de-
cline to prevent the development of sarcopenia. In an elegant
study by Calvani and colleagues®! they used advanced statis-
tical modelling to separate the profiles of low-functioning and
high-functioning elderly according to a combination of sys-
temic inflammation, physical function, and thigh
composition.?* Importantly, high-functioning elderly had in-
flammatory levels, thigh composition, and muscle strength
parameters in-between younger adults and more physically
frail low-functioning elderly, and approximately one third of
the profiles of high-functioning elderly were overlapping with
the profiles of young adults, which was not caused by differ-
ences in age or comorbidity between low-functioning and

high-functioning elderly,* supporting the interplay between
physical function, inflammatory status and body composition.

In the present study, participants were living indepen-
dently and were generally healthy.’® In support of this, the
prevalence of age-related sarcopenia according to the
EWGSOP guidelines’ was relatively small (3.6%).*® To further
separate the group of elderly participants (n = 520) by func-
tional status, they were divided into elderly participants with
or without evident low muscle strength [HGS below 36.11 kg
for men and 20.17 kg for women (n = 145)].*> Notably, these
more physically frail elderly displayed a significant increase in
hsCRP and TNF-o, supporting an association between in-
creased inflammation and lower muscle strength, especially
in physically frail individuals. Of note, participants with low
muscle strength were also significantly older compared to el-
derly with strength measures within the normal range
(73.3 £ 5.7 vs. 78.5 = 7.1 years, P < 0.001).

Limitations

It is inevitable that the habitual level of physical activity
plays an important role for physical function especially in
old age. However, it was not possible to assess physical activ-
ity in the present study; thus, we are not able to establish
the effect of physical activity on the measured variables.
However, individuals with better physical function are likely
to have higher levels of physical activity. Moreover,
blood-samples were obtained in a non-fasting state as not
all subjects could be tested in the morning. The inflamma-
tory markers are pleiotropic proteins known to act in com-
plex and dynamic networks with numerous feedback
mechanisms and their effect depends on the presence of
other inhibiting, modulating or synergistic cytokines or solu-
ble receptors. Hence, the inflammatory biomarkers included
in the present study may not be sufficient to elucidate the
potential relationship between low-grade inflammation and
loss of muscle mass, strength, and physical function with
ageing. Of note, the investigation of multiple outcomes in-
creases the risk of Type | errors. Lastly, the vast majority of
participants were Caucasians, which limits the generalizabil-
ity to other ethnic groups.

Conclusion

In conclusion, our results demonstrate that inflammatory
markers increase with age, with the most robust increases
seen regarding hsCRP and TNF-a, which were also especially
elevated in more physically frail elderly supporting the asso-
ciation between low-grade systemic inflammation and physi-
cal function. In contrast, only high levels of hsCRP were
weakly associated with low muscle mass and positively asso-
ciated with visceral fat and low physical function, suggesting
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that chronic low-grade inflammation may not play a key role
in the age-related loss of muscle mass. Future studies should
investigate whether hsCRP may serve as a sensitive bio-
marker for detecting low muscle strength in otherwise
healthy elderly, or whether hsCRP merely reflects an increase
in visceral or ectopic fat accumulation.
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Supporting Information section at the end of the article.
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