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Abstract: Background: Sarcopenia, the age-related decrease in muscle mass and function can result in adverse
health outcomes and subsequent loss of independence. Inadequate nutrition is an important contributor to the
aetiology of sarcopenia, and dietary strategies are studied to prevent or delay this geriatric syndrome. Objective:
The present study investigated whether there is an association between biochemical nutrient status markers,
muscle parameters and sarcopenia in community-dwelling older adults. Design: Data from the cross-sectional
Maastricht Sarcopenia study (MaSS) were used, in which skeletal muscle index (SMI), 4 meter gait speed, 5
times chair stand and handgrip strength were assessed among older adults (n=227). Sarcopenia was defined
following the algorithm of the European Working Group on Sarcopenia in Older People. Fasted blood samples
were analyses on amino acids levels, RBC phospholipid profile, 25-hydroxyvitamin D (25(OH)D), a-tocopherol,
magnesium and homocysteine were determined in fasted blood levels. Generalized linear modelling and logistic
regression were used for data analysis. Results: Lower blood levels of essential amino acids (EAA), total
branched-chain amino acids (BCAA) and leucine were associated with lower SMI (P<0.001), strength (P<0.001)
and longer time to complete the chair stand (P<0.05), whereas no association was found for total amino acids
(TAA). Lower levels of eicosapentaenoic acid (EPA), 25(OH)D and homocysteine were associated with lower
muscle parameter values (P<0.05). No significant associations were found for SFA, MUFA, PUFA, n-3 and
n-6 fatty acids, docosahexaenoic acid (DHA), a-tocopherol-cholesterol ratio and magnesium. Sarcopenia was
more frequent among those with lower levels of leucine, BCAA, EAA, EPA, 25(OH)D and higher levels of
homocysteine (P<0.05). Age and BMI were identified as relevant covariates. A robust association was only found
for lower gait speed and lower 25(OH)D levels. Conclusion: Compromised muscle parameters are associated
with low blood values of specific amino acids, fatty acids, vitamin D and high homocysteine.
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Introduction

With age, muscle mass, strength and function decline (1-3).
This age-related low muscle mass and function is defined as
sarcopenia, and may result in adverse health outcomes, such as,
mobility disability and subsequent loss of independence (4). As
the world population is aging (5), there is a need for strategies
that prevent or delay the onset and progression of sarcopenia
(6) and support active aging.

Inadequate nutrition is seen as an important contributor to
the aetiology of sarcopenia and several nutritional guidelines
have been published in recent years on the management of
sarcopenia. The SCWD expert group and the PROT-AGE
study group recommend sufficient dietary intake of vitamin D
and adequate amounts of protein, rich in essential amino acids
(EAA) and leucine (7, 8). Recently, we published data on the
difference between sarcopenic and non-sarcopenic older adults
in their nutrient intake and biochemical nutrient status (9, 10).
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Data from the Health, Aging, and Body Composition Study
indicated that older adults consuming lower amounts of dietary
protein lose more lean mass, compared to those consuming
higher amounts (11), and were at greater risk of developing
mobility limitations (12). A lower intake of the amino acid
leucine was found to be associated with lean body mass loss,
whereas those with a high intake experienced lean body mass
maintenance over a 6-year period (13). This association was
only observed for adults > 65 years of age (13). In addition to
dietary intake of protein and leucine, vitamin D and nutrients
such as omega-3 fatty acid, antioxidants and B-vitamins were
also found to be associated with muscle parameters (14, 15).
Although previous studies have indicated associations
between dietary nutrient intake and muscle mass and function
(11-13), few studies have explored the biochemical nutrient
status. Examples are the observed association between vitamin
D deficiency and an increase in functional limitations, and
plasma fatty acid and muscle performance in community-
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dwelling older adults (16, 17). With age, certain changes in
nutrient absorption and metabolism occur. Examples of these
changes are an increased splanchnic extraction of protein and
a diminished metabolic response to ingested protein (8, 18).
Another example is the less efficient formation of vitamin D3 in
the skin of older adults (19), and a reduced sun exposure in this
population (20). To better understand the association between
nutrient intake and muscle, it is therefore of importance to study
not only dietary intake, but also markers of the biochemical
nutrient status. Combining these nutrient status markers may
help to strengthen the predictability of biological markers to
detect sarcopenia.

The present study investigated the association between
biochemical nutrient status markers and muscle parameters in
community-dwelling older adults. In addition, the association
between the nutrient status markers and the presence of
sarcopenia was explored. In contrast to previous studies, the
current study analysed a range of amino acids and fatty acids,
as well as 25-hydroxyvitamin D (25(OH)D), a-tocopherol,
homocysteine and magnesium. These post-hoc analyses were
performed with data from the cross-sectional Maastricht
Sarcopenia study (MaSS) (21).

Material and methods

Data were used from the MaSS study in older adults that
was designed to identify the characteristics, prevalence and
consequences of sarcopenia (21). For details on the study
design (clinicaltrials.gov #NCTO01820988) see the original
publication by Mijnarends et al. (21). MaSS was performed
among community dwelling adults aged =65 years, in the
Maastricht area in The Netherlands. Participants were found
eligible when living at home or living in assisted/residential
living facilities, understood the Dutch language, had a
Mini-Mental State Examination score of =24, and were not
wheelchair bound or bedridden. Participants were recruited
in the period of May 2013-March 2014 and assessments took
place during a 1-2 hour home visit. Informed consent was
obtained from all participants before the study visit and ethics
approval was obtained from the Medical Ethics Committee of
the Academic Hospital Maastricht and Maastricht University,
Maastricht, The Netherlands.

Muscle parameters and sarcopenia

Muscle mass was measured with bio-electrical impedance
(Aker BIA 50 kHz; Akern Srl, Florence, Italy). Skeletal muscle
mass (SMM) was calculated based on the Janssen equation (22)
and used to calculate the skeletal muscle index (SMI = SMM /
height (in m?)). Handgrip strength was assessed with a handheld
Jamar dynamometer (Sammons Preston, Inc, Warrenville, IL).
For muscle function the four meter gait speed and the five times
chair stand were used.

Sarcopenia was defined following the algorithm of the
European Working Group on Sarcopenia in Older People
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(EWGSOP) (6), including low muscle mass and poor grip
strength and/or slow gait speed. Muscle mass was defined as
low when SMI <6.75 kg/m? in women and <10.75 kg/m? in men
(23). Muscle strength was poor if <20 kg or <30 kg for women
and men respectively (24). Gait speed was defined as slow
when <0.8 m/s (24, 25).

Biochemical markers of nutrient status

Blood samples were obtained after an overnight fast,
centrifuged and aliquots were stored at -80°C until analysis.
For the analysis of serum amino acids, first proteins and large
peptides were precipitated with perchloric acid. After filtration,
the amount of the free amino acids in the supernatant was
determined by ultra-fast liquid chromatography (Shimadzu
Benelux BV, Den Bosch) using a pre-column derivatization
with o-phtaldialdehyde and fluorimetry as detection (26).
Serum 25(OH)D was analysed with the chemiluminescence
IDS-iSYS 25-Hydroxy Vitamin Ds assay (Immunodiagnostic
Systems Ltd, Boldon, England). Serum a-tocopherol was
analysed with ultra-fast liquid chromatography (Shimadzu
Benelux, ’s-Hertogenbosch, The Netherlands) and corrected
for cholesterol. Cholesterol was analysed with the colorimetric
method Cholesterol Gen.2 (COBAS, Roche Diagnostics
GmbH). Serum magnesium was assessed photometrically
with Magnesium Gen.2 (COBAS, Roche Diagnostics GmbH,
Mannheim, Germany). Blood for the homocysteine analysis
was collected in S-Monovette® HCY/Z-gel tubes (Sarstedt,
Niimbrecht, Germany) and plasma levels were analysed
with a Quattro Premier tandem mass spectrometer (Waters
Chromatography B.V., Etten-Leur, The Netherlands). The red
blood cell (RBC) phospholipid profile was assessed with gas
chromatography (Shimadzu Benelux, ’s-Hertogenbosch, The
Netherlands), and expressed as a percentage of the total fatty
acids.

Calculations

The following sum scores were calculated for amino acids:
branched chain amino acids (BCAA: isoleucine, leucine
and valine), EAA (histidine, threonine, valine, methionine,
tryptophan, phenylalanine, isoleucine, leucine, lysine),
proteinogenic total amino acids (TAA: alanine, arginine,
asparagine, aspartic acid, cysteine, glutamic acid, glutamine,
glycine, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophan, tyrosine,
valine). For fatty acids, the following sum scores were
calculated: mono-unsaturated fatty acids (MUFA: 16:1n-7,
18:1n-9, 18:1n-7, 20:1n-9, 22:1n-9, 24:1n-9), poly-unsaturated
fatty acids (PUFA: 18:2n-6, 18:3n-6, 20:2n-6, 20:3n-6, 20:4n-6,
22:4n-6, 22:5n-6, 24:2n-6, 18:3n-3, 18:4n-3, 20:3n-3, 20:5n-
3, 22:3n-3, 22:5n-3, 22:6n-3, 20:3n-9), saturated fatty acids
(SFA: 8:0, 10:0, 12:0, 14:0, 15:0, 16:0, 17:0, 18:0, 20:0, 22:0,
23:0, 24:0), n-3 fatty acids (18:2n-3, 18:4n-3, 20:3n-3, 20:5n-3
(EPA), 22:3n-3, 22:5n-3 (docosahexaenoic acid, DHA), 22:6n-
3) and n-6 fatty acids (18:2n-6, 18:3n-6, 20:2n-6, 20:3n-6,
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Table 1
Differences in muscle parameters between quartiles of biochemical nutrient status markers

Nutrient Quartiles SMI (kg/m?) Gait speed (m/s) Chair stand (s 5x) Handgrip strength (kg)
Amino acids
Leucine Ql <137umol/l 7.36+1.50° 0.93+0.28 14.57+6.22¢ 21.14+8.34
Q2 137-150umol/l 7.80+1.50* 1.02+0.26 13.68+4.18° 24.27+8.71*
Q3 150-178pumol/l 8.70+1.45° 1.03+0.30 13.05+3.77+° 29.21+9.57°
Q4 =178pumol/l 8.82+1.63° 1.05+0.26 12.07+2.60° 30.86+9.17°
snadjosed 0.000 0.101 0.045 0.000
P e 0.600 0.590 0.806 0.238
BCAA Ql <443umol/l 7.27+1.45° 0.94+0.28 14.90+6.30° 20.91+7.59*
Q2 443-491umol/l 8.11£1.62° 1.04+0.27 13.07+3.93*° 25.49+9.56
Q3 491-571umol/l 8.49+1.44° 1.02+0.29 13.31+3.80° 28.69+9.71%¢
Q4 =571 pmol/l 8.81+1.63° 1.03+0.25 12.10+2.56" 30.38+9.26°
nadiusied 0.000 0.187 0.025 0.000
P s 0.975 0.504 0.444 0.376
EAA Ql <1019pumol/l 7.55+1.54* 0.92+0.29° 14.85+6.19° 21.18+8.44*
Q2 1019-1101pmol/1 7.84+1.69*° 1.01+0.26*° 13.65+4 442> 25.84+9.41°
Q3 1101-1231pmol/1 8.86+1.32¢ 1.06+0.28° 12.61+3.2420 29.78+9.33"
Q4 =1231pmol/l 8.43+1.64bc 1.05+0.26*° 12.29+2.82° 28.68+9.51°
nadivsed 0.000 0.028 0.025 0.000
P s 0.530 0.548 0.538 0316
TAA Q1 <3302pmol/l 7.75+1.66 0.95+0.28 14.36+5.80 23.75£9.39
Q2 3302-3475umol/l 7.95+1.57 1.01+0.29 13.24+4 .39 25.65+10.12
Q3 3475-3788pumol/l 8.49+1.55 1.03+0.25 12.94+3.82 27.2749.38
Q4 =3788umol/l 8.37+1.63 1.04+0.28 12.85+3.41 28.25+9.42
madiosed 0.053 0.271 0.395 0.075
diosed 0.161 0.260 0.616 0.266
Fatty acids
SFA Ql <40.9% 8.35+1.57 1.06+0.26 12.87+4.22 28.10+8.56
Q2 40.9-41.6% 7.92+1.68 0.99+0.33 13.20+3.96 26.31+10.88
Q3 41.6-42.3% 8.17+1.79 1.02+0.24 13.00+2.94 25.42+10.29
Q4 >42.3% 827144 0.95+0.25 14.19+5.87 25.67+8.91
madiusied 0514 0.155 0.539 0458
adjusted 0.531 0434 0.664 0.083
MUFA Ql <19.1% 8.30+1.62 1.01£0.25 13.88+5.19 26.75+10.04
Q2 19.1-19.8% 7.93+1.73 1.03+0.25 13.22+4.79 26.63+10.06
Q3 19.8-20.6% 8.28+1.42 1.00+0.30 13.15+4.07 25.93+10.03
Q4 >20.6% 8.20+1.71 0.99+0.30 12.96+3.19 26.21+8.84
P s 0.589 0.872 0.782 0.968
djnsed 0.978 0.399 0.575 0.166
PUFA Ql <34.4% 8.13x1.56 0.98+0.29 13.47+4.36 24.65+8.70
Q2 34.4-351% 8.48+1.60 0.98+0.26 12.95+3 41 27.04+10.17
Q3 35.1-36.1% 7.92+1.71 1.02+0.27 13.47+5.17 27.36+9.49
Q4 =36.1% 8.19+1.60 1.04+0.28 13.31+4.35 26.44+10.39
P s 0.336 0.528 0.968 0.456
sdjvsed 0.162 0.633 0.993 0.384
n-3 fatty acids Q1 <6.4% 8.19+1.62 1.01+0.30 14.00+5.04 27.87+9.34
Q2 6.4-7.0% 777151 1.01+0.26 13.75+5.15 24.26+9.08
Q3 7.0-7.8% 8.38+1.61 0.97+0.28 13.02+3.66 26.38+11.03
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Table 1 (continued)
Differences in muscle parameters between quartiles of biochemical nutrient status markers

Nutrient Quartiles SMI (kg/m?) Gait speed (m/s) Chair stand (s 5x) Handgrip strength (kg)
Q4 =7.8% 8.35+1.71 1.04+0.26 12.49+3.33 26.97+8.99
v 0.170 0.585 0.304 0.245
sdivsed 0.821 0.552 0272 0.485
n-6 fatty acids Q1 <27.0% 8.57+1.66 0.97+0.27 12.16x2.44 26.54+9.08
Q2 27.0-27.9% 8.09+1.49 1.00+0.24 13.54+3.98 25.09+9.96
Q3 27.9-292% 7.83+1.66 1.03+0.28 14.12+5.57 26.44+9.05
Q4 >29.2% 8.23+1.62 1.03+0.32 13.34+4.70 27.48+10.74
madiosed 0.112 0.618 0.189 0.632
djvsed 0.003 0.869 0.133 0.605
EPA Q1 <0.7% 8.24x1.54 0.94+0.33° 14.12+6 41** 26.58+10.70
Q2 0.7-0.8% 8.07x1.61 0.99+0.26*° 14.19+4.36° 24.7249.58
Q3 0.8-1.1% 7.87x1.57 1.01+0.242> 13.01£2.77** 25.50+8.93
Q4 =1.1% 8.52+1.74 1.08+0.24° 12.11+3.00° 28.63+9.27
nadiosed 0.177 0.043 0.041 0.160
sdiosed 0.696 0.680 0.199 0.688
DHA Q1 <3.3% 8.26x1.61 1.05+0.27 13.41+4.29 28.07+9.13
Q2 3.3-3.7% 8.14+1.60 1.00+0.27 13.57+4 .28 26.33+8.79
Q3 3.7-43% 8.15+1.65 0.99+0.30 13.51+5.39 24.89+10.61
Q4 >4.3% 8.16x1.66 0.99+0.26 12.70+3.29 26.18+10.10
nadiosed 0.979 0.614 0.781 0.372
sdinsed 0.735 0.866 0.780 0.356
25(OH)D Ql <41nmol/l 8.23+1.73 0.82+0.31* 14.72+6.20* 22.33+9.65
Q2 41-66nmol/1 8.40+1.51 1.06+0.22° 13.18+3 4120 27.89+8.41°
Q3 66-84nmol/l 8.00+1.55 1.07+0.23° 133143420 26.56+8.67°
Q4 =84nmol/l 8.07x1.75 1.08+0.25° 12.23+3.06° 28.61+10.85"
nadjosed 0.568 0.000 0.072 0.002
adjusted 0.079 0.002 0.781 0.267
a-tocopherol/cholesterol Ql <5.9 umol/mmol 8.24+1.77 1.04+0.29 12.96+3.10 27.32+10.85
Q2 5.9-6.8 pmol/mmol 7.70+1 .46 1.05+0.26 13.80+5.73 26.26+9.49
Q3 6.8-7.5umol/mmol 8.38+1.57 1.00+0.29 12.54+3 45 24.96+9.01
Q4 =7.5umol/mmol 8.33+1.64 0.95+0.26 13.86+4.69 26.83+9.43
nadjosed 0.109 0.230 0.470 0.599
P e 0.232 0.738 0.211 0.389
Homocysteine Ql <9.4umol/l 747£1 41° 1.09+0.26* 12.71£3.69 24.71£9.29
Q2 9.4-11.6pmol/1 8.40+1.79° 1.03+0.26* 12.26+2.50 27.25+10.56
Q3 11.6-14.7umol/l 8.30+1.73° 1.02+0.27* 13.80+4.23 26.88+9.55
Q4 =14.7umol/l 8.55+1.32° 0.89+0.27° 14.58+6.19 26.69+9.40
nadiusied 0.001 0.001 0.049 0.504
djnsed 0473 0.099 0.337 0.725
Magnesium Ql <0.81mmol/l 8.44+1.75 0.91+0.29° 13.36+3.29 25.96+10.49
Q2 0.81-0.87mmol/l 8.14+1.60 1.04+0.27° 13.64+4 .87 27.02+9.75
Q3 0.87-0.92mmol/l 7.84+1.45 1.06+0.27° 12.96+5.12 26.35+8.68
Q4 =0.92mmol/l 8.26x1.69 1.03+0.26*° 13.18+3.89 25.89+9.82
nadivsed 0.276 0.013 0.763 0917
Pw 0.277 0415 0.697 0.210

Data represent means and standard deviations. Punadjusted: muscle parameter values per quartile of nutrient status marker were compared with Tukey’s post-hoc comparison. Padjusted
= generalized linear model adjusted for age, sex, BMI, number of comorbidities and number of medicines. Chair stand was logtransformed. “*<: in case of differing letters, a significant
between quartile difference was observed (P<0.05). SMI = skeletal muscle index; BCAA = total branched-chain amino acids; EAA = essential amino acids; TAA = proteinogenic total
amino acids; SFA = saturated fatty acids; MUFA = mono-unsaturated fatty acids; PUFA = poly-unsaturated fatty acids; EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid;
25(OH)D = 25-hydroxyvitamin D.
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20:4n-6, 22:4n-6, 22:5n-6, 24:2n-6).

Statistical analyses

The nutrient status marker levels were divided into quartiles,
and difference between quartiles for muscle parameters were
compared with generalized linear modelling and post-hoc
Tukey’s test. Visual inspection of the residuals was used to
determine whether the models deviated from a normal
distribution. Chair stand was found to deviate from a normal
distribution and was therefore log-transformed for analysis. As
covariates: sex, age, BMI, the number of comorbidities and
the number of medicines were included, as these may affect
the nutrient status markers and hence their relation with the
muscle parameters and sarcopenia (27-29). The analyses were
performed in three steps: first the simple model was run without
the inclusions of covariates, secondly the main model was
run including the 5 covariates. If the covariate had a P<0.05,
first order interaction was explored in a third analysis step.
First order interaction was defined as P<0.10. Binary logistic
regression was used to examine the associations between the
nutrient status markers and the presence of sarcopenia. The
nutrient status markers were analysed as continuous variables
and the same 3-step approach as described above for the
covariates was applied.

Results were considered statistical significant when the P
value was below 0.05, and stated as medians (95% confidence
interval) or as means (standard deviations). Analyses were
performed in IBM SPSS Statistics Version 19.0.0 (IBM SPSS
Inc.).

Results

In total, 227 participants were included in the MaSS study.
The median age of the MaSS population was 74 (66-89)
years within the age range of 65-95 years. About half of the
population was female (117, 52%). The median BMI and SMI
were 27 (21-33) kg/m? and 8.3 (5.9-10.8) kg/m? respectively.
The median number of comorbidities and medicines used was
2 (0-5) and 4 (0-11) respectively. The median handgrip strength
was 25 (11-42) kg, the mean gait speed was 1.0 (0.5-1.4) m/s
and the mean five times chair stand was 12 (9-22) s. For more
details on the participant descriptives, see ter Borg et al. (10).

Quartiles one till four of the nutrient status markers are stated
in table 1. Participants in the lowest quartile of leucine, BCAA,
EAA had a lower SMI (P<0.001) and lower handgrip strength
(P<0.001) and needed more time to complete the chair stand
test (P<0.05), compared to those with higher levels (see table
1). In addition, a significant difference was observed in gait
speed between the quartiles of EAA (P=0.028). No significant
differences were observed for TAA.

No significant differences were observed between the
quartiles of SFA, MUFA, PUFA, n-3, n-6 fatty acids and DHA.
Participants in the lowest quartile of EPA had a lower gait
speed (P=0.043) and needed more time to complete the chair
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stand test (P=0.041), compared to those in the higher quartiles
of EPA.

Participants in the lower quartiles of 25(OH)D had a
lower gait speed (P<0.001) and handgrip strength (P=0.002)
compared to those in the higher quartiles. No significant
difference was observed between quartiles of a-tocopherol-
cholesterol ratio. Participants in the higher homocysteine
quartiles had higher SMI (P=0.001), lower gait speed (P=0.001)
and needed more time to complete their chair stand test
(P=0.049), than those in the lower quartiles of homocysteine.
Those in the lowest quartile of magnesium had a lower gait
speed (P=0.013) than those in the higher quartiles.

After adjustment for the potential covariates age, BMI, sex,
number of comorbidities and the number of medicines, only
the observed significant differences in gait speed between the
quartiles of 25(OH)D remained significant (P=0.002). No first
order interactions were observed for this association. The other
significant differences were no longer statistically significant
after adjustment for the covariates.

Table 2
Association of blood biochemical nutrient status markers and
sarcopenia

Model 1 unadjusted

Model 2 adjusted

Leucine 0.987 (0.976-0.997)* 0.992 (0.980-1.005)
BCAA 0.995 (0.992-0.999)* 0.998 (0.994-1.001)
EAA 0.997 (0.996-0.999)* 0.999 (0.997-1.000)
TAA 0.999 (0.999-1.000) 1.000 (0.999-1.000)
SFA 1.408 (0.989-2.004) 1.300 (0.871-1.942)
MUFA 0.989 (0.757-1.293) 1.115 (0.801-1.553)
PUFA 0.804 (0.617-1.048) 0.756 (0.550-1.040)

n-3 fatty acids

n-6 fatty acids

0.885 (0.671-1.168)
0.949 (0.788-1.143)

0.917 (0.661-1.272)
0.898 (0.715-1.127)

EPA 0.235 (0.080-0.690)* 0.508 (0.156-1.657)
DHA 1.009 (0.687-1.481) 0.921 (0.586-1.447)
25(OH)D 0.983 (0.972-0.995)* 0.993 (0.981-1.006)

a-tocopherol/cholesterol

Homocysteine

1.048 (0.803-1.368)
1.102 (1.040-1.168)*

0.950 (0.671-1.345)
1.056 (0.992-1.125)

Magnesium 1.151 (0.029-45.80) 2.663 (0.025-228.118)"

Data represent odds ratio’s with 95% confidence intervals. Model 2 adjusted for
age, sex, BMI, number of comorbidities and the number of medicines. ® First order
interaction found for BMI. * P<0.05. BCAA = total branched-chain amino acids; EAA
= essential amino acids; TAA = proteinogenic total amino acids; SFA = saturated
fatty acids; MUFA = mono-unsaturated fatty acids; PUFA = poly-unsaturated fatty
acids; EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; 25(OH)D =
25-hydroxyvitamin D.

The binary logistic regression analysis indicated that
those with lower levels of leucine were at higher odds of
being sarcopenic (P<0.05) (see table 2). Similar results were
observed for BCAA, EAA, EPA and 25(OH)D (P<0.05).
Participants with lower homocysteine levels had lower odds
of being sarcopenic (P<0.05). No significant associations were
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found for TAA, SFA, MUFA, PUFA, n-3 and n-6 fatty acids,
DHA, a-tocopherol-cholesterol ratio and magnesium. When
adjusted for the covariates, the observed associations were no
longer significant. BMI and age were identified as significant
covariates within the models.

Discussion

To our knowledge, this is the first study in which multiple
biochemical nutrient status markers were explored with regards
to their relation to muscle parameters and sarcopenia. Leucine,
BCAA and EAA as well as magnesium, homocysteine and
25(0OH)D were found to be associated with muscle parameters.
EPA was the only fatty acid, which showed associations
with muscle parameters. No association was observed for
a-tocopherol. Those with lower levels of leucine, BCAA, EAA,
EPA and 25(OHD) were more frequently sarcopenic, whereas
those with lower levels of homocysteine were less frequently
sarcopenic. After adjustment for the potential covariates, a
robust association was only found between gait speed and
quartiles of 25(OH)D.

Our observations on serum leucine and TAA are in line
with a recent study on dietary amino acid intake (13). Among
older adults, there was a significant difference in lean body
mass between quartiles of dietary leucine intake while no
significant differences were observed for TAA (13). Our study
also identified muscle parameter differences between quartiles
of serum EAA. Unfortunately, we could not determine the
leucine and EAA dietary intake in our study. As leucine and
EAA are anabolic amino acids (30), and dietary protein EAA
reflect protein quality (31), these results may indicate that
dietary protein quality is important for muscle health and
the prevention of sarcopenia. This is in line with published
recommendations (8, 32). Although amino acid levels can
reflect long term dietary intake (33), the question is to what
extent serum leucine and EAA levels are influenced by other
non-dietary factors such as insulin. As an example, a strong
association between blood levels of specifically BCAA and
the incidence, progression and remission of insulin resistance,
type 2 diabetes, and cardiovascular disease is described (34,
35). But, although diabetes was present in 11.5% of the MaSS
population (21), this does not explain the association observed
for EAA. Blood levels of amino acids are in general in steady-
state and are the result of a balance between rate of appearance
(Ra) and rate of disappearance (Rd). Hypoaminoacidemia
can be the result of a decrease in Ra due to low protein intake
or a decrease in mobilization of amino acid stores, which
is typical for states of chronic (protein) undernutrition and
mainly concerns EAA (36). To better understand the underlying
mechanism of our observation, it is of interest to study the
effects of sarcopenia and aging on muscle protein turnover.

The present study indicates an association between blood
RBC phospholipid levels of EPA and muscle function (chair
stand and gait speed). These results are in line with previous
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studies indicating less physical function decline over time
in those with higher EPA levels (37). Although the present
study did not detect a significant association between SFA and
muscle parameters, the InChianti study (37) found a significant
negative association for SFA and the 7m walk and physical
function. This may indicate that not only EPA, but also other
fatty acids and hence dietary fat quality could play a role in
muscle function.

In the MaSS population, lower vitamin D status was found to
be associated with lower gait speed, strength and the presence
of sarcopenia. For gait speed, quartile one (<41 nmol/l),
significantly differed from the other quartiles (>41 nmol/l).
Quartile one corresponds to the cut-off value of inadequacy
of 50nmol/l (38). Previous studies have also identified the
association between vitamin D inadequacy and muscle function
(39, 40).

The MaSS study results indicate negative associations
between homocysteine status and muscle function and
sarcopenia. Earlier studies also identified a negative
association between homocysteine and muscle function (41,
42). Homocysteine was included as an indirect nutrient status
marker for the B-vitamins. However, homocysteine itself may
also induce muscle protein damage and reduces blood flow
through an increase in oxidative stress (43).

A difference between quartiles of magnesium was observed
for gait speed in our study, but no association was found with
the other muscle parameters and with sarcopenia. A possible
explanation could be that magnesium is not a suitable nutrient
status marker. This is because magnesium metabolism is strictly
regulated, and only one percent of the overall magnesium is
present in the blood (29).

As MaSS is a cross-sectional study, additional studies are
needed to identify the causality of the observed associations.
In addition, because of the observational nature of MaSS it is
unclear which mechanisms are involved in the associations
between nutrients and (the parameters of) sarcopenia. As
sarcopenia is a multifactorial syndrome it can be argued that
other aspects such as age and comorbidities contribute to the
observed associations. To test the robustness of the results a
covariate analysis was included. Since sarcopenia is the age-
related loss of muscle mass, strength and function, it was not
surprising to find that age is a strong contributor to the models.
BMI was also an important covariate, and sarcopenic obese
older adults may have their own specific nutrient needs. The
MaSS population was unfortunately too small to explore age
and BMI subgroups. Future cohort studies may, therefore, want
to consider matching participants for age and BMI or explore
these subgroups of the sarcopenic population.

Although we observed associations between several nutrient
status markers and the presence of sarcopenia, it is unlikely
that a single marker or specific cut-off level can serve as
a predictive biomarker. As sarcopenia is a multifactorial
geriatric syndrome and is also influenced by non-nutritional
factors (6), it is advised to combine nutrient status markers
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with other relevant markers to predict sarcopenia. Another
implication of these results is that nutritional interventions
may best be designed to include multiple nutrients. The
present data indicates that those subjects in a lower quartile
of one status marker were also frequently low in other status
markers, e.g. EPA and leucine shows a significant correlation
(r=0.229; P=0.001). This suggests that not a single nutrient, but
a combination of nutrients (diet quality), is of importance for
sarcopenia.

In combination with previous observational studies on
nutrient intake, the present study helps to better understand the
relation between nutrients and sarcopenia that may contribute to
the development of an optimal intervention strategy.

Conclusion

Low blood levels of EAA, BCAA and leucine are associated
with lower muscle mass, strength and function in older adults,
whereas no association was found for TAA. Lower blood
levels of EPA, 25(OH)D and homocysteine were found to be
associated with lower muscle parameters. A robust association
was only found for gait speed and 25(OH)D. Lower levels
of leucine, BCAA, EAA, EPA, 25(OH)D and higher levels
of homocysteine were associated with sarcopenia. Age and
BMI were identified as significant covariates in the observed
associations and should be taken into account in the design
of future studies. The results of the present study show that
muscle parameters are associated with blood values of specific
amino acids, fatty acids, vitamin D and homocysteine. Although
further investigation on the cause-effect relationship is required,
this research suggests that diet quality, i.e. quality of the protein
and fat source and adequate micronutrients, may be relevant for
muscle health and in the prevention of sarcopenia.
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