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Abstract

Aims To explore the relationship between dietary polyunsaturated fatty acids (PUFAs) intake, nutritional PUFAs status
and sarcopenia outcomes in sarcopenic older adults.

Methods The Exercise and Nutrition for Healthy AgeiNg (ENHANCce) is an ongoing 5-armed triple blinded rand-
omized controlled trial, in sarcopenic older adults (>65y) aiming to assess the effect of combined anabolic interven-
tions (protein, omega-3 supplement and exercise) on physical performance in these adults, compared to single/pla-
cebo interventions. Baseline data were used for a secondary, exploratory, cross-sectional analysis. Dietary PUFAs intake
was assessed with 4-day food records, status with RBC membrane fatty acids profiles. Spearman’s rho(p) correlation
coefficients were calculated to explore associations of PUFAs intake and status with sarcopenia-defining parameters
(muscle strength, mass and physical performance), physical activity (step count) and quality of life (SF-36, SarQol).

Results In total, 29 subjects (93/20Q, mean age 76.3 + 5.4y) were included. Total omega-3 intake of participants
(1.99+£0.99 g/d) was below the recommended intake (3:2.8-5.6 g/d; @:2.2-4.4 g/d). Intake and status of PUFAs were
not correlated. Regarding correlations with outcomes, a-linolenic acid status was inversely associated with appen-
dicular lean mass (aLM) (p:-0.439; p=0.017), whereas docosahexaenoic acid status was positively associated with aLM
(0:0.388; p=0.038). Some omega-3 PUFAs intake and status markers were positively associated with step count, SF-36
and SarQol scores, whereas gamma-linolenic acid status was inversely associated with SF-36 physical component
summary score (p=-0.426; p=0.024).
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Conclusions Although intake of omega-3 and omega-6 was low, the present exploratory study generated new
hypotheses for potential correlations of PUFAs intake and status with sarcopenia outcomes in older adults with

sarcopenia.
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Introduction

Diet plays an important role in the development and
treatment of sarcopenia, the age-related loss of muscle
mass and function [1]. Primary sarcopenia is age-driven
and is a growing concern in the ageing population. It can
seriously affect the daily life of an older adult, e.g., by
limiting the ability to lift heavy objects like groceries or
through difficulties to climb the stairs or to walk [2]. Sar-
copenia affects up to 29% of community-dwelling older
adults and up to 33% of nursing home residents [3]. Mal-
nutrition and low protein intake contribute to sarcopenia
onset or progression [4], whereas nutritional supplemen-
tation (alone or combined with exercise) is currently the
recommended treatment strategy for sarcopenia [5, 6].
Besides protein intake, the intake of polyunsaturated
fatty acids (PUFAs) is also suggested to influence muscle
physiology and sarcopenia progression [7, 8].

Dietary fat intake is a major determinant of muscle
structure and function. Fatty acids can act as an energy
source for the muscle, but are also incorporated in vari-
ous structures of the skeletal muscle containing phos-
pholipid membranes (e.g., sarcolemma or mitochondria),
thus optimizing the muscle’s structure and function
[9-11]. In general, omega-3 PUFAs are suggested to have
beneficial effects on the muscle, whereas omega-6 PUFAs
might have negative effects on the muscle through their
pro-inflammatory properties [12]. Therefore, a higher
omega-3 to omega-6 PUFAs dietary intake ratio is con-
sidered beneficial for musculoskeletal health [13, 14], as
well as other health domains like cardiovascular health
[15]. In this context, a high omega-3 PUFAs intake is
gaining increasing attention as a potential treatment for
sarcopenia [16]. Increasing intake of omega-3 PUFAs
might counteract or prevent sarcopenia through some of
its properties that are potentially beneficial for the mus-
cle (e.g., improving muscle protein synthesis through its
anti-inflammatory properties [16, 17], reducing anabolic
resistance [11, 16, 18] and reducing insulin resistance
(19)).

Detailed data on usual dietary PUFAs intake in well-
defined sarcopenic older adults are lacking. For this pur-
pose, food records are a useful tool to measure dietary
intake but carry an inherent risk of bias due to recall
problems or socially desirable responses [20]. Moreo-
ver, this might be a measure reflecting only short-term
intake and not how this intake interferes with nutritional

status. An adequate intake should ideally lead to an opti-
mal nutritional status. Thus, it might be interesting to not
only assess intake, but also status. Therefore, an objective
biomarker for PUFAs status, such as the fatty acids com-
position of the red blood cell (RBC) membrane, is useful
[21, 22], as this represents the nutritional PUFAs status
based on the intake over the past month or two [23]. This
longer-term marker of PUFAs status has been reported
in several populations, e.g. children [24], postmenopausal
women [25] or men with prostate cancer [26] but not yet
in sarcopenic older adults.

Therefore, the aim of the present study was to assess
the dietary intake of PUFAs — through food records —
and PUFAs status — through RBC membrane fatty acids
composition — in a sample of well-defined sarcopenic
older adults according to the recent European Working
Group on Sarcopenia in Older People (EWGSOP2) cri-
teria. As the first study to do so in this population, we
also aimed to determine the correlation between intake
and status of PUFAs. Furthermore, the present study
intended to explore associations between dietary intake
and nutritional status of PUFAs and individual sarcope-
nia-defining parameters (muscle strength, muscle mass
and physical performance) as well as physical activity
and quality of life (QoL). We hypothesized that intake of
omega-3 PUFAs is low in sarcopenic older adults and that
intake is well correlated with status. Moreover, we pre-
sumed that higher intake of omega-3 is associated with
improved muscle strength and mass, as well as higher
QoL scores and more physical activity.

Methods

Subjects and study design

A secondary, exploratory, cross-sectional analysis was
performed with baseline data of the ongoing Exercise and
Nutrition for Healthy AgeiNg study (ENHANce) [27].
Older adults (aged 65 years or older) with sarcopenia
were recruited for ENHANCce in the University Hospitals
Leuven, Belgium. ENHANCce is a 5-armed triple-blinded
randomized controlled trial (RCT) with the aim to assess
the effect of combined anabolic interventions (protein,
omega-3 supplement and physical exercise) on physi-
cal performance in older adults with sarcopenia, com-
pared to single interventions or placebo. Methods are
described in detail elsewhere [27]. In short, commu-
nity-dwelling or assisted living older adults (>65y) were
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recruited to participate in a 12-week intervention, fol-
lowed by 12-weeks of follow-up. At screening visit, sar-
copenia status was assessed. In the present analysis, only
participants suffering from probable/confirmed/severe
sarcopenia, according to the EWGSOP2, with complete
baseline data and food records were eligible for inclusion
[1]. Participants were included from February 2018 until
May 2021. Participants were excluded if one of the fol-
lowing was present: not able to communicate in Dutch,
English or French; allergy to milk, soy, peanut or peanut
oil; Mini-Mental State Examination (MMSE) score <21
[28]; terminal illness with a prognosis less than 6 months;
a protein intake higher than 1.5 g/kg body weight (BW)/
day; participation in a training program more or equal
than twice per week for the last 6 months; active uncon-
trolled disease or acute cardiovascular problems (or
negative advise of doctor to perform physical activities);
25-hydroxyvitamin D blood concentration <20 ng/L;
glomerular filtration rate <30 ml/min/1.73m? fasting
glycaemia>126 mg/dl; usage of anti-diabetic medica-
tion; presence of impairments or diseases that impose
problems to study participation. After inclusion, the
participants were randomized into one of the five inter-
vention arms. The study is registered at ClinicalTrials.
gov (NCT03649698). Ethical approval was obtained by
the UZ/KU Leuven Ethical committee (s60763). All sub-
jects provided written informed consent. The study was
reported according to the STROBE-nut checklist [29],
see Supplementary Table S1.

Sarcopenia-defining parameters

Muscle strength was evaluated by measuring grip
strength with the Jamar 1 hand-held dynamometer
(TEC Inc., Clifton, NJ, USA). Maximal grip strength was
recorded as the highest of three measurements at both
sides [30]. Lower extremity muscle strength was meas-
ured through the chair stand test [1], in which the time
that a participant needs to stand up and sit again for
five consecutive times is registered. Muscle mass was
assessed through appendicular lean mass (aLM). For this
purpose, subjects received a whole-body Dual-energy
X-ray absorptiometry (DXA) scan on a QDR 4500A Dis-
covery scanner (Hologic Inc, Bedford, MA, USA). Scans
were analysed using Hologic APEX 4.0 software. Physi-
cal performance was assessed by gait speed, expressed
as meters per second (m/s). The subject was instructed
to walk six meters at usual pace. The time was measured
over four meters, i.e. starting from the moment the par-
ticipant’s foot passed the mark of the one meter line until
the foot passed the mark of the five meter line according
to the British Columbia (BC) guidelines [31]. The Short
Physical Performance Battery (SPPB), a multicomponent
test combining a chair stand test, gait speed and a balance
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test, was also used to assess physical performance. Each
individual domain is scored from 0—4 and the total score
is 0—12 points, with a score of 12 indicating best physical
performance [32].

Sarcopenia definition

If handgrip strength was low (<27 kg for men or <16 kg
for women) or chair stand test time was >15 s, muscle
strength was considered low and the subject was catego-
rized as having probable sarcopenia [1]. When, addition-
ally, muscle mass was low (SMI <7.0 kg/m? for men or
<5.5 kg/m? for women), the subject had confirmed sar-
copenia. In case that gait speed was also low (<0.8 m/s),
sarcopenia was considered severe. Subjects with prob-
able, confirmed, or severe sarcopenia were included in
this analysis.

Dietary PUFAs intake through 4-day food records

All included subjects were asked to report their daily
food intake by using 4-day food records that were pro-
vided at the screening visit of ENHANCce. Subjects were
instructed to complete four food records on non-consec-
utive days — including three weekdays and one weekend
day — spread over a period of 2 weeks. Participants were
asked not to adapt their usual diet and to register the spe-
cific food items and portions as accurately as possible (in
grams or household measures). In order to avoid missing
data and to optimize quality, food records were reviewed
together with the participant upon submission. Subse-
quently, food records were examined in detail by a mem-
ber of the research team using the nutrients described
from the Belgian Food Composition Database (FCDB)
NUBEL [33]. For the food components or meals that
were not included in the NUBEL database, a protocol was
created to translate these food components or meals into
standard food components present in the NUBEL data-
bank. Homemade meals without a match in the NUBEL
database were converted into ingredients using standard
recipes described in ‘Ons Kookboek’ [34]. For packed
food or prepared food, the nutritional information on the
food label was used, if available. When portion sizes were
defined in (household) measurements (e.g., “a spoon of’,
“a cup of’; “a slice of”; “a piece of”), these were converted
into grams using the ‘Maten en Gewichten’ version of
2005 by the Belgian Superior Health Council [35]. When
portion sizes were not mentioned, a standard portion
size was assumed as defined in the ‘Maten en Gewichten’
database [35]. In the current study, a specific focus was
on PUFAs. Therefore, if the specific PUFA values were
missing in the Belgian FCDB, alternative FCDBs like (in
order of importance) the Finnish (Fineli), the FoodData
Central (U.S. Department of Agriculture), InterNubel
and the Dutch “Nederlands Voedingsstoffenbestand”
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(NEVO) were used to complete missing data [36—39]. In
case that details on PUFAs’ nutrient values of an ingre-
dient could not be found in one of the previously men-
tioned databases, absence of PUFAs in that particular
ingredient was presumed. In case omega-3 supplements
were known to be used, these were taken into account.
Average daily intake of total energy, total carbohy-
drates, total fat, protein, omega-3 PUFAs (Total omega-3
PUFAs, eicosapentaenoic acid [EPA]; docosahexaenoic
acid [DHA], EPA+DHA and a-Linolenic acid [ALA])
and omega-6 PUFAs (Total omega-6 PUFAs and Lin-
oleic acid [LA]) were calculated by averaging the intake
over the four recorded days. Macronutrient intake of fat,
protein and carbohydrates was converted into Energy
% (E%) by using the Atwater system (fat=9 kcal/g; car-
bohydrates=4 kcal/g and protein=4 kcal/g) [40]. Rec-
ommended dietary intake thresholds were used as
recommended by the Belgian Superior Health Council
(HGR) [41].

Nutritional PUFAs status through RBC fatty acid
composition

Venous blood samples were collected by a phlebotomist.
Samples were centrifuged immediately for 10 min at
1500% g at 4 °C and RBC were separated from the blood
sample. A solution of phosphate buffered solution, con-
taining 1.5 mg/mL ethylenediaminetetraacetic acid, was
added to preserve RBC. Samples were stored at -80 °C
until in batch analysis. RBC fatty acid composition was
analysed by OmegaQuant (South Dakota, U.S.A.), using
gas chromatography (GC) with flame ionization detec-
tion [15]. RBC was transferred to a screw-cap glass vial
and 14% boron trifluoride (Sigma-Aldrich, St. Louis,
MO) and hexane (EMD Chemicals, USA) was added.
The vial was briefly vortexed and heated in a hot bath at
100°C for 10 min. After cooling, HPLC grade water was
added, the tubes were recapped, vortexed and centri-
fuged to help separate layers. An aliquot of the hexane
layer was transferred to a GC vial. GC was carried out
using a GC-2010 Gas Chromatograph (Shimadzu Corpo-
ration, Columbia, MD) equipped with a SP-2560, 100-m
fused silica capillary column (0.25 mm internal diameter,
0.2 um film thickness; Supelco, Bellefonte, PA). Fatty
acids were identified by comparison with a standard mix-
ture of fatty acids (GLC OQ-A, NuCheck Prep, Elysian,
MN) which was also used to determine individual fatty
acid calibration curves. For present analysis, data of cis
n-3 polyunsaturated fatty acids 18:3 (ALA), 20:5 (EPA),
22:5 (Docosapentaenoic acid or DPA) and 22:6 (DHA)
were used. Fatty acid composition was expressed as a
percentage of total identified fatty acids. Omega-3 index
(O3I) was calculated as the sum of EPA and DHA content
of red blood cells membranes, expressed as a percent of
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total identified fatty acids [15]. Similarly, data on cis n-6
polyunsaturated fatty acids 18:2 (LA), 18:3 (Gamma-lino-
lenic acid or GLA), 20:3 (Dihomo-gamma-linolenic acid
or DGLA) and 20:4 (Arachidonic acid or AA) were used.

QoL and physical activity

Two health-related QoL instruments were used, namely
the Short Form - 36 Health Survey (SF-36) and the Sar-
copenia Quality of Life questionnaire (SarQoL). SF-36
is a generic health-related QoL instrument that includes
eight health domains: physical functioning, role limi-
tations due to physical and emotional health, mental
health, bodily pain, general health, vitality and social
functioning [42]. These items make use of a norm-based
scoring method, combining these eight health domains
into component summary scales scores for mental and
physical QoL. Summary scores — standardised to a ref-
erence population — were calculated using the STATA
module “sf36”, as described elsewhere [43], with higher
scores suggesting better QoL. SarQoL is a specific health-
related QoL questionnaire designed and validated for use
in older adults with sarcopenia, assessing seven health
domains: physical and mental health, locomotion, body
composition, functionality, activities of daily living, lei-
sure activities and fears. These domains are combined
into a total SarQoL score, ranging from 0-100 with a
higher score indicating better QoL [44].

Physical activity was assessed through the Dynaport
MoveMonitor + (McRoberts, The Netherlands), with
build-in tri-axial accelerometer. This method was vali-
dated for use in community-dwelling older adults [45].
Subjects were instructed to wear this device on five con-
secutive days prior to baseline visit. If worn less, data
were excluded from the analysis. Total steps per day were
calculated using the device software of the manufacturer.

Statistics

Descriptive statistics were used to summarize subjects’
baseline characteristics. Normality was checked through
the Shapiro-Wilk test. Gender differences were evaluated
through a two-sample t-test, with a p-value <0.05 consid-
ered significant. Coeflicient of variation (CV) was calcu-
lated as mean/standard deviation *100. Correlations were
assessed through pairwise calculation of the Spearman’s
rank correlation (p). Due to the exploratory nature of the
study, no correction for multiple testing was applied. A
correlation was considered significant if p-value<0.05.
The correlation coefficient (p) was interpreted as poor if
<0.3, fair if > 0.3 and < 0.6, moderate if >0.6 and < 0.8 and
very strong if >0.8 [46]. Results were presented in a heat
plot. Statistics were performed using STATA SE 16.1.
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Results

Subjects

A total of 29 community-dwelling older adults (20
women and 9 men) with probable, confirmed or severe
sarcopenia were included. Baseline characteristics are
described in Table 1. Mean age of the participants was
76.3 +5.4 years. According to EWGSOP2 criteria, 12 per-
sons were categorized as having probable sarcopenia, 16
confirmed sarcopenia and one person was considered
severely sarcopenic. In 6 out of 29 subjects, data on Sar-
QoL questionnaire were missing or incomplete and 6
participants had incomplete data on the physical activity
monitor. As such, these participants were excluded from
the analyses with SarQoL and physical activity parame-
ters, respectively.

PUFAs intake and status in sarcopenic older adults
Detailed summary of the participants’ intake and status
of PUFAs can be found in Table 2. Total energy intake
was significantly higher in men (2086.47 +279 kcal/d)
compared to women (1808.45+336.31 kcal/d). Fur-
thermore, RBC %GLA was slightly higher (»=0.044) in
women (0.10+0.03%) compared to men (0.07 +0.04%).
Otherwise, no other significant gender differences were
found.

When correlating intake with RBC status, correlation
coefficients were small and no significant association
between the RBC composition and food records of ALA,
EPA, DHA and LA was found (Table 3). For GLA, DGLA,
AA no trustworthy calculation through the food records
was available, due to the limited availability of details

Table 1 Baseline characteristics

Variable Mean (SD) n
Age (years) 76.3 (5.4) 29
Number of Male/Female subjects 9/20 29
Weight (kg) 7098 (1586) 29
Body Mass Index (kg/m?) 253 (4.8) 29
Chair stand test time (s) 20.1 (4.9) 28
Handgrip strength (kg) 25.6(9.1) 29
Appendicular Lean Mass [ALM] (kg) 16.64 (3.87) 29
Gait speed (m/s) 1.01(0.17) 29
Short Physical Performance Battery score [SPPB] 8.4 (1.7) 29
Number of steps/day 6879.6 (5721.5) 23
SF-36 Physical component summary score 40.9 (84) 29
SF-36 Mental component summary score 50.2(10.2) 29
SarQol total score 61.6(15.3) 23
Sarcopenia status (n)

Probable sarcopenia 12

Confirmed sarcopenia 16

Severe Sarcopenia 1
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regarding these PUFAs in the specific FCDB. As such, no
comparison with RBC values was available.

Mean recorded omega-3 intake was lower than the rec-
ommended intake by the Belgian Superior Health Coun-
cil (HGR), nor did the mean or median of ALA, EPA and
DHA reach the recommendation threshold [41]. Median
omega-6 intake was just above the threshold for women,
but not for men since they are recommended to have a
higher intake, compared to women. LA intake covered
most of the omega-6 intake, whereas ALA intake was the
largest of all examined omega-3 PUFAs.

Regarding PUFAs status, all omega-3 and omega-6 sta-
tus parameters in the RBC were within the laboratory
reference suggested by the manufacturer, correspond-
ing with a 99% confidence interval [47]. Of the omega-3
PUFAs, DHA was the largest contributor to the RBC
membrane composition, whereas AA was the major
omega-6.

Sarcopenia-defining parameters

Correlations of PUFAs intake and status with different
sarcopenia-defining parameters (chair stand test, hand-
grip strength, aLM, gait speed and SPPB) are presented
in Fig. 1. A summary of all examined correlations, can be
found in Supplementary Data, Table S2.

No significant correlations between PUFAs intake and
sarcopenia parameters were found. In contrast, omega-3
PUFAs status of ALA was found to have a fair but inverse
correlation with aLM (p:-0.439; p=0.017, suggesting
that with increasing RBC %ALA, aLM was lower in our
participants. However, both RBC %DHA and O3I had a
fair but positive correlation with aLM (p:0.388; p=0.038
for DHA and p:0.368; p=0.049 for the O3I). Regarding
omega-6 PUFAs status, RBC %AA was fair but inversely
correlated with the SPPB score (p:-0.482; p=0.008). No
other significant associations between PUFAs and sarco-
penia-defining parameters were found.

Total energy intake was found significantly and fairly
correlated with handgrip strength (p:0.411; p=0.027) and
aLM (p:0.399; p=0.032). Fat intake and MUFAs intake
had inverse fair correlations with chair stand test time
(p:-0.473; p=0.011 for fat and p: -0.423; p=0.025 for
MUFA intake).

Physical activity

The participants in this study had a mean number of
steps/day of 6879.6+5721.5 through estimation with
the physical activity monitor in n=23 subjects. Both
EPA intake (p:0.524; p=0.010) as well as status (p:0.442;
p=0.035) had fair and significant correlations with step
count (Fig. 2). Accordingly, the O3I in the RBC was also
positively associated with step count (p:0.455; p=0.029).
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Table 2 Dietary intake and RBC membrane composition of sarcopenic older adults
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Variable All participants Women
Mean (SD) Mean (SD)
Median [IQR] Median [IQR]
N=29 N=20

Men

Mean (SD)
Median [IQR]

N=9

P-value CV (%)

Dietary intake through food
records

Energy (kcal/d)
Protein (E%)

Total carbohydrate (E%) 46.01 [38.64-48.15] 46.56 [39.09-48.72]
Total fat (E%) 3434 (5.67) 34,55 (5.75)

Saturated fatty acids (g/d) 25.55[21.29-37.16] 24.76[20.38-33.21]
Monounsaturated fatty acids ~ 23.76 [20.10-31.19] 2247 [19.18-28.92]

[MUFA's] (g/d)

Polyunsaturated fatty acids
[PUFA's] (g/d)

Omega-3 PUFAs

1894.73 (340.81)

14.83 [13.45-17.01]

1044 [8.52-14.41]

180845 (336.31)

15.35[13.55-17.67]

9.92 [7.88-14.65]

Total Omega-3 (g/d) 1.99 (0.99) 1.94(0.97)
ALA (g/d) 62 (0.90) 61(0.84)
EPA (g/d) 0.03 [0.02-0.15] 0.03 [0.02-0.09]
DHA (g/d) 0.08 [0.04-0.16] 0.08 [0.04-0.13]
Total EPA+ DHA (g/d) 0.11 [0.07-0.36] 1 [0.06-0.26]
Omega-6 PUFAs
Total Omega-6 (g/d) 8801[6.16-11.34]  8.82[6.05-11.39]
Total LA (g/d) 7.60 [5.96-10.49] 7.74[561-10.34]
PUFAs status through RBC fatty
acids composition
Omega-3 PUFAs
RBC ALA (%) 0.18 (0.05) 9 (0.06)
RBC DPA (%) 3.13(0.36) 3.13(0.33)
RBC EPA (%) 1.05 [0.83-1.31] 1.00 [0.81-1.35]
RBC DHA (%) 540 (0.85) 5.28 (0.96)
RBC Omega-3 index 6.54(1.12) 6.40 (1.25)
Omega-6 PUFAs
RBC LA (%) 1023 (1.61) 1042 (1.87)
RBC GLA (%) 0.09 (0.04) 0.10(0.03)
RBC AA (%) 1545 (1.16) 15.46 (1.24)

RBC DGLA (%)

1.59 [1.47-2.01]

1.59 [1.40-1.99]

5

Recommended dietary intake [41

2086.47 (279.19) 0.040 1799  Q&43:30 kcal/kg body weight/d
14.71 [13.45-1530] 0.306 1967 Q&3:>15%
45.94 [38.64-46.06] 0.905 1484  Q&3:50-55%
33.86 (5.80) 0.769 16.50  Q&3:>20% but <30-35%
36.17 [23.48-38.20] 0.248 3720 @:<22g9/d;3:<28g/d
26.94[23.17-32.72] 0.724 3534 Q22-44 g/d; 3:28-55 g/d
11.61[852-1359] 0.773 4391 @:11-22 g/d; 3:14-28 g/d
211012 ) 0.675 4977  @:22-449/d;3:2.8-569/d
1.65(1.0 0.920 5528 @:22g/d;3:28g/d
0.12 [0.03-0.25] 0.083 11721
0.12[0.07-0.24] 0.182 82.41
0.27[0.08-0.42] 0.104 9366  Q&3:0.250-0.500 g/d
7.38 [6.55-10.64] 0.950 4685  @:88-1809/d;3:11.0-22.0 g/d
6.90 [6.55-10.49] 0.965 4890 @:884g/d;3:11.0g/d
Laboratory reference values [47]

0.15 (0.04) 0.078 31.00  0.08-0.40%

5(0.46) 0.895 1157 1.70-5.10%

3[1.00-1.31] 0.636 3494  0.29-4.30%
5.65 (0. 48) 0.294 15.71 2.25-8.72%
6.84(0.70) 0.335 1711 2.66-12.20
9.80 (0.70) 0.351 1572  7.81-18.10%
0.07 (0.04) 0044 4314  0.00-0.26%
1542 (1.05) 0.935 7.53 10.11-19.00%
1.60 [1.50-2.02] 0.733 2493  0.93-2.90%

Standard deviations in parentheses. P-values of two-sample t-test according to sex

CV Coefficient of variation, QR Interquartile range, RBC Red blood cell, MUFAs Monounsaturated fatty acids, PUFAs Polyunsaturated fatty acids, LA Linoleic acid, GLA
Gamma-linolenic acid, AA Arachidonic acid, DGLA Dihomo-gamma-linolenic, ALA a-Linolenic acid, EPA Eicosapentaenoic acid, DPA Docosapentaenoic acid, DHA

Docosahexaenoic acid
"P<0.05

Quality of life

SF-36 questionnaires were available in all (n=29) par-
ticipants of this study. Summary scores were calculated
for the physical (mean 40.9+8.4) and mental (mean
50.2+10.2) components of this health questionnaire. The
SE-36 physical component score was fairly associated
with dietary intake of the omega-3 PUFAs EPA (p:0.447;
p=0.017), DHA (p:0.400; p=0.035) and the sum of both

(p:0.444; p=0.018), see Fig. 2. However, this association
could not be found for status of EPA, DHA or the O3L
Additionally, a fair positive association between SF-36
physical component score and dietary intake of omega-6
PUFA LA (p:0.379; p=0.047) was found but not con-
firmed in the RBC status. In contrast, the SF-36 physical
component score was inversely associated with the sta-
tus of omega-6 GLA (p=-0.426; p =0.024). Regarding the
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Table 3 Correlations between PUFASs' dietary intake and PUFAs
status in RBC fatty acids composition

Food records intake RBC fatty acids  Spearman’s P-value
parameters Rho (p)
Omega-3 PUFAs
EPA intake RBC %EPA 0.139 0471
DHA intake RBC %DHA 0234 0.223
ALA intake RBC %ALA -0.046 0.812
Omega-6 PUFAs
LA intake RBC %LA 0.065 0.740

RBC Red blood cell, PUFAs Polyunsaturated fatty acids, EPA Eicosapentaenoic
acid, DHA Docosahexaenoic acid, LA Linoleic acid

SF-36 mental component, the dietary intake of PUFAs
was not significantly associated with the mental com-
ponent summary scores. Fair positive correlations were
found though with DHA status (p:0.447; p=0.017) and
the O3I (p:0.374; p=0.049), as well as with dietary intake
of MUFAs (p:0.375; p=0.049).

Furthermore, overall score of the SarQoL question-
naire was calculated in n=23 subjects with complete
data (mean 61.6+15.3). SarQoL score was found to be
associated with intake of EPA (p:0.556; p=0.006), DHA
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(p:0.451; p=0.031) and the sum of both EPA and DHA
intake (p:0.531; p=0.009), as well as with the DHA sta-
tus (p:0.435; p=0.038) and the O3I in RBC (p:0.476;
p=0.022). Moreover, SarQoL score was found to be fairly
associated with total energy intake (p:0.569; p=0.005).

Discussion

This study was the first to explore the relationship
between PUFAs intake, status and sarcopenia outcomes
in well-defined older adults with sarcopenia. The results
suggested that omega-3 intake was below the recom-
mended intake for this population. Moreover, there was
no good correlation between dietary intake — assessed
with 4-day food records — and PUFASs’ nutritional status
in RBC. When exploring associations of PUFAs intake
and status in this population, intake of EPA, DHA and
LA were associated with indirect sarcopenia outcomes
such as QoL and physical activity (EPA). Nutritional sta-
tus of ALA (inversely) as well as DHA and its related O3I
(positively) correlated with a direct sarcopenia-defining
parameter aLM. Additionally, DHA and O3I status were
positively associated with QoL measures (SF-36 mental
score and SarQoL), whereas EPA and O3I status were
associated with physical activity.

Sarcopenia-defining parameters

Energy intake - -0.176 [NOZ{AFIN0B99% 0.064 = 0.196
Protein intake-{ 0.076  -0.276 -0.015 0.099 -0.087
Carbohydrate intake -| |10.343 0.055 -0.186
Fat intake 4 0.006  0.122
Saturated fat intake { | -0.345 -0.184  0.028 41114
MUEAs intake 0.164 1 0.335 '
PUFAs intakeq  0.000 0.062  0.105
Total Ome%\a-3 ntakeq -0.131 0.161 0.256
LA intake-4 -0.156 0.170 0.223
EPA intake- -0.105 0.086 = 0.248
DHA intake- -0.158 0.123  0.207
Total EPA + DHA intake 4 ' -0.219 0.185  0.269
Total Omega-6 intakeq -0.050 0.138  0.201
Total LA intakeq -0.025 0.177  0.233
RBC %ALA- -0.024 0.238  0.144 L0
RBC %DPA- 0.041 -0.112  -0.113
RBC %EPA- -0.009 0.001 -0.019
RBC %DHA- -0.087 0.049 -0.097
Omega-3 index RBC - -0.053 0.041  -0.062
RBC %LA- 0.042 0.245 0.285
RBC %GLA- | 0.200 0.077 -0.361
RBC %AA- 0.052 -0.214
RBC %DGLA - @ -0.239 0.147 0.250
T T T T T
= () = o] m
) = o o
S ¢ 2 g & L 4819
7] )]
‘©
]

* p<0.05; ** p<0.01

Fig. 1 Heat plot representing correlation coefficients (p) between sarcopenia-defining parameters and PUFAs' dietary intake and status.
RBC=red blood cell; MUFAs = monounsaturated fatty acids; PUFAs = polyunsaturated fatty acids; LA=Linoleic acid; GLA=Gamma-linolenic acid;
AA = Arachidonic acid; DGLA = Dihomo-gamma-linolenic; ALA = a-Linolenic acid; EPA =eicosapentaenoic acid; DPA = Docosapentaenoic acid;
DHA = docosahexaenoic acid; CST=chair stand test; HGS = handgrip strength; aLM =appendicular lean mass; SPPB=Short Physical Performance

Battery
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Physical activity & Quality of Life

Energy intake - 0.266 0.287 -0.042
Protein intake 0.183 -0.174 -0.011 -0.224
Carbohydrate intake 0.202 -0.061 -0.130 0.247
Fat intake — -0.141 0.002 0.135 -0.306
Saturated fat intake 0.102 0.033 -0.143 0.039 56917
MUFAs intake — 0.233 0.335 0.375 * 0.375
PUFAs intake -0.092 0.192 0.347 0.247
Total Omega-3 intake 0.297 0.305 0.174 0.329
A intake - 0.123 0.208 0.159 0.201
EPA intake 0.447 *  0.323
DHA intake — 0.338 0.400 = 0.153 0.451 *
Total EPA + DHA intake 0.375 0.444 = 0.199
Total Omega-6 intake 0.025 0.326 0.272 0.297
Total LA intake 0.084 0.379 * 0.193 0.401
RBC %ALA 0.010 -0.281 -0.356 -0.192
RBC %DPA 0.220 -0.308 -0.193 0.207
RBC %EPA - 0.442 * 0.071 0.076 0.402
RBC %DHA 0.341 0.239 0.447 = 0.435 * -0
Omega-3 index RBC 0.455 = 0.226 0.374 = 0.476 =
RBC %LA - 0.042 -0.072 -0.209 -0.154
RBC %GLA - 0.101 -0.137 -0.276
RBC %AA -0.210 -0.052 0.171 -0.188
RBC %DGLA 0.075 0.234 0.096 0.137
T T T T
g E s 3
T ® b ¢}
2 2 s © -.42638
el a © N
] © &)
N w
L »n
(%)

* p<0.05 ; ** p<0.01

Fig. 2 Heat plot representing correlation coefficients (p) between quality of life or physical activity parameters and PUFAs' dietary intake and status.
RBC=red blood cell; MUFAs =monounsaturated fatty acids; PUFAs = polyunsaturated fatty acids; LA=Linoleic acid; GLA=Gamma-linolenic acid;
AA = Arachidonic acid; DGLA = Dihomo-gamma-linolenic; ALA=a-Linolenic acid; EPA = eicosapentaenoic acid; DPA =Docosapentaenoic acid;

DHA =docosahexaenoic acid; SF-36 = Short Form 36 Health Survey

To our knowledge, no data on omega-3 PUFAs intake
in sarcopenic older adults were published so far. As
hypothesized, the mean total omega-3 intake, as well as
EPA, DHA and ALA intake in our study population was
below the dietary intake recommendations of the Belgian
Superior Health Council [41]. Similarly, male omega-6
intake was also below the recommended intake. On the
contrary, omega-6 intake of the women in this study was
within the suggested range of 8.8-18 g/d.

When considering the PUFAs status in these older
adults with sarcopenia, all RBC values were within the
99% confidence interval of the laboratory [47]. However,
this gives us no information on the adequacy of the nutri-
tional status, since no specific reference values to define
optimal status are available yet.

In this population, PUFAs intake of EPA, DHA, ALA
and LA did not correlate with PUFAs status in the RBC.
The absence of a correlation between dietary PUFAs
intake and PUFAs status in RBC immediately reflects the
difficulty of adequately assessing the nutritional value of
PUFAs in this population. Although 4-day food records
already offer detailed insights on intake — certainly when
days are spread over 2 weeks and the records carefully
reviewed by the researcher together with the participant
— it might be insufficient to represent long-term intake.
Moreover, the high CV suggests that the interpersonal

variation between participants was high and a longer
recording of intake in a larger study sample might be
required to assess detailed intake of PUFAs in this popu-
lation. These 4-day food records should be considered a
measure of short-term intake (measured over a period of
2 weeks), whereas the RBC biomarker might represent
longer-term health status (past few months) [23].

Of the main sarcopenia-defining parameters, only
associations of PUFAs status with aLM (muscle mass)
and SPPB (physical performance) were found. Our data
suggested an inverse association between ALA status
and aL M, in contrast to a positive association of aLM
with DHA status and O3I. Some factors might contrib-
ute to these seemingly contradictive findings. First, all-
though EPA, DHA and ALA are all considered omega-3
PUFAs, there is a structural difference between EPA
and DHA on the one hand and ALA on the other hand.
The first two are considered ‘long-chain’ (>20 carbon
atoms) and considered responsible for a multitude of
health benefits, whereas ALA is a ‘short-chain’ (pre-
cursor) omega-3 PUFA (<18 carbon atoms) that acts a
precursor of these PUFAs with a rather low conversion
rate to long-chain omega-3 PUFAs in humans [48]. As
such, less or no health benefits of ALA are expected.
Second, recent data of NHANES suggested that pro-
tein intake also might influence the effect of omega-3
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PUFAs on the muscle, by only finding a correlation
between plasma omega-3 PUFAs and aLM in per-
sons with low protein intake [49]. Regarding omega-6
PUFAs, an inverse association between AA status
and SPPB score was found. This is consistent with the
hypothesis that omega-6 PUFAs might promote inflam-
mation and thereby reducing physical performance in
older adults [50]. However, based on these exploratory
data, it is too early to conclude which and how omega-6
PUFAs can achieve this.

Physical activity (step count) and EPA intake and sta-
tus were positively associated, suggesting that subjects
who ingested more EPA and improved their EPA status
were more active. A recent systematic review could not
confirm nor refute a potential association between EPA
/ DHA and physical activity in a variety of populations.
However, it must be noted that most included studies
were with young and athletic adults, rather than older
adults [51].

QoL was associated with various parameters of
PUFAs intake and status. When considering the more
sarcopenia specific SarQoL questionnaire, EPA and
DHA intake as well as DHA status were positively and
fairly associated with overall SarQoL scores, suggesting
that a diet rich in EPA and DHA might contribute to
a better perceived physical QoL in these older adults.
Previous research already suggested an association
between SarQoL scores and nutritional status (assessed
through the DETERMINE questionnaire) [52]. How-
ever, they did not investigate the specific association
with PUFAs status. Regarding the SF-36, its physical
component score was positively associated with both
EPA and DHA intake, but not status. Furthermore,
intake of the omega-6 PUFA LA was found positively
associated, whereas GLA status was inversely associ-
ated with SF-36 physical component score. This is con-
trary to what was expected, as omega-6 PUFAs (like
LA and GLA) tend to act pro-inflammatory in gen-
eral. As such, one would expect that higher LA intake
would decrease QoL in our patients, whereas GLA
would be expected to improve QoL. However, the effect
on inflammatory status of LA might be dependent on
dosage, with lower intakes not having pro-inflamma-
tory effects [53]. Furthermore, not all omega-6 PUFAs
are pro-inflammatory, as is the case for GLA which is
known to highly attenuate inflammation [54]. Regard-
ing the SF-36 mental component summary score, a pos-
itive association with DHA status and O3I was found.
These findings are supported by the results of Noguchi
et al., who performed an intervention trial with DHA
supplements in survivors of traumatic injury and found
a positive correlation between change in RBC %DHA
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and SF-36 mental component scores after intervention
[55]. To summarize, PUFAs intake and status might be
intertwined with QoL but the exact relationship needs
further research with both measures of PUFA’s intake
and status.

When examining energy intake in present study, this
is rather low. For older adults, an average intake of
30 kcal/kg body weight is recommended [56]. How-
ever, with a mean BMI of 25.3 +4.8 kg/m? and weight
of 70.98 +15.86 kg, the included participants tend to be
overweight. As such, an average person with a weight of
70 kg would require around 2100 kcal/day intake, which
is higher than the actual intake in the ENHANCce par-
ticipants (1894.73 +340.81 kcal/d). Main energy source
in our participants were carbohydrates, followed by
fat and protein. Still, total energy intake was positively
associated with handgrip strength, aLM, and overall
SarQoL score. Thus, emphasizing the importance of
sufficient energy intake. Namely, it is accepted that the
higher the energy intake is, the higher the chances of
having a positive energy balance are (intake > expendi-
ture), which may promote maintenance of muscle mass
and strength with aging.

To the best of our knowledge, the present study was
the first to determine this amount of detail on dietary
intake and status of PUFAs in older adults with well-
defined sarcopenia, according to the EWGSOP2. With
the potential beneficial effects of PUFAs in mind, it is
important to elucidate potential associations between
its dietary intake, nutritional status and several sar-
copenia outcomes, as has been done in present study.
Another strength is the determination of not only
intake but also PUFAs status. Moreover, the availability
of data on all sarcopenia-defining parameters, as well as
objectively measured physical activity and several QoL
questionnaires add to the value of present study.

A limitation might be the number of days that food
intake was recorded. As previously mentioned, the CV
in the recorded intake of PUFAs suggested that 4 days
were possibly too short to adequately assess dietary
PUFAs intake. Nelson et al. suggested that 15-30 days
of dietary records might be needed for an adequate
calculation of individual PUFAs dietary intake [57].
Furthermore, with a small sample size of only 29 par-
ticipants, this study aimed to be exploratory of nature
and guide future research rather than make thorough
conclusions on the complex PUFAs-sarcopenia rela-
tion. Intrinsically, the multitude of correlations tested
in our small sample size carry a risk of type I statisti-
cal errors that cannot be excluded. Moreover, since the
correlation between intake and status of PUFAs was
poor, these results should be interpreted with caution.
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Conclusion

This exploratory study confirmed that omega-3 PUFAs
intake was low in older adults with sarcopenia. Moreo-
ver, PUFAs intake and status did not correspond well in
this population, suggesting that observing a good intake
in food records does not necessarily correspond with an
adequate PUFAs status. Furthermore, this study gener-
ated some interesting hypotheses regarding associations
of PUFAs intake and status with sarcopenia outcomes,
such as physical activity and QoL in older adults with sar-
copenia. Unravelling the complex balance between ben-
eficial and unfavourable PUFAs is challenging. In general,
intake or status of omega-3 was positively associated
with measures of sarcopenia, whereas intake of omega-6
was negatively associated. However, specific character-
istics of the different kind of PUFAs (e.g., short-chain
vs long-chain) and the duration of intake might play an
important role in their health effects and require further
clarification.
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