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ABSTRACT

The effects of physical exercise and aging on fitness may be influenced by nutritional
status. This study investigates the effects of a 6-month multicomponent exercise training (MCT)
on nutritional status and evaluate if this type of exercise could affect differently body composition
and physical fitness depending on the nutritional status of older adults with decreased functional

capacity.

Ninety-three participants (80.4+6.0 y) were divided into control (n=45) and intervention
(n=48) groups. The intervention consisted of a 6-month multicomponent training. Comparisons
between changes in body composition and fitness during the 6-months were performed between
individuals at risk of malnutrition and those well-nourished, according to the Mini Nutritional
Assessment. Model mixed effect analyses were used to investigate differences after the 6 months

of MCT between groups.

Well-nourished participants compared with those at risk of malnutrition had higher: arm
(13.443.5 vs 14.3+33.6 repetitions) and leg strength (9.0+£3.0 vs 11.1+3.3 repetitions), maximum
walking speed (31.6+13.1 vs 23.7+6.3s), agility (11.94£5.8 vs 8.342.1s), and aerobic capacity
(31.6£13.1 vs 23.7+£6.3m), at baseline. After the training, those without risk of malnutrition in
CON decreased their nutritional status (-1.7+0.7 points). Those well-nourished that performed the
intervention, decreased total fat mass (-1.0+£0.3kg) and body fat percentage (-1.2+0.4%). Both
groups of training improved similarly in all tests, except for balance, in which well-nourished

showed improvements of 6.3+1.9s.

These results underline the usefulness of MCT improving physical fitness regardless of
nutritional status and preventing nutritional status detriment in well-nourished older adults, who

are fitter and benefit more, in terms of body composition.



HIGHLIGHTS

¢ Multi-component exercise program seems to be effective in delaying detriments in nutritional

status of well-nourished people.

e Well-nourished older people obtain more benefits in body composition from the

multicomponent exercise than those at risk of malnutrition, decreasing adiposity.

o Positive effect of multicomponent exercise was observed in physical fitness independently of

nutritional status.
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1. INTRODUCTION

Multiple physiological changes occurring with aging lead to an important decline in physical
function, subsequent increased risk of vulnerability and loss of autonomy (1). Some of the most
remarkable changes occurs in body composition in which there is an increase in fat mass (FM)
and a reduction in muscle mass, which are related with important diseases such as sarcopenia and
obesity (2). Meanwhile, the implications of these changes also affect physical fitness showing an
important reduction of strength, power, endurance or agility (3). To reverse these outcomes will
facilitate older people to perform daily activities with autonomy and would have a positive impact
in social and health systems sustainability (4).

Other important environmental factors such as a poor nutrition could also influence these
aging declines. Undernourished, energy deficiencies, low protein intake and vitamin D deficiency
could aggravate losses in physical function as they are needed to maintain or improve muscle
mass and strength (5). Moreover, poor nutritional status has been closely related with an increased
risk of being frail (6). In this way, to prevent and reverse this state has been stablished as a priority

in the new emerging studies (7).

Physical activity and exercise have been proposed as the best strategies for active and healthy
ageing for older population (8). In fact, a recent expert consensus propose as a main challenge for
the near future to include exercise prescription as a mandatory part of this population’s care (9).
In general, multicomponent training exercise programs (MCT) have been demonstrated to be the
most effective type of physical exercise for improving health in sarcopenia, osteoporosis, people
with dementia and who have suffered falls and, especially in those at risk of being frail (7,9).
Likewise, other beneficial effects from exercise are improvement in appetite, well-being, mood
and behaviour disturbance (10,11). Thus, exercise could led to a change and potential
improvement in nutritional status as other authors previously report relative to strength training
program (12). Additionally, it is common a decline in food intake during aging which could be
related with nutritional deficiencies such as protein, vitamins, antioxidants or polyunsaturated
fatty acids which are involved in muscle synthesis (13). For this reason, it could be reasonable to
believe that differences in the effects of an exercise program according to the nutritional status of
this population could be found, thus, it is crucial to know how it affects and to establish the ideal
nutritional levels to maximise the benefit of physical exercise. Despite this, very few studies
comparing possible effects of MCT exercise programs between people with different nutritional

status are scarce.

In this line, the EXERNET-Elder 3.0 study, was a project with the main objective of

improving physical function and other health-related variables such as body composition in



functional frail and pre-frail older adults (14). Until now, several benefits due to this program
have been reported as relation to FM (15), bone mass structure (16) and fitness (pending of
publication). Nevertheless, the relationship between nutritional status and these previous health-
related outcomes have been well described in the literature and the prevalence of poor nutritional
status is common in this population (6). To elucidate the possible difference in the effects of these
type of exercise interventions on malnourished older population could provide relevant
information to move towards individualised, precision exercise prescription to improve the
prevention and treatment of functional disability and frailty. Thus, main aims of the present study
were: 1) to compare body composition and physical fithess between older adults with limited
physical function at risk and without risk of being malnourished, 2) to study if our MCT exercise
program could improve nutritional status, and 3) to study if the MCT exercise program has the
same effects in those at risk and without risk of malnutrition.

2. MATERIAL AND METHODS

2.1 Study design and participants

This intervention study is a non-randomized control trial which was conducted in the
framework of the EXERNET-Elder 3.0 project, which was carried out between 2018 and 2020.
The intervention consisted of a 6-months MCT program for frail and pre-frail older adults and its
main aim was to improve physical function of this population. Participants were recruited from
four health care centres and three nursing homes from the city of Zaragoza, Spain. People above
65 years were screened according to their functionality with the Short Physical Performance
Battery (SPPB) (17), and those scoring as moderate and slightly limitation (>4, <10 points) (18)
were selected to participate in the exercise program. Those who had cancer and/ or dementia were

excluded. The whole methodology of this project has been described elsewhere (14).

Preferences and availability for the initial sample (110 participants) were considered to create
the following groups: control group (CON) and training group (TRAIN). For the present study,
TRAIN and CON groups were also subdivided at baseline into the following groups: with risk of
being malnourished and or without risk of being malnourished. From the initial sample of 110
participants, only 93 older adults (45 CON and 48 TRAIN) completed information about risk of
being malnourished (questionnaire described below) and could be included in this report.

Although it was non-randomized trial, groups were homogeneous. No baseline differences
of CON and TRAIN could be seen in Supplementary 1. Additionally, according to ROBINS-I

tool for assessing the risk of bias in a non-randomized study (Cochrane Handbook for Systematic



Reviews of Interventions version 6.2. Chapter 25, 2021), the risk of bias is low to moderate for

the present research.

Personal information and other health outcomes were collected through a structured
guestionnaire. Specifically, the variables included in this article were as follows: mean of self-
reported daily walking hours and sitting hours (19), adherence to Mediterranean diet (20) and
Mini Mental Examination (for cognitive status) (21,22). Body composition measurements and
physical fitness tests were performed in both groups at baseline and after 6-month MCT (23,24).
Fasting blood sample tests were obtained to measured vitamin D.

The study was approved by the Hospital Universitario Fundacién de Alcorcén (16/50)
(Alcorcon, Spain) and was registered in clinicaltrials.gov (reference number: NCT03831841). All
participants of the study signed an informed consent to be included. The study was developed in
accordance with the Helsinki Declaration of 1961 revised in Fortaleza (2013) and the current
legislation of human clinical research of Spain (Law 14/2007).

2.2 The EXERNET Elder 3.0 multicomponent exercise program

Exercise groups consisted of 8-16 older adults and all sessions were supervised by
specialized instructors complying a maximum ratio of 12 participants per instructor. Participants
trained three days a week for 1 hour. All sessions were organized with the following structure:
10 min of warm-up, 35-40 min of main part exercises and 10-15 min of cooldown. Exercises
were focus on endurance, strength, flexibility, balance, coordination and functional capacity in
daily life activities. All the intervention had a progression of the training load to ensure
appropriate stimulus and to developed adaptations. Intensity of all exercises was also adapted to
each participant’s characteristics and functional status. The training protocol has been described
in detail elsewhere (14). Meanwhile, to improve CON attendance, monthly speeches about

healthy lifestyles were developed for all participants.

2.3 Mini Nutritional Assessment (MNA)

Nutritional risk was determined using the MNA questionnaire, which consists of 18
questions: the type of living accommodation, the use of regular medication, acute diseases, mobility,
neuropsychological problems, pressure sores or skin ulcers, number of whole meals consumed and
choice of food, daily fluid intake, possible requirement for help in eating, the perceived adequacy
of food intake, weight loss during the past three months and self-perception of health. It also
included measurements of body mass index (BMI) and circumferences of the mid-upper arm and

calf.



According to the score obtained, the subjects were classified as “malnourished” (< 17 p), “at
risk of malnutrition” (17 -23.5 p), or ”well-nourished” (> 23.5 p) (25). None of the participants
scored as “malnourished” so only two groups were considered: “At risk of malnutrition” and “well-

nourished”.

2.4 Anthropometric and body composition measurements

Anthropometric measurements were performed twice, and the mean was calculated. In cases
where the difference between both measurements exceeded 0.5 cm, a third measurement was
performed, and the median was calculated. A portable stadiometer with 2.10 m maximum capacity
and 1 mm error margin (Seca, Hamburgo, Germany) was used to measure height. Hip, waist, mid
upper arm and calf circumferences were all taken using a flexible non-elastic measuring tape
Rosscraft Anthrotape (Rosscraft Innovations Inc, Vancouver, Canada). Anthropometrics
measurements were performed by International Society for the Advancement of Kinanthropometry
accredited researchers following its standards (26).

A body composition analyser based on Bio-Electrical Impedance Analysis (BIA) with 200 kg
maximum capacity and 50 g error margin (TANITA BC-418MA, Tanita Corp., Tokyo, Japan) was
used to obtain body weight (kg), FM (kg), percentage of body fat and fat-free mass. BMI was
calculated. Participants came to the research center fasting and with an empty bladder. They were
barefoot and wearing light clothes during the body composition measurements. All measurements

were performed at same hour and conditions for all participants and evaluations.

2.5 Physical fitness assessment

The tests were always performed in the same order to ensure that all participants performed the
fitness evaluations under the same conditions. Test performed were: Balance test (Flamingo’s test)
(24), Strength of upper extremities (Arm Curl Test)(23), Lower-body strength test (Chair Stand test)
(23), Flexibility of the upper extremities (Back Scratch Test) (23), Flexibility of the lower
extremities (Chair Sit-and-Reach test) (23), Agility/ dynamic balance (8-Foot Up-and-Go test) (23),
Maximum walking speed (Brisk Walking test) (24), Aerobic capacity (6-Minute Walk test) (23),
Handgrip Strength (Takei TKK 5401, Tokyo, Japan). Whole description of the tests is described in

detail elsewhere (14).

Relative Sit to stand muscle power test was calculated using the subject's body mass and
height, chair height and the time needed to complete five sit to stand tests repetitions in 30 minutes
(27).



2.6 Statistical analysis

Statistical analyses were completed using The Statistical Package for the Social Sciences v.
20.0 for Windows (SPSS, Inc, Chicago, IL., USA). Normality of the sampling distribution was

study using Shapiro-Wilk tests. The level of statistical significance of all tests was set at p<0.05.

Descriptive data are reported as mean + standard deviation, number of participants (n) or
percentage (%), according to the nature of each variable. One factor Analysis of Variance (ANOVA)
was used to study differences; firstly, between control and train groups in order to assess the
homogeneity of groups and secondly, between those participants at risk of being malnourished and

those without risk.

Model Mixed Effect Analyses were performed to compare firstly, differences in changes in the
MNA score and secondly, changes in body composition and physical fitness during the 6-month
MCT between groups at risk of malnutrition and those well-nourished status in CON and TRAIN
separately. Changes in variables were calculated subtracting post-intervention values minus
baseline values. Three different models were performed to study changes during 6 months of
training in physical fitness and body composition variables; 1) adjusted by age, sex and baseline
value, 2) adjusted by age, sex, baseline value, sitting and walking hours, and 3) adjusted by age,
sex, baseline value and Mini Mental Examination score (cognitive status). Power analyses were

also reported (1-B) for all comparisons.

3. RESULTS
3.1 Descriptive differences

Supplementary material 1 showed the homogeneity of CON and TRAIN groups. No
differences were found in main variables of the study: Short Physical Performance Battery and Mini

Nutritional Assessment score.

Differences at baseline between participants at risk of malnutrition and those well-nourished

are shown in Table 1.



Table 1. Descriptive differences between those at risk of malnutrition and those well-nourished

at the beginning of the study.

Whole sample mallqr:zi:r(i){ion Well(gggg;shed p-value
(n=33)

Age (y.) 80.4+6.0 80.1+6.7 80.6+5.6 737
SPPB (points) 7.5+1.5 6.9+1.6 7.8+1.4 .006
Frail 25 (27%) 13 (40%) 12 (20%) 073
Pre-frail 67 (72%) 20 (60%) 47 (80%)
ADM (points) 7.5+1.8 7.4+1.9 7.5+1.7 712
Walking (h/day) 1.5+1.2 1.2+1.1 1.7¢1.3 740
Sitting time (h/day) 6.3+2.7 7.0£2.8 5.8+2.5 044
Mini Mental (points) 26.1+3.2 25.0+3.8 26.7+2.6 018
Vit D (ng/mL) 26.7+13.9 25.6+11.9 27.4+15.0 568
Body composition measurements
Weight (kg) 73.1+14.7 74.4+18.9 72.4+11.9 547
BMI (kg/m2) 29.745.6 29.9+7.3 29.7+4.4 .886
BF% 37.247.3 35.3+8.3 38.1+6.7 .098
FM (ko) 27.6+9.0 27.1+11.7 27.8+7.5 742
FFM (kg) 45.5+9.1 47.3+11.3 44.7+7.8 203
Waist Cir (cm) 94.0+13.0 95.3+17.2 93.0+13.0 526
Hip Cir (cm) 104.5+10.1 104.8+11.2 104.4+9.7 .899
Physical Fitness Assessment
Balance (5) 7.0+6.7 6.2+8.1 7.6+75 425
Arm Strength (rep) 11.9+2.7 13.4+3.5 14.3+3.6 .001
Arm Flexibility (cm) -14.8+10.9 -16.4+14.0 -13.9+8.8 280
Leg Strength (rep) 10.4+3.4 9.0+£3.0 11.1+3.3 .003
Mean power (W) 155.4+65.7 141.1+60.1 162.9+67.7 135
?Vf/'f";;‘f)%wer 212.5+68.6 186.4+56.2 226.2+70.9 008
Leg Flexibility (cm) -13.3+11.3 -15.6+12.5 -12.1+10.5 160
Agility 2,45m (s) 0.6+4.1 11.9+5.8 8.3+2.1 <.001
g"pae’;'dmllr’]”;a’x] az's‘)'”g 26.5+9.9 31.6+13.1 23.7+6.3 <.001
Endurance (m) 357.7+104.8 307.7+119.1 383.9+86.4 .001
Handgrip Strength 21.3+8.3 21.049.0 21.4+7.9 835

(kg)

SPPB: Short Physical performance Battery, ADM: adherence to Mediterranean diet; Vit
D: Vitamin D; BMI: Body Mass Index, BF%: Body Fat Percentage, FM: Fat Mass,
FFM: Fat Free Mass, rep: repetition, Cir: Circumference. p- value describes differences
between groups. All statistically significance was established at <0.05.



The initial sample of 93 participant (68 females) was divided in those at risk of malnutrition
(34 individuals, 21 females) and those well-nourished (59 individuals, 47 females). Those at risk of
malnutrition showed lower score in the SPPB, higher score in Mini Mental and lower sitting time
than the well-nourished ones (all p<0.05). No significant differences were observed for body
composition. However, the group at risk of malnutrition had fewer arm curl repetitions and chair
stands in strength tests, as well as low relative power (all p<0.05). They also present less agility and
lower maximum walking speed and fewer meters covered in endurance test in comparison to well-

nourished participants (all p<0.05).
3.2. Changes in MNA after 6-month MCT

Adherence measured as percentage of assistance from the total sessions ranged from 71.2 to
97.1% for those at risk of malnutrition and from 52.9 to 98.5% those without risk. Table 2 shows
changes in the MNA total score. No differences were found between CON and TRAIN when whole
group was analyzed and neither within groups (1-$=0.108 (10.8%) and 1-=0.329 (32.9%),
respectively). When analyses were performed dividing these groups by nutritional status those older
adults without risk of malnutrition in the CON showed a worse nutritional status with a significant
decrease of the total score (-1.7£0.7; p<0.05), but not significant differences were found the group
at risk. Statistical differences were found in changes after 6 months between this both groups, (1-
B=0.641, 64%). Statistical power for all these previous non-significant analyses were ranged from
0.175t0 0.578 (17.5-57.8%).

Table 2. Differences in MNA score changes between control and training groups and among
subgroups created by nutritional status (model mixed effect).

CONTROL TRAIN V{-E)I-ue 1-B
Change in
MNA -0.6+£0.6 0.3+0.6 302 A17
(whole group)
Risk of Well- Risk of Well-
malnutrition  nourished vzfl-ue 1-p  malnutrition  nourished vaﬁ-ue 1-B
(n=7) (n=18) (n=10) (n=28)
Change in
MNA 2.8+14 -1.7+0.7* 022 641 -0.7+1.4 0.6+0.7 .520 75
(by groups)

MNA: mini nutritional assessment; *Statistical significance within groups over time; P value

describes differences between groups. All statistically significance was established at <0.05.



3.3 Changes in body composition after 6-month MCT.

Changes in body composition between pre-training and post-training adjusted by sex, age and

baseline values are shown in Table 3.

Table 3. Body composition changes in older adults at risk of malnutrition and well-nourished in
control and training groups between pre- and post-training periods, adjusted by baseline values,
sex and age.

CONTROL TRAIN
Risk of Well- i Risk of Well- i
malnutrition  nourished vaF:ue 1-  malnutrition  nourished V;Iue 1-B
(n=11) (n=21) (n=12) (n=33)
V\éek'gg)ht 0.4+0.8 -0.7+0.6  .303 .210 -0.3+0.7 -0.5+0.4 825 .051
BMIZ 0.2+0.4 -0.5+0.3  .192 244 -0.5+£0.3 -0.2£0.2 386  .154
(kg/m?)
FM (kg) 0.2+0.8 -0.4+0.5 528 419 0.2+0.6 -1.0+0.3* 104  .309
FFM 0.2+0.6 -0.2+0.4 669 .064 -0.4+0.7 0.6+0.4 211 295
(kg)
0,
|3((|J:/0§° 0.2+0.8 -0.3+0.5 595 .208 0.4+0.7 -1.2+0.4* 138  .078
V\(mst 3.8£2.7 2.2+2.3 660 .112 5.1+2.4* 3.3+1.1* 529  .083
Cir.(cm)
H_|p 3.7£2.9 3.6x1.9 976 .067 1.4+1.7 1.7+0.7* 873  .051
Cir.(cm)

Mean differences and standard deviation reported for each body composition variable. BMI: Body
Mass Index, FM: Fat Mass, FFM: Fat Free Mass, BF%: Body Fat Percentage, Cir: Circumference.
*Statistically significance within groups over time. p-value describes differences between groups.
All statistically significance was established at <0.05.

Significant decreases were observed in FM and percentage of body fat and significant
increases in hip and waist circumferences only within those without risk malnutrition from the
TRAIN (p<0.050), with a statistical power ranged from 0.543 and 0.820 (54.3-82%). No changes
were found within CON groups in those at risk of malnutrition, in those well-nourished. No
significant differences between groups were observed neither in CON nor in TRAIN. The statistical
power for non-significant analyses for comparisons within group were ranged from 0.052 to 0.332
(5.2-33.2%).

Model 2 (adjusted by sex, age, time spend sitting and time spend walking), compared to model

1, showed same results for body composition.

When cognitive status was added to adjust the analyses (Model 3), some differences were
observed. A new statistically significant change was observed for weight, which decreased

significantly in those well-nourished in TRAIN (p<0.05).



3.4 Changes in physical fitness after 6-month MCT.

Table 4 shows changes in physical fitness between pre- and post-training for Model 1 (adjusted

by sex, age, and baseline values).

Table 4. Fitness changes in older adults at risk of malnutrition and well-nourished in control
and training groups between pre- and post-training, adjusted by baseline values, sex and age.

CONTROL TRAIN
Risk of Well- ) Risk of Well- )
malnutrition  nourished veﬁue 1- malnutrition nourished vzﬂue 1-B
(n=11) (n=21) (n=12) (n=33)
Z‘)*'ance 4631  19+22 495 061 55t30  63+1.9* .819 .108
Arms

Flexibility 0.8+2.6 3.1+2.0 .523 .054 1.9+1.7 1.6+1.1  .890 .050
(cm)

Legs
Flexibility 2.3+2.6 8.5+2.0* .087 .324 5.7+2.6* 4517 705 .064
(cm)

Arms
Strength 0.9+1.2 -0.1+09 536 .161 3.7+1.1* 5.6£0.6* .108 .229
(rep)

Legs
Strength -0.5+£0.9 15£0.7% 112 .277 1.9+£0.7* 3.6x0.5* .082 .369
(rep)

Mean
power
strength
W)

-7.9£13.8 11.7+#11.1 .297 .341 34.8+13.4* 52.2+7.6* .285 .322

Relative
Power

Strength
(W-kg-!)

-0.1+0.2 0.3+0.1 .123 .250 0.4+0.2* 0.7¢0.1* 212 .174

Agility (s) -0.4+0.6 1.4+04* 028 .641 -2.0£04* -2.2+0.2* .602 .077

Maximum
Walking 1.7£1.7 1.2+¢1.3 826 .052 -3.4+1.0* -4.6+0.6* .316 .153
Speed (s)

Endurance

(m) 1.2+26.0 -9.1+18.6 757 .060 15.4+241 25.7¥149 733 .061

Handgrip
Strength 0.2£1.2 1.9+0.9* 281 .329 1.4+1.0 2.0£0.6* 597 .177
(k)

Mean differences and standard deviation reported for each body composition variable.
Rep: repetitions. *Statistically significance within groups over time. p-value describes
differences between groups. All statistically significance was established at <0.05.

Both groups in TRAIN (at risk malnutrition and well-nourished) showed significant

improvements in leg flexibility, arm curls, chair stands, relative power, agility and maximum



walking speed (all p<0.05,). However, no significant changes were observed in arm flexibility
within group at risk malnutrition and neither within the group of well-nourished. For balance and
handgrip strength tests, only those without risk of malnutrition showed an improvement (p<0.05).
No statistical differences between well-nourished and risk of malnutrition groups were observed in
any of the tests. The statistical power of the analyses that lead significant results ranged from 0.640
to 1.000 (64-100%) while those non-significant ranged from 0.140 to 0.540 (14-54%).

In CON, those well-nourished showed statistical improvements in leg flexibility, leg strength
and handgrip strength while they spent more time spent in the agility test (all p<0.05, 1-f ranged
from 0.591 to 0.892, 59.1-89.2%). Those at risk did not show statistically significant changes (1-
ranged from 0.057 to 0.173, 5.7-17.3%). Only statistical differences between those at risk of
malnutrition and those well-nourished were observed for agility (p<0.05).

Model 2 (adjusted by sex, age, time spend sitting and time spend walking), compared to Model 1,
showed same results for body composition while there were slight differences for physical fitness.
There were not statistically significant changes in those at risk of malnutrition in the TRAIN.
However, an improvement was observed in the balance test in this group (6.6+2.1s; p<0.05). In
addition, those well-nourished increased their aerobic capacity (31.5+13.1m; p<0.05). The
significant differences mentioned in model 1 were maintained. No differences were found for CON
comparing to model 1. Table describing these data is shown in Supplementary 2.

When cognitive status was added as a covariable (Model 3), well-nourished in TRAIN
increased their aerobic capacity (29.6+14.2m), while those at risk of malnutrition in TRAIN showed
an increase in balance (5.6+ 2.0s) (as Model 2) (all p<0.05). Moreover, the statistically significant
differences observed in leg strength and handgrip strength in those well-nourished in CON

disappeared (compared with Model 1). Table describing these data is shown in Supplementary 3.
4. DISCUSSION

Main results obtained from the present study are; 1) older people at risk of malnutrition have
lower physical fitness performance than those without risk of being malnourished while there are
no differences in body composition, 2) the MCT exercise program used seems to be effective in
delaying detriments in nutritional status of well-nourished people, 3) well-nourished older people
obtain more benefits in body composition from the MCT than those at risk of malnutrition, as they
show a decrease in adiposity, and 4) it appears that the benefits of MCTs are independent of
nutritional status as there was a similar and positive effect for both TRAIN groups (those well-

nourished and those at risk of malnutrition).



Nutrition is an important modifiable factor, which may influence the aging process. A poor
nutritional status with energy and nutrients deficiencies could alter the physiological system and
subsequently the physical function of the older adults (28). As it is common that frailty would be
accompanied by malnutrition (6), important differences between those at risk of malnutrition and

those well-nourished were expected to be found in this study.

First of all, MCT programs have been studied deeply during last years in order to improve
health and physical function in people at risk of frailty (7). It seems to be the most effective exercise
to prevent and treat some of the most important morbidities and adverse events occur in older people
as describe the International Exercise Recommendations in Older Adults (ICFSR) (9). Concretely,
the effects of the MCT used in this study have been previously studied in body composition (15,16)
and physical fitness (pending for publication), showing positive results in this sample. In addition,
the present study also demonstrates a prevention in the decline of MNA score in the TRAIN group.
At least, it seems to happen for well-nourished older adults, as their pairs in CON showed a
significant decrease in the MNA score. Two similar articles reported different results about
nutritional status; Maltais et al. did not found a maintenance in a sample with dementia (29);
however, Echevarria et al. found improvements with a guided MCT (30). Nonetheless, they did not
compare possible differences between individuals who were initially at risk of malnutrition or well-
nourished as in the present study. Despite they revealed slightly different results, it is reasonable to
think on a relationship between exercise effects and nutritional status. However, a longer
intervention would be needed to know if those at risk of malnutrition finally manage to avoid the
development of malnutrition and whether the exercise intervention is effective to stop its

progression as we expected.

Concerning body composition, no initial differences were observed between participants at risk
of malnutrition and well-nourished. In this regard, differences in body composition showing worse
values in FM and lean mass in those at risk of malnutrition, found in a sample of nonagenarians
(31). The age of participants and the fact of including malnourished individuals may explain the
different results. Being at risk of malnutrition is likely to be associated with a gradual deterioration
during ageing, so their body composition and poor nutritional status may be changed strongly as

they aged leading to set malnourished (32).

An inadequate nutrient intake followed by a weight loss, low muscle mass and low muscle
synthesis is common in malnourished people and could compromise MCT effects. Present study
shows a decrease in adiposity in well-nourished elderly but not in those at risk of malnutrition in
the TRAIN. These results could be explained by an increase in inflammation (33,34), and could
suggest that people at risk of being malnourished may need to combine this intervention with an

adequate nutrition in order to reach the enough nutritional requirements, allowing them to achieve



same results as their pairs. However, no comparable studies to contrast our results were found, as
the vast majority of them do not focus on physical exercise alone, neither compare people with and
without risk of being malnourished, which could be a critical previous step to determine how to
prevent the onset of malnutrition. Moreover, it has not to be missed that those at risk of malnutrition
also presented longer time of sitting hours, which could be related with the difference baseline
fitness levels as well as with the different effects of MCT in body composition, as well as with the

different baseline fitness levels.

Nevertheless, while no changes were found for muscle mass during the intervention, significant
improvements were observed in most of physical performance tests due to the MCT used in both
groups (well-nourished and those at risk of malnutrition). Concretely, improvements were found in
agility, maximum walking speed, upper and lower limb strength, relative power, and leg flexibility.
No significant difference was found in aerobic capacity. It can be thought that here have no occurred
an important metabolic and cardiovascular adaptations, such as increased VO or mitochondrial
biogenesis. It could happen because exercise was more focus in daily activities and time spent on
improving endurance was not enough. However no publish results reveal that when all sample
was considered, the train group showed improvements in this variable. For balance, at first it
seemed to improve only in well-nourished individuals but when cognitive status was considered it
increased significantly in both groups highlighting the relationship between balance and cognitive
status (35). Similarly, another study concluded that dynamic balance, but not static balance, was
associated with malnutrition (36), which could be explaining why in Model 1, those at risk do not
improve results in the Flamingo’s test, and also why initial differences were not observed initial
differences (36). Moreover, it seems that although it was not significant, leg strength increased more
in well-nourished than the group at risk which is in line to the results found by Kamo et al (37).
These authors revealed that malnutrition was a negative factor which affects functional fitness
changes after a resistance training (37). Despite that, our results support the idea that MCT produces
neuromuscular adaptations without an increasing muscle mass and thus, those at risk of being
malnourished could need more time to obtain the same effects than well-nourished. However, it is
reasonable to think that an adequate nutritional intake could also improve results in the group at
risk, although they seemed to be similar. In this line, lower intakes of proteins have been observe in
the group at risk of malnutrition (13). On the other hand, in CON, significant changes were observed
only in those at no risk, which seems to be more susceptible to aging at least in agility, showing
significant difference with the group at risk. Nevertheless, the well-nourished group reported
improvements in leg strength and flexibility, which could be influenced by the fact that they were
under a middle evaluation along these 6 months. As their pairs at risk of malnutrition did not present
same changes a possible explanation for these fluctuations is their good nutritional status which

suggest that they meet the recommended nutrient intakes for having muscle adaptations.



Some limitations of this study should be mentioned. Firstly, a randomization of the sample
was not possible as it was difficult to change older adult routines, and some participants refused
to participate in TRAIN group. Therefore, groups were created according to the volunteers’
preferences/availability in order to maximize attendance. Despite this fact, groups formed were
homogeneous and the risk of bias assessed for this study pointed between low to moderate.
Groups according to the MNA were created specifically for this study so important differences
were observed in the number of participants in each subgroup (well-nourished and at risk of
malnutrition). Analysis was not conducted under the intention to treat frame, which may lead to
time bias or survival bias. Even though, sample sizes were similar in other studies. Therefore,
studies with larger number of participants should be developed to establish deeper conclusions as
the statistical power of our analyses was very low in some comparisons. Besides, adherence
apparently did not affect the final results. Body composition measurements in this study were
performed using BIA and even when all measurements were standardized to avoid possible bias
(38). Other confounders not considered, such as pharmacology and nutrient intake or dietary
quality may be interfering in the results. It should be highlighted that from the best of our
knowledge, the MCT used is the one with the longest intervention period in this topic. Even
though no one in TRAIN revoked their participation and the percentage of attendance was high,
it was difficult to encourage attendance for CON, which may lead to bias. Moreover, all
participants (both in CON and TRAIN) have requested to participate in an intervention group

again in a new phase of the project.

5. CONCLUSION

To sum up, some differences between older adults at risk of malnutrition and well-nourished
are observed in relation to physical fitness. The implementation of a MCT program seems to prevent
a decrease in the nutritional status in well-nourished older adults. Moreover, although both groups
seem to increase their physical performance similarly, well-nourished seemed to obtain more
benefits from the MCT as they present additionally, a decrease of their adiposity and an increase in
balance which are not observed in those at risk. For all these reasons, future research focusing on
nutritional status of participants, maximize the training period or including nutritional
interventions that led to positive effects on nutritional status, could help to prevent pathologies,
dependence, or the need of care and improve not only quality of life in this population but also

individual and social sustainability.
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