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Amyotrophic Lateral Sclerosis (ALS) is a chronic and progressive neurodegenerative 
disease that causes the death of motor neurons and alters patients’ body composition. 
Supplementation with the antioxidants nicotinamide riboside (NR) and pterostilbene 
(PTER) can combat associated oxidative stress. Additionally, coconut oil is an 
alternative energy substrate that can address mitochondrial dysfunction. The aim 
of the present study is to assess the impact of a Mediterranean Diet supplemented 
with NR and PTER and/or with coconut oil on the anthropometric variables of 
patients with ALS. A prospective, mixed, randomized, analytical and experimental 
pilot study in humans was performed through a clinical trial (registered with 
ClinicalTrials.gov under number NCT03489200) with pre- and post-intervention 
assessments. The sample was made up of 40 subjects categorized into four study 
groups (Control, Antioxidants, Coconut oil, and Antioxidants + Coconut oil). Pre- 
and post-intervention anthropometric assessments were carried out to determine 
the following data: weight, percentage of fat and muscle mass, skinfolds, body 
perimeters, Body Mass Index (BMI), Waste-to-Hip Index (WHI) and Waist-Height 
Ratio (WHR). Compared to the Control group, GAx significantly increased muscle 
mass percentage and decreased fat mass percentage, triceps, iliac crest, and 
abdominal skinfolds. GCoco significantly increased muscle mass percentage and 
decreased fat mass percentage, subscapular skinfolds, and abdominal skinfolds. 
GAx + coco significantly increased muscle mass percentage and decreased 
abdominal skinfolds. Therefore, our results suggest that the Mediterranean Diet 
supplemented with NR and PTER and the Mediterranean Diet supplemented with 
coconut oil (ketogenic diet) are the two nutritional interventions that have reported 
the greatest benefits, at anthropometric level.
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1. Introduction

Amyotrophic Lateral Sclerosis (ALS) is a chronic and progressive 
neurodegenerative disease of the Central Nervous System (CNS), of a 
neuromuscular type, characterized by the degeneration and selective 
dysfunction of upper and lower motor neurons (1). It is associated with 
a degeneration of the neuromuscular junctions that lead to skeletal 
muscle atrophy (2), difficulty performing voluntary movements, 
decreased motor autonomy and impaired oral communication, 
swallowing and breathing (3). It occurs in adults aged between 55 and 
65, with peak incidence between 50 and 75 (4), although cases have 
been identified in patients younger than 25 (5). There is a crude 
prevalence and incidence of ALS worldwide of 4.42 (95% CI 3.92–4.96) 
per 100,000 population and 1.59 (95% CI 1.39–1.81) per 100,000 
person-years, respectively (6). Males are considered more at risk, with 
an incidence rate of 1.6 in males compared to 1.2 in females (7).

Scientific evidence has identified Oxidative Stress (OS) as one of 
the multiple pathogenic mechanisms contributing to the development 
and progression of the disease (8). In addition, a deficient antioxidant 
capacity of the organism that increases the disruption in redox 
homeostasis and motor neuron death has been described (9). OS is 
accompanied by mitochondrial dysfunction, impaired functioning of 
the enzyme superoxide dismutase 1 (SOD1), excitotoxicity caused by 
increased neurotransmitter glutamate, neuroinflammation, decreased 
nicotinamide adenine dinucleotide (NAD+) levels and difficulty 
replenishing them (10).

The precursor nicotinamide riboside (NR) has been scientifically 
proven to replenish NAD+ levels (11). NR (vitamin B3 or niacin) is a 
nucleoside made up of nicotinamide and a ribose group that can 
be found in vegetables, eggs, fish, milk and fortified products (12). 
Animal and human studies have shown that NR supplementation may 
be an effective and safe way to replenish NAD+ levels (13). There is 
also interest in pterostilbene (PTER) as an antioxidant treatment. 
PTER (trans-3,5-dimethoxy-4 hydroxystilbene) is a dimethylated 
natural stilbene comprising 1 hydroxyl group and 2 methoxy groups 
(14). It belongs to the family of polyphenols, and is present in fruits, 
vegetables, legumes, whole grains, seeds, nuts and extra virgin olive 
oil (15). It can activate metabolic pathways related to protection 
against OS, neuroinflammation, regulation of excitotoxicity and 
preservation of cognitive functions. For this reason, it could be  a 
promising therapeutic strategy in diseases associated with OS and 
neurological damage, such as ALS (16).

Mitochondrial dysfunction involves a reduction in metabolic 
energy production (17) that compromises the supply of glucose and 
ATP to motor neurons and increases the risk of neurodegeneration 
(18), production of reactive oxygen species (ROS), oxidative damage 
and cell apoptosis (19). Consequently, it has been suggested that the 
activation of alternative metabolic pathways such as fatty acid beta 
oxidation could be a useful strategy to address the high energy demand 
of neuronal tissues (20). Furthermore, the synthesis of ketone bodies 
is an alternative energy source to the impaired glycolytic pathway (21). 
In addition, they act on metabolic pathways that regulate 
neuroinflammatory processes, glutamate regulation and excitotoxicity 
(22). Ketone bodies have shown anabolic and anti-catabolic effects in 
skeletal muscle, being especially relevant in ALS, due to the negative 
impact that this disease produces on muscle mass (23).

Medium chain triglycerides (MCT) are considered effective in the 
synthesis of ketone bodies since they require less energy and can 

be  absorbed from the intestine to move through the portal vein 
directly to the liver without the need to circulate through the 
lymphatic system (24). Coconut oil has a nutritional composition 
characterized by a high contribution of MCT, representing up to 
60–70% of total fat, the majority being caproic, caprylic, capric and 
lauric acids (25). Because of the above, nutritional supplementation 
with coconut oil could be a good way to promote the synthesis of 
ketone bodies as an alternative energy substrate to address the 
ineffectiveness of the glycolytic pathway identified in ALS (26).

Regrettably, there is no definitive cure for ALS and approved 
pharmacological therapies include Riluzol, Edaravone (Radicava®) 
(27), Relyvrio® (Sodium phenylbutyrate-taurursodiol) (28) and 
Qalsody® (Tofersen) (29). In addition to the negative impact that the 
multisystemic degeneration has on patient health, only 25% of patients 
affected by this disease live longer than 5 years after diagnosis and 
5–10% longer than 10 (30). However, a healthy nutritional diet has 
been identified as increasing patients’ long-term survival and as being 
a determining factor in the evolution of the disease (31). Specifically, 
the Mediterranean Diet provides antioxidant and anti-inflammatory 
substances that help preserve nutritional status. In addition, this diet 
is a neuroprotective factor that prevents neuronal degeneration and 
decreases the risk of developing neurodegenerative diseases (32).

Based on the above, the aim of this study was to evaluate the effect 
of the Mediterranean Diet supplemented with the antioxidants 
nicotinamide riboside and pterostilbene and/or coconut oil on 
anthropometric variables in patients affected by ALS.

2. Materials and methods

A prospective, mixed, randomized, analytical and experimental 
pilot study in humans was performed through a clinical trial with 
pre- and post-intervention assessment.

2.1. Subjects

2.1.1. Sample size
Prior to sample selection, the sample size was determined by 

considering the possible difficulties that might be  encountered in 
establishing a large sample: e.g. displacement of patients residing in 
different Autonomous Communities of Spain and insufficient degree 
of motivation to adhere to the study, among others.

The pwr package was used included in the R programming 
environment. Calculations were carried out considering a one factor 
analysis of variance (ANOVA) and balanced groups, with a large effect 
size (Cohen’s f equal to 0.6), a statistical power equal to 0.8, and a 
significance level of 0.05. The variables of interest were fat mass and 
muscle mass percentages. It was estimated that nine participants per 
group would provide an appropriate size to determine differences in 
anthropometric variables between pre- and post-intervention 
measurements. Thus, it was estimated a minimum sample size of 
36 subjects.

2.1.2. Inclusion and exclusion criteria
In order to obtain the study sample, the Spanish Foundation for the 

“Fundación Española para el Fomento de la Investigación de la 
Esclerosis Lateral Amiotrófica” (FUNDELA) was contacted, with the 
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aim of identifying potential participants. Sixty potential candidates 
residing in different Autonomous Communities of Spain were recruited.

The following inclusion criteria were applied: patients older than 
18, diagnosed with ALS (spinal, bulbar or familial) with a minimum 
of six months’ evolution of the disease determined by the “Criterios 
de El Escorial” and able to eat their food orally. Exclusion criteria 
included: pregnant or lactating women; patients with tracheostomy, 
who need invasive or non-invasive ventilation; patients with evidence 
of alcohol and other drug use; undergoing gastrectomy; fully or 
partially consuming their food through Percutaneous Endoscopic 
Gastrostomy (PEG); had suffered a heart attack or present cardiac 
complications; infected with hepatitis B or C and/or Human 
Immunodeficiency Virus (HIV); present renal damage or creatine 
levels 2 times higher than normal and patients who present evidence 
of dementia. A sample of 40 male and female patients was obtained, 
as shown in the Consort Diagram (Figure 1) (33).

2.1.3. Ethical concerns
This study was approved by the University of Valencia Institutional 

Review Board on Human Studies and all the procedures related to the 
participants were approved by the University of Valencia Ethics 
Committee under reference number H1479983999044. This study was 
registered with ClinicalTrials.gov under number NCT03489200. All 
the interventions carried out followed the guidelines established by 
the Declaration of Helsinki (34). Participants were provided with a 
written informed consent form after being informed of the procedures 
and the nature of the study.

2.1.4. Intervention groups
A simple randomization methodology was followed. The 40 

participants were distributed to configure the control group 
(GControl) and three experimental groups: antioxidant group (GAx), 
coconut oil group (GCoco) and antioxidant + coconut oil group 
(GAx + coco). Although patients were randomly allocated in the 
different groups based on the age parameter, we found no statistical 
difference among those groups. Moreover, the rest of parameters 
displayed in Table 1 (particularly, ALS duration, ALSFRS-R and body 
mass index) show that the patient population in the different groups 
reflects an acceptable homogeneity.

All the study groups underwent a pre-intervention clinical and 
dietary-nutritional anamnesis assessment. They also underwent pre- 
and post-intervention anthropometric assessments. Each group 
followed a meal plan along with its corresponding nutritional 
supplementation, with the exception of GControl, which did not 
receive any of the previous prescriptions and continued with their 
usual eating habits.

GAx: followed a Mediterranean diet + NR and PTER antioxidants.
GCoco: followed a Ketogenic Mediterranean diet + coconut oil.
GAx + coco: followed a Ketogenic Mediterranean diet + coconut 

oil + NR and PTER antioxidants.
All participants (n = 40) completed pre- (time = 0) and post-

intervention (after 4 months) measurements and assessments.

2.2. Procedures

Procedures were carried out in clinical facilities located in the city 
of Valencia (Spain) and adapted to the study. Family members and/or 

caregivers were also involved, especially in those situations in which 
the patient had mobility or communication difficulties.

2.2.1. Clinical and dietary-nutritional anamnesis
It was carried out a pre-intervention clinical anamnesis assessment 

on all study groups to characterize their individual clinical context. 
This procedure allowed us to collect certain sociodemographic and 
clinical variables: place of residence, age, ALS clinical phenotype, 
onset of symptoms, date of diagnosis, personal history, family history, 
among others.

It was carried out a dietary-nutritional anamnesis using a Food 
Frequency Questionnaire (FFQ) (35) and a food diary. A 
characterization of the usual eating habits of each patient was 
obtained. This gave provided an understanding of how frequently per 
week or month food was consumed, the number of meals per day, 
ingredients included in the meals and how dishes were prepared. This 
information was considered during the preparation of the meal plan 
and to individualize the diet to the particularities of each patient in 
terms of frequency of consumed foods, food preferences and/or 
aversions, among others.

2.2.2. Anthropometric assessment
It was carried out pre- and post-intervention anthropometric 

assessments in all study groups, before and four months after the 
intervention. In both measurements, the anthropometric method 
followed was the protocol established by the International Society for 
the Advancement of Kinanthropometry (ISAK) and accepted by the 
Spanish Group of Kinanthropometry (GREC) (36). Measurements 
were taken by an ISAK level III certified anthropometrist.

Body weight was measured with a portable clinical scale, SECA 
model with a capacity of 150–200 kg and precision of 100 g. In cases 
of reduced mobility, an electronic chair-type scale was used, model 
SECA 954 with a maximum capacity of 300 kg and precision of 100 g. 
In order to measure height, it was used a SECA 220 Hamburg, 
Germany stadiometer, with a precision of 0.1 cm, after locating the 
Frankfort plane. A mechanical calliper, Holtain LTD Crymych UK 
model, with a precision of 0.2 mm and a measurement range of 0 to 
48 mm, was used in order to measure skinfolds (triceps, subscapular, 
iliac and abdominal crest). Body perimeters (waist and hip) were 
taken using a flexible steel anthropometric tape, model Lufkin 
W606ME. A bicondylar pachymeter, Holtain model, was used for 
small bone diameters (humerus, bistyloid, and femur), with a 
minimum precision of 1 mm, and a measurement range from 0 to 
140 mm, for the measurement of body diameters.

The anthropometric indexes of Body Mass Index (BMI), 
Waist-Hip Index (WHI) and Waist-Height Ratio (WHR) were 
determined. Body compartments were calculated as the percentage of 
fat mass using the Faulkner equation (37). Bone weight was calculated 
with the Rocha formula (38) and the Matiegka formula (39) was used 
to calculate muscle weight, which was used to obtain muscle 
mass percentage.

2.2.3. Dietary plan
For the design of the dietary plans to be  followed by the 

experimental groups (GAx, GCoco and Gax + coco), it was used the 
dietary-nutritional software “Nutrición y Salud” version 2.0 
(University of Granada, Spain) and a weight guide for home 
measurements and usual consumption rations (40).
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A seven-day dietary plan was developed, and the average 
weekly nutritional value was collected. The percentage distribution 
of macronutrients (carbohydrates, proteins and lipids) was 
adjusted to the nutritional objectives for the Spanish population 
established by “Sociedad Española de Nutrición Comunitaria” 
(SENC) (41). The contribution of micronutrients (vitamins and 
minerals) was adjusted taking into account the Dietary Reference 
Intakes (DRI) established by the “Federación Española de 
Sociedades de Nutrición, Alimentación y Dietética” (42) in 2010. 
The dietary plans were designed using the basic characteristics of 
the Mediterranean Diet. On certain occasions, the dietary plan 
had to be  adapted to personal circumstances to facilitate 
adherence (texture and consistency adaptation in cases of 
dysphagia, food avoidance in cases of allergies or food 
intolerances). However, the caloric intake, the percentage 

distribution of macronutrients and the DRI of micronutrients 
were respected when this occurred.

2.2.3.1. Dietary plan based on the Mediterranean diet
The Mediterranean Diet provided approximately 2,300 kcal 

distributed in five meals per day. It included 35 mL of extra virgin olive 
oil, distributed as follows: 5 mL at breakfast or morning snack, 15 mL 
at lunch and 15 mL at dinner. Table 2 shows the average nutritional 
contribution of this meal plan.

2.2.3.2. Mediterranean dietary plan supplemented with 
coconut oil

Comprised a ketogenic Mediterranean dietary plan that 
provided 2,300 kcal divided into five meals per day. It included a 
total of 60 mL of coconut oil distributed as follows: 20 mL at 

FIGURE 1

CONSORT Flow Diagram for the allocation of the sample.
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breakfast, 20 mL at lunch and 20 mL at dinner, or 30 mL at 
lunch and 30 mL at dinner. Table  3 shows the mean 
nutritional contribution.

Regarding the coconut oil, it was recommended heating it in a 
bain-marie to facilitate ingestion. The option of eating it directly or 
mixing it with juice was given to improve palatability.

The contribution of saturated fatty acids from coconut oil 
predominates in this dietary plan, as it provides up to 85.5 grams per 
100 mL. On the other side, the contribution of monounsaturated fatty 
acids and polyunsaturated fatty acids is lower compared to other types 
of oils, such as olive oil. For this reason, the lipid profile of this meal 
plan did not comply with the DRI, since these have not been 
established based on a meal plan that provides coconut oil as the 
main fat.

2.2.3.3. Nutritional supplementation with NR and PTER 
antioxidants

A combination of 1-(beta-D-ribofuranosyl) nicotinamide 
chloride and 3,5-dimethoxy-4′-hydroxy-trans-stilbene was used 
from compound EH301. It was administered in a capsule at a dose 
of 15 mg NR and 2.5 mg PTER/kg body weight/day. One capsule of 
compound EH301 was provided for every 10 kg of participant body 
weight. The total number of EH301 capsules was distributed into 
two doses: half in the morning (mid-morning) and the other half 
in the afternoon. There were taken with water and by the GAx and 
GAx + coco groups.

TABLE 1 Demographic and clinical characteristics of the study sample at the beginning of the study.

Variable GControl (n  =  10) GAx (n  =  11) GCoco (n  =  10) GAx  +  coco (n  =  9)

Sex, n

Males 5 8 5 7

Females 5 3 5 2

Age (years), Mean ± SD 48.70 ± 6.50 56.73 ± 12.13 57.90 ± 9.84 55.33 ± 9.97

Age (years), min-max 37–58 38–80 44–78 45–70

Origin, n

Valencian community 6 2 6 2

Other communities 4 9 4 7

Clinical phenotype, n

Spinal ALS 6 7 6 4

Bulbar ALS 3 4 1 5

Familial ALS 1 0 3 0

Diagnosis time (years), min-max 0–4 0–3 0–4 1–2

ALS duration (years), min-max 2–6 1–6 1–5 2–8

ALSFRS-R 40.30 ± 5.10 39.10 ± 4.90 40.40 ± 5.20 40.70 ± 5.40

Weight (kg), mean ± SD 63.33 ± 6.06 68.56 ± 6.61 70.49 ± 12.71 69.69 ± 8.08

Height (cm), mean ± SD 164.3 ± 9.12 170.55 ± 7.09 167.30 ± 10.11 169.00 ± 8.83

BMI (kg/m2), mean ± SD 23.61 ± 2.23 23.60 ± 1.85 25.01 ± 2.66 24.44 ± 3.52

Fat mass (%), mean ± SD 21.74 ± 6.37 20.60 ± 8.63 26.00 ± 6.57 19.03 ± 3.89

Muscle mass (%), mean ± SD 34.75 ± 6.04 33.94 ± 6.65 31.68 ± 3.87 35.77 ± 3.68

GControl, Control group; GAx, Antioxidant group; GCoco, Coconut oil group; GAx + coco, Antioxidant group and coconut oil; ALS, Amyotrophic Lateral Sclerosis; ALSFRS-R, revised ALS 
functional rating scale; SD, Standard Deviation; BMI, Body Mass Index; max, maximum; min, minimum; n: sample number. The descriptive analysis values are shown as sample number, 
mean ± standard deviation, and minimum-maximum interval. The time to diagnosis (years) refers to the time elapsed from the onset of symptoms until diagnosis, with the minimum time 
being 0 years (diagnosis confirmed the same year as onset of symptoms) and the maximum time being four years (diagnosis four years from onset of symptoms). The duration of ALS (years) 
refers to the duration of the disease since identification of the onset of symptoms by the patient, until the time of the study, presenting the minimum and maximum time elapsed. The data 
available in the clinical file of each patient were used to determine the mean time elapsed between the onset of symptoms and the moment the disease was diagnosed, in addition to the 
information provided during the interview and clinical anamnesis. This allowed to determine whether the diagnosis was made in the same year as the onset of symptoms or whether it was 
sometime later.

TABLE 2 Mean nutritional contribution of the dietary plan based on a 
Mediterranean diet.

Nutrient Average weekly 
contribution

DRI

Energy (kcal) 2,339 1875–3,000

Carbohydrates (%) 51 50–55

Proteins (%) 16 10–20

Lipids (%) 33 30–35

Monounsaturated fatty acids (%) 16.58 20

Polyunsaturated fatty acids (%) 7.16 5

Saturated fatty acids (%) 5.64 7–8

Cholesterol (mg) 209.19 300

Fiber (g) 43.63 25–35

The percentage distribution of macronutrients (carbohydrates, proteins and lipids) is 
expressed compared to the total caloric volume (TCV) of the dietary plan. The contribution 
of macronutrients, fiber, and cholesterol was adjusted to the nutritional objectives for the 
Spanish population stipulated in the “Sociedad Española de Nutrición Comunitaria” (SENC) 
consensus. DRI: Dietary Reference Intakes.
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2.2.4. ALSFRS-R test
The revised ALS functional rating scale (ALSFRS-R test) was 

performed in all study groups at baseline evaluation and 4 months 
after the intervention. It is a sensitive, accurate and reproducible scale, 
which assesses functional ability taking into account the domains of 
impairment: bulbar, upper limb, lower limb and respiratory (43).

2.2.5. Monitoring
The data collected in the pre-intervention clinical, dietary-

nutritional anamnesis and anthropometric assessments were analyzed 
to prepare an individualized report on nutritional status. Each patient 
was provided with the corresponding dietary plan and nutritional 
supplementation, along with personalized dietary recommendations 
to improve eating habits.

After starting the intervention, individualized follow-up phone-
call were established to discuss any issues and talk about possible 
difficulties in swallowing, taste changes or tolerance to textures. These 
monitoring sessions were used to make necessary adaptations in the 
dietary plan to ensure adherence.

2.3. Statistical analysis

The statistical analysis was carried out using R software. It was 
performed a descriptive analysis of all the dependent variables of the 
study according to the group and when the assessments were carried 
out. The results are presented as mean ± standard deviation or as the 
number of patients compared to the total sample number. To 
determine the effect of the diets on the anthropometric variables 
analyzed, an ANOVA test was applied to the pre-post differences. The 
normality of the variables was analyzed using the Shapiro–Wilk test 
and Q-Q plots (quantile comparison). Homoscedasticity was checked 
using Levene’s test. When the studied variable did not meet the 
normality and homoscedasticity criteria, the Kruskal-Wallis 
non-parametric test was applied. All effects were considered 
significant when a value of p ≤0.05 was obtained. When the existence 
of differences between the study groups was determined, a Tukey 

Post-Hoc Analysis was applied in order to identify the groups with 
statistically significant differences.

3. Results

3.1. Demographic and clinical 
characteristics of the different study 
groups

Table 1 describes the demographic and clinical characteristics the 
beginning of the study.

The sample comprised 40 people, 25 males (62.5%) and 15 females 
(37.5%). The mean age was 54.7 years, with an age range of 37–80. The 
youngest mean age was observed in GControl (48.70 ± 6.50), while the 
oldest mean age was seen in GCoco (57.90 ± 9.84). GAx presented the 
widest age range (38–80 years). 14% of the sample (16 subjects) 
resided in the Valencian Community, while the remaining 60% (24 
subjects) came from other Autonomous Communities of Spain.

The predominant clinical ALS phenotype was spinal, identified in 
23 subjects (57.5%). The time elapsed from the onset of symptoms to 
the time of this study ranged from a minimum of one year to a 
maximum of eight years. The GAx + coco presented the widest range 
of disease duration, between two and eight years.

At the beginning of the study the scores obtained in ALSFRS-R 
were: for GControl 40.30 ± 5.10; for GAx 39.10 ± 4.90; for GCoco was 
40.40 ± 5.20; and for GAx + coco 40.70 ± 5.40. These values do not 
show significant differences, so the functional capacity of the four 
groups was similar at the beginning of the study. Likewise, the study 
groups were homogeneous according to weight (p = 0.166) and BMI 
(p = 0.551) at the beginning of the study. Regarding body weight, the 
total sample presented a mean weight (kg) of 67.99 ± 8.85 and a mean 
height (cm) of 167.83 ± 8.79. Mean BMI (kg/m2) was 24.14 ± 2.56. 
According to the classification scale (44), this was normal weight. The 
study groups were homogeneous regarding fat mass (p = 0.141) and 
muscle mass (p = 0.387) percentages. The total sample presented a 
mean fat mass (%) of 21.88 ± 6.94. Regarding the muscle mass 
percentage, the total sample presented an average equivalent to 
33.99 ± 5.31.

3.2. Effect of nutritional intervention on 
anthropometric variables

3.2.1. Analysis of weight, fat mass, and muscle 
mass variation

Table 4 shows the initial and final values of body weight, fat mass 
and muscle mass in the four study groups.

The weight analysis (Figure  2A) shows that the study groups 
presented a similar behavior, obtaining very slight weight variations, 
with no significant changes. The GAx presented the greatest weight 
loss, while GAx + coco was the only group that showed a slight weight 
gain. No statistically significant differences were identified (p = 0.5459). 
Fat mass percentage (Figure 2B) decreased in all study groups, except 
for GControl, which presented an increase in this anthropometric 
variable. The greatest loss, (2.41%) was observed in GAx, followed by 
GCoco (1.84%) and GAx + coco (less than 1%). A statistically 
significant decrease in the fat mass percentage was identified in GAx 

TABLE 3 Mean nutritional contribution of the dietary plan based on a 
ketogenic Mediterranean diet.

Nutrient Average weekly 
contribution

DRI

Energy (kcal) 2,342 1875–3,000

Carbohydrates (%) 40 50–55

Proteins (%) 20 10–20

Lipids (%) 40 30–35

Monounsaturated fatty acids (%) 7.10 20

Polyunsaturated fatty acids (%) 5.26 5

Saturated fatty acids (%) 23.21 7–8

Cholesterol (mg) 266.03 300

Fibre (g) 38.59 25–35

The percentage distribution of macronutrients (carbohydrates, proteins and lipids) is 
expressed compared to the total caloric volume (TCV) of the dietary plan. The contribution 
of macronutrients, fibre and cholesterol was adjusted to the nutritional objectives for the 
Spanish population stipulated in the “Sociedad Española de Nutrición Comunitaria” (SENC) 
consensus. DRI: Dietary Reference Intakes.
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and GCoco compared to GControl (p = 0.0045; p = 0.0216, 
respectively). There was a statistically significant increase in muscle 
mass percentage (Figure 2C) in GAx (p = 0.0002), GCoco (p = 0.0011) 
and GAx + coco (p = 0.0060), compared to GControl, which was the 
only group that showed a decrease. GAx had the highest muscle gain 
(1.41%), followed by GCoco (1.10%), and GAx + coco (0.76%).

3.2.2. Anthropometric skinfold variation analysis
All the study groups presented a decrease in triceps skinfold 

(Figure 3A), except for GControl, in which there was an increase. GAx 
showed the greatest decrease in this skinfold, being equivalent to 
1.62 mm, which was statistically significant (p = 0.0077) when 
compared to GControl. A similar result was obtained in the 
subscapular skinfold measurements (Figure 3B): GAx, GCoco, and 
GAx + coco presented a decrease, while there was an increase in the 
GControl. A 2.46 mm decrease in the skinfold was seen in the GCoco 
that was statistically significant (p = 0.0439). Regarding the iliac crest 
skinfold (Figure 3C), GAx presented the greatest decrease of 1.89 mm, 
which was statistically significant (p = 0.0331) compared to GControl. 
The abdominal skinfold (Figure 3D) showed the highest number of 
significant effects. The greatest decrease was seen in GAx (4 mm), 
followed by GCoco (3.50 mm) and GAx + coco (2.40 mm). However, 
GControl presented an increase of 3.20 mm in this variable. The 
identified decrease was significant in GAx (p = 0.0004), GCoco 
(p = 0.0015) and GAx + coco (p = 0.0115) compared to GControl.

3.2.3. Analysis of variation of body perimeters, 
anthropometric indexes, and functional capacity

The results related to the analysis of body perimeters and 
anthropometric indexes are shown in Table 5.

Regarding waist circumference (Table 5), a decrease was observed 
in GAx, GCoco and GAx + coco, with GAx presenting the greatest 
decrease. However, no statistically significant effects were identified 
(p = 0.1266). The variations of hip circumference (Table 5) were very 
slight, and no statistically significant effects were identified 

(p = 0.3427). When comparing the different study groups, the 
anthropometric indices (BMI, WHI and WHR) (Table 5) did not show 
an interaction effect. Regarding BMI, a similar behavior was observed 
in all groups, with very slight variations between the pre- and post-
intervention assessments. A decrease in GAx and GAx + coco was seen 
in the WHI, while no variations were observed in GCoco and 
GControl. A decrease in the WHR was identified in GAx, GCoco and 
GAx + coco. On the contrary, GControl was the only group that 
obtained an increase in this variable.

In relation to the ALSFRS-R score, a statistically significant 
decrease (−5.50 ± 7.60) was observed in GControl. A slight decrease 
(−0.50 ± 2.40) was found in GCoco. A decrease equivalent to 
−1.20 ± 2.50 was observed in GAx + coco. In contrast, GAx was the 
intervention group with an increase equal to 2.00 ± 4.00.

4. Discussion

An adequate diet is important for ALS patients, since it ensures 
the nutritional needs and can minimizes the impact that the disease 
has on the nutritional status (45). It is suspected that the Mediterranean 
Diet may be  beneficial since it includes foods that are rich in 
antioxidants, which have shown potential neuroprotective effect (46). 
Consequently, t is also thought that additional nutritional 
supplementations may exert further benefits The effects of both 
strategies require further exploration, which is why this present study 
conducted an analysis of the variation of anthropometric parameters.

We based our study on a sample of patients who had a stable 
weight, which is beneficial because a decrease in body weight is 
common in ALS patients and associate with progression, worse 
prognosis and increased mortality (47). Since the weight did not 
change, no significant changes were identified in associated 
variables such as BMI. This parameter remained constant in all 
groups (Table 5), being indicative of a normal weight. This is a 
positive finding because a BMI less than 18.5 kg/m2 or greater than 

TABLE 4 Analysis of the variation in body weight, fat mass, and muscle mass as a function during the study in the different groups.

Variable Group (n)
Pre-intervention 

assessment
Mean  ±  SD

Post-intervention 
assessment
Mean  ±  SD

Post – Pre-
intervention 
assessments
Mean  ±  SD

p-value

Weight

(Kg)

GControl (10) 21.74 ± 6.37 23.30 ± 7.11 1.56 ± 1.14

0.5459
GAx (11) 20.60 ± 8.63 18.19 ± 5.83 −2.41 ± 3.56

GCoco (10) 26.00 ± 6.57 24.16 ± 6.00 −1.84 ± 2.93

GAx + coco (9) 19.03 ± 3.89 18.37 ± 3.84 −0.66 ± 1.00

Fat mass

(%)

GControl (10) 21.74 ± 6.37 23.30 ± 7.11 1.56 ± 1.14

0.0049
GAx (11) 20.60 ± 8.63 18.19 ± 5.83 −2.41 ± 3.56

GCoco (10) 26.00 ± 6.57 24.16 ± 6.00 −1.84 ± 2.93

GAx + coco (9) 19.03 ± 3.89 18.37 ± 3.84 −0.66 ± 1.00

Muscle mass

(%)

GControl (10) 34.75 ± 6.04 33.14 ± 6.26 −1.61 ± 1.12

0.0001
GAx (11) 33.94 ± 6.65 35.35 ± 4.83 1.41 ± 2.00

GCoco (10) 31.68 ± 3.87 32.78 ± 3.53 1.10 ± 1.38

GAx + coco (9) 35.77 ± 3.68 36.53 ± 3.77 0.76 ± 1.06

GControl, Control group; GAx, Antioxidant group; GCoco, Coconut oil group; GAx + coco, Antioxidant group and coconut oil; SD, Standard deviation; n, sample number. Descriptive analysis 
values are shown as Mean ± SD. All effects are considered significant with value of p ≤ 0.05.
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35 kg/m2 is associated with lower survival rates (48). Moreover, 
maintenance of BMI is indicative of good nutritional status and 
better prognosis of ALS, as it is associated with increased energy 
reserve, which is indispensable to compensate the increased caloric 
needs due to hypermetabolism (49). However, it is unclear that BMI 
can act as an anthropometric indicator due to its high specificity 
(97%) and low sensitivity (42%), such that its analysis may not 
specifically address the impact on body compartments (50). 
Because of this, fat and muscle mass were analyzed (Table  4; 
Figure 2).

In the analysis of the anthropometric skinfolds of the triceps, 
subscapular, iliac crest, and abdominal, a decrease that contributed to 
the reduction of body fat mass was observed (Figure 3). Furthermore, 
we found that GAx, GCoco and GAx + coco induced a decrease in the 
fat mass percentage compared to GControl (Figure 2), which could 
be considered a protective factor for ALS since a decrease in body fat 
is related to a decrease in proinflammatory cytokines, i.e., IL-6 or 
TNF-α, both involved in the pathogenic mechanism of inflammation 
that underlies the disease (51).

The decrease in fat mass percentage in GAx could be  the 
consequence of following a Mediterranean Diet (52). It has been 
reported in animals models that polyphenols such as PTER also act 
on adipose tissue (53) by reducing lipogenesis and increasing fatty 
acid oxidation in the liver (54). Oral administration of MCT (coconut 

oil in our case) increases adipose tissue signaling (55) and lipolysis; 
two which may explain the decrease in fat mass (56). Coconut oil 
MCTs have a high oxidation rate and are used as an energy source 
instead of being stored in adipose tissue. Even so, further research is 
needed as these findings came from studies carried out in mice. 
Moreover, the discrepancy regarding the role of fat mass in ALS 
persists since some authors have indicated that adipose tissue could 
play a beneficial role in this disease and improve in survival rates (57).

ALS is associated with increased muscle catabolism, a factor that 
hinders the maintenance and synthesis of muscle (49). Despite this, all 
groups (GAx, GCoco, and GAx + coco) show an increase in their 
muscle mass percentage (Table  4; Figure  2), a positive result as a 
higher muscle mass percentage is directly associated with a slower rate 
of disease progression (58). Loss of NAD+ homeostasis promotes 
skeletal muscle degeneration (59), but NR supplementation restores 
its levels by activating the sirtuins, which is associated with an 
improvement of the oxidative capacity of the muscle, reducing the risk 
of loss of muscle mass (60). This could be why GAx presented the 
greatest increase in muscle mass, although we must note here that the 
effects of NR consumption on skeletal muscle in humans has not yet 
been completely proven (61). Moreover, adherence to the 
Mediterranean Diet followed by GAx is a protective factor for muscle 
mass, especially in middle-aged adults and during the ageing process 
(62, 63). Some studies have reported that the consumption of coconut 

FIGURE 2

Variation in weight (A), fat mass percentage (B) and muscle mass percentage (C) depending on study group. The statistical difference is indicated as: 
***p  ≤  0.001 **p  ≤  0.01; *p  ≤  0.05.

https://doi.org/10.3389/fnut.2023.1232184
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Carrera-Juliá et al. 10.3389/fnut.2023.1232184

Frontiers in Nutrition 09 frontiersin.org

oil favors the increase of lean mass (64). The underlying mechanism 
could be  explained taking into account that saturated fatty acids 
contribute to the increase in ketone body levels that offset 
mitochondrial dysfunction and inefficient energy production, 
generating a positive impact on metabolism (65, 66) and facilitating 
energy bioavailability for muscle anabolic processes (67). The increase 
in muscle mass percentage the GCoco (Table 4; Figure 2) concurs with 
a previous study carried out by our research group on Multiple 
Sclerosis, where a sample of patients followed a Mediterranean Diet 
supplemented with coconut oil (68, 69). It should be  added that 
adherence to a Mediterranean Diet is related to a good state of muscle 
mass, as this dietary pattern provides proteins necessary for the 
synthesis of muscle mass (70). On the contrary, GControl showed a 
decrease in muscle mass percentage (Table 4; Figure 2), a fact that may 
be due to the absence of a dietary plan and nutritional supplementation 
(71). Specifically, the GControl showed a worsening in body 
composition, manifested by an increase in fat mass and a decrease in 
muscle mass. These effects are typically associated with ALS 
progression. Indeed, the result observed in the body composition may 
serve as a prognostic factor and provide guidance for nutritional 
management in ALS patients (72).

Despite the absence of significant effects on body perimeters, it 
should be  highlighted that the decrease in waist circumference is 
associated with less abdominal adiposity (Table 5). This decrease could 

be associated with the decrease observed in the abdominal skinfold 
(Figure 3), which presented the greatest number of significant effects, 
including a statistically significant decrease in GAx, GCoco, and 
GAx + coco, compared to GControl. Specifically, this anthropometric 
skinfold is measured in the abdomen, an area close to the waist. 
Consequently, the decrease observed in this skinfold would lead to a 
decrease in fat which could condition a decrease in volume manifested 
by a decrease in waist circumference. The accumulation of fat in this 
area has been reported to be  associated with the production of 
proinflammatory cytokines leading to low-grade systemic 
inflammation (73), which has also been associated with 
neurodegeneration (74), decreased functional capacity (75) and cell 
apoptosis (76). Waist circumference is a marker of cardiovascular risk 
and insulin resistance (77), two factors that increase the risk of 
cardiovascular disease and diabetes, thus complicating 
patient prognosis.

All study groups presented a WHR greater than 0.5 (Table 5) in 
the pre-intervention assessment, a value considered unhealthy (78). 
The WHR continued to be greater than 0.5 in the post-intervention 
assessment (Table 5), but the decrease identified in the GAx, GCoco, 
and GAx + coco is related to a decrease in abdominal adiposity that 
results in a lower cardiovascular risk. It should be  noted that the 
patients in this study had normal weight, low accumulation of adipose 
tissue in the abdominal region and slight variations in the hip 

FIGURE 3

Variations of the triceps (A), subscapular (B), iliac crest (C) and abdominal (D) skinfolds according to study group. The statistical difference is indicated 
as: ***p  ≤  0.001 **p  ≤  0.01; *p  ≤  0.05.
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circumference between the pre- and post-intervention assessments 
(Table 5). The above is probably why large changes in WHI were 
not observed.

In other clinical situations, anthropometric changes 
characterized by increased muscle mass and decreased fat mass 
are also accompanied by functional improvements. Specifically, it 
has been seen in women with breast cancer after a multidisciplinary 
rehabilitation program (79), in patients with cirrhosis after an 
exercise program (80) and in elderly women with sarcopenic 
obesity after a resistance training (81). However, in our study, with 
the exception of GControl which significantly worsened 
functional capacity after 4 months, the other 3 groups showed no 
change, with a worsening trend in the GAx + coco and GCoco 
groups and an improving trend in the GAx group (Table 5). These 
results suggest possible functional benefits of the interventions 
(greater in GAx) compared to the worsening observed 
in GControl.

However, it is important to note that the natural heterogeneity 
of the disease influences the interpretation of the evidences found 

in the present study and the limited sample size might be considered 
too small to confirm definitive conclusions. Besides, there is little 
available scientific evidence regarding the nutritional interventions 
used and their effect on anthropometric variables in humans 
affected by ALS, which makes consultation and direct comparison 
of results difficult. Moreover, each patient came from a different 
Spanish location and was attended by different health professionals 
depending on the correspondence hospital. Therefore, these 
professionals could have previously provided information on 
healthy nutritional habits that may influence the adherence to a 
dietary pattern. Specifically, the simultaneous prescription of a 
dietary plan together with nutritional supplementation does not 
allow to know which of the two strategies better contributes to the 
identified benefits or whether it is the sum of both. Added to this is 
the fact that ALS does not affect the limbs symmetrically, which is 
why different authors have suggested dual-energy X-ray 
absorptiometry (DEXA) or bone densitometry as a more precise 
methodology and one that could provide new findings in the study 
of ALS (82).

TABLE 5 Analysis of the variation of body perimeters, anthropometric indexes and ALSFRS-R depending on time and study group.

Variable Group (n)
Pre-intervention 

assessment
Mean  ±  SD

Post-intervention 
assessment
Mean  ±  SD

Post – Pre-
intervention 
assessments
Mean  ±  SD

p-value

Waist (cm)

GControl (10) 84.50 ± 11.08 85.25 ± 11.36 0.75 ± 2.14

0.1266
GAx (11) 88.82 ± 9.63 86.18 ± 9.94 −2.64 ± 3.44

GCoco (10) 92.95 ± 9.30 92.40 ± 10.85 −0.55 ± 3.89

GAx + coco (9) 89.61 ± 13.71 87.11 ± 10.55 −2.5 ± 4.70

Hip (cm)

GControl (10) 94.92 ± 5.12 95.56 ± 5.61 0.64 ± 1.08

0.3427
GAx (11) 96.00 ± 5.80 96.00 ± 4.45 0.00 ± 2.65

GCoco (10) 101.50 ± 5.08 100.55 ± 4.74 −0.95 ± 1.60

GAx + coco (9) 96.80 ± 3.70 96.22 ± 3.19 −0.58 ± 2.42

BMI (kg/m2)

GControl (10) 23.61 ± 2.23 23.54 ± 2.37 −0.07 ± 0.59

0.5703
GAx (11) 23.60 ± 1.85 23.29 ± 1.60 −0.31 ± 0.80

GCoco (10) 25.01 ± 2.66 24.95 ± 2.35 −0.06 ± 0.63

GAx + coco (9) 24.44 ± 3.52 24.54 ± 3.44 0.10 ± 0.56

WHI

GControl (10) 0.89 ± 0.11 0.89 ± 0.11 0.00 ± 0.02

0.1255
GAx (11) 0.93 ± 0.13 0.90 ± 0.13 −0.03 ± 0.03

GCoco (10) 0.92 ± 0.11 0.92 ± 0.13 0.00 ± 0.04

GAx + coco (9) 0.92 ± 0.12 0.90 ± 0.10 −0.02 ± 0.04

WHR

GControl (10) 0.51 ± 0.07 0.52 ± 0.07 0.01 ± 0.01

0.1300
GAx (11) 0.52 ± 0.07 0.51 ± 0.06 −0.01 ± 0.02

GCoco (10) 0.56 ± 0.04 0.55 ± 0.05 −0.01 ± 0.02

GAx + coco (9) 0.53 ± 0.09 0.52 ± 0.07 −0.01 ± 0.03

ALSFRS-R

GControl (10) 40.30 ± 5.10 34.80 ± 3.00* −5.50 ± 7.60

GAx (11) 39.10 ± 4.90 41.10 ± 2.90 2.00 ± 4.00

GCoco (10) 40.40 ± 5.20 39.90 ± 3.30 −0.50 ± 2.40

GAx + coco (9) 40.70 ± 5.40 39.50 ± 4.10 −1.20 ± 2.50

GControl, Control group; GAx, Antioxidant group; GCoco, Coconut oil group; GAx + coco, Antioxidant group and coconut oil; BMI, body perimeters, Body Mass Index, WHI; Waste-
to-Hip Index, WHR, Waist-Height Ratio; ALSFRS-R, revised ALS functional rating scale; SD, Standard deviation; n, sample number. Descriptive analysis values are shown as Mean ± SD. 
* p ≤ 0.05.
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5. Conclusion

The Mediterranean Diet supplemented with NR and PTER and 
the Mediterranean Diet supplemented with coconut oil are the two 
nutritional interventions that seem to obtain greater anthropometric 
improvements in ALS patients. The limited sample size might 
preclude to reach definitive conclusions. Consequently, the 
preliminary data of this pilot study need to be implemented by a 
much larger clinical trial.
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