
lable at ScienceDirect

Clinical Nutrition 38 (2019) 2087e2097
Contents lists avai
Clinical Nutrition

journal homepage: ht tp: / /www.elsevier .com/locate/c lnu
Randomized Control Trials
Evidence of muscle loss delay and improvement of hyperinsulinemia
and insulin resistance in Duchenne muscular dystrophy supplemented
with omega-3 fatty acids: A randomized study

Maricela Rodríguez-Cruz a, *, Salvador Atilano-Miguel a, Lourdes Barbosa-Cort�es a,
Mariela Bernab�e-García a, Tomas Almeida-Becerril a, Alan C�ardenas-Conejo b,
Oriana del Rocío Cruz-Guzm�an a, Jorge Maldonado-Hern�andez a

a Laboratorio de Nutrici�on Molecular, Unidad de Investigaci�on M�edica en Nutrici�on (UIMN), Hospital de Pediatría, Centro M�edico Nacional Siglo XXI (CMN-
SXXI), Instituto Mexicano del Seguro Social (IMSS), Mexico City, Mexico
b Departamento de Gen�etica, Hospital de Pediatría, CMN, SXXI, IMSS, Mexico City, Mexico
a r t i c l e i n f o

Article history:
Received 24 April 2018
Accepted 20 October 2018

Keywords:
Duchenne muscular dystrophy
EPA
DHA
Obesity
Hyperinsulinemia
Lean mass
Abbreviations: DMD, Duchenne Muscular Dystrop
Hexaenoic Acid-22:6-3; IR, Insulin Resistance; HOMA
* Corresponding author. Unidad de Investigaci�on M

Doctores, Delegaci�on Cuauht�emoc, 06725, Ciudad de
E-mail address: maricela.rodriguez.cruz@gmail.com

https://doi.org/10.1016/j.clnu.2018.10.017
0261-5614/© 2018 Elsevier Ltd and European Society
s u m m a r y

Background & aims: Duchenne Muscular Dystrophy (DMD) is the most prevalent dystrophy of child-
hood and is characterized by generalized motor delays due to progressive muscular weakness, leading
to loss of muscle mass. Additionally, patients with DMD develop obesity, hyperinsulinemia, and Insulin
Resistance (IR). Omega-3 Long-Chain PolyUnsaturated Fatty Acids (U-3LCPUFA) increase fat mass,
decrease lean mass, and decrease hyperinsulinemia and IR. The aim of this study was to analyze the
impact of U-3LCPUFA consumption on lean mass, fat mass, hyperinsulinemia, and IR in children with
DMD.
Methods: This placebo-controlled, double-blind, randomized study was carried out in 28 patients with
DMD supplemented with 2.9 g/d of U-3LCPUFA (n ¼ 14) or sunflower oil (placebo, n ¼ 14) during 6
months. Serum glucose and insulin were measured at baseline and thereafter at months 3 and 6 of the
intervention to estimate IR by HOmeostasis Model Assessment. Body composition was assessed by Dual
Energy X-ray Absorptiometry.
Results: The percentage of change in EicosaPentaenoic Acid (EPA) and DocosaHexaenoic Acid (DHA) in
erythrocytes was significantly (p < 0.05) higher in boys who consumed U-3LCPUFA than in the placebo
group. Lean mass and fat mass (both in g/kg of Body Weight [BW]) had a trend toward being higher
(p ¼ 0.07 at month 3 and p ¼ 0.085 at month 6) and lower (p ¼ 0.05 at month 3 and p ¼ 0.085 at month
6) respectively, in boys with DMD supplemented with U-3LCPUFA compared with the placebo group. The
loss of lean mass was delayed in the U-3LCPUFA group; it started at month 6 but, in placebo, it started at
month 3 of supplementation in comparison with the baseline of each group. Fasting insulin, percentage
of boys with hyperinsulinemia, and IR were similar between the placebo and U-3LCPUFA groups during
the 6 months of supplementation. The percentage of boys with IR was significantly (p ¼ 0.045) lower at
month 6 of supplementation in the U-3LCPUFA group than in the placebo group.
Conclusion: This study suggests that U-3LCPUFA (2.9 g/day) intake during 6 months likely slows the
progression of muscle loss, decreases the fat mass, and reduces IR in boys with DMD. The findings of this
study provide scientific background for conducting a randomized trial focused of confirming the possible
beneficial role of U-3LCPUFA on the previously mentioned alterations mentioned in boys with early
muscle damage (without fibrosis) DMD. This research was registered at clinicaltrials.gov
(NCT018264229).
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1. Introduction

Duchenne Muscular Dystrophy (DMD) is a recessive X-chro-
mosome-linked disease that affects ~1/3600e6000 live-bornmales
[1]. DMD appears in early childhood with generalized motor delays
and gait difficulties due to progressive muscular weakness, leading
to loss of ambulation by early adolescence (between 9 and 12 years
of age) [2]. DMD is produced by mutations in the DMD gene that
encodes for a sarcolemmal cytoskeletal protein called dystrophin
[3e5]. Dystrophin plays an important structural role during muscle
contraction. Its deficiency causes fragile muscle fiber and unstable
sarcolemma, giving rise to the gradual breakdown of muscular fiber
leading to loss of muscle mass, replacing the latter with fibrous
connective tissue and adipose tissue, as has been reported in body
composition studies, increasing adiposity and decreasing muscle
mass in boys with DMD [1,6,7].

These studies have demonstrated that lean tissue mass is
reduced to nearly one half the reference value of muscle mass
compared with healthy boys of the same age [8]. Conversely, fat
mass is elevated in subjects with DMD [7,9e11] leading to the
development of overweight or obesity from the age of 7 years,
reaching a frequency of >50% at 13 years of age [9]. Additionally, we
reported that obesity in patients with DMD is unrelated to gluco-
corticoid management from the age of 7 years [12]. In patients with
DMD not taking glucocorticoids, 22.7% had overweight or obesity
when assessed by Body Mass Index (BMI) and, according to fat
mass, a high prevalence of overweight/obesity (68%) was observed.

It is well known that obesity is associated with hyper-
insulinemia, Insulin Resistance (IR), and hyperleptinemia [13].
Thus, boys with DMD entertain a high risk for developing these
metabolic alterations as Carola et al., in 2017 and as we have pre-
viously reported [11,12,14]. Patients with DMD/Becker Muscular
Dystrophy (BMD) present a high prevalence of IR (29%e36.4%) and
hyperinsulinemia (48.5%), indicating impaired glucose metabolism.
This frequency increases significantly with overweight or obesity
(80%) [11,12], with a higher rate than in nondystrophic obese boys
(~50% in children between 3 and 18 years of age) [15]. Conse-
quently, hyperinsulinemia and IR add important risk factors for
developing other severe morbidities, such as atherosclerosis, car-
diovascular disease, and type 2 diabetes in patients with DMD [16].
In recent years, the remarkable progress in clinical and therapeutic
capabilities has modified the natural history of numerous chronic
disorders that initiate from childhood. As in general population,
survival rates and life expectancy have also increased in patients
with DMD. For that reason, the care of these patients should be
improved due to that new clinical problems (metabolic disorders)
have been identified [17].

The presence of metabolic alterations such as overweight,
obesity, hyperinsulinemia, and IR in boys with DMD leads us to
propose accurate interventions focused on halting the develop-
ment of harmful outcomes. It is well known that omega-3 Long-
Chain PolyUnsaturated Fatty Acids (U-3LCPUFA), such as Eicosa-
Pentaenoic Acid (EPA) and DocosaHexaenoic Acid (DHA), modify
the body composition and decrease hyperinsulinemia and IR. It is
noteworthy that there is scientific evidence provided by interven-
tion trials with U-3LCPUFA in humans that have demonstrated that
fat mass decreases and lean tissue mass increases following treat-
ment in groups administered EPA and DHA than in the control
group [18e20]. On the other hand, we and other authors have
demonstrated that EPA and DHA decreased fasting insulin and
HOMA-IR in children and adults [21,22]. Even though there is suf-
ficient evidence on the beneficial effect of U-3LCPUFA on metabolic
alterations, to date, it is unknownwhether these fatty acids exert a
positive influence on such disorders and body composition, mainly
on lean tissue mass in Duchenne Muscular Dystrophy (DMD). Thus,
the purpose of this study was to analyze whether supplementation
with U-3LCPUFA might exert an impact on lean and fat mass,
hyperinsulinemia, and IR in boys with DMD.

2. Materials and methods

2.1. Study design

This is a randomized, double-blind, placebo-controlled study
that was registered at clinical trials.gov (ID: NCT018264229) prior
to the enrollment of subjects in the study. This research was
approved by the institutional ethics committee before initiation of
patient recruitment (#R-2012-785-066) and was conducted at the
Laboratory of the Molecular Nutrition from Medical Research Unit
in Nutrition at the Mexican Institute of Social Security (IMSS).
Written informed parental authorization and patients were ob-
tained prior to study inclusion.

Selected boys with DMD were randomly assigned to the
U-3LCPUFA (experimental) or to the placebo (control) group. The
randomization scheme was planned prior to study onset by means
of RandomAllocation Ver. 2.0 software, by a researcher who did not
participate in the measurement of outcomes, using blocks of 10
subjects. Randomization of patients included in the research was
achieved using the consecutive assignment of an identification
number to each patient in the interior of each stratum by a research
technician, and investigators were not informed of the group
assignment. When the study was concluded, the research techni-
cian disclosed the research-group assignments to the researchers.

2.2. Study population

In this study, 66 patients with a clinical diagnosis of DMD were
enrolled at the Pediatrics Hospital of the CMN-Siglo XXI IMSS Na-
tional Medical Center and at the “Dr. Gaudencio Gonz�alez Garza”
General Hospital, of the CMN-La Raza” IMSS National Medical
Center. From among these, 40 boys fulfilled the inclusion criteria
after confirmatory molecular diagnosis of dystrophy was carried
out as reported previously [23]. Patients with deletion(s) in the
DMD gene were designated for inclusion in this study; the latter
included children over 3 years of age but younger than 18 years of
age, and their parents gave their written informed consent. Patients
were not included if they had previously received pharmacological
treatment (for instance, glucocorticoids), had ingested supple-
ments with U-3LCPUFA, or had an allergic reaction to fish oil.

The study participants (U-3LCPUFA or placebo group) swal-
lowed 10 identical capsules/d, equivalent to 2.9 g daily of
U-3LCPUFA, and received doses of 45 mg, 225 mg, and 20 mg of
EPA, DHA, and other U-3 fatty acids, respectively, per capsule
(pharmaceutical grade), and molecularly distilled (Nordic Naturals,
Norway) or a sunflower oil (Progela, S.A de C.V, M�exico) as placebo
during 6 months. U-3LCPUFA complies with the principles estab-
lished for fats according to the European Pharmacopoeia Standard
and according to the Council for Responsible Nutrition (CRN) and
CRN-International (CRN-I). Therefore, U-3LCPUFA is a non-toxic
supplement due to its not exceeding the maximal allowances of
contaminants (peroxides, heavy metals, dioxins, and poly-
chlorinated biphenyls). Placebo pills did not contain DHA, and only
traces of EPA. In Table 1, the fatty-acid composition of the supple-
ments is shown. Parents received indications to provide the cap-
sules before each meal (three times a day). Also emphasized was
the relevance of recording pill consumption in a diary. Capsules of
U-3LCPUFA and placebo were identical in smell, appearance, and
size, and both were strawberry-flavored to mask the taste, so that
parents or patients were unable to deduce the fish-oil supplement
due to subsequent eructation.

http://trials.gov
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Additionally, the size of the pills (both treatments) was adequate
for the participating children (they were one half of the size
compared with capsules administered to adults) to improve easy
swallowing for the younger patients.

After a 12-h overnight fast, morning peripheral-blood samples
were obtained on a laboratory visit in a Vacutainer without and
with an anticoagulant (EDTA) at baseline and monthly for the
duration of the study (6 months); the samples were centrifuged at
3500 rpm. Aliquots of serum and red cells were storage at �70 �C
until analysis of glucose and insulin and fatty-acids composition,
respectively. After that, body fat and leanmass compartments were
measured by Dual-Energy X-ray Absorptiometry (DEXA). Next, a
medical history, as well as weight and height, were obtained.
Subsequently, the physical capacity of the lower limbs evaluated
with the Vignos scale [24] and physical rehabilitation were
measured to determine, in an indirect manner, the physical activity
levels of patients. Vignos scale measures the ability of the patients
to move the lower-limbs, with scores ranging from 1 to 10 (walks
and climbs stairs without assistance e confined to bed) [24], indi-
cating from high to physical inactivity. Physical rehabilitation was
assessed by frequency of sessions of therapies (days per week),
considering that each session had a median duration of between 25
and 30 min of the stretching of upper and lower limbs. Finally a 3-
day, 24-h dietary recall was applied by an interviewer, and the
patients were asked not to change their dietary habits during the
study.

2.3. Fat- and lean-mass measurement

Body fat and lean mass were determined by DEXA (Lunar
Prodigy; GE Medical Systems, Madison, WI, USA), and enCore
software Ver. 2004 (Lunar Corporation) was used to examine
whole-body DEXA images. These compartments were expressed as
kilograms and as g/kg of BW.

2.4. Anthropometric measurements

Qualified personnel executed measurements of BW (kg) and
height (m). For subjects who were able to stand erect, height was
Table 1
Capsules fatty-acids profile.a

Fatty acid Placebo %
by weight

U-3LCPUFA %
by weight

Saturated
Lauric acid (C12:0)b None 0.01
Myristic acid (C14:0) 0.07 0.29
Palmitic acid (C16:0) 6.25 2.55
Stearic acid (C18:0) 3.32 1.56
Total 9.64 4.41
Monounsaturated
Palmitoleic acid (C16:1) 0.08 0.58
Oleic acid (C18:1) 31.31 8.88
Nervonic (C24:1) 0.06 None
Total 31.45 9.46
Polyunsaturated
Omega-6
Linoleic acid (C18:2) 57.71 1.58
Arachidonic acid (C20:4) None 3.85
Total 57.71 5.43
Omega-3
Linolenic acid (C18:3) 1.14 3.19
Eicosapentaenoic acid (C20:5) 0.07 14.46
Docosahexaenoic acid (C22:6) None 63.04
Total 1.21 80.69

a 500-mg size, strawberry-flavored capsules; analysis executed at our laboratory.
b Fatty acid description: Number of carbons:number of double bonds.
measured with a wall-mounted stadiometer (Model 208, Seca). For
non-ambulatory subjects, length was measured on a horizontal
table with the boy in supine position using the summation of body-
parts method [25] with a Seca tape measure. The ambulatory
subject's weight was determined bymeans of a digital scale (Model
BWB-700, Tanita), while wheelchair-bound boys were weighed on
a wheelchairebound scale (model 954, Seca) for BWwearing light-
weight clothing and without shoes.

Data of Body Mass Index (BMI), expressed as percentiles, were
utilized to obtain diagnoses of overweight and obesity. Boys with
BMI �5th percentile corresponded to underweight, those with BMI
>5th but <85th percentile were considered as having normal
weight, BMI �85th but <95th percentile as overweight, and sub-
jects with BMI �95th percentile, as obese, in relation to criteria
established by the Centers for Disease Control and Prevention
(CDC) in 2009 on BMI for children and teenagers (http://www.cdc.
gov/healthyweight/assessing/bmi/childrens_bmi/about_childrens_
bmi.html).

Data of height-for-age, weight-for-age, and BMI-for-age z-scores
were obtained, in accordance with U. S. the Centers of Disease
Control and Prevention (CDC) normative curves, by using Epi-Info
(EPI-INFO 2005, release ver. 3.3.2, CDC, Atlanta, GA USA). Accord-
ing to BMI-for-age z-score, nutritional status was classified as fol-
lows: overweight (>1 Standard Deviation [SD]); obese, (�2 SD);
mild malnutrition (<�1 SD) and moderate malnutrition (<�2 SD).

2.5. Glucose and insulin assays for insulin resistance estimation

Glucose (mg/dL) was quantified by the glucoseeoxidase enzy-
matic method (Glucose-LQ, SpinReact, S.A., Girona, Spain). Insulin
(mU/mL) was measured using a commercial kit (Linco Research, St.
Louis, MO, USA) based on radioimmunoanalysis. Hyperinsulinemia
was considered if fasting insulin was >12 mU/mL, as previously
reported [26]. The HOmeostasis Model AssessmenteInsulin Resis-
tance (HOMA-IR) was calculated from insulin and glucose data
using the following equation: HOMA-IR ¼ ([fasting insulin, mU/ml]*
[fasting glucose, mmol/L])/22.5) [27]. A 3.16 value of HOMA-IR [28]
was employed as the cut-off point for identifying boys with insulin
resistance.

2.6. Compliance to supplementation procedure

Compliance with supplementation was evaluated first by the
percentage % of pills consumedmonthly, calculated by counting the
remaining pills returned by the participants monthly. Boys taking
<80% of the pills during any given month were considered non-
compliant. Second, compliance was also measured (in both treat-
ments) by analysis of EPA and DHA levels in erythrocytes at
baseline and monthly during the 6 months of supplementation.

2.7. Fatty acids analysis

Fatty Acid (FA) composition was measured in red cells, as we
previously reported [23], to determine EPA and DHA incorporation
into tissues. Briefly, erythrocytes were removed from plasma
samples by centrifugation, washed with 0.9% NaCl, and maintained
at �20 �C until analysis. Total fat was extracted with iso-
propanol:hexane (4.5:6). Next, Fatty Acid Methyl Esters (FAME)
were produced with 3N HCl in CH3eOH and C6H14 at 90 �C during
1 h. During FAME production, heptadecaenoic acid was added to all
fat samples as internal standard. FAME were identified and quan-
tified by means of gas chromatography. Identification of FAME was
carried out by retention times from specific FAME standards (Poly
Sciences, Niles, IL, USA). Fatty-acid results were reported as the
percentage of the sum of total FA from red cells [23,29]. Fatty-acid

http://www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/about_childrens_bmi.html
http://www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/about_childrens_bmi.html
http://www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/about_childrens_bmi.html
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composition was also determined in placebo and U-3LCPUFA pills
(Table 1).
2.8. Statistical analysis

The Statistical Package for Social Sciences for Window software
(SPSS ver. 24; SPSS, Inc., Chicago, IL, USA) was utilized for all ana-
lyses. Distribution was determined by the ShapiroeWilk test.
Continuous variables are described with mean values ± Standard
Deviation (SD) or median (minimal, maximal), whereas qualitative
variables were presented as frequency and percentages. Differences
in proportions were assessed by the Fisher exact test. Comparisons
between treatment groups (placebo vs. U-3LCPUFA) were con-
ducted by means of the ManneWhitney U test, and statistical
analysis along time, by means of the Friedman Ranges Test. The
relationship between Lean-Body-Mass (LBM) percentage changes
andU-3LCPUFA (EPAþDHA) in the omega-3 group and the placebo
group was evaluated by Spearman correlation coefficients. A 95%
Confidence Level (95% CI) was employed, and an alpha value of
�0.05 was accepted as statistically significant.

The exploratory data of the current study comprise secondary
outcomes; we recently reported a randomized, double-blind, pla-
cebo-controlled trial with the aim of analyzing the influence of
U-3LCPUFA intake on gene expression and blood inflammatory
Fig. 1. Consolidated Standards of Reporting Trials (CSRT) study
markers in boys with DMD [23]. In the present study, the impact of
supplementationwith these fatty acids on lean and fat mass and on
hyperinsulinemia and IR were explored in the same cohort of boys
with DMD. As mentioned previously, this is a secondary analysis;
thus, sample size was not calculated specifically for the variables
analyzed in this study. However, considering the sample size (14
subjects for eachgroup)of this study, statistical powerwascomputed
for leanmass (g/kgofbodyweight)using themeandifference (614.44
vs 702.16 and626.85 vs 713.25 atmonths3 and6of supplementation
respectively) observed between (placebo vsU-3LCPUFA) groups and
the highest SD (132.166 and134.97 at 3 and6months respectively) of
a mean [30]. Statistical power obtained at 3 and 6 moths of supple-
mentation was 77.3% and 79.70% respectively.
3. Results

3.1. Characteristics of study subjects prior to supplementation

In Fig. 1, we summarize the Consolidated Standards of Reporting
Trials (CSRT) followed in this study. Forty of the 66 eligible boys
decided to participate in this research and were randomly assigned
to each of the treatment groups. The analysis of 28 (14 boys from
U-3LCPUFA and 14 from placebo group) patients is presented;
causes for loss-to- follow-up are also displayed in Fig. 1. Subjects
ing patients with Duchenne Muscular Dystrophy (DMD).
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were excluded for any of the following reasons; they stopped
supplementation; the serum sample was insufficient, or it was not
possible to measure body composition. There were no adverse ef-
fects in either supplementation group.

Age, percentage of wheelchair-bound boys, anthropometry,
body composition, and the biochemical parameters of patients with
DMD are indicated in Table 2.
Table 2
Anthropometry, body composition, and biochemical parameters of patients with
investigation.

Placebo (n ¼ 14)

Age (years) 8.40 ± 2.3
Wheelchair-bound, n (%)e 4 (28.6)
Anthropometry
Height (cm) 125.3 ± 15.2
BW (kg) 23.4 (16.0, 58.2)
Height-for-age (z-score) �0.29 (�1.7, 1.6)
Weight-for-age (z-score) �0.29 (�1.9, 2.8)
BMI-for-age (z-score) 0.45 (�2.1, 2.5)
BMI (kg/m2) 16.6 (13.4, 28.9)
Overweight, n (%)d,e 2 (14.3)
Obese, n (%)d,e 2 (14.3)
Mild malnutritiond,e 1 (7.1)
Moderately malnourishedd,e 1 (7.1)
Body composition
Body fat mass (kg) 6.4 (2.3, 32.1)
Body fat mass (%) 32.2 ± 14.9
Lean body mass (kg) 16.3 (12.6, 28.2)
Biochemical parameters
Glucose (mg/dL) 89.0 (75.0, 121.0)
Hyperglycemia, n (%) 1 (7.1)
Insulin (mU/mL) 16.6 ± 11.1
Hyperinsulinemia, n (% of boys) 8 (57.1)
HOMA-IR 2.9 (0.7, 9.2)
Insulin resistance n (% of boys) 7 (50.0)
U-3 LCPUFA in red blood cells
EPA (% total fatty acids) 0.25 (0.06, 2.6)
DHA (% total fatty acids) 1.2 (0.11, 2.3)

DMD, Duchenne Muscular Dystrophy; U-3LCPUFA, omega-3 Long-Chain PolyUnsa
Assessment-Insulin Resistance.
Hyperinsulinemia was considered if fasting insulin was >12 mU/mL [25].
Insulin resistance was considered if the HOMA-IR value was >3.16 [27].
Data are presented as mean ± Standard Deviation (SD) or as median (minimal, maxim

a Independent-sample Student t test.
b Pearson chi-square test.
c Mann-Whitney U test.
d Data are presented as number (%).
e Determined according the BMI z-score as follows: >1 Standard Deviation (SD) (o

malnutrition) based on data from CDC 2009.

Table 3
Dietary intake and physical capacity and rehabilitation of boys with DMD at baseline ran

Placebo (n ¼ 14

Dietary intakea

Energy (kcal/kg/d) 74.91 (22.81e12
Carbohydrates (g/kg/d) 10.44 (3.73e12.
Fiber (g/1000 kcal) 8.01 (3.45e23.9
Protein (g/kg/d) 2.74 (1.12e5.14
Fat (g/kg/d) 2.32 (0.45e7.40
Rehabilitation and physical capacity
Time of physical therapy (min/session) 42.5 (0.0e60.0)
Frequency of physical therapy (sessions/week) 7.0 (2.0e7.0)
Vignos scale 3.0 (1.0e9.0)
Wheelchair-bound, n (%)* 4 (28.6)

DMD, Duchenne Muscular Dystrophy; U-3LCPUFA, omega-3 Long-Chain.
PolyUnsaturated Fatty Acids.
Values are expressed as median (minimal, maximal).
*Data are presented as number (%).

a Mann-Whitney U test to compare the treatments.
b Pearson Chi-square test.
Additionally, dietary intake measured by energy intake (kcal/kg/
d), proteins, fat and carbohydrates, as well as fiber was not statis-
tically different between groups. Finally, rehabilitation and physical
capacity estimated by time and frequency of physical therapy and
Vignos scale and wheelchair-bound, respectively, indicate that both
supplementation groups are similar (Table 3). At baseline, there
were no significant differences between groups. Also, EPA and DHA
Duchenne Muscular Dystrophy (DMD) at baseline randomly allocated to the

U-3LCPUFA (n ¼ 14) P value

6.96 ± 2.5 0.129a

1 (7.1) 0.326b

115.3 ± 15.5 0.097a

20.2 (14.4, 58.8) 0.104c

�0.99 (�2.51, 0.05) 0.021c

�0.78 (�2.8, 1.4) 0.194c

�0.12 (�1.7, 1.8) 0.603c

15.4 (14.0, 26.1) 0.256c

4 (28.6) 0.128b

0
2 (14.3)
0

3.3 (1.2, 31.2) 0.085c

23.7 ± 13.8 0.130a

15.0 (11.2, 25.2) 0.150c

82.3 (77.0, 98.0) 0.210c

0 (0) 0.500b

11.3 ± 8.3 0.157
5 (35.7) 0.449c

1.6 (0.5, 6.1) 0.227c

4 (28.6) 0.440b

0.7 (0.04, 2.6) 0.954c

1.0 (0.02, 2.6) 0.806c

turated Fatty Acids; BMI, Body Mass Index; HOMA-IR, HOmeostasis Model

al).

verweight); �2 SD (obese); <�1 SD (mild malnutrition); and <�2 SD (moderate

domly allocated to the investigation.

) U-3LCPUFA (n ¼ 14) P value

8.97) 86.28 (30.6e181.87) 0.435
11) 10.76 (2.52e17.6) 0.232
6) 11.26 (6.0e18.47) 0.089
) 3.13 (1.35e8.49) 0.491
) 2.52 (0.52e7.74) 0.520

20.0 (0.0e90.0) 0.305a

3.0 (2.0e7.0) 0.546a

2.5 (1.0e9.0) 0.646a

1 (7.1) 0.326b
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content were similar between groups prior to the initiation of this
study.

Therefore, all of these parameters, including the U-3LCPUFA
proportion, were uniformly distributed, indicating homogeneity
among subjects at the beginning of the study.
3.2. Compliance with treatments

Adherence to treatments was 95.51%± 6.87% and 96.49%± 5.18%
mean ± SD for control andU-3LCPUFA, respectively. The percentage
Fig. 2. Changes in the composition of erythrocyte EicosaPentaenoic Acid (EPA, 2A) and
DocosaHexaenoic Acid (DHA, 2B) during the time of the study in patients with
Duchenne Muscular Dystrophy (DMD).

Table 4
Anthropometry, and lean and fat mass from boys with DMD during 6 months of supplem

Time after administration (months) Control (n ¼ 14)

BW (kg)
Baseline 23.4 (15.9, 58.2)
3 24.8 (16.4, 60.9)
6 26.3 (16.8, 63.4)
Percentile of BMI
Baseline 70.9 (1.8, 99.4)
3 82.2 (3.6, 99.5)
6 73.6 (9.3, 99.6)
Lean mass (g/kg of BW)
Baseline 667.1 (413.3, 802.8)
3 632.4 (422.3, 817.4)
6 599.0 (425.6, 777.9)
Fat mass (g/kg of BW)
Baseline 276.1 (118.5, 551.9)
3 310.1 (122.8, 542.7)
6 338.9 (158.5, 540.3)

DMD, Duchenne Muscular Dystrophy; BW, Body Weight.
Values are expressed as median (minimal, maximal).

a Mann-Whitney U test to compare the treatments.
of pills ingested was similar between treatments during the 6
months (p values were 1.0, 0.603, 0.801, 0.458, 0.482, and 0.614 at
months 1, 2, 3, 4, 5, and 6, respectively) of supplementation. Results
revealed that the EPA and DHA percentage change from baseline
increased during each month of supplementation in erythrocytes
from the U-3LCPUFA group, and that it was higher than in the
placebo group (p < 0.05) (Fig. 2). Taken together, these findings
demonstrate acceptable compliance with treatments.
3.3. Effect of intervention on lean and fat mass

In this study, Body Weight (BW) (kg) and BMI (percentile) were
nonsignificant between groups during the 6 months of supple-
mentation. Lean mass (g/kg of body weight) has a trend towards
significance to be higher at months 3 and 6 in boys with DMD
supplemented with U-3LCPUFA compared with the placebo group
(Table 4).

Additionally, the change in the lean mass (g/kg of body weight)
was directly correlated (r ¼ 0.670; p ¼ 0.012) to changes in
U-3LCPUFA (sum of EPA þ DHA) at month 3 (at that time, tissues
were totally enriched with U-3LCPUFA) of supplementation with
omega-3 fatty acids with respect to baseline (Fig. 3).

Although there was a loss of lean mass in both groups, this
occurred earlier in the placebo group (from month 3) than in the
omega-3 fatty acids group (from month 6). In Fig. 4A, it is depicted
that in the placebo group, lean mass was observed since month 3
and this loss continued until month 6 of supplementation in
comparison with baseline. In contrast, in the U-3LCPUFA group,
lean-mass loss was at month 6 after initiating the study.

On the other hand, fat mass (g/kg of BW) exhibited a trend to-
ward being significantly lower at months 3 and 6 of supplemen-
tation in boys who consumedU-3LCPUFA than in the placebo group
(Table 4). An increase in fat mass (g/kg of BW) was observed in both
study groups at month 6 of supplementation (placebo, p ¼ 0.035
and U-3LCPUFA p ¼ 0.003) with respect to the baseline of each
group (Fig. 4B).
3.4. Effect of intervention on insulin and insulin resistance

In this study, there were no significant differences when
comparing fasting glucose concentration between intervention
groups nor during the 6 months of supplementation in each group
(data not shown). Also, fasting insulin, percentage of boys with
entation with placebo or with U-3LCPUFA.

U-3LCPUFA (n ¼ 14) P valuea

20.2 (14.4, 58.8) 0.104
19.8 (14.5, 61.6) 0.069
21.2 (15.5, 61.5) 0.069

40.5 (5.0, 96.7) 0.401
47.6 (0.5, 97.2) 0.246
51.2 (1.4, 96.8) 0.285

768.8 (429.1, 844.6) 0.114
762.3 (421.0, 838.9) 0.077
752.4 (426.2, 849.9) 0.085

176.3 (86.0, 530.4) 0.104
179.8 (95.2, 540.2) 0.050
191.6 (88.8, 535.0) 0.085



Fig. 3. Correlation between the percentage of lean-mass (kg) change and the percentage of U-3LCPUFA (EPA þ DHA) change at month 3 from baseline in the omega-3 fatty acids and
control groups. U-3LCPUFA, omega-3 Long-Chain PolyUnsaturated Fatty Acids; EPA, EicosaPentaenoic Acid; DHA, DocosaHexaenoic Acid.
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hyperinsulinemia, and IR evaluated by HOMA-IR were similar be-
tween placebo and U-3LCPUFA groups during the 6 months of
supplementation. However, the percentage of boys with IR was
significantly (p ¼ 0.045) lower at month 6 of supplementation in
the U-3LCPUFA group than in placebo (Table 5).

There was a significant reduction in the insulin (percentage of
change) at months 3 (p ¼ 0.019) and 6 (p ¼ 0.009) in comparison
with month 1ebaseline in the U-3LCPUFA group; in contrast,
fasting insulin was not significantly affected throughout supple-
mentation in the placebo group (Fig. 5A). In this regard, a significant
reduction in the HOMA value (percentage of change) was also
observed at month 3 (p ¼ 0.023) and 6 (p ¼ 0.00) of supplemen-
tation than month 1ebaseline in patients supplemented with
U-3LCPUFA; these differences were not observed in the placebo
group (Fig. 5B).

4. Discussion

In addition to loss of muscle mass and elevated fat mass,
hyperinsulinemia and IR are other complications in patients with
DMD (Fig. 6) [7,9e12,14], worsening the quality of life of these
patients. Therefore, in terms of generating the need to explore
possible therapies to decrease these complications, it is important
in palliative therapies for improving quality of life. The exploratory
data of the present study suggest that treatment with U-3LCPUFA
might delay loss of muscle mass and decrease of fat mass, hyper-
insulinemia, and IR in patients with DMD, as observed in body
composition and in serum fasting insulin.

The absence of dystrophin expression leads to progressive
muscle weakness, with chronic degeneration of muscle and the
replacement of muscle with fat and endomysial fibrosis, resulting
in the loss of muscle mass (Fig. 6) [31]. Therefore, in this study, we
explored the impact of supplementation with U-3LCPUFA on body
composition as well as on lean and fat mass, and on metabolic al-
terations such as hyperinsulinemia and IR in patients with DMD.

First, EPA and DHA intake was examined monthly throughout
the study in a sample of erythrocytes from boys with DMD from
both groups (placebo and omega-3 fatty acids), describing the
status of these fatty acids [32]. The increase of EPA and DHA solely
in patients who consumed U-3LCPUFA demonstrated adequate
compliancewith treatments, therefore the reliability of the findings
in this investigation.

The exploratory data of this study suggest that there is a ten-
dency toward the decrease of the loss of lean mass in patients
supplemented with U-3LCPUFA. Additionally, in this group, the loss
of lean mass was observed until 6 months of supplementation.
Therefore, we proposed that U-3LCPUFA might to slow the pro-
gression of muscle loss. This proposal is due to that in the placebo
group, loss of muscle mass was observed from month 3 of supple-
mentation. Formore than 10 years, it was suggested thatU-3LCPUFA
might be used as a therapeutic agent for the management and
prevention of sarcopenia [33]. Initial evidence reported in a cross-
sectional and retrospective cohort study carried out in men and
women aged 59e73 years. The findings of that study demonstrated
an increase in grip strength in men and women for each extra
portion of fatty fish (rich in EPA and DHA) ingested weekly, inde-
pendent of their height and age [34]. Subsequently, in a randomized
controlled trial in 16 (10 men and 6 women) older adults (�65 years
of age), it was confirmed that EPA (1.86 g/day) and DHA (1.50 g/day)
act on the increase of muscle -mass and in the rate of muscle-
protein synthesis [35]. In fact, other studies extensively reviewed
by Ewaschik et al. (2016) reported that providing omega-3 fatty
acids such as EPA and DHA as dietary supplements or such as fish oil
in human diets increases anabolic potential and decreases muscle
loss [36]. Furthermore, a relationship has been observed betweenU-
3LCPUFA (EPA and DHA) supplementation and the conservation or
increase of muscle mass in patients with cancer, who would
otherwise, like the boyswith DMD, experiencemuscle loss [37,38]. A
number of mechanisms of action have been associated with the
effects of U-3LCPUFA on muscle mass. In this respect, the results of
Smith et al. (2011) indicate that one of the mechanisms might be,
partially, by means of the increased activation of the mTOR-p70s6k
(an integral central point for muscle-cell growth) signaling pathway
[35]. Another mechanism involved is the inflammation in DMD,
which is the leading driver of muscle wasting [6]. Thus, attenuation
of pro-inflammatory mediators by U-3LCPUFA as has been reported
in other diseases [21,22] and in DMD [23], might comprise another
pathway for improving muscle mass in boys with DMD, and for



Fig. 4. Lean (4A) and fat (4B) mass (g/kg of body weight) of children with Duchenne
Muscular Dystrophy (DMD) during supplementation. Values are median (minimal,
maximal); *P < 0.05. M0 vs. M3 and M6. Statistical analysis during the time using the
Friedman Range Test. U-3LCPUFA ¼ omega-3 Long-Chain PolyUnsaturated Fatty Acids;
M0 ¼ baseline.

Table 5
Insulin and Insulin Resistance (IR) in boys with Duchenne Muscular Dystrophy (DMD) during 6 months of supplementation with placebo or omega-3 fatty acids.

Time after administration (months) Control (n ¼ 14) U-3LCPUFA (n ¼ 14) P value

Fasting insulin (mU/mL)a

Baseline 14.8 (3.0, 34.7) 7.9 (2.4, 28.4) 0.210
3 15.7 (2.3, 82.3) 5.9 (3.2, 34.1) 0.350
6 17.9 (1.5, 51.6) 6.9 (1.5, 28.9) 0.231
Fasting hyperinsulinemia n (% of boys)b

Baseline 8 (57.1) 5 (35.7) 0.449
3 9 (64.3) 5 (38.5) 0.257
6 8 (66.7) 4 (28.6) 0.113
Fasting HOMA-IRa

Baseline 2.9 (0.7, 9.2) 1.6 (0.5, 6.1) 0.227
3 3.2 (0.5, 15.2) 1.3 (0.7, 6.8) 0.402
6 3.9 (0.3, 15.3) 1.4 (0.3, 5.7) 0.157
Insulin resistance n (% of boys)b

Baseline 7 (50) 4 (28.6) 0.440
3 7 (50) 5 (38.5) 0.830
6 8 (66.7) 3 (21.4) 0.045

DMD, Duchenne Muscular Dystrophy; HOMA-IR, HOmeostasis Model Assessment-Insulin Resistance.
Values are expressed as median (minimal, maximal).
Insulin Resistance (IR) was considered if the HOMA-IR value was >3.16 [28].
Hyperinsulinemia was considered if fasting insulin was >12 mU/mL [26].

a ManneWhitney U test to compare the treatments.
b Fisher test to compare the treatments.

Fig. 5. Change of insulin (5A) and HOMA (5B) of children with Duchenne Muscular
Dystrophy (DMD) during supplementation. Values are median (minimal, maximal);
*P < 0.05. M1-B vs. M3-B and M6-B. Statistical analysis during the time using the
Friedman Range Test. U-3LCPUFA ¼ omega-3 Long-Chain PolyUnsaturated Fatty Acids.
MI ¼ Month 1, 3, or 6; B ¼ baseline.
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Fig. 6. The mechanism of action proposed for U-3LCPUFA in order for these to work collectively in concert and to attempt to recover the function of dystrophic muscle.
MPC ¼ Muscle Progenitor Cell; U-3LCPUFA ¼ omega-3 Long-Chain PolyUnsaturated Fatty Acids.
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preserving typical skeletal-muscle morphology, as observed in
dystrophic hamsters fed a flaxseed-enriched (rich in linolenic acid, a
precursor of EPA and DHA) diet [39].

Additionally, our exploratory data suggest that U-3LCPUFA
might exert a positive effect, because they tend to decrease fat mass
in boys with DMD. There is a great amount of scientific evidence
provided by various animal models [36] and intervention trials that
demonstrate the clinically significant impact of U-3LCPUFA on
decreasing body-fat mass in humans [18e20]. It is likely that the
lower fat mass in these boys with DMD receiving U-3LCPUFA may
be due, in part, to that tissues (such as muscle tissue) enriched with
these fatty acids reduced the master transcription factor, the Sterol
Regulatory Element Binding Protein (SREBP) 1c and subsequent
genes regulating downstream pathways of fatty acid synthesis [40];
thus, one of the probable mechanisms of U-3LCPUFA in DMD is the
decrease of lipogenesis. It is well known that DHA and EPA bind
directly to other master transcription factors, denominated Perox-
isome Proliferator-Activated Receptors (PPAR) a and b, to activate
them. These factors are abundant in skeletal muscle and other
oxidative tissue and play principal roles in regulating fatty catab-
olism [40]. PPARa and PPARb control the expression of several
genes involved in the metabolism of fatty acids, including their
transport through cell membranes, intracellular union (Fatty Acid
Binding Protein [FABP]), and mitochondrial and peroxysomal b-
oxidation [40]; then, U-3LCPUFA decrease lipogenesis and also in-
crease fatty oxidation.

Improvement of the insulin response has been the most
extensively examined mechanism utilized for assessing the bene-
ficial effects of EPA and DHA. The findings of this study are not
conclusive. Although we did not observe differences in insulin
levels between treatments, in patients supplemented with U-
3LCPUFA, a significant reduction in the insulin level and insulin
resistance (evaluated by HOMA) value was observed during treat-
ment (at months 3 and 6 of supplementation. These effects were
not identified in the placebo group, suggesting the favorable effect
of these fatty acids on insulin. These data are in agreement with
those reported in children and adults by our team and by other
authors, who observed a decrease of fasting insulin and IR after
supplementationwith U-3LCPUFA [21,22]. In the present study, the
exploratory results suggest that U-3LCPUFA might reduce fasting
insulin, which leads to diminishing the percentage of boys with IR
(Table 5). The benefit of these fatty acids on the insulin response
takes place in all organs of the body that depend on this hormone,
including muscle tissue, as previously demonstrated by Dangardt
et al. (2012) [41]. These authors observed improved insulin sensi-
tivity and reduced triglyceride accumulation in the muscle of obese
children after the administration of U-3LCPUFA. Therefore, with
this exploratory data, we propose that EPA and DHAmight similarly
increase insulin sensitivity in the muscle of boys with DMD by
incorporating these into muscle membrane, modifying its compo-
sition. Thus, U-3LCPUFA may regulate key membrane substrates
that participate in the insulin signaling pathway and subsequent
protein synthesis (for instance, mTOR, AKT, insulin receptor, insulin
receptor substrate-1, and phosphatidylinositol 3-kinase activity) in
muscle [36].

Accordingly, ifU-3LCPUFA certainty exert a beneficial effect, they
may trigger more than one response in order to work collectively in
concert and to endeavor to recover the function of dystrophic
muscle, as our team recently reported and as is suggested by these
exploratory results of this study, reducing pro-inflammatory
markers and increasing an anti-inflammatory marker [23], and
possibly slowing the progression of muscle loss, in turn decreasing
fat mass and diminishing fasting insulin and IR (Fig. 5).

Nevertheless, the current study has limitations. First, the find-
ings are secondary outcomes; thus, the sample size was not
estimated, and this studywas carried out in the same cohort in boys
with DMD from a previous research. Second, in this study it was not
possible to measure intramuscular fat to evaluate disease severity
in DMD, as proposed by Tishya et al. (2008) [42]. Also, we could not
to determine the impact of U-3LCPUFA on muscle-fiber integrity.
Additionally, it was not possible to obtain a muscle biopsy (prior to
and at the end of supplementation) to determine whether U-
3LCPUFA preserved the typical skeletal muscle morphology, as
observed in dystrophic hamsters fed a flaxseed-enriched (rich in
linolenic acid, a precursor deriving from EPA and DHA) [39]. In
addition, this study included patients in a wide age range and with
varying degrees of muscle function. Finally, we are unable to
discard that sample size did not permit to the observance of an
overwhelming impact. Despite these limitations, these exploratory
data provide the scientific background on the probable potential
therapeutic impact of U-3LCPUFA to reduce the severity of muscle
loss and fat-mass decrease and the positive effect on insulin and RI
in patients with DMD. Furthermore, the exploratory results of the
present study can be useful in proposing a trial focused on identi-
fying the impact of supplementation with U-3LCPUFA on slowing
the progression of muscle loss, decreasing fat mass, and reducing
the fasting insulin and IR in boys with early muscle damage
(without fibrosis) reducing the age range in DMD for longer treat-
ment periods (more than 6 months). However, to provide effective
management of DMD, full knowledge will be required concerning
the action of different treatments acting together, in order to
establish an optimal combination of therapies, which will be
necessary in a personalizedmanner, depending on patient's disease
progress.

5. Conclusion

Exploratory data suggest that the intake of U-3LCPUFA (2.9 g/
day) during 6 months likely slowed the progression of muscle loss,
the decrease in fat mass, and the reduction of fasting insulin and
insulin resistance in boys with DMD, which might exert an impact
in terms of a better quality of life for these patients. Therefore, these
exploratory results provide scientific background for the carrying
out of a randomized trial focused of confirming the possible
beneficial role of U-3LCPUFA on the previously mentioned alter-
ations in boys with DMD with early muscle damage (without
fibrosis).
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