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Objectives: Epigenetic markers, and in particular DNA methylation, have come to the fore as new tools in the
personalization of the treatment of obesity and its comorbidities. The objectives of the current investigation
were to identify epigenetic biomarkers that might be predictive of response to a weight-loss intervention,
and to better understand the influence of certain nutrients (particularly antioxidants) on the epigenome.
Methods: Global DNA (LINE-1) methylation levels were assessed in peripheral blood mononuclear cells
(PBMCs) from 96 obese volunteers of the Metabolic Syndrome Reduction in Navarra study, using a
methylation-sensitive high resolution melting approach after bisulfite modification.
Results: Baseline LINE-1 DNA methylation levels were significantly higher (5.41%) in high responders (>8%
of weight loss) as compared to low responders (<8%) to the energy-restricted treatment. Indeed, a LINE-1
methylation higher than 84.15% may be predictive of a high response to the hypocaloric diet. Statistically
significant correlations were found between LINE-1 baseline DNA methylation levels and the response to
the treatment involving total fat mass and body weight. Furthermore, LINE-1 baseline methylation levels
positively correlated with baseline dietary total antioxidant capacity (TAC).
Discussion: LINE-1 methylation levels in PBMCs might be used to predict response to a dietary weight-loss
intervention, and seem to be related to the dietary TAC.
Trial Registration: www.clinicaltrials.gov: NCT01087086.
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Background
Obesity, which is defined as the excessive accumu-
lation of adiposity in relation to body mass, occurs
as a result of an imbalance in energy homeostasis
between energy intake and energy expenditure.1

Given the steady increase in the prevalence of
obesity,2 there is an urgent need to find new robust bio-
markers that could lead to better prevention of the dis-
order and a more personalized form of treatment.3 In
recent years, different epigenetic biomarkers have been
identified in relation to the personalized response to
different dietary approaches to treat obesity.4,5

Epigenetics is defined as the heritable changes in
gene activity and expression that occur without
abnormalities in DNA sequences, and is involved in
the onset and progression of obesity and obesity-
related diseases.6 At a general level, DNA methylation

is usually assessed in peripheral blood mononuclear
cells (PBMCs) by measuring repeat interspersed
regions, such as long interspersed nucleotide element
1 (LINE-1) or Alu regions, a kind of short interspersed
nucleotide element (SINE). PBMCs, which have the
longest life span of all blood cells, are considered to
best represent the biological changes related to
environmental exposures or modifications to lifestyle
and behavior.7 On the other hand, LINE-1 and
SINE sequences are retrotransposons, mobile
sequences that use a ‘copy-and-paste’ mechanism to
change their location and their copy number using
an RNA intermediate.8 In the case of obesity, one
trial reported that a high or low birth weight, as well
as premature birth, was associated with significantly
lower LINE-1 methylation levels.9 Similarly, Perng
et al. found that LINE-1 hypomethylation was
related to the development of adiposity in boys.10

Although nutrition plays a role in disease preven-
tion, the interactions between the epigenome
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(including overall DNA methylation) and different
dietary bioactive compounds and food combinations
have not been the focus of much research. For
example, it has been reported that some antioxidants,
including genistein, zinc, selenium, and vitamin A,
could affect DNA methylation,11 whereas dietary
compounds and interventions could modify LINE-1
DNA methylation.12

Hence, the objectives of the current research were to
study whether overall DNAmethylation levels (such as
LINE-1 methylation at baseline) could be a predictive
biomarker of response to a hypocaloric diet (by com-
paring low and high responders to the dietary treat-
ment) and to elucidate the influence of certain
nutrients, particularly antioxidants, on overall DNA
methylation.

Methods
Subjects and study protocol
The current analysis was conducted within the
RESMENA (Metabolic Syndrome Reduction in
Navarra) project, a randomized nutritionally con-
trolled trial.13 The sample for this study consisted of
96 adults with MetS as defined by International
Diabetes Federation criteria. All those subjects who
did not meet the previously detailed inclusion cri-
teria13 or for whom relevant information was lacking
were excluded. Subjects presenting chronic diseases
related to nutrient metabolism, those following
special diets and those experiencing body weight
changes in the last 3 months were also excluded from
the trial. Participants underwent two energy-restricted
dietary patterns for 8 weeks, both with an energy
restriction of −30% of the studied requirements.13

The control diet was based on the American Heart
Association (AHA) guidelines, including 3–5 meals/
day, a macronutrient distribution of 55% total
caloric value from carbohydrates, 15% from proteins,
and 30% from lipids. In contrast, the RESMENA
diet was designed with a higher meal frequency,
consisting of 7 meals/day, and a macronutrient distri-
bution of 40% total caloric value from carbohydrates,
30% from proteins and 30% from lipids, as described
elsewhere.13 As no differences in anthropometric and
biochemical variables were found between both
dietary intervention groups, the two subject groups
were merged for further analyses.14 Body composition
was specifically measured using a dual-energy X-ray
absorptiometry (DXA Lunar Prodigy, GE Medical
Systems, Madison, WI, USA). Diet composition was
analyzed using the DIAL software (Alce Ingenieria,
Madrid, Spain), and dietary total antioxidant capacity
(TAC) was calculated using the Carlsen et al. values.15

TAC was determined using the ferric reducing ability
of plasma (FRAP) assay, which was able to estimate
the antioxidant power of antioxidants such as ascorbic

acid, uric acid, bilirubin, trolox (a water-soluble
analog of vitamin E), alpha-tocopherol, and albumin
in plasma and in mixtures of these antioxidants.16

The study was approved by the Ethics Committee
of the University of Navarra (065/2009) and appro-
priately registered at www.clinicaltrials.gov
(NCT01087086). All the participants provided written
informed consent for participation in agreement with
the Declaration of Helsinki. The study was performed
following the CONSORT 2010 guidelines.17

Sample collection and DNA isolation
A blood sample was collected from each volunteer and
transferred into a 10 mL EDTA tube at baseline and
after 8 weeks of treatment. Blood was immediately
placed on ice, centrifuged within 30 minutes to isolate
the buffy coat, and stored at −20°C until use. DNA
was isolated from the PBMCs using the Master Pure
DNA Purification Kit for Blood Version II kit
(Epicenter, Madison, WI, USA) according to the
instructions provided by the manufacturer. Purified
DNA was stored at −20°C until use. Purified DNA
was quantified by PicoGreen dsDNA Quantitation
Reagent (Invitrogen, Carlsbad, CA, USA).

Methylation standards and bisulfite conversion
Cells-to-CpG™ Methylated gDNA Control Kit (Life
Technologies, Waltham, MA, USA) and DNA from
placenta cells (D3160, Sigma Aldrich, St. Louis,
MO, USA) were used as methylated and non-methyl-
ated DNA standards, respectively. To generate a range
of methylated and unmethylated DNA standards, the
two control DNA standards were mixed in 0, 20, 40,
60, 80, and 100% methylated to unmethylated tem-
plate ratios.

One microgram of each standard and sample DNA
was bisulfite-converted (BSC) by using the Epitect
Fast Bisulfite Conversion Kit (Qiagen, Venlo,
Limburg, The Netherlands) according to the manufac-
turer’s instructions, thus converting non-methylated
cytosines into uracil. All BSC DNAs were diluted to
5 ng/μL for use in PCR.

Methylation-sensitive high resolution melting
(MS-HRM) analysis
Primers were designed against the completely methyl-
ated sense strand sequence and according to the rec-
ommendations of Wojdacz and Dobrovic18 in order
to minimize PCR bias. The promoter region of the
consensus LINE-1 sequence (GenBank: X58075) was
used to design primer sets with the Primer3
website.19 The primers were the followings: forward-
GCGAGGTATTGTTTTATTTGGGA; reverse-
CGCCGTTTCTTAAACC. It screened eight CpGs
in an amplicon length of 141 bp.

PCR amplification of the DNAwas carried out using
a 7900HT Fast Real-Time PCR System (Life
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Technologies, Waltham, MA, USA) equipped with the
SDS Software (Version 2.4.1, Life Technologies,
Waltham, MA, USA). PCR was performed in a
10-μL reaction volume, and 5 ng of BSC DNA tem-
plates for LINE-1 assay were added to each well,
which contained 1 ×MeltDoctor™ HRM Master Mix
(HRM) (Life Technologies, Waltham, MA, USA) and
0.2 μM of each primer. The cycling protocol conditions
included a single enzyme activation step of 10 minutes
at 95°C followed by 40 cycles of the following steps:
denaturation 95°C, 15 seconds, and annealing 60°C, 1
minute. The MS-HRM step was performed after 40
cycles of amplification and the MS-HRM analysis
was initiated by denaturing all products at 95°C for 1
minute, followed by annealing at 55°C for 1 minute.
Samples were slowly warmed to 95°C at 0.1°C/second.
The High ReSolution Melt Software v2.0 (Life

Technologies, Waltham, MA, USA) was employed
for end-product analysis. This algorithm allowed the
raw melt curves to be normalized for fluorescence
intensity, and a temperature shift was applied to
align the normalized melt curves, which facilitated
the analysis of samples with varying crossing threshold
(Ct) values. A difference curve was then derived from
the first derivative of the melt curves. Data for the
difference melt curves were exported to Excel (Office
2007; Microsoft Corp., Redmond, WA) for further
analyses. Graphs were plotted and inverted vertically.
Both peak-height and area-under-the-curve from the
normalized, temperature-shifted, difference curves
were used to generate a standard curve and determine
the degree of methylation of each DNA sample. All
participant DNA samples were analyzed on a 384-
well plate, which included a no-template control
(NTC) and a set of reference methylation standards.
Reference methylation standard curves and exper-
imental samples were tested in triplicate.

Statistical analyses and graph representation
This ancillary study could be considered as observa-
tional, but this kind of approach is considered as
valid as the initially designed interventional
approach.20 Different statistical models were applied
to analyze the methylation results. All data were exam-
ined using parametric tests after confirming normal
distribution with the Shapiro-Wilk test. The baseline
methylation differences between low and high respon-
ders to the nutritional intervention were analyzed
using ANCOVA. This approach allowed prediction
of a response to a diet according to a specific methyl-
ation pattern. Pearson’s correlations were fitted to
evaluate the potential correlations of the methylation
values with biochemical and anthropometric vari-
ables, and also with the dietary components.
Receiver operating characteristic (ROC) analysis was
used to evaluate the sensitivity and specificity of

DNA methylation levels of LINE-1 for predicting a
high response to a hypocaloric diet.
A P< 0.05 was considered statistically significant.

SPSS 15.0 software (SPSS Inc., Chicago, IL, USA)
for Windows XP (Microsoft) was used for all the stat-
istical analyses.
To show graphically and visually the results, graphs,

and figures were created with GraphPad Prism®

version 6.0C (La Jolla, CA, USA).

Results
Characteristics of the study population
After the dietary intervention, the main anthropometric
and biochemical measurements significantly decreased
(P< 0.001) (data not shown). For example, body
mass index (BMI) values were reduced by the energy-
restricted program (from 35.8 [95% CI: 34.9–36.8] kg/
m2 to 33.4 [95% CI: 32.4–34.3] kg/m2, P< 0.001),
thus improving the adiposity status from obesity class
II to obesity class I. No differences were found
between either dietary intervention groups, neither in
the anthropometric nor in the biochemical variables
(Table 1). Moreover, there were no significant differ-
ences between the two dietary intervention groups for
the two variables of interest (baseline LINE-1 methyl-
ation levels and baseline TAC; P= 0.794 and P=
0.905, respectively). Therefore, the two groups were
merged and subsequently analyzed together as a
single experimental group, as previously published.14,21

Such merging increased the statistical power of the
study as a result of the larger population.
Anthropometric and biochemical measurements

were recorded at baseline and after 8 weeks of the
energy-restricted dietary program, and the volunteers
were classified according to the response to the
weight-loss intervention (Table 2). According to the
diogenes study inclusion criteria,22 subjects were con-
sidered as ‘high responders’ (HR) when weight loss
was ≥8% after 8 weeks of energy-restricted program
(n= 38) and ‘low responders’ (LR) when weight loss
was <8% (n= 58), respectively. A total of 39.6% of
the population was considered as high responders.
No statistical differences were found at baseline
between high and low responders, except for triglycer-
ide levels. As expected, participants in the HR group
showed greater reductions in body weight, BMI,
waist circumference, total fat mass, and truncal fat
mass than those in the LR group (Table 2).

Association between the baseline DNA
methylation levels and the response to the
energy-restricted dietary program
Baseline LINE-1DNAmethylation levels were signifi-
cantly higher in HR (mean: 85.49; 95% CI:
83.45–87.53) as compared to LR (mean: 80.08; 95%
CI: 79.33–81.84) (P< 0.001) (Fig. 1A). Statistically
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significant correlations (P< 0.05) were observed
between baseline LINE-1 methylation levels and the
loss of certain anthropometric parameters such as
total fat mass and body weight (Fig. 1B and C).
Moreover, baseline LINE-1 methylation levels were
also associated with changes in waist circumference
(r2= 0.319, P= 0.003; r2= 0.279, P= 0.026; respect-
ively) and with changes in triglyceride levels (r2=
0.317, P= 0.016).

Influence of dietary total antioxidant capacity on
DNA methylation levels
Pearson’s correlation analyses were performed to
assess the possible association between TAC and

LINE-1 methylation levels. Baseline TAC was associ-
ated (P< 0.01) with LINE-1 methylation levels at
baseline (Fig. 2). By using a linear regression model,
we observed that total fat mass and TAC explained
about 22% of the variation of the baseline DNA
methylation of LINE-1 (Table 3).

Discussion
DNAmethylation in specific regions is a crucial step in
the control and regulation of gene expression as it pre-
vents or promotes the recruitment of regulatory pro-
teins. As such it could be used as a biomarker of
disease risk or to personalize treatment. For
example, there is a long list of genes whose

Table 2 Characteristics of the population classified by the response to the energy-restricted dietary program

Variable
Low responders (n= 58) High responders (n= 38)

P†

Baseline 8 weeks Baseline 8 weeks

Age (years) 48 (45.4–50.6) 48 (45.4–50.6) 51 (48.0–54.0) 51 (48.0–54.0) 0.133
Sex (%) 0.938

Male 53.4 53.4 52.6 52.6
Female 46.6 46.6 47.5 47.5

Weight (kg) 101.2 (96.0–106.2) 96.0 (91.2–100.8)*** 97.4 (92.4–102.4) 88.0 (83.5–92.5)*** <0.001
BMI (kg/m2) 36.0 (34.8–37.2) 34.2 (33.1–35.3)*** 35.5 (33.9–37.1) 32.1 (30.6–33.6)*** <0.001
Waist circumference (cm) 111.7 (108.2–115.2) 106.2 (103.1–109.3)*** 110.2 (106.2–114.2) 100.6 (96.9–104.3)*** <0.001
Total fat mass (kg)‡ 43.3 (40.9–45.7) 39.4 (37.0–41.8)** 40.9 (37.5–44.3) 34.3 (31.2–37.4)*** <0.001
Trunk mass (kg)‡ 25.5 (23.8–27.2) 23.4 (21.7–25.1)** 24.9 (22.8–27.0) 20.1 (18.2–22.0)*** 0.001
SBP (mmHg) 147 (143–151) 138 (134–142)*** 153 (145–161) 136 (130–142)*** <0.05
DBP (mmHg) 85 (83–87) 79 (77–81)*** 85 (81–89) 77 (74–80)*** 0.122
TC (mg/dl) 214.2 (202.4–226) 204.3 (193.1–214.9) 229.1 (215.8–242.4) 202.1 (187.5–216.7)*** <0.05
HDL-c (mg/dl) 44.4 (41.6–47.2) 42.4 (39.7–45–1) 45.1 (42.2–48.0) 40.7 (38.3–43.1)** 0.126
Glucose (mg/dl)§ 123.9 (113.6–134.2) 111.0 (105.9–116.1)** 120.2 (110.2–130.2) 106.4 (98.9–113.9)*** 0.945
TG (mg/dl)§ 180.8 (151.9–209.7) 154.0 (132.8–175.2)** 191.7 (156.6–226.8) 137.1 (106.7–167.5)*** 0.797
Energy intake (kcal) 2111 (1970–2252) 1383 (1297–1469)*** 2311 (2158–2464) 1291 (1224–1358)*** <0.01
Dietary TAC (mmol/day) 7.5 (6.7–8.3) 9.8 (7.9–9.7)*** 7.0 (6.0–8.0) 11.2 (10.0–12.4)*** 0.159

Data expressed as mean (95% CI). Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; TC, total cholesterol; HDL-c, high density lipoprotein cholesterol; TG, triglycerides; TAC, total antioxidant capacity. High
responders categorized by 8% body weight loss from baseline.
†P of variable changes between high responders and low responders.
*P< 0.05 between baseline and 8 weeks after.
**P< 0.01 between baseline and 8 weeks after.
***P< 0.001 between baseline and 8 weeks after.
‡Measurement by dual-energy X-ray absorptiometry (DXA).
§Non-normally distributed variables were transformed for the model analysis.

Table 1 Anthropometric and biochemical changes after 8 weeks of treatment depending on the diet

Variable AHA (n= 48) RESMENA (n = 48) P

Sex (%) ns
Male 56.3 50.0
Female 43.7 50.0

ΔWeight (kg) −6.7 (−7.6 to −5.8) −7.1 (−7.9 to −6.3) 0.555
ΔBMI (kg/m2) −2.4 (−2.7 to −2.1) −2.5 (−2.8 to −2.2) 0.732
ΔWaist (cm) −6.8 (−8.2 to −5.4) −7.5 (−8.6 to −6.4) 0.432
ΔTotal fat mass by DXA (kg) −4.6 (−5.3 to −3.9) −5.2 (−5.9 to −4.5) 0.208
ΔTrunk mass by DXA (kg) −2.6 (−4.1 to −1.1) −3.7 (−4.3 to −3.1) 0.183
ΔSBP (mmHg) −11 (−16 to −6) −13 (−19 to −7) 0.570
ΔDBP (mmHg) −6 (−9 to −3) −8 (−11 to −5) 0.371
ΔTotal cholesterol (mg/dl) −16.9 (−26.6 to −7.2) −16.3 (−29.9 to −2.7) 0.943
ΔHDL-c (mg/dl) −4.0 (−6.1 to −1.9) −2.0 (−3.9 to −0.1) 0.158
ΔGlucose (mg/dl) −13.0 (−21.8 to −4.2) −13.6 (−24.6 to −2.6) 0.939
ΔTG (mg/dl) −30.9 (−51.5 to −10.3) −43.5 (−66.6 to −20.4) 0.421

Data expressed as mean (95% CI). Abbreviations: BMI, body mass index; DXA, dual-energy X-ray absorptiometry; SBP, systolic
blood pressure; DBP, diastolic blood pressure; HDL-c, high density lipoprotein cholesterol; TG, triglycerides.
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methylation status has been proposed as biomarkers
for cancer diagnosis.23

The first objective of the present study was to deter-
mine if DNA methylation levels of LINE-1 at baseline
could predict if a subject could be a low or a high
responder to a dietary weight-loss program with a
hypocaloric diet. It has been previously reported that
the response to a weight-loss treatment could be pre-
dicted by analyzing the methylation levels of several
genes at baseline.24 One of these studies24 found that
five regions located in or near the genes AQP9,
DUSP22,HIPK3, TNNT1, and TNNI3 were differen-
tially methylated at baseline in HR and LR. Another
study25 performed in obese adolescents who under-
went 10 weeks of a multidisciplinary weight-loss inter-
vention, found that DNA methylation levels in CpGs

located in or near ATP10A, CD44, and WT1 showed
statistically different methylation levels depending on
the weight-loss outcome. The results of the present
study show that baseline LINE-1 methylation levels
were significantly different between HR and LR and
thus confirm that methylation levels in PBMCs
could be used as early biomarkers of weight-loss
success with a hypocaloric diet. After performing a
ROC curve (AUC= 0.75; 95% CI: 0.633–0.865), we
concluded that a LINE-1 methylation value higher
than 84.15% may be predictive of a higher response
to a hypocaloric diet.
The hypothesis of considering LINE-1 as a bio-

marker of obesity is not presumptuous. LINE-1
methylation levels have been previously proposed as
biomarkers for several diseases, including melanoma,

Figure 1 Baseline DNA methylation levels of low and high responders to the intervention. (A) Baseline DNA methylation levels
(%) of low responders and high responders adjusted for age, gender, and number of plate. P from ANCOVA test: *0.05<P< 0.01;
***P< 0.001. (B) Pearson’s correlation between total fat mass loss (kg) and baseline DNA methylation levels (%) of LINE-1; (C)
Pearson’s correlation between body weight loss (as kg) and baseline DNA methylation levels (%) of LINE-1. r2 represents
Pearson correlation coefficient and P is the stringency of the correlation. A P< 0.05 was considered statistically significant. Full
circles: LR; empty circles: HR.

Figure 2 Pearson’s correlation between baseline
methylation levels (%) of LINE-1 and baseline dietary total
antioxidant capacity (TAC; mmol/day), adjusted for age, sex,
diet type, energy intake, and number of plate. r2 represents
Pearson correlation coefficient.

Table 3 Multiple regression analyses showing the
independent contributions of studied domains* to the
variation of baseline DNA methylation of LINE-1

LINE-1 as
dependent B coefficient

95% confidence
interval P

Total fat mass by
DXA (%)

−0.379 (−0.608; −0.167) 0.001

Dietary TAC
(mmol/day)

0.290 (0.156; 1.053) 0.007

R2= 0.22 (P< 0.001)

Adjusted R2 and all independent variables included in each
model are presented in the table. Italic style represents
statistical significant P values.
*Domains are adiposity indicators (baseline total fat mass by
DXA (%) and baseline dietary total antioxidant capacity (mmol/
day)).
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prostate adenocarcinoma, rectal cancer, or osteonecro-
sis.26 Furthermore, studies have reported that DNA
methylation, including LINE-1 and Alu methylation,
may play a role in chronic diseases, specifically, cardi-
ovascular disease and diabetes.27,28 Indeed, recent epi-
demiological trials have also reported associations
between LINE-1 methylation and obesity-related dis-
eases.12,28 Although Zhu et al.29 found that LINE-1
and Alu methylation levels in white blood cells were
not correlated with BMI, other studies have found
that there was a significant positive association
between BMI and LINE-1 methylation30 and that
LINE-1 hypomethylation was related to the develop-
ment of adiposity in boys.10 Newborns with low or
high birthweight have been found to have significantly
lower LINE-1 methylation levels in their cord blood
compared to normal weight infants.9 In a prospective
study of 470 child-bearing women, a lower degree of
LINE-1 methylation in PBMC was associated with
excess body weight,31 whereas women with higher
BMI, a higher percentage of body fat or higher waist
circumference had lower LINE-1 methylation levels.
Another study observed lower white blood cell
LINE-1 methylation levels in obese subjects
(BMI ≥ 25 kg/m2) when compared with those of
BMI ≤ 25 kg/m2.32

However, few studies have analyzed the relationship
between DNA methylation and weight loss. Martin-
Nunez et al.33 found a positive correlation between
LINE-1 methylation changes in PBMC and weight
change. A recent study has observed that weight loss
over 12 months did not change LINE-1 DNA methyl-
ation levels,34 as we have corroborated in our data
(data not shown). All these data are in agreement
with the results of the present study, where baseline
LINE-1 methylation levels were associated with
changes in BMI, body weight, and total fat mass,
suggesting that such levels could be used to predict
the outcome of a weight-loss intervention. This predic-
tor could be added to other epigenetic biomarkers pre-
viously identified as early predictors of body weight
loss and maintenance of body weight after weight
loss treatments.3

The effect of different bioactive food components
on overall DNA methylation is only just starting to
be understood. Studies with metabolites involved in
one-carbon metabolism (vitamin B12, vitamin B6,
vitamin B1, folate, methionine, choline, biotin), iso-
thiocyanates, phytoestrogens, flavonoids and other
phenolic compounds, lipoic acid, vitamin A, and
metabolites of vitamin E have demonstrated an inter-
action between such substances and DNA methyl-
ation.11,35 Many of these compounds exert
antioxidant activity. Thus, polyphenols may decrease
DNA methylation by altering cellular SAM/SAH
ratios and by indirectly inhibiting DNMT activity.35

Ascorbic acid is another antioxidant that has been
reported to promote changes in the epigenome in cul-
tured cells as it tends to oxidize 5-methylcytosine into
5-hydroxymethylcytosine in a demethylation
pathway.36

TAC has been inversely associated with central adi-
posity measurements in healthy young adults, indicat-
ing that it could be useful in the assessment of the
health benefits of cumulative antioxidant capacity
from food intake.37 In line with this, an association
between baseline LINE-1 methylation levels and base-
line TAC intake was observed in the current study.
This is in agreement with previous studies that have
found an association between retinol levels and
LINE-1 methylation status.38 The amount of fruits
and vegetables that subjects declared in the 136-item
food frequency questionnaire were the main factors
that influenced TAC values, as these products have a
much higher antioxidant content (mmol/serving).15

To our knowledge, this is the first study where
overall LINE-1 methylation and TAC have been
associated.

The main limitation of the current study is that we
did not analyze LINE-1 methylation levels in
adipose tissue, and it is possible that fat tissue displays
a different tissue-specific methylation pattern than that
observed in peripheral blood leukocytes. Nevertheless,
previous studies have shown that DNA methylation
patterns are largely conserved across tissues, and that
leukocyte DNA methylation levels might serve as sur-
rogate markers of DNA methylation in specific
tissues.39 Furthermore, no blood cell count was
carried out, resulting in a possible limitation in the
interpretation of DNA methylation levels.
Nevertheless, one of the aims of the present study
was to use PBMCs as a source of easily isolated prog-
nostic biomarkers as other studies have previously
reported.25,40 In addition, taking into account that
body composition was measured by DXA, and that
the technique used to quantify the methylation levels
was MS-HRM (a rapid and reliable approach to
detect DNA methylation)41; the results obtained are
very robust.

Although further studies with a larger sample size
and a longer intervention period are required to
confirm the influence of the dietary approach on
methylation status, this study suggests that LINE-1
methylation levels in PBMCs may well be a biomarker
of weight loss response and that they are influenced by
diet composition, especially antioxidant content. This
finding is of particular relevance in that it confirms
that the epigenome plays a role in the development
of obesity and in the individual response to the
environmental/dietary factors, and represents a first
step towards the personalization of weight-loss
treatments.
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Conclusion
Baseline LINE-1 methylation levels correlated with
changes in anthropometric variables and could be
used as a predictor of weight loss success by early dif-
ferentiating between high and low responders to a
specific treatment. Finally, LINE-1 methylation
levels in PBMCs seem to be affected by dietary TAC.
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