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Abstract
Obesity is associated with an atherogenic lipid profile. No data exists on lipoprotein particle profiles in metabolically healthy obese
(MHO) individuals. Our aim is to characterize lipoprotein size, particle, and subclass concentrations in MHOwomen after 3 months of
weight loss through dietary restriction and physical exercise.
A total of 115 nondiabetic women (aged 35–55 years) with a body mass index (BMI) of 30 to 40kg/m2 and �1 of the following

criteria: blood pressure�135/85mmHg, fasting plasma glucose�100mg/dL, HDL-cholesterol�50mg/dL, and triglycerides�150
mg/dL were included. After 3months of intensive lifestyle modification (Mediterranean diet and physical exercise), they were classified
according to their weight loss: <5%, ≥5% to <10%, and ≥10%. Lipoprotein size, particle, and subclass concentrations were
measured using 1H NMR.
The final sample, after dropouts, comprised 104 women (age: 44.4±3.7 years, BMI: 36.3±4.7kg/m2), of whom 47 (45.2%), 27

(26%), and 30 (28.8%) lost <5%, ≥5% to <10%, and ≥10% of baseline body weight, respectively. All participants experienced
significant weight loss and decreases in BMI. The lipid profiles showed an increase in small, medium, and large very low density
lipoprotein (VLDL) particles in all groups of study with the exception of small VLDL particles in women with ≥10% of weight loss, in
which it decreased. The number of VLDL particles decreased in women who had≥10%weight loss. On the other hand, we detected
a decrease in all low density lipoprotein (cLDL) and high density lipoprotein (cHDL) concentrations.
These results indicate that intensive lifestyle modification alters lipid profiles. In particular, it decreases small LDL and HDL particle

numbers and does not increase medium or large HDL particles numbers.

Abbreviations: 1H NMR = nuclear magnetic resonance spectroscopy, cHDL = high density lipoproteins bound to cholesterol,
cLDL = low density lipoproteins bound to cholesterol, CVD = cardiovascular disease, CVR = cardiovascular risk, IDL = intermediate
density lipoprotein, MHO = metabolically healthy obese, VLDL = very low density lipoprotein.

Keywords: lipid profile, Mediterranean diet, metabolically healthy obese, nuclear magnetic resonance spectroscopy, physical
exercise
Editor: Deqiang Zhang.

ER-G and MRB-L contributed equally to this work.

Funding/support: This work was supported by grants from the Instituto de Salud Carlos III, cofinanced by the Fondo Europeo de Desarrollo Regional-FEDER (PI12/
01373 and “Centros de Investigación En Red” (CIBER, CB06/03/0018)), and M Rosa Bernal-Lopez was supported by “Miguel Servet Type I” program (CP15/00028)
from the ISCIII-Madrid (Spain), cofinanced by the Fondo Europeo de Desarrollo Regional-FEDER.

The authors have no conflicts of interest to disclose.
a Department of Clinical Analysis, Institute of Biomedical Research in Málaga (IBIMA), Regional University Hospital of Málaga (Carlos Haya Hospital), Universidad de
Malaga, b Department of Endocrinology and Nutrition, Institute of Biomedical Research in Málaga (IBIMA), Regional University Hospital of Málaga (Virgen de la Victoria
Hospital), c Department of Internal Medicine, Institute of Biomedical Research in Málaga (IBIMA), Regional University Hospital of Málaga (Carlos Haya Hospital),
d CIBERFisiopatología de la Obesidad y Nutrición, Instituto de Salud Carlos III, Madrid, Spain.
∗
Correspondence: Maria Rosa Bernal-Lopez, Department of Internal Medicine, Institute of Biomedical Research in Málaga (IBIMA), Regional University Hospital of

Málaga, Avda. Hospital Civil, s/n. 29009 Málaga, Spain (e-mail: robelopajiju@yahoo.es).

Copyright © 2017 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
permissible to download and share the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the
journal.

Medicine (2017) 96:27(e7040)

Received: 14 February 2017 / Received in final form: 20 April 2017 / Accepted: 10 May 2017

http://dx.doi.org/10.1097/MD.0000000000007040

1

mailto:robelopajiju@yahoo.es
http://creativecommons.org/licenses/by-nc-nd/4.0
http://dx.doi.org/10.1097/MD.0000000000007040


Rodriguez-Garcia et al. Medicine (2017) 96:27 Medicine
1. Introduction

Obesity is a health condition that has increased in recent years,
especially in developed countries.[1–4] Body mass index (BMI) is
the most widely used measure of obesity. A higher BMI has
been linked to the development of various metabolic diseases
and their underlying pathophysiologies, which could lead to
increased mortality. However, this association is not necessarily
linear; many studies suggest the existence of an “obesity
paradox,” with different ranges of optimal BMIs associated
with mortality.[5] Possible explanations for this inter-study
heterogeneity include differences in study population character-
istics, ethnicities, follow-up periods, or the use of different BMI
classifications.[6–8] Metabolic health status or comorbidities
could also be important confounding factors in this relation-
ship.[9,10] Recently, subgroups of obese people with unexpected
metabolic profiles that deviate from the normal BMI-metabolic
disturbance relationship have generated much interest.[11,12]

Although there is a lack of consensus on the defining criteria,
these subgroups are usually classified by BMI and degree of
insulin resistance or the number of metabolic abnormalities.
Although categorized into the same BMI group, metabolic
conditions and clinical outcomes may differ across different
metabolic health statuses. Some obese individuals exhibit lower
degrees of insulin resistance and visceral adiposity along with
more favorable cardiovascular risk (CVR) profiles despite their
high BMI, and therefore are classified as having a metabolically
healthy obese (MHO) phenotype.[13,14]

Some authors postulate that MHO people have a healthy
metabolic profile because they have lower inflammatory
levels[15–18] and favorable lipid, hormonal, and immunological
profiles.[19] Obesity is known to be associated with an
atherogenic lipid profile (atherogenic dyslipidemia), character-
ized by increased levels of total cholesterol, LDL cholesterol, non-
HDL cholesterol, small, dense LDL particles, triglycerides, and
Lp(a); decreased levels of HDL cholesterol and apoprotein A1;
presence of postprandial hyperlipidemia with accumulation of
atherogenic remnants; and hepatic hyperproduction of apopro-
tein B. The key factor in the relationship between obesity and
dyslipidemia may be the development of insulin resistance in
peripheral tissues with increased hepatic flow of dietary fatty
acids, intravascular lipolysis, and resistance of adipose tissue to
the antilipolytic effect of insulin.[20]

Currently, clinical laboratories are faced with the problem of
standardizing current methods for correctly quantifying low
density lipoproteins bound to cholesterol (cLDL).[21] This, along
with variability of some lipid components among individuals, has
led to an incorrect interpretation of lipid profile results, which is
fundamental in an MHO diagnosis.
Conventional lipoprotein quantification methods used in

clinical laboratories only allow for the quantification of
concentrations.[22] Therefore, it is necessary to find new
techniques that allow for a much more precise estimate of
CVR. This requires the ability to distinguish between different
classes and subclasses of lipoproteins through the use of nuclear
magnetic resonance spectroscopy (1H NMR). NMR has been
shown to be a more accurate technique across different
population types. To date, no studies have been performed
using NMR in anMHOpopulation. Using this technique, we can
more accurately estimate CVR by calculating the number of
particles of the aforementioned classes of lipoproteins.[23–29]

Recently, the concentration of lipid particles (very low density
lipoprotein [VLDL], intermediate density lipoprotein [IDL],
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LDL, and HDL) bound to cholesterol and the concentration of
lipoproteins (VLDL, IDL, LDL, and HDL) bound to triglycerides
have been quantified using this technique,[30,31] as well as
numbers of VLDL, LDL, and HDL particles. Measuring lipid
profiles using this technique represents a great advance in
estimating CVR because it is able to distinguish between different
particle sizes and densities[32,33] according to their physicochem-
ical characteristics,[34] allowing for a more precise, accurate
determination of the degree of penetration of these particles in the
vascular endothelium.[35]

These particles have different sizes and are able to be classified
into different subclasses: small, medium, and large.[31] The
particle number and lipoprotein size are very important aspects in
assessing CVR.[32–34] Lipid metabolism can be altered through
physical exercise and diet. Although the role of VLDL in the lipid
profile of MHO subjects is not clear, the role of LDL particle size
is indeed clear. As LDL particles decrease in size and increase in
density, so their degree of atherogenicity increases.[31–33]

The size of HDL is very important because bigger particles can
transport more cholesterol to the liver whereas small HDL
particles are less functional and, due to their size, do not capture
cholesterol.
MHO subjects have a less atherogenic lipid profile, with lower

triglyceride and oxidized LDL values and higher HDL cholesterol
levels, with no significant differences in total cholesterol, LDL
cholesterol, or fatty acid levels.[36,37] However, metabolically
abnormal, normal weight subjects have a more atherogenic lipid
profile, with higher levels of oxidized LDL and LDL particles of a
smaller diameter.[38]

Low density lipoproteins (LDL) that are small are highly
atherogenic, favoring the formation of atheromatous pla-
ques,[32,35] which ultimately lead to cardiovascular disease
(CVD). Whether weight loss improves the lipid profiles of
MHO subjects is also a topic of discussion. Therefore, our
objective is to analyze the changes in lipid profiles using 1HNMR
in a population of MHO women without atherogenic dyslipi-
demia detected in routine baseline analysis after 3 months of an
intensive lifestyle intervention.

2. Material and methods

An open, single-blind study was conducted. A population of 115
MHOwomenwas recruited from 4 primary health care centers in
theMálaga district of the Andalusian Health Service (SAS). Study
participants were recruited by their family physicians between
June 2013 and April 2014.
MHO participants met 0 or 1 of the following criteria: blood

pressure ≥135/85mmHg (or use of blood pressure lowering
agents), fasting plasma glucose ≥100mg/dL, HDL cholesterol
�50mg/dL, and triglycerides ≥150mg/dL (or the use of lipid-
lowering therapies).
Inclusion criteria were women aged 35 to 55 years with a BMI

between 30 and 40kg/m2.
Exclusion criteria were a diagnosis of diabetes, glucose

intolerance as detected on a 2-hour, 75-g oral glucose tolerance
test (OGTT); pregnancy or becoming pregnant during the study;
CVD; severe disease (advanced organ failure, dementia, and
cancer); immobility; alcohol or drug abuse; and severe psychiatric
illness and weight loss ≥5kg in the last 6 months due to an
unknown cause.
After signing written informed consent forms, they underwent

a clinical interview conducted by an internal medicine specialist, a
nurse and a nutritionist, who were trained for the study.
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The study is based on implementing a hypocaloric Mediterra-
nean diet and exercise program for all study participants. The
Mediterranean diet was based on a hypocaloric diet with extra
virgin olive oil and nuts. For this hypocaloric diet, energy intake
was reduced by about 600kcal (or approximately 30% less than
estimated energy needs). Fat comprised 35% to 40% (8%–10%
saturated fatty acids), carbohydrates comprised 40% to 45%
(low glycemic index), and protein comprised 20% of total daily
calorie intake. Participants were encouraged and assessed on how
to gradually increase their level of physical activity to reach at
least 45 minutes a day after 3 months of intervention. Physical
activity and a specific exercise protocol was measured through
the use of pedometers. Sedentarism was evaluated using Rapid
Assessment of Physical Activity (RAPA) questionnaires.[39]

Adherence to the Mediterranean diet was measured as
described by Trichopoulou et al.[40] In this study, a participant
was considered to have dropped out when they did not adhere to
the visit schedule. Dietary and physical intervention involved
weekly individual visits with a nutritionist over the 3-month
period. After 3 months of intervention, the participants were
divided into 3 groups according to weight loss with respect to
their initial weight: group 1, with weight loss<5%; group 2, with
weight loss between ≥5% and <10%; and group 3, with weight
loss ≥10%.
Body weight was measured in kilograms and height was

measured in meters. BMI was calculated as weight/height2 (kg/
m2). Waist circumference was measured using an inelastic
measuring tape with millimeter marks (Gulick II, Country
Technology, Inc.) at the midpoint between the iliac crest and the
costal margin, parallel to the ground and upon exhalation. Blood
pressure was determined as the mean of 3 measurements after 5
minutes of rest between each. All parameters were measured by
the medical staff at the Regional University Hospital of Málaga.
Peripheral blood samples were obtained from all participants

after completing a fast of at least 12hours. Fasting was necessary
so as to ascertain that the lipid profile was not influenced by food
intake and to accurately assess the results of the lipid profile.
Samples from patients were immediately processed after
reception and frozen following procedures in force. These
samples were managed and provided by IBIMA’s Hospital
Biobank of Málaga, which belongs to the Andalusian Public
Health System Biobank, part of the Spanish National Biobank
Network (project PT13/0010/0006).
The conventional biochemical parameters were measured at

the Clinical Analysis Laboratory at the Regional University
Hospital of Málaga using routine methods. The conventional
lipid profile included total cholesterol, high density lipoproteins
bound to cholesterol (cHDL), cLDL, and triglycerides. cHDL
was analyzed using direct measurement by homogeneous
methods and total cholesterol and triglycerides by enzymatic
methods. The cLDL was calculated using the Friedewald
equation. Glucose was measured using the hexokinase method.
All these parameters were analyzed using commercial equip-
ment (Advia 2400, Siemens, Germany) and following the
manufacturer’s recommendations.
The advanced lipid profile of lipoproteins was measured by the

Biosfer Teslab company (Tarragona, Spain) using the Liposcale
Test.[23] The Liposcale test is a novel method for characterizing
lipoprotein particles based on 2D Diffusion-Ordered 1H NMR
spectroscopy (DOSY). DOSY allows for measurement of the
diffusion coefficients and for direct calculation of lipoprotein
sizes through the Stokes–Einstein equation. It is should be noted
that a direct measurement of lipoprotein sizes is of particular
3

importance, as they are used to compute lipoprotein particle
numbers by dividing the spatial volume of the total lipid
molecules by the mean volume (ie, size) of the lipoprotein
particles. This test determined concentrations of VLDL, IDL,
LDL, and HDL bound to cholesterol as well as concentrations of
VLDL, IDL, LDL, and HDL bound to triglycerides. The number
of VLDL, LDL, and HDL particles and the different sizes of these
lipoproteins were calculated and classified as either small,
medium, or large particles.
All patients participating in the study gave informed consent,

and protocols were approved by institutional ethical committees
(Comité Coordinador de Ética de la Investigación Biomédica de
Andalucía).
2.1. Statistical analysis

For statistical analysis, the Simple Interactive Statistical Analysis
(SISA) programwas used to calculate sample size. It was based on
other studies that have demonstrated metabolic benefits after
weight loss (≥5% of body weight) in MHO subjects.[41,42] We
assumed a 95% confidence interval (a level of 5%).With an 80%
test power and a dropout rate of 5%, we included115 MHO
women.
Variables measured using a conventional lipid profile and a

Liposcale lipid profile were analyzed. A Deming regression line
was run with MATLAB R2015b software (8.6.0.267246).
Weight loss at 3 months was analyzed using SPSS statistical

software for Windows, version 20.0 (IBM Corporation, INC.
Somers, NY). Quantitative variables were analyzed as the mean
± standard deviation (SD), and qualitative variables were
expressed as percentages. To analyze the quantitative variables,
we used a paired t test whereas for qualitative variables, we used
the Chi-square test and Mantel–Haenszel test.
3. Results

A total of 115 MHO participants with a mean age of 44.5±3.6
years and a mean BMI of 36.3±4.7kg/m2 began the hypocaloric
dietary intervention and physical exercise program. At baseline,
the participant population had an abdominal circumference of
111.7±11.1cm and systolic and diastolic blood pressure of 114
±14/76±9mmHg, respectively.
After 3 months and 11 (9.6%) dropouts, 104 women

completed the program. Of these, 47 (45.2%), 27 (26.0%),
and 30 (28.8%) lost <5%, ≥5% to <10%, and ≥10% of
baseline body weight, respectively. Table 1 shows the anthropo-
metric variables studied according to the percentage of weight
loss, baseline, and 3 months after the intervention.
“Conventional Lipid Profile.”
The conventional lipid profile is detailed in Table 2. The

authors observed that total cholesterol decreased after 3 months
of dietary restriction and physical exercise (194.6±28.2 vs 181.1
±32.8mg/dL, P< .0001). This decrease was observed in all
weight loss groups.
After 3 months, cLDL also decreased significantly in groups

with weight loss of <5% and >10%. Nevertheless, MHO
subjects that lost ≥5 to <10% of their weight had significantly
increased cLDL levels. On the other hand, cHDL levels also
changed in all groups after following the hypocaloric diet. MHO
subjects that lost <5% of their weight had significantly increased
cHDL levels and the group that lost ≥10% of their weight had
significantly decreased cHDL levels. Significant changes in
triglyceride levels were not observed.

http://www.md-journal.com


Table 1

Anthropometric characteristics at baseline and after 3 mo of dietary intervention, according to percentage of weight loss.

All baseline All 3 mo P Weight loss groups Baseline 3 mo P

Age, y 44.5±3.6 <5% 43.7±3.4 – –

– – ≥5–<10% 45.0±2.4 – –

≥10% 45.4±4.5 – –

Bodyweight, kg <5% 91.2±13.8 90.3±13.9 .01
92.7±13.8 86.5±14.0 <.0001 ≥5–<10% 95.0±15.8 87.6±14.8 <.0001

≥10% 90.8±12.4 79.5±10.7 <.0001
BMI, kg/m2 <5% 35.5±3.6 35.1±3.6 .02

36.3±4.7 33.8±4.4 <.0001 ≥5–<10% 37.2±5.8 34.2±5.5 <.0001
≥10% 36.0±4.5 31.5±3.9 <.0001

Waist circumference, cm <5% 111.6±10.8 107.4±10.4 <.0001
111.7±11.1 106. 0±10.3 <.0002 ≥5–<10% 116.4±11.4 107.1±9.8 <.0001

≥10% 114.7±11.2 102.7±10.1 <.0001
SBP/DBP, mmHg <5% 113±15/75 ±9 113± 13/76±10 .8/.6

114 ±14/76±9 113±13/74±10 .8/.6 ≥5–<10% 115±10/78±7 109±13/74±9 .1/.2
≥10% 110±14/76±11 116±14/72±10 .03/.04

Weight loss <5% (n=47). Weight loss ≥5 to <10% (n=27). Weight loss ≥10% (n=30). BMI=body mass index, DBP=diastolic blood pressure, SBP= systolic blood pressure.
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3.1. Advanced lipid profile by nuclear magnetic resonance
spectroscopy (1H NMR)

The different classes and sizes of lipoproteins analyzed by 1H
NMR spectroscopy are detailed in Table 3.They constitute the
advanced lipid profile.
Plasma levels of LDL particles bound to cholesterol

decreased significantly in all 3 study groups regardless of the
percentage of body weight lost. In contrast, for LDL particles
bound to triglycerides, there was no significant decrease in LDL
particles in any of the 3 groups. In addition, there was a
significant reduction in the number of LDL particles in 2 of the
study groups (<5% and ≥10%). In contrast, when we analyzed
the different sizes of LDL particles, though the small, dense
particles were the most abundant in the 3 study groups and
were reduced after the dietary and physical exercise interven-
tion, they did not decrease significantly. However, there was a
significant overall decline in LDL particles in all population
before versus after the intervention. In contrast, when
participants lost more than 10% of their body weight,
concentrations of both medium and large particles did show
a significant decrease (314.2±64.1 vs 289.1±62.2nmol/L,
P< .0001, 121.0±22.8 vs 111.5±25.9nmol/L, P= .001,
respectively).
Table 2

Lipid profile at baseline and after 3 mo of dietary intervention, accor

All baseline All 3 mo P

Total cholesterol, mg/dL; NV: <200mg/dL 194.6±28.2 181.1±32.8 <.00

LDL cholesterol, mg/dL; NV: <130mg/dL 117.8±26.5 113.9±77.3 <.00

HDL cholesterol, mg/dL; NV: >50mg/dL 57.3±12.1 55.6±12.1 .2

Triglycerides, mg/dL; NV: <150mg/dL 84.0 (66.0–112.0) 95.5±48.5 .9

Loss weight <5% (n=47). Loss weight ≥5 to <10% (n=27). Loss weight ≥10% (n=30). HDL=hi
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Despite 3 months of following a hypocaloric diet based on the
Mediterranean diet and physical exercise, levels of VLDL
particles did not change significantly in the different groups.
Cholesterol-bound IDL particle levels only increased in MHO
women with weight loss >10% (7.3±3.6 vs 8.1±2.8mg/dL,
P= .04).
Plasma HDL-cholesterol levels decreased significantly when

participants lost more than 5% of their body weight. This was
not observed in HDL bound to triglycerides. On the other hand,
the number of HDL particles decreased after the intervention in
the 2 groups that lost more than 5% of their body weight, as
previously observed in other studies on conventional methods of
lipid measurement. When analyzing the different sizes of HDL
particles, we observed that the small particles are the most
abundant in the population of MHO women. Participants who
reduced their body weight by more than 5% showed a significant
decrease in small and medium particles. Participants who lost
more than 10% of their body weight also showed a significant
decrease in large particles after the intervention.
Therefore, as we have shown, the onlymetabolically significant

changes in MHOwomen were observed in the levels of cIDL and
cLDL. However, cHDL levels decreased in those womenwho lost
more than 5% of their body weight. Likewise, levels of all LDL
ding to percentage of weight loss (conventional measurement).

Weight loss group Baseline weight loss 3 mo weight loss P

01 <5% 195.1±29.5 186.9±36.8 .004
≥5–<10% 188.8±29.6 176.6±27.8 .003
≥10% 198.8±27.3 175.5±31.1 <.0001

01 <5% 120.8±26.6 109.1±28.7 <.0001
≥5–<10% 111.7±24.2 132.2±148.4 .01
≥10% 119.1±30.6 106.2±27.6 .003
<5% 54.4±12.2 57.6±13.5 .001

≥5–<10% 58.9±11.0 55.6±11.2 .05
≥10% 59.6±12.4 52.8±9.9 .01
<5% 87.0 (67.0–114.0) 75.0 (64.0–132.0) 1.0

≥5–<10% 78.0 (58.2–123.0) 78.0 (65.0–113.5) .8
≥10% 82.0 (61.0–104.5) 76.0 (61.5–96.0) .9

gh density lipoprotein, LDL= low density lipoprotein, NV=normal values.



Table 3

Characterization of lipid profile by nuclear magnetic resonance spectroscopy (1H RMN) at baseline and after 3 mo of dietary intervention,
according to percentage of weight loss.

All baseline All 3 mo P Weight loss group Baseline 3 mo P

VLDL cholesterol, mg/dL 10.7±8.4 11.3±10.0 .17 <5% 12.1±9.6 12.8±12.8 .64
≥5–<10% 10.2±8.1 11.0±8.7 .61
≥10% 9.0±6.6 9.4±5.0 .45

IDL cholesterol, mg/dL 7.4±3.9 7.7±4.1 .05 <5% 8.0±4.4 7.9±4.8 .78
≥5–<10% 6.7±3.2 7.0±4.0 .53
≥10% 7.3±3.6 8.1±2.8 .04

LDL cholesterol, mg/dL 114.5±23.3 108.0±25.6 .0001 <5% 116±25.7 111.4±28.1 .01
≥5–<10% 108.3±20.9 102.3±22.7 .03
≥10% 117.6±21.3 107.8±23.9 .001

HDL cholesterol, mg/dL 56.5±12.5 53.7±12.5 .002 <5% 55.0±13.8 55.4±13.9 .55
≥5–<10% 58.2±11.2 53.9±12.7 .01
≥10% 57.4±11.5 50.3±8.6 <.0001

VLDL TG, mg/dL 51.8±29.3 52.5±32.4 .46 <5% 56.8±32.9 57.4±38.1 .81
≥5–<10% 51.4±27.9 53.2±29.6 .71
≥10% 44.6±23.4 44.3±23.2 .76

IDL TG, mg/dL 9.4±3.4 9.6±3.4 .18 <5% 9.9±3.9 10.1±3.8 .42
≥5–<10% 9.0±2.8 9.0±3.4 .52
≥10% 9.1±3.0 9.4±2.4 .21

LDL TG, mg/dL 16.2±4.7 16.4±4.8 .12 <5% 17.0±5.3 16.9±5.5 .69
≥5–<10% 14.7±3.5 15.3±4.6 .37
≥10% 16.4±4.6 16.8±3.9 .33

HDL TG, mg/L 11.0±5.5 11.2±5.5 .34 <5% 12.2±6.6 12.5±6.2 .42
≥5–<10% 10.2±4.0 10.9±5.6 .54
≥10% 10.0±4.6 9.6±3.9 .61

VLDL particle number, nmol/L 34.2±21.2 34.7±24.0 .51 <5% 37.7±23.8 38.5±28.8 .81
≥5–<10% 34.0±20.3 35.1±21.7 .77
≥10% 29.2±17.0 28.6±15.7 .95

Large VLDL particle number, nmol/L 1.1±0.6 1.2±0.6 .15 <5% 1.2±0.7 1.2±0.8 .80
≥5–<10% 1.1 ±0.6 1.2±0.6 .29
≥10% 1.0±0.5 1.1±0.4 .31

Medium VLDL particle number, nmol/L 5.3±3.1 5.5±3.4 .15 <5% 5.9±3.5 6.0±4.1 .61
≥5–<10% 5.2±3.0 5.5±3.1 .70
≥10% 4.5±2.4 4.7±2.3 .29

Small VLDL particle number, nmol/L 27.8±17.5 28.1±20.0 .63 <5% 30.5±19.6 31.2±24.0 .82
≥5–<10% 27.7±16.8 28.5±18.1 .79
≥10% 23.7±14.1 22.9±13.1 .87

LDL particle number, nmol/L 814.1±168.6 776.9±185.2 .0008 <5% 832.6±188.5 802.8±206.2 .04
≥5–<10% 766.4±149.3 735.2±167.5 .13
≥10% 828.4±148.1 774.8±163.8 .001

Large LDL particle number, nmol/L 116.4±23.5 110.5±27.4 .0006 <5% 116.9±24.8 112.9±31.9 .07
≥5–<10% 110.6±21.4 105.0±19.5 .25
≥10% 121.0±22.8 111.5±25.9 .001

Medium LDL particle number, nmol/L) 303.6±67.9 287.6±66.7 .0002 <5% 308.9±74.2 297.1±70.9 .08
≥5–<10% 282.7±57.9 269.7±63.0 .07
≥10% 314.2±64.1 289.1±62.2 <.0001

Small LDL particle number, nmol/L 394.0±84.2 378.9 ±97.0 .01 <5% 406.9±96.7 392.7±109.5 .07
≥5–<10% 373.1±75.8 360.5±89.3 .24
≥10% 393.2±68.1 374.1±81.8 .06

HDL particle number, mmol/L 28.5±5.8 27.3±6.0 .01 <5% 28.4±6.5 28.8±6.3 .66
≥5–<10% 28.8±5.1 27.3±6.5 .03
≥10% 28.3±5.5 25.1±4.4 <.0001

Large HDL particle number, mmol/L 0.2±0.1 0.2±0.1 .10 <5% 0.2±0.2 0.2±0.1 .35
≥5–<10% 0.2±0.1 0.2 ±0.1 .69
≥10% 0.2±0.1 0.1±0.1 <.0001

Medium HDL particle number, mmol/L 8.9±2.2 8.6±2.2 .06 <5% 8.8±2.5 9.0±2.4 .43
≥5–<10% 9.2±1.9 8.7±2.4 .04
≥10% 9.0±2.1 8.1±1.6 .01

Small HDL particle number, mmol/L 19.4±3.8 18.5±4.0 .003 <5% 19.4±4.2 19.7±4.1 .81
≥5–<10% 19.4±3.3 18.4±4.2 .03
≥10% 19.2±3.5 16.9±3.0 .001

VLDL particle size, Å 42.8±0.4 43.0±0.4 .002 <5% 42.8±0.4 42.9±0.4 .38
≥5–<10% 42.7±0.5 42.9±0.4 .27
≥10% 42.8±0.4 43.2±0.4 <.0001

LDL particle size, Å 21.2±0.1 21.2±0.1 0.18 <5% 21.2±0.1 21.2±0.1 .98
≥5–<10% 21.2±0.1 21.2±0.1 .67
≥10% 21.2±0.1 21.2±0.1 .10

(continued )
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Table 3

(continued).

All baseline All 3 mo P Weight loss group Baseline 3 mo P

HDL particle size, Å 8.2±0.0 8.2±0.0 .23 <5% 8.2±0.0 8.2±0.0 .88
≥5–<10% 8.2±0.0 8.2±0.0 .67
≥10% 8.2±0.0 8.2±0.0 .11

Non-HDL particle number, nmol/L 819.8±176.0 784.3±193.8 .002 <5% 841.9±196.6 812.5±217.7 .06
≥5–<10% 771.6±159.3 743.1±177.8 .14
≥10% 829.3±152.1 778.3±165.2 .02

Ratio total particle number/HDL particle number 31.1±9.4 31.1±9.8 .87 <5% 32.1±10.2 30.6±10.7 .09
≥5–<10% 28.8±8.5 30.0±10.3 .14
≥10% 31.4±8.6 32.7±8.1 .28

Ratio LDL particle number/HDL particle number 29.8±9.0 29.8±9.5 .89 <5% 30.7±9.8 29.2±10.1 .11
≥5–<10% 27.6±8.0 28.7±9.9 .25
≥10% 30.4±8.4 31.5±8.0 .31

Weight loss <5% (n=47). Weight loss ≥5 to <10% (n=27). Weight loss ≥10% (n=30). HDL=high density lipoprotein, LDL= low density lipoprotein, TG= triglyceride, VLDL= very low density lipoprotein.

Rodriguez-Garcia et al. Medicine (2017) 96:27 Medicine
and HDL particles (small, medium, and large) decreased in all
study groups.
4. Discussion

The study of the 1H NMR lipid profile makes an important
contribution to our understanding of the molecular mechanisms
underlying obesity. Although the lipid profiles remain within
normal values, our results show that the lipid profiles of MHO
subjects improved with the weight loss that resulted from the
intervention with Mediterranean diet and physical exercise.
We demonstrated that MHO subjects display a range of

favorable lipoprotein phenotypes, in accordance with the results
of Phillips and Perry. When compared to non-MHO people who
are obese, we observed lower concentrations of small LDL and
HDL particles, medium and large VLDL particles, and greater
numbers of LDL and HDL particles in all weight loss groups.
Significant differences in VLDL were not observed, though

levels increased the following intervention. This could perhaps be
due to increased hepatic cholesterol synthesis as a compensatory
mechanism. However, levels of IDL particles increased in MHO
women with weight loss >10%. IDL are unstable, transitional
particles that are most likely changing between other subclasses
of lipoproteins. The increase in IDL can also be related to a
redistribution of body fat.
Associations between lipoprotein profiles andMH phenotypes

were generally not dependent on the definition of MHO.[43]

Despite the inclusion of lipid profiles in most MH definitions,
limited data exist regarding lipoprotein particle profiles in MHO
phenotypes. Conventional methods of lipid profiling have been
analyzed and all particle subclasses have been researched.[44–47]

In comparing our work to these authors’work, we found that our
participants had lower concentrations of small LDL particles but
a similar LDL particle size, independently of the percentage of
weight lost. Moreover, also reported that the larger LDL particle
values in MHO women are still within normal parameters.
The use of 1H NMR in our study allowed us to examine both

the number and size of each of the main lipoprotein subclasses.
The size of LDL particles has an important influence on CVR,
especially regarding small LDL particles, which are the most
atherogenic. However, after a 3-month intervention, a significant
decrease was not observed in the groups studied. Nevertheless,
the medium and large particles were decreased in the group that
had the greatest weight loss (≥10%).
6

Our results are consistent findings of Phillips and Perry,
which report lower numbers of small LDL particles and higher
concentrations of large LDL particles among the MHO subjects.
The concentration of VLDL affects the concentration of the

remaining lipoproteins. We report the same concentration of
large VLDL and higher concentrations of medium VLDL
particles in all weight loss groups as well as less small
concentrations of small VLDL particles in the group with the
greatest weight loss, in contrast with the results obtained by
Phillips and Perry.
HDL concentrations in the MHO population require more in-

depth analysis. Paradoxically, HDL concentrations, which
should increase due to diet and physical exercise, decreased in
all participants and decreased to a greater extent in those who lost
the greatest percentage of their body weight (≥10%). In this
study, low concentrations of small HDL were observed in all
groups studied, but principally in women with weight loss ≥5%,
results corroborated by Phillips and Perry. Small HDL particles
are the most atherogenic and have a positive correlation with
CVD, whereas large HDL particles have an inverse
correlation.[29,47–50] Small HDL particles may be less protective
against LDL oxidation or may be indicative of overproduction of
VLDL.[29] These findings are consistent across all MHO
definitions, regardless of BMI status and independent of a range
of confounding factors, including markers of liver fat and
function.
On the other hand, from a dietary point of view, one of the

possible causes of this increase in HDL levels after an intensive
diet may be that increasing fiber intake not only reduces the
intestinal absorption of cholesterol and saturated fats, but also of
unsaturated fats. This would lower the concentration of HDL
cholesterol in the blood.
It has been described that physical exercise has a paradoxical

effect in MHO individuals, causing a decrease in HDL
concentrations.[41–53] Our results support this finding. However,
1H NMR shows that although HDL levels decrease, the overall
atherogenic profile improves as there is a greater reduction in
small and medium HDL particles.
5. Conclusion

Adequate analysis of the lipid profile using novel techniques such
as 1H NMR is necessary for the correct characterization of the
MHOpopulation since both the number and sizes of the different
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lipoprotein particles better estimate CVR after a short-term,
intensive intervention with a hypocaloric Mediterranean diet,
and physical exercise. The results of our study can only be
identified through 1H-NMR, hence the importance of including
this technique in normal clinical practice.
Our study demonstrates that weight loss in MHO women

slightly improves their lipid profile, but within normal ranges.We
do not know what this may imply in the long-term, since weight
regain in this phenotype could alter their “healthy” metabolic
profile.
More long-term studies are needed to see if there is a change in

the lipid profile of this MHO population after weight loss.
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