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A B S T R A C T

Background: Familial Combined Hyperlipidemia (FCH) is related to different metabolic disorders. The objective
of this study was to evaluate the presence of alterations of hydrocarbonated metabolism and lipid profile to-
gether with inflammatory and adhesion molecules in subjects with FCH compared to controls.
Methods: 75 HFC patients and 75 healthy individuals were studied. Glucose, insulin, HOMA-IR index and lipid
parameters, in addition to anti-oxidized LDL antibodies (Anti ox-LDL), small and dense LDL (sdLDL) and HDL
subfractions, proinflammatory cytokines and adhesion molecules were measured.
Results: FCH patients showed higher levels of hydrocarbonated metabolism parameters, total cholesterol, tri-
glycerides, LDLc, Apolipoprotein B and non-HDLc (p < .001), and lower levels of HDLc (p < .001) and
Apolipoprotein AI (p < .05) than controls. In addition, the inflammatory markers hsCRP, IL-6, IL-8, P-selectin,
E-selectin and ICAM were all higher with (p < .05) respect to controls. The increase of sdLDL was correlated
with the presence of IR and IL-6 levels. Significant differences in diameter and percentage of phenotype B LDL,
small HDL subfractions and Anti ox-LDL were also detected between patients and controls.
Conclusions: The lipid characteristics of FCH are confirmed by IR and a low grade inflammatory state in patients,
and are associated with the predominance of sdLDL and Anti ox-LDL.

1. Introduction

Familial Combined Hyperlipidemia (FCH; MIM 144250) is the most
frequent genetic hyperlipemia [1,2], and is characterized by the ap-
pearance of coronary disease before the age of 60 [3]. The prevalence of
this disease is 1–2% in the general population [4] and 10–20% among
patients with premature coronary disease. FCH presents a complex
phenotype that is not completely understood, and which can vary
among patients and affected relatives [5], which complicates diagnosis.

FCH is associated with insulin resistance (IR), which is in turn related to
different metabolic disorders, such as abdominal obesity, metabolic
syndrome and type 2 diabetes mellitus (DM2). A common form of
dyslipemia associated with FCH is attributed to the atherogenic lipo-
protein phenotype, characterized by elevated levels of triglycerides
(TG), small LDL particles and reduced HDL cholesterol levels (HDLc)
[6–8], a lipid triad frequently seen in patients with premature coronary
disease [9]. Small and dense LDL particles (sdLDL) are formed largely
as a response to high levels of TG, and increase the risk of coronary
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heart disease [10]. The peak size of LDL particles displays a bimodal
distribution and can be separated into two phenotypes: pattern A, in
which larger, more buoyant LDL predominate, and pattern B, in which
smaller, more dense LDL predominate. The National Cholesterol Edu-
cation Program (ATP III) considers small and dense LDL to be a lipid
risk factor [11].

In addition to the above mentioned aspects, it is well known that
HDLc does not represent a sum of identical particles, but rather a col-
lection of discrete subfractions that differ in their physicochemical
properties; namely, size, density, composition and charge [12]. It seems
that HDL atherogenity increases as particle size decreases [13,14], and
that small HDL are more atherogenic than large HDL, which has a
bearing on treatment [15], as such qualitative alterations in lipoprotein
metabolism could account for the increased risk of cardiovascular dis-
ease in FCH. However, this is a subject that requires clarification, as
there have been few studies of lipoprotein subfractions in FCH, and
those to have been published offer conflicting results [16,17].

The inflammation that occurs at all stages of atherosclerosis is also
common to the different processes associated with FCH, IR, abdominal
obesity, metabolic syndrome and DM2. It has been reported that some
molecules are related to inflammation and that adhesion molecules are
elevated in FCH patients compared with control populations [18,19]
although few studies have analysed the relationship between lipids
subfractions and inflammation markers in the context of FCH.

The aim of this study was to evaluate the presence of alterations of
hydrocarbonated metabolism and lipid profile, including sdLDL and
subfractions of HDL, together with inflammatory parameters and ad-
hesion molecules, in subjects with FCH and to compare them with
parameters in a control population.

2. Materials and methods

2.1. Patients

Patients diagnosed with FCH (according to the criteria of Bredie
et al. [20]) at the outpatient clinic of the Endocrinology Service of
University Hospital Dr. Peset in Valencia were enrolled in the study. As
a control group, healthy individuals not related to the patients were
matched by age and sex.

Exclusion criteria were DM2 according to ADA criteria [21], tri-
glycerides> 400mg/dl, morbid obesity (BMI≥ 40 kg/m2), renal dis-
ease (glomerular filtration< 60ml / min / 1.73m2), chronic liver dis-
ease (transaminase values> 2 SD), acute disease and neoplasms.

Hypertension was diagnosed when systolic blood pressure was
above 140mmHg and/or diastolic blood pressure was above 90mmHg,
or if the subject had previously undergone hypotensive treatment. The
following anthropometric parameters were measured: weight (kg),
height (m), body mass index (BMI) (Kg/m2), and waist circumference
measurement (cm). IDF criteria [22] (≥94 cm for men, ≥80 cm for
women) were employed to confirm high waist circumference. The study
was conducted according to the ethical principles stated in the De-
claration of Helsinki, and all procedures were approved by the Ethics
Committee of the University Hospital Dr. Peset. Written informed
consent was obtained from all subjects.

2.2. Biochemical determinations

Blood sampling was performed following 12-h fasting. Samples
were immediately centrifuged at 1500g at 4 °C for 10min in a re-
frigerated centrifuge. Frozen serum aliquots were stored at −80 °C for
subsequent determination of inflammatory parameters and lipid sub-
fractions.

Glucose, total cholesterol (TC) and triglycerides (TG) were mea-
sured by means of enzymatic assays [23–25], and HDLc concentrations
were recorded using a direct method [26] with a Beckman LX-20 au-
toanalyser (Beckman Coulter, La Brea, CA, USA).

Insulin was evaluated using the immunometricchemiluminescent
method in Immulite 1000 from Siemens® and Apolipoprotein AI (Apo
AI), Apolipoprotein B (Apo B) and high sensitive C reactive protein
(hsCRP) was measured by immunonephelometry assay with Dade
Behring's Nephelometer II.

LDLc was determined by the Friedewald formula for triglycer-
ides< 400mg/dl and non-HDLc by subtracting total cholesterol from
HDLc. VLDLc was estimated as TG/5 and the atherogenic index of
plasma (AIP) was log TG/HDLc.

Insulin resistance HOMA-IR index (homeostasis model assessment)
was calculated by the formula described by Matthews et al. [27]
(HOMA= insulin (μU/ml) * [(glucose (mg / dl) / 18) / 22.5]).

The proinflammatory cytokines IL-6 (interleukin-6), IL-8 (inter-
leukin-8) and TNF-α (tumor necrosis factor alpha) were measured by
solid-phase sequential enzyme-linked immunoassay analysis by che-
miluminescence with Immulite 1000 (Siemens®).

Serum levels of adhesion molecules (ICAM (intercellular adhesion
molecule 1), VCAM (vascular cell adhesion protein 1), P-selectin and E-
selectin were assessed using a Luminex 200 flow analyser system
(Austin, TX, USA). Milliplex® MAP human high sensitivity T Cell
Magnetic Bead Panel was purchased from Millipore Corporation
(Billerica, MA, USA). The intraserial and interserial variation coeffi-
cients were< 15 % and<20%, respectively, for all determinations,
except for E-selectin, in which case they were< 10% and<20%.

LDL phenotype was measured by polyacrylamide gradient gel
electrophoresis (2–16%) [28]. LDL subclass phenotype was assigned
based on particle diameter: pattern A, mean diameter > 25.5 nm; and
pattern B, predominance of small and dense particles with a mean
diameter≤ 25.5 nm [29].

Anti-oxidized LDL antibodies (Anti ox-LDL) were determined by
means of a direct quantitative enzyme immunoassay, in which the au-
toantibodies present in the serum are specifically linked to the antigen
(LDL-oxidized, 4-hydroxynonal-modified proteins) that covers the plate
(Biomedica Gruppe, Wien). Absorbance at 450 nm was determined by a
microplate reader. The antibody titer was calculated by a curve con-
structed with the standards included in the kit. The coefficients of intra-
and interassay variation were 5 and 10%, respectively.

HDL subfractions were separated using the Quantimetrix Lipoprint
system (Redondo Beach, CA,USA) [30], and then identified and quan-
tified using a computerized method developed for the Quantimetrix
Lipoprint system and NIH image program version 1.62 (Bethesda, MD,
USA) for research purposes. The LiposureH (Quantimetrix Corporation,
Redondo Beach, CA, USA) was used for quality control. HDL subfrac-
tions were classified as large HDL (subfractions 1–3), intermediate HDL
(subfractions 4–7) and small HDL (subfractions 8–10).

2.3. Statistical analysis

The sample size was 75 subjects per group in order to provide 80%
statistical power; thus, differences between the two groups with respect
to the primary efficacy criterion (LDL diameter variation) were> 0.9
nm, assuming a common SD of 0.7 nm.

SPSS 15.0 was used for statistical treatment of results. Arithmetic
mean and standard deviation were calculated as measures of de-
scriptive statistics. The Kolmogorov-Smirnov test was applied to the
data to determine if the distribution of the variables was normal. We
applied the Student's t-test to compare the means of parametric vari-
ables, and the Mann-Whitney U test to compare non-parametric vari-
ables. Variables following a parametric distribution were expressed as
mean ± standard deviation (SD), and non-parametric as median with
25% and 75% percentiles. To establish correlations between variables
the Pearson Correlation coefficient were used for parametric variables
and the Spearman Correlation coefficient for non-parametric variables.
ANOVA was employed to establish tertiles with quantitative variables.
Statistical significance was considered when p < .05.

In the multivariable regression models, the relationship between
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two or more explanatory variables (independent variables) and a re-
sponse variable (dependent variable) was evaluated by fitting a linear
equation to the data obtained.

3. Results

3.1. Anthropometric, hydrocarbonated and lipid parameters

A total of 75 patients with FCH with a mean age of 41 ± 14 years
and a BMI of 26.9 ± 4.0 kg/m2–30 men (40%) and 45 women (60%) -
were matched by age and sex with 75 controls. FCH patients showed
higher percentages of excess weight (49% vs 12%), obesity (20% vs
4%), hypertension (28% vs 1%), women's waist ≥80 cm (50% vs 18%)
and men's waist ≥94 cm (27% vs 6%) than controls (p < .001 for all).
As expected, differences between the FCH and control groups were
significant for all lipid and hydrocarbonated metabolism parameters
(Table 1). LDL diameter was lower in FCH (25.3 ± 0.8 nm) than in
controls (26.2 ± 0.57 nm), % phenotype B of LDL particles was higher
in patients (52%) than in controls (5%) and small HDL subfractions
were higher in patients (24%) than controls (17%).

Significant differences in diameter and percentage of phenotype B of
LDL were also detected between FCH patients and controls (Fig. 1A and
B, respectively). The percentage of small HDL subfractions was sig-
nificantly higher and the percentage of large HDL subfractions sig-
nificantly lower in patients vs. controls (Fig. 1C). In addition, levels of
Anti ox-LDL were higher in FCH patients than in control subjects
(Fig. 1D).

3.2. Inflammatory markers and adhesion molecules

The FCH group showed a significant increase in virtually all in-
flammatory parameters (IL-6, IL-8, TNF-α and hsCRP) and adhesion
molecules (P-selectin, E-selectin, ICAM) with respect to the control
group, with the exception of VCAM (Table 2).

3.3. Study of correlation between hydrocarbons, lipids and inflammatory
parameters

Glucose was positively correlated with TG (r=0.463, p= .001),
non-HDLc (r=0.305, p= .009) and AIP (r=0.375, p= .01), and ne-
gatively correlated with LDL diameter (r=−0.518, p= .009). Insulin
was positively correlated with AIP (r=0.351, p= .033) and negatively
correlated with HDLc (r=−0.333, p= .044) and LDL diameter
(r=−0.435, p= .038). HOMA-IR correlated positively with TG
(r=0.401, p= .014), non-HDLc (r= 0.305, p= .042) and AIP

(r=0.422, p= .009) (r=−0.357, p= .030) and negatively with LDL
diameter (r=−0.486, p= .019).

Regarding inflammatory markers, hsCRP was positively correlated
with glucose (r=0.286, p= .012), ins (r=0.367, p= .006), HOMA-IR
(r=0.404, p= .002), IAP (r=0.481, p < .001), non-HDLc
(r= 0.367, p < .001) ApoB (r=0.467, p < .001), LDLc (r=0.225,
p= .023), TG (r=0.490, p < .001), TC (r=0.264, p= .005), BMI

Table 1
Anthropometric, hydrocarbon and lipid parameters in controls and FCH pa-
tients.

Controls (n=75) FCH (n=75) P-value

Men/women (n/%) 23/52 (30/70) 30/45 (40/60) NS
Age (years) 37 ± 13 41 ± 14 NS
BMI (kg/m2) 23.1 ± 2.8 26.9 ± 4.0 < 0.001
Glycemia (mg/dl) 92.4 ± 9.5 97.8 ± 10.6 < 0.05
Insulinemia (μU/ml) 7.77 ± 4.21 10,81 ± 4.39 < 0.01
HOMA-IR 1.72 ± 0.97 2.65 ± 1.27 < 0.001
TC (mg/dl) 173.8 ± 26.3 230.5 ± 48.4 < 0.001
TG (mg/dl) 56 (39.5, 86.5) 190 (110, 265) < 0.001
HDLc (mg/dl) 58.3 ± 14.6 44.3 ± 16.0 < 0.001
LDLc (mg/dl) 102.0 ± 25.5 147.8 ± 43.7 < 0.001
VLDLc (mg/dl) 13.4 ± 6.8 43.4 ± 36.1 < 0.001
APO AI (mg/dl) 146.2 ± 18.5 128.7 ± 27.8 < 0.01
APO B (mg/dl) 80.0 ± 19.4 126.7 ± 28.3 < 0.001
Non-HDLc (mg/dl) 107.4 ± 44.5 187.3 ± 35.9 < 0.001
AIP 0.03 ± 0.36 0.05 ± 0.41 < 0.001

Data are expressed as mean ± SD for parametric data and median (inter-
quartile range) for non-parametric data.

Fig. 1. LDL diameter (A), LDL Phenotype B (B), HDL subfractions (C), Anti-
oxidized LDL antibodies (D) in controls and FCH patients. *p < .05,
***p < .0001.

Table 2
Inflammatory parameters and adhesion molecules in controls and FCH patients.

Controls FCH P-value

IL-6 (pg/ml) 0.81 ± 0.72 2.69 ± 2.62 <0.01
IL-8 (pg/ml) 5.8 (4.9; 9.8) 12.2 (7.9; 24.6) < 0.05
TNF-α (pg/ml) 2.22 ± 2.59 8.99 ± 4.04 <0.001
hsCRP (mg/l) 1.23 ± 1.51 2.58 ± 2.95 <0.05
P-selectin (ng/ml) 61.3 ± 18.6 78.8 ± 22.8 <0.05
E-selectin (ng/ml) 31.1 ± 12.1 44.8 ± 16.9 <0.05
VCAM (ng/ml) 574.1 ± 131.5 674.4 ± 401.3 NS
ICAM (ng/ml) 126.7 ± 44.4 167.9 ± 21.8 <0.05

Data are expressed as mean ± SD for parametric data and median (inter-
quartile range) for non-parametric data.
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(r=0.388, p= .004) and waist (r=0.338, p= .025), and was nega-
tively correlated with LDL diameter (r=−0.242, p= .034), HDLc
(r=−0.217, p= .023). IL-6 was positively correlated with IAP
(r= 0,329, p=0,014), non-HDLc (r=0.440, p= .001), ApoB
(r= 0.404, p= .01), LDLc (r=0.438, p= .001), TG (r=0.322,
p= .016), TC (r= 0.367, p= .006) and BMI (r=0.617, p= .025),
and negatively correlated with HDLc (r=−0.305, p= .024).

3.4. Study of LDL phenotype and its relation to HOMA-IR and
inflammation

When the percentages of LDL phenotypes A and B were distributed
according to IL-6 tertile, it was observed that the increased inflamma-
tion (IL-6) the predominance of phenotype B were greater (Fig. 2A).
Phenotypes A and B were distributed according to HOMA tertiles in a
similar pattern; when IR-HOMA increased, the predominance of phe-
notype B was greater (Fig. 2B).

3.5. Study multivariable regression models

The association of LDL diameter with HDLc, LDLc, triglycerides,
glucose, insulin and hsCRP was evaluated in multivariable regression
models using the stepwise method, in each case as a potential in-
dependent predictor. Our results showed that triglycerides were in-
versely and independently associated with LDL diameter, and that non-
HDLc was independently associated with hsCRP (p < .05 in both,
Table 3).

4. Discussion

As expected, our results show that FCH patients exhibit a worse lipid

profile, which is reflected by IR, increased inflammation parameters
and adhesion molecules, and alterations of the subfractions of LDL and
HDL. In accordance with previous reports, in our patients FCH was
associated with a more pronounced atherogenic lipoprotein profile,
evident in reduced HDLc and Apo AI levels and increased LDLc, non-
HDLc, Apo B and triglyceride levels [31–33].

FCH exacerbates the deleterious effects of IR on lipoprotein profile,
leading to impairment of trygliceride-rich lipoprotein metabolism,
manifested by higher levels of non-HDLc, triglycerides, AIP and Apo B
and by the predominance of sdLDL [34–36]. Indeed, in the Spanish
Atherosclerosis Society (SEA)’s Registry of Hypertriglyceridemias the
majority of severe hypertriglyceridemias correspond to FCH [37]. The
hipertrygliceridemia common to IR and FCH is a result of adipocyte
lipolysis, which in turn leads to FFA flux to the liver and increased
VLDL secretion. Higher VLDL triglyceride output activates the choles-
terol ester transfer protein, which results in triglyceride enrichment of
LDL and HDL. The TG content within these particles is hydrolyzed by
hepatic triglyceride lipase, which results in sdLDL particles and small
HDL particles.

Regarding the sdLDL particles, we have not found references in the
literature to variations of sdLDL in populations with FCH in southern
Europe. Some experimental studies suggest that hypertriglyceridemic
HDL is dysfunctional [38,39], and that sdLDL is more susceptible to
oxidative modifications [40,41], which is in line with the present re-
sults. This increase in the number of atherogenic particles may have an
adverse influence on CVD risk [42]. However, there are no clinical
outcome trials to determine whether or not normalization of particle
composition or reduction of particle number reduces CVD risk. LDL can
be trapped in the arterial intima or attached to proteoglycans or other
components of the arterial intima. TRLs present in the plasma in mild-
to-moderate hypertriglyceridemia can actually enter the intima, be-
coming phagocytosed by macrophages in the subendothelial space and
contributing to the formation of foam cells, which gives rise to the
formation and progression of the atheromatous plaque. TLRs are even
more atherogenic than LDLs; unlike the former, the remaining particles
of TLRs can be directly absorbed by macrophages without oxidative
modification via the VLDL receptor, without downregulation by in-
tracellular lipoproteins, and with the help of lipoprotein lipase [44]. In
addition, due to their larger size, TLRs transport more cholesterol per
particle than LDLs [43]. It has also been shown that the remnants of

Fig. 2. Percentage of LDL Phenotype according to tertiles of IL-6 (A) and tertiles
of HOMA (B) in FCH patients. p < .05 in both.

Table 3
Stepwise multivariate regression model for biochemical variables and LDL
diameter or hsCRP as dependent variables.

Dependent
variable

Independent
variable

Unstandardized
coefficients

Standardized
coefficients

P value

B SE Β

LDL
diame-
tera

Triglycerides −2.599 0.521 −0.870 0.001
Multiple R
square-
adjusted

0.727

R 0.870
p 0.001

hsCRPb Non-HDLc 0.050 0.013 0.811 0.004
Multiple R
square-
adjusted

0.615

R 0.811
p 0.004

Triglyceride levels were a log-transformed variable.
a Glucose, HDLc, LDLc, Non-HDLc, IL6, hsCRP, insulin and Anti ox-LDL an-

tibodies were excluded from the model since they were not significant pre-
dictors (p > .05).

b Glucose, HDLc, LDLc, Triglyceride, LDL diameter, IL6, insulin and Anti ox-
LDL antibodies were excluded from the model since they were not significant
predictors (p > .05).
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TLRs promote endothelial dysfunction, which enhances atherogenesis
[45]. New insight provided by epidemiological, genetic and biological
research regarding the underlying mechanisms of these processes in-
dicate that elevated TRL levels represent a causal risk factor for in-
flammation. [46,47]. However, further evidence from randomized in-
tervention trials is needed to confirm whether or not lowering TRLs and
remnant cholesterol can reduce inflammation, ASCVD and all-cause
mortality. The first of such studies is underway [48], but as yet no data
are available.

The relationship between triglycerides and CV risk has long been
controversial [49]. Evidence from prospective studies supports a higher
CV risk in subjects with lower levels of HDLc and LDLc [50] and with
DM2 [51]. Other more recent studies with non-fasting triglycerides
suggest they are a more accurate predictor of CVD incidence than
fasting levels [52]. In case-control and angiographic studies, triglycer-
ides have routinely been identified as a risk factor, even after adjust-
ment for total cholesterol or LDLc and HDLc.

In summary, the independence of triglyceride levels as a causal
factor in promoting CVD remains debatable, though it does appear to
provide unique information as a biomarker of risk, especially when
combined with low HDLc and elevated LDLc, as occurs in FCH.

Due to this association of hypertriglyceridaemia with CVD risk and
pancreatitis, and the coexistence with other metabolic disturbances, a
simplification in the definition hypertriglyceridaemia has been re-
commended; namely, normal (< 2mmol/l), mild-to-moderate
(2–10mmol/l) and severe (> 10mmol/l) [53]. In summary, the pre-
sence of highly atherogenic lipoprotein remnants would appear to play
an important role in the pathogenesis of cardiovascular diseases in FCH.

With respect to HDL particles, low HDLc levels in FCH subjects are
consistently reported in the literature, although little is known about
the composition of HDL particles in the disease. We have observed
modifications of HDL subfractions in our FCH patients; specifically, the
percentage of small HDL subfractions was higher and that of large HDL
subfractions was lower. As already mentioned [54], the decrease in
HDLc in FHC is independently correlated with an increase in cardio-
vascular risk [55], even in the presence of optimal LDLc levels [56]. It
seems that the functionality of these particles is what confers cardio-
vascular risk, with smaller size being correlated with said risk. In ac-
cordance with our results, a recent report showed that small HDL
subfractions predicted cardiovascular events in patients with metabolic
dyslipemia [57].

Only a few studies about FCH have evaluated inflammatory markers
such as interleukins, adhesion molecules and selectins, and their results
concerning the increase or decrease of their levels in relation to control
populations are inconclusive [18,19]. Some studies suggest that low-
grade inflammatory state is the basis of CV disease and may be related
with other metabolic disturbances observed in patients. In this context,
the Physicians Heart Study (PHS) and Heart Outcomes Prevention and
Evaluation (HOPE) showed that ICAM, but not VCAM, is related with
CV disease. Conversely, the AtheroGene Study and British Regional
Heart Study concluded that VCAM is a marker of future cardiovascular
events.

Our study demonstrates a relation among disturbances in TRL me-
tabolism, inflammatory state and IR [58]. We have seen a significant
increase in all inflammatory markers except for VCAM in our patients.
This is in line with the fact that ICAM has been described as a potential
predictor of cardiovascular risk in subjects without cardiovascular
disease, while VCAM may be related with the extent and progression of
lesions in subjects diagnosed with cardiovascular disease.

There are data suggesting that chronic low-grade inflammation it-
self lowers insulin sensitization in organs that are targets of this hor-
mone [59]. Insulin regulates inflammatory molecule levels, inter-
rupting the inflammation cascade. Therefore, a state of IR favours
chronic inflammation; when chronic inflammation decreases, IR im-
proves.

The present research confirms a chronic inflammatory state in FCH

patients that may lead to the atherosclerosis that often develops in these
subjects. In fact, although we did not detect a direct relationship be-
tween hsCRP and TG, we did find one between non-HDLc and hsCRP.
TRLs can be quantified by non-HDL cholesterol, which illustrates the
relationship between hypertriglyceridemia and inflammation. Indeed,
the literature suggests that the inflammation which occurs during FCH
is the basis of the cardiovascular disease that often develops in patients,
thus endorsing an association with metabolic alterations [60].

The current data show that, as sdLDL increases, the proin-
flammatory state and IR also increase. In addition, they suggest that
LDL and HDL subfractions provide additional information to conven-
tional lipoprotein parameters. In conclusion, the findings of this study
confirm the expected lipid profile of FCH, characterized by the presence
of atherogenic dyslipidemia, as well as sdLDLs, small HDLs and anti ox-
LDLs. In addition, IR and a low-grade inflammatory state increase in
parallel with the presence of metabolic disturbances, highlighting the
importance of metabolic control in FCH.

Conflict of interest

The authors declare that they have no competing interests.

Financial support

This study was financed by grant PI15/1424 from Fund for Health
Research (FIS) and co-funded by the European Regional Development
Fund of the European Union (ERDF “A way to build Europe”). C.B. is
the recipient of a Sara Borrell contract from Carlos III Health Institute
(CD14/00043).

Acknowledgments

The authors thank Rosa Falcon (FISABIO) for her technical assis-
tance.

References

[1] J.L. Goldstein, H.G. Schrott, W.R. Hazzard, E.L. Bierman, A.G. Motulsky,
Hyperlipidemia in coronary heart disease II. Genetic analysis of lipid levels in 176
families and delineation of a new inherited disorder, combined hyperlipidemia, J.
Clin. Invest. 52 (1973) 1544–1568.

[2] S.J.H. Bredie, P.N. Demacker, A.F.H. Stalenhoef, Metabolic and genetic aspects of
familial combined hyperlipidemia with emphasis on low-density lipoprotein het-
erogenety, Eur. J. Clin. Investig. 27 (1997) 802–811.

[3] P.M. Eurlings, C.J. van der Kallen, J.M. Geurts, M.M. van Greevenbroek, T.W. de
Bruin, Genetic dissection of familial combined hyperlipidemia, Mol. Genet. Metab.
74 (2001) 98–104.

[4] M.J.V. Hoffer, S.J.H. Bredie, D.I. Boomsma, P.W.A. Reymer, J.J.P. Kastelein, P. de
Knijff, P.N. Demacker, A.F. Stalenhoef, L.M. Havekes, R.R. Frants, The lipoprotein
lipase (Asn291-Ser) mutation associated with elevated lipid level families with fa-
milial combined hyperlipidaemia, Atherosclerosis 119 (1996) 159–167.

[5] K.V. Porkka, I. Nuotio, P. Pajukanta, C. Ehnholm, L. Suurinkeroinen, M. Syvänne,
T. Lehtimäki, A.T. Lahdenkari, S. Lahdenperä, K. Ylitalo, M. Antikainen, M. Perola,
O.T. Raitakari, P. Kovanen, J.S. Viikari, L. Peltonen, M.R. Taskinen, Phenotype
expression in familial combined hyperlipidemia, Atherosclerosis 133 (1997)
245–253.

[6] A.F. Ayyobi, S.H. McGladdery, M.J. McNeely, M.A. Austin, A.G. Motulsky,
J.D. Brunzell, Small, dense LDL and elevated apolipoprotein B are the common
characteristics for the three major lipid phenotypes of familial combined hyperli-
pidemia, Arterioscler. Thromb. Vasc. Biol. 23 (2003) 1289–1294.

[7] M.J. Veerkamp, J. de Graaf, S.J. Bredie, J.C. Hendriks, P.N. Demacker,
A.F. Stalenhoef, Diagnosis of familial combined hyperlipidemia based on lipid
phenotype expression in 32 families: results of a 5-year follow-up study,
Arterioscler. Thromb. Vasc. Biol. 22 (2002) 274–282.

[8] S.M. Grundy, Hypertriglyceridemia, atherogenic dyslipidemia and the metabolic
syndrome, Am. J. Cardiol. 81 (4A) (1998) 18B–25B.

[9] M.A. Austin, M.C. King, K.M. Vranizan, R.M. Krauss, Atherogenic lipoprotein phe-
notype. A proposed genetic marker for coronary heart disease risk, Circulation 82
(1990) 495–506.

[10] A.C. St-Pierre, B. Cantin, G.R. Dagenais, P. Mauriège, P.M. Bernard, J.P. Despres,
B. Lamarche, Low-density lipoprotein subfractions and the long-term risk of is-
chemic heart disease in men: 13-year follow-up data from the Quebec
Cardiovascular Study, Arterioscler. Thromb. Vasc. Biol. 25 (2005) 553–559.

[11] National Cholesterol Education Program (NCEP), Expert panel on detection,

M. Díaz-Ruiz et al. Clinica Chimica Acta 490 (2019) 194–199

198

http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0005
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0005
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0005
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0005
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0010
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0010
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0010
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0015
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0015
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0015
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0020
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0020
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0020
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0020
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0025
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0025
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0025
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0025
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0025
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0030
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0030
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0030
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0030
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0035
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0035
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0035
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0035
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0040
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0040
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0045
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0045
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0045
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0050
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0050
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0050
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0050
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0055


evaluation, and treatment of high blood cholesterol in adults (adults treatment
panel III): third report of the national cholesterol education program (NCEP): expert
panel on detection, evaluation, and treatment of high blood cholesterol in adults
(adults treatment panel III) final report, Circulation 106 (2002) 3143–3421.

[12] A. Kontush, M.J. Chapman, Antiatherogenic small, dense HDL-guardian angel of the
arterial wall? Nat. Clin. Pract. Cardiovasc. Med. 3 (2006) 144–153.

[13] A.V. Khera, M. Cuchel, M. De la llera-Moya, A. Rodrigues, M.F. Burke, K. Jafri,
B.C. French, J.A. Phillips, M.L. Mucksavage, R.L. Wilensky, E.R. Mohler,
G.H. Rothblat, D.J. Rader, Cholesterol efflux capacity, high density lipoprotein
function, and aterosclerosis, N. Engl. J. Med. 364 (2011) 127–135.

[14] A. Rohatgi, A. Khera, J.D. Berry, E.G. Givens, C.R. Ayers, K.E. Wedin, I.J. Neeland,
I.S. Yuhanna, D.R. Rader, J.A. de Lemos, P.W. Shaul, HDL cholesterol efflux capa-
city and incident cardiovascular events, N. Engl. J. Med. 371 (2014) 2383–2393.

[15] A. Hernández-Mijares, C. Bañuls, L. Bellod, A. Jover, E. Sola, V.M. Victor, M. Rocha,
Study of lipoprotein subfractions following treatment with simvastatin and ezeti-
mibe administred alone and in combination in hyperlipidemic patients, Clin. Inves.
Arterioscler. 24 (2012) 217–225.

[16] Y. Notsu, S. Yano, M. Takeda, M. Yamasaki, M. Isomura, T. Nabika, A. Nagai,
Association of high-density lipoprotein subclasses with carotid intima-media
thickness: Shimane CoHRE study, J. Atheroscler. Thromb. 25 (2018) 42–54.

[17] Y. Tabara, H. Arai, Y. Hirao, Y. Takahashi, K. Setoh, T. Kawaguchi, S. Kosugi, Y. Ito,
T. Nakayama, F. Matsuda, Nagahama Study Group, Different inverse association of
large high-density lipoprotein subclasses with exacerbation of insulin resistance and
incidence of type 2 diabetes: the Nagahama study, Diabetes Res. Clin. Pract. 127
(2017) 123–131.

[18] D. Karasek, H. Vaverkova, M. Halenka, M. Budíková, D. Novotný, Soluble cell ad-
hesion molecules s-VCAM-1 and s-ICAM-1 in subjects with familial combined hy-
perlipidemia, Biomed. Pap. Med. Fac. Univ. Palacky Olomouc Czech Repub. 149
(2005) 101–108.

[19] P. Pauciullo, M. Gentile, G. Marotta, A. Baiano, S. Ubaldi, F. Jossa F, G. Iannuzzo, F.
Faccenda, S. Panico, P. Rubba, Tumor necrosis factor-alpha is a marker of familial
combined hyperlipidemia, independently of metabolic syndrome, Metabolism 57
(2008) 563–568.

[20] S.J. Bredie, P.N. Demacker, A.F. Stalenhoef, Metabolic and genetic aspects of fa-
milial combined hyperlipidaemia with emphasis on low-density lipoprotein het-
erogeneity, Eur. J. Clin. Investig. 27 (1997) 802–811.

[21] Standards of Medical Care in Diabetes-2016, Diabetes Care 39, (2016).
[22] IDF GDM Model of Care, Implementation Protocol. Guidelines for Healthcare

Professionals, (2015).
[23] A.H. Kadish, R.L. Little, J.C. Sternberg, A new and rapid method for the determi-

nation of glucose by measurement of rate oxygen consumption, Clin. Chem. 144
(1968) 116.

[24] C.C. Allain, L.S. Poon, C.S. Chan, W. Richmond, P.C. Fu, Enzymatic determination
of total serum cholesterol, Clin. Chem. 20 (1974) 470–475.

[25] G. Bucolo, H. David, Quantitative determination of serum triglycerides by the use of
enzymes, Clin. Chem. 19 (1973) 476–482.

[26] H. Sugiuchi, Y. Uji, H. Okabe, T. Irie, K. Uekama, N. Kayahara, K. Miyauchi, Direct
measurement of high-density lipoprotein cholesterol in serum with polyethylene
glycol-modified enzymes and sulfated alphacyclodextrin, Clin. Chem. 41 (1995)
717–723.

[27] D.R. Matthews, J.P. Hosker, A.S. Rudenski, B.A. Naylor, D.F. Treacher,
R.C. Turneer, Homeostasis model assessment: insulin resistance and beta-cell
function from fasting plasma glucose and insulin concentrations in man,
Diabetologia 28 (1985) 412–419.

[28] C. Bañuls, L. Bellod, A. Jover, M.L. Martinez-Triguero, V.M. Victor, M. Rocha M, A.
Hernandez-Mijares, Comparability of two different polyacrylamide gel electro-
phoresis methods for the classification of LDL pattern type, Clin. Chim. Acta 413
(2012) 251–257.

[29] M.A. Austin, J.E. Hokanson, J.D. Brunzell, Characterization of low density lipo-
protein subclasses: methodologic approaches and clinical relevance, Curr. Opin.
Lipidol. 5 (1994) 395–403.

[30] S. Oravec, E. Dostal, A. Dukat, P. Gavornik, M. Kucera, K. Gruber, HDL subfractions
analysis: a new laboratory diagnostic assay for patients with cardiovascular diseases
and dyslipoproteinemia, Neuro. Endocrinol. Lett. 32 (2011) 502–509.

[31] J.L. Goldstein, W.R. Hazzard, H.G. Schrott, E.L. Bierman, A.G. Motulsky,
Hyperlipidemia in coronary heart disease. I. Lipid levels in 500 survivors of myo-
cardial infarction, J. Clin. Invest. 52 (1973) 1533–1543.

[32] E.A. Nikkila, A. Aro, Family study of serum lipids and lipoproteins in coronary heart
disease, Lancet 1 (1973) 954–958.

[33] A.D. Sniderman, C.M. Castro, J. Ribalta, R. Carmena, T.W. de Bruin, J. de Graaf,
D.W. Erkelens, S.E. Humphries, L. Masana, J.T. Real, P.J. Talmud, M.R. Taskinen, A
proposal to redefine familial combined hyperlipidaemia — third workshop on CHL
held in Barcelona from 3 to 5 May 2001, during the scientific sessions of the
European Society for Clinical Investigation, Eur. J. Clin. Investig. 32 (2002) 71–73.

[34] M.J. McNeely, K.L. Edwards, S.M. Marcovina, J.D. Brunzell, A.G. Mottulsky,
M.A. Austin, Lipoprotein and apolipoprotein abnormalities in familial combined
hyperlipidemia: a 20-years prospective study, Atherosclerosis 159 (2001) 471–481.

[35] A.F. Ayyobi, S.H. McGladdery, M.J. McNeely, M.A. Austin, A.G. Motulsky,
J.D. Brunzell, Small, dense LDL and elevated apolipoprotein B are the common
characteristics for the three major lipid phenotypes of familial combined hyperli-
pidemia, Arterioscler. Thromb. Vasc. Biol. 23 (2003) 1289–1294.

[36] P.N. Demacker, M.J. Veerkamp, S.J. Bredeie, S.M. Marcovina, J. de Graaf,
A.F. Stalenhoef, Comparation of the mesurement of lipids and lipoproteins versus
assay of apolipoprotein B for estimation of coronary heart disease risk: a study in
familial combined hyperlipidemia, Atherosclerosis 153 (2000) 483–490.

[37] A. Pedragosa, J. Merino, J.L. Aranda, J. Galiana, D. Godoy, J.M. Panisello,

J.F. Ascaso, F. Civeira, L. Masana, J. Pedro-Botet, Registro de HTG de la SEA,
Clinical profile of patients with very high hypertriglyceridemia from the Registry of
Hypertriglyceridemia of the Spanish Atherosclerosis Society, Clin. Invest.
Arterioscler. 25 (2013) 8–15.

[38] D.J. Greene, J.W. Skeggs, R.E. Morton, Elevated triglyceride content diminishes the
capacity of high density lipoprotein to deliver cholesteryl esters via the scavenger
receptor class B type I (SR-BI), J. Biol. Chem. 276 (2001) 4804–4811.

[39] J.W. Skeggs, R.E. Morton, LDL and HDL enriched in triglyceride promote abnormal
cholesterol transport, J. Lipid Res. 43 (2002) 1264–1274.

[40] A. Chait, R.L. Brazg, D.L. Tribble, R.M. Krauss, Susceptibility small, dense low-
density lipoproteins to oxidative modification in subjects with the atherogenic li-
poprotein phenotype, pattern, Am. J. Med. 94 (1993) 350–356.

[41] P.O. Kwiterovich Jr., Clinical revelance of the biochemical, metabolic, and genetic
factors that influence low-density lipoproteib heterogeneity, Am. J. Cardiol. 90
(2002) 30–47.

[42] S. Ip, A.H. Lichtenstein, M. Chung, J. Lau, E.M. Balk, Systematic review: association
of low-density lipoprotein subfractions with cardiovascular outcomes, Ann. Intern.
Med. 150 (2009) 474–484.

[43] K.V. Batt, L. Patel, K.M. Botham, K.E. Suckling, Chylomicron remnants and oxidised
low density lipoprotein have differential effects on the expression of mRNA for
genes involved in human macrophage foam cell formation, J. Mol. Med. (Berl) 82
(2004) 449–458.

[44] S. Takahashi, J. Sakai, T. Fujino, H. Hattori, Y. Zenimaru, J. Suzuki, I. Miyamori,
T.T. Yamamoto, The very low density lipoprotein (VLDL) receptor: characterization
and functions as a peripheral lipoprotein receptor, J. Atheroscler. Thromb. 11
(2004) 200–208.

[45] H.H. Aung, M.W. Lame, K. Gohil, C. An, D.W. Wilson, J.C. Rutledge, Induction of
ATF3 gene network by triglyceride-rich lipoprotein lipolysis products increases
vascular apoptosis and inflammation, Arterioscler. Thromb. Vasc. Biol. 33 (2013)
2088–2096.

[46] B.G. Nordestgaard, Triglyceride-rich lipoproteins and atherosclerotic cardiovas-
cular disease: new insights from epidemiology, genetics, and biology, Circ. Res. 118
(2016) 547–563.

[47] A. Varbo, M. Benn, A. Tjbæeg-Hansen, B.G. Nordestgaard, Elevated remnant cho-
lesterol causes both low grade-inflammation and isquemic heart disease, whereas
elevated low-density lipoprotein cholesterol causes isquemic heart disease without
inflammation, Circulation 128 (2013) 1298–1309.

[48] US National Library of Medicine. ClinicalTrials.gov. www.clinicaltrials.gov/May
11,2014. Acces January 2016.

[49] M. Miller, N.J. Stone, C. Ballantyne, V. Bittner, M.H. Criqui, H.N. Ginsberg,
A.C. Goldberg, W.J. Howard, M.S. Jacobson, P.M. Kris-Etherton, T.A. Lennie,
M. Lev, T. Mazzone, S. Pennathur, American Heart Association Clinical Lipidology,
Thrombosis, and prevention committee of the council on nutrition, physical ac-
tivity, and metabolism; council on arteriosclerosis, thrombosis and vascular
biology; council on cardiovascular nursing; council on the kidney in cardiovascular
disease, triglycerides and cardiovascular disease. A scientific statement from the
American Heart Association, Circulation 123 (2011) 2292–2333.

[50] M.H. Criqui, G. Heiss, R. Cohn, L.D. Cowan, C.M. Suchindran, S. Bangdiwala,
S. Kritchevsky, D.R. Jacobs Jr., H.K. O'Grady, C.E. Davis, Plasma triglyceride level
and mortality from coronary heart disease, N. Engl. J. Med. 328 (1993) 1220–1225.

[51] M. Laakso, S. Lehto, I. Penttilä, K. Pyörälä, Lipids and lipoproteins predicting cor-
onary heart disease mortality and morbidity in patients with non-insulin-dependent
diabetes mellitus, Circulation 88 (1993) 1421–1430.

[52] B.G. Nordestgaard, M. Benn, P. Schnohr, A. Tybjærg-Hansen, Nonfasting trigly-
ceides and risk of myocardial infarction, Ischemic heart disease and death in men
and women, JAMA 298 (2007) 299–308.

[53] R.A. Hegele, H.N. Ginsberg, M.J. Chapman, B.G. Nordestgaard, J.A. Kuivenhoven,
M. Averna, J. Borén, E. Bruckert, A.L. Catapano, O.S. Descamps, G.K. Hovingh,
S.E. Humphries, P.T. Kovanen, L. Masana, P. Pajukanta, K.G. Parhofer, F.J. Raal,
K.K. Ray, R.D. Santos, A.F. Stalenhoef, E. Stroes, M.R. Taskinen, A. Tybjærg-Hansen,
G.F. Watts, O. Wiklund, European Atherosclerosis Society Consensus Panel, The
polygenic nature of hypertriglyceridaemia: implications for definition, diagnosis,
and management, Lancet Diabetes Endocrinol. 2 (2014) 655–666.

[54] European Guidelines on cardiovascular disease prevention in clinical practice, Eur.
Heart J. 33 (2012) 1635–1701.

[55] M.J. Chapman, H.N. Ginsberg, P. Amarenco, F. Andreotti, J. Borén, A.L. Catapano,
O.S. Descamps, E. Fisher, P.T. Kovanen, J.A. Kuivenhoven, P. Lesnik, L. Masana,
B.G. Nordestgaard, K.K. Ray, Z. Reiner, M.R. Taskinen, L. Tokgözoglu, A. Tybjærg-
Hansen, G.F. Watts, European Atherosclerosis Society Consensus Panel,
Triglyceride-rich lipoproteins and high-density lipoprotein cholesterol in patients at
high risk of cardiovascular disease: evidence and guidance for management, Eur.
Heart J. 32 (2011) 1345–1361.

[56] V.J. Carey, L. Bdihop, N. Laranjo, B.B. Harsfield, C. Kwiat, F.M. Sacks, Contribution
of high plasma tryglicerides and low high-density lipoprotein cholesterol to residual
risk of coronary heart disease after establishment of low-density lipoprotein cho-
lesterol control, Am. J. Cardiol. 106 (2010) 757–763.

[57] J.J. Alberts, A. Slee, J.L. Fleg, H.D. O'Brien, S.M. Marcovina, Relationship of
baseline HDL subclasses, small dense LDL and triglyceride to cardiovascular events
in the AIM-HIGH clinical trial, Atherosclerosis 251 (2016) 454–459.

[58] A. Festa, R. D'Agostino Jr., G. Howard, L. Mykkänen, R.P. Tracy, S.M. Haffner,
Chronic subclinical inflammation as part of the insulin resistance syndrome: the
Insulin Resistance Atherosclerosis Study (IRAS), Circulation 102 (2000) 42–47.

[59] J.M. Fernández-Real, W. Ricart, Insulin resistance and chronic cardiovascular in-
flammatory syndrome, Endocr. Rev. 24 (2003) 278–301.

[60] P. Dandona, A. Aljada, A. Bandyopadhyay, Inflammation: link between insulina
resistance, obesity and diabetes, Trends Immunol. 25 (2004) 4–7.

M. Díaz-Ruiz et al. Clinica Chimica Acta 490 (2019) 194–199

199

http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0055
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0055
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0055
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0055
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0060
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0060
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0065
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0065
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0065
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0065
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0070
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0070
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0070
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0075
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0075
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0075
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0075
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0080
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0080
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0080
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0085
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0085
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0085
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0085
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0085
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0090
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0090
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0090
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0090
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0095
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0095
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0095
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0100
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0105
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0105
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0110
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0110
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0110
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0115
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0115
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0120
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0120
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0125
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0125
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0125
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0125
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0130
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0130
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0130
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0130
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0135
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0135
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0135
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0140
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0140
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0140
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0145
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0145
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0145
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0150
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0150
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0155
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0155
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0155
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0155
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0155
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0160
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0160
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0160
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0165
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0165
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0165
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0165
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0170
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0170
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0170
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0170
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0175
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0175
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0175
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0175
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0175
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0180
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0180
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0180
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0185
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0185
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0190
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0190
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0190
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0195
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0195
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0195
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0200
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0200
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0200
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0205
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0205
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0205
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0205
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0210
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0210
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0210
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0210
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0215
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0215
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0215
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0215
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0220
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0220
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0220
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0225
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0225
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0225
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0225
http://www.clinicaltrials.gov/May%2011,2014
http://www.clinicaltrials.gov/May%2011,2014
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0230
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0230
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0230
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0230
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0230
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0230
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0230
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0230
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0235
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0235
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0235
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0240
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0240
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0240
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0245
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0245
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0245
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0250
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0250
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0250
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0250
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0250
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0250
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0250
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0255
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0255
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0260
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0260
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0260
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0260
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0260
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0260
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0260
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0265
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0265
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0265
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0265
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0270
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0270
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0270
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0275
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0275
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0275
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0280
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0280
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0285
http://refhub.elsevier.com/S0009-8981(18)30486-8/rf0285

	Metabolic disorders and inflammation are associated with familial combined hyperlipemia
	Introduction
	Materials and methods
	Patients
	Biochemical determinations
	Statistical analysis

	Results
	Anthropometric, hydrocarbonated and lipid parameters
	Inflammatory markers and adhesion molecules
	Study of correlation between hydrocarbons, lipids and inflammatory parameters
	Study of LDL phenotype and its relation to HOMA-IR and inflammation
	Study multivariable regression models

	Discussion
	Conflict of interest
	Financial support
	Acknowledgments
	References




