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Abstract

Background: We have searched if plasma high density lipoprotein-cholesterol (HDL-C) concentration interferes
simultaneously with whole-body cholesterol metabolism and insulin sensitivity in normal weight healthy adult
subjects.

Methods: We have measured the activities of several plasma components that are critically influenced by insulin
and that control lipoprotein metabolism in subjects with low and high HDL-C concentrations. These parameters
included cholesteryl ester transfer protein (CETP), phospholipid transfer protein (PLTP), lecithin cholesterol acyl
transferase (LCAT), post-heparin lipoprotein lipase (LPL), hepatic lipase (HL), pre-beta-1HDL, and plasma sterol
markers of cholesterol synthesis and intestinal absorption.

Results: In the high-HDL-C group, we found lower plasma concentrations of triglycerides, alanine aminotransferase,
insulin, HOMA-IR index, activities of LCAT and HL compared with the low HDL-C group; additionally, we found
higher activity of LPL and pre-beta-1HDL concentration in the high-HDL-C group. There were no differences in the
plasma CETP and PLTP activities.

Conclusions: These findings indicate that in healthy hyperalphalipoproteinemia subjects, several parameters that
control the metabolism of plasma cholesterol and lipoproteins are related to a higher degree of insulin sensitivity.

Keywords: Insulin resistance, HDL-C concentration, Lipoprotein lipases, Lecithin cholesterol acyl transferase,
Pre-beta1 HDL, Plasma cholesterol metabolism markers, Cholesteryl ester transfer protein, Phospholipid transfer
protein
Background
The low plasma concentration of high density lipoprotein
cholesterol (HDL-C) is an independent risk factor for is-
chemic heart disease and has complex multifactorial
causes involving the actions of many genes. HDL particles
have several functions, including reverse cholesterol trans-
port and antioxidant, anti-inflammatory and antithrombo-
genic activities. The metabolic disturbances that cause
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variations in the plasma HDL-C concentration have been
investigated in the genetic and secondary causes of dyslip-
idemia, such as obesity, insulin resistance, metabolic syn-
drome, ischemic heart disease and under the effect of
several pharmacological agents [1]. Nevertheless, the pre-
cise mechanisms by which HDL particles prevent athero-
sclerosis are unknown. There has been considerable effort
in utilizing genome-wide association to conclude that a
genetic variant near IRS1 is associated with type 2 dia-
betes, insulin resistance and hyperinsulinemia. However,
no clues have ever been provided with regard to the pri-
mary cause of the above mentioned associations with the
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regulation of the plasma HDL concentration or metabol-
ism rate, leaving aside rates of cholesterol metabolism [2].
The plasma HDL-C concentration may play a role as

an independent contributor to the pathogenesis of type
2 diabetes mellitus [3]. Premature atherosclerosis is re-
lated to several HDL-dependent activities that include a
diminished cell cholesterol efflux capacity by HDL [4].
Interestingly, the ABCA1 receptor is considered a major
factor in the maintenance of the plasma HDL-C concen-
tration and for cell cholesterol efflux essential to prevent
pancreatic islet lipid accumulation [5] and carriers of
loss-of-function mutations in ABCA1 show impaired in-
sulin secretion with [6] or without insulin resistance [7].
Also, certain ABCA1 genotypes have been related to in-
creased risk of diabetes mellitus in humans with [8,9] or
without [10] low HDL concentrations in plasma. Mice
lacking Abca1 have impaired glucose tolerance [11] al-
though in the LDLr knockout mouse model no associa-
tions were observed between the quantitative trait loci of
atherosclerosis and levels of total cholesterol, HDL-C, in-
sulin or body weight [12]. Also, in non-insulin dependent
diabetes mellitus pancreatic beta cells may fail to compen-
sate for insulin resistance and the ABCA1 receptor, a cel-
lular cholesterol transporter, plays a role as a regulator of
cholesterol homeostasis and insulin secretion in these cells
[13]. Furthermore, HDL exerts insulin-sensitizing effects
enhancing the glucose disposal in type 2 diabetes mellitus
patients [14].
Several investigations have dealt with the interactions

of dyslipidemia, insulin resistance and HDL lipidome.
However, these investigations have invariably been
biased by other factors that independently interfere with
the metabolism of HDL, such as variations in the body
mass index, waist circumference, plasma triglyceride
concentration, and age or gender differences between
the investigated groups [15-18]. These variables make it
impossible to ascertain a cause/effect relationship be-
tween the HDL concentration and insulin sensitivity.
High cholesterol synthesis and low cholesterol absorp-

tion have been associated with metabolic syndrome [19],
insulin resistance [20] and type 2 diabetes, independ-
ently of body weight [21]. We have previously shown
that healthy, non-obese adults with a high plasma
HDL-C concentration have greater plasma concentrations
of a cholesterol synthesis marker (lathosterol) and dimin-
ished concentrations of intestinal dietary cholesterol ab-
sorption markers (campesterol and β-sitosterol) compared
with low-HDL-C participants [22].
According to recent publications the relationship of

plasma HDL-C and insulin activity seems more complex
than previously reported. HDL-C plasma concentration
was related to angiopoietin-3 like (Angptl3), which is an
inhibitor of lipoprotein lipase activity, and to insulin sensi-
tivity [23]. Also, HDL-C concentration may be influenced
by insulin as suggested by a study in China relating lipo-
protein lipase, vitamin D and insulin resistance [24]. In
fact, insulin sensitivity likely explains the role of insulin on
plasma HDL-C concentration because patients with insu-
linoma without insulin resistance that had been matched
with controls for age and BMI do not increase the produc-
tion rate of high density lipoprotein apolipoprotein AI
which seems to be more dependent on the apoAI frac-
tional catabolic rate [25].
We have then hypothesized that plasma HDL-C con-

centrations independently of an increased body mass
index, age or gender might influence insulin sensitiv-
ity. Searching for possible causes we measured the
activities of cholesteryl ester transfer protein (CETP),
phospholipid transfer protein (PLTP), lecithin:cholesterol
acyltransferase (LCAT), post-heparin lipoprotein lip-
ase (LPL) and hepatic lipase (HL) in normal weight
healthy adult subjects with low and high plasma HDL-C
concentrations.

Methods
Subjects
Healthy volunteers (n = 73, 41 men and 32 women) with a
plasma HDL-C concentration < 40 mg/dL or > 60 mg/dL,
between the ages of 20 – 74 years, and with a BMI < 30
Kg/m2 were selected from the following institutions: the
Lipid Clinic Disorders Service of the Endocrinology and
Metabolism Unit of the Clinical Hospital of the Faculty
of Medicine, University of São Paulo (HCFMUSP);
the Clinical Hospital at the University of Campinas
(UNICAMP); health centers of the city of Campinas; and
the Laboratory of Ouro Verde Hospital, Campinas, São
Paulo State, Brazil. All participants were informed of
the objectives of the study and signed an informed
written consent in accordance with the research protocols
approved by the Ethics Committee of HCFMUSP and
UNICAMP. The cases included in this study had previ-
ously been reported [22]. The exclusion criteria were obes-
ity, metabolic syndrome, diabetes mellitus, uncontrolled
thyroid function disorder, liver and kidney failure, smoking,
alcohol abuse and the use of medications that may inter-
fere with cholesterol metabolism, such as hormonal re-
placement therapy and blood lipid-lowering drugs.

Measurements
Blood was drawn after a 12 h-fasting period. The blood
samples were treated with 10% EDTA, and the plasma
was immediately separated for further analysis. Plasma
glucose, cholesterol and triglyceride concentrations
were measured using commercially available enzymatic-
colorimetric methods (Labtest Diagnostica, Brazil and
Roche Diagnostics Corp, Indianapolis, IN, respectively).
The plasma LDL-C concentration was calculated using
the Friedewald formula [26].
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The plasma insulin concentration was measured by an
immunofluorometric assay using AutoDELFIA (Perkin
Elmer Inc., Waltham, Mass.,USA), and the homeostasis
model assessment insulin resistance (HOMA-IR) was
calculated according to the following formula: Glucose
(mmol/L) × Insulin (mU/L)/22.5. The alanine amino-
transferase (ALT) and aspartate aminotransferase (AST)
activities were measured by the kinetic method, and the
high sensible plasma C-reactive protein (hsCPR) concen-
tration was measured by immunoturbidimetric assay.
The serum amyloid A (SAA) concentration was mea-
sured by nephelometry (Siemens Healthcare Diagnostics,
Deerfield, IL, USA), and the levels of apolipoproteins
were measured by immunoturbidimetric assays (Randox,
Crumlin Co., Antrin, Ireland). The plasma concentra-
tions of markers of intestinal cholesterol absorption
(campesterol and β-sitosterol) and of cholesterol synthe-
sis (desmosterol and lathosterol) that had been pre-
sented in our previous publication [22] were measured
by gas chromatography (GC) coupled to a mass spectro-
photometer (MS) (Shimadzu GCMS-QP2010 Plus, Kyoto,
Japan), with the software GCMS solution ver. 2.5 [27] and
are included in the present report. The LCAT-mediated
cholesterol esterification rate was measured using en-
dogenous substrates labeled with 14C-cholesterol, accord-
ing to Dobiasova et al. [28], and the CETP activity which
indirectly indicates CETP mass was measured by a radio-
isotopic assay using an exogenous substrate, as previously
described [22]. The PLTP activity was measured using an
exogenous radiometric assay, as described by Jauhiainen
and Ehnholm [29]. HL and LPL activities were measured
using a method adapted from Ehnholm [30]. Briefly, the
plasma samples were drawn 15 minutes after intravenous
heparin administration (100 U/Kg of body weight), and
the lipase activities were measured via liberated free fatty
acids using radiolabeled triolein emulsion as the substrate
and 1 M NaCl as the LPL inhibitor. The pre-beta1-HDL
concentration was measured using an enzyme-linked im-
munosorbent assay (ELISA) from Daiichi Pure Chemicals
Co. (Tokyo, Japan).

Statistical analysis
The statistical analyses were performed using GraphPad
Prism version 4.0 (GraphPad Softwares, USA). Compari-
sons between groups were performed using Student
t test. The significance level chosen was p < 0.05, and the
results are presented as mean ± SD. A correlation matrix
study was performed with GraphPad Instat version 3.05
(GraphPad Softwares, USA).

Results
Anthropometric and laboratorial data are presented in
Table 1. The plasma concentration of triglycerides (TG),
insulin, HOMA-IR index and ALT were lower in the
high-HDL group compared with the low-HDL-C group.
As expected, the apolipoprotein (apo) AI and apo E con-
centrations were higher in the high-HDL-C group. For
being slightly older than the hypoalphalipoproteinaemics
a diminished degree of insulin sensitivity should have
been expected in our hyperalphalipoproteinaemics and
yet the opposite was found which reinforces the conclu-
sion that our results were not biased by age differences
between the groups.
The high-HDL-C group presented lower LCAT and

post-heparin hepatic lipase activities and higher post-
heparin lipoprotein lipase activity and pre-beta-1-HDL
concentration than did the low-HDL-C group. Plasma
LCAT activity significantly reduced in the hyperalphali-
poproteinaemic cases compared with the hypoalphalipo-
proteinaemic cases is congruent with the elevated plasma
LCAT activity found in metabolic syndrome attributed to
insulin resistance [31]. These results are supported by a
report of LCAT-null mice being protected from both diet-
induced obesity and insulin resistance and from simultan-
eously developing increased hepatic insulin sensitivity
[32]. The plasma exogenous CETP and PLTP activities did
not vary between our two HDL-C groups and therefore
did not explain their different HDL-C concentrations. The
latter is likely due to the combination of the remarkable
differences in the post-heparin lipoprotein and hepatic lip-
ase activities in addition to a modest, although significant,
LCAT variation.
In an attempt to elucidate the origin of the metabolic

processes involved, a univariate correlations of all the
parameters measured was performed. Table 2 presents
only the results that were highly significant (greater
than ± 0.5, p < 0.05), and therefore capable of indicat-
ing meaningful dependent relationships. Certain signifi-
cant relationships were predictable according to the
literature, such as the waist circumference and body mass
index (BMI) (a), the effect of age raising the plasma LDL-
C concentration (b), lowering the post-heparin lipoprotein
lipase (c) [33], an inverse association of plasma TG and
HDL-C concentrations (d) as well as a marker of insulin
resistance (HOMA-IR) varying directly with the waist
circumference (e) [34] and inversely with post-heparin
LPL activity (f) [35]. LPL varied inversely with the
average arterial blood pressure (g), reinforcing the
state of insulin resistance typical of the metabolic
syndrome that characterized the low-HDL-C cases;
however, potential genetic reasons for this association
cannot be ignored [36]. ALT activity associated with
the marker of cholesterol body synthesis (desmos-
terol) (h) likely reinforces the enhanced insulin sensi-
tivity [37] in the high-HDL-C cases. However, as a
marker of cholesterol synthesis, desmosterol alone did
not differ between the HDL-C concentration groups in
our previous investigation, which served as a database for



Table 1 Anthropometric data, blood chemistry and lipoprotein metabolism data in healthy participants with low
plasma HDL-C vs. high plasma HDL-C concentration

Low HDL High HDL P

Gender 21 men/16 women 20 men/16 women

Age (year) 37 ± 11 45 ± 14 0.022

BMI (Kg/m2) 24.0 ± 2.4 23.5 ± 3.3

Waist (cm) 80 ± 9 80 ± 9

Glucose (mg/dL) 83 ± 8 84 ± 8

Insulin (μU/mL) 6.5 ± 3.1 4.4 ± 1.8 <0.001

HOMA index 1.35 ± 0.67 0.91 ± 0.39 0.001

Triglycerides (mg/dL) 97 ± 33 71 ± 34 0.002

Cholesterol (mg/dL) 159 ± 25 186 ± 30 <0.001

HDL-C (mg/dL) 34 ± 4 79 ± 13 <0.001

LDL-C (mg/dL) 106 ± 22 93 ± 22 0.018

VLDL (mg/dL) 19 ± 7 14 ± 7 0.001

TG/HDL ratio 3.00 ± 1.32 0.91 ± 0.42 <0.001

Apo AI (mg/dL) 84.8 ± 15.5 124.9 ± 19.4 <0.001

Apo B (mg/dL) 75.4 ± 21.7 71.8 ± 17.1

Apo CII (mg/dL) 3.1 ± 1.9 3.1 ± 1.5

Apo CIII (mg/dL) 7.3 ± 3.1 6.7 ± 4.4

Apo E (mg/dL) 2.1 ± 0.8 3.2 ± 1.2 <0.001

ALT (U/L) 24 ± 16 16 ± 5 0.005

AST (U/L) 20 ± 6 19 ± 3

hsCRP (mg/L) 1.7 ± 2.0 2.1 ± 4.6

SAA (mg/L) 3.2 ± 2.8 6.4 ± 10.5

CETP (%CE) 13.6 ± 5.3 13.5 ± 4.5

PLTP (nmolPC/mL/h) 6,247 ± 1,851 6,439 ± 1,617

LCAT (%CE) 3.71 (2.48-5.02) 2.68 (1.63-3.61) 0.011

LPL (nmFFA/mL/h) 2,403 ± 1,304 4,597 ± 2,616 <0.001

HL (nmFFA/mL/h) 4,517 ± 1,622 3,159 ± 1,424 <0.001

Pre-beta1-HDL (ng/mL) 11.8 ± 5.7 (n = 33) 22.4 ± 22.5 (n = 34) 0.008

ALT, Alanine aminotransferase. Apo, Apolipoprotein. AST, Aspartate aminotransferase. BMI, Body mass index. CETP, Cholesteryl ester transfer protein. HL. Hepatic
lipase. HOMA, Homeostasis model assessment. LCAT, Lecithin: cholesterol acyltransferase. LPL, Lipoprotein lipase. hsCPR, C- reactive protein. SAA, Serum amyloid A.
PLTP, Phospholipid transfer protein. Student t test, low HDL-C vs. high HDL-C. Data are presented as mean ± SD. P < 0.05. Pre-beta1-HDL (n = 33 low HDL-C; n = 34
high HDL-C). PLTP, HL and LPL (n = 34 low HDL-C; n = 66 high HDL-C).
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the present report [22]. In the latter study, plasma
campesterol (i) was shown to be one of the two
markers of cholesterol absorption. Its concentration
was greater in the high-HDL-C group than in the
low-HDL-C group. The plasma campesterol concen-
tration is shown here to correlate with the partici-
pants’ age, characterizing a new, interesting finding
because the absorption data had been properly cor-
rected for the plasma cholesterol concentration and
body mass index. In contrast, lathosterol, which is a
significant marker of whole-body cholesterol synthe-
sis, was not only elevated in the low-HDL-C cases
but also correlated with the plasma LDL-C concen-
tration (j).
Discussion
As recently reviewed, HDL-C is controlled simultaneously
by several factors, such as LCAT, PLTP, CETP, and periph-
eral and hepatic post-heparin lipoprotein lipases, which by
themselves are regulated by insulin [38], as shown in the
present study, in addition to the angiopoietin-3-like gene
as indicated in a recent study [23].
Challenging the notion that LCAT is needed for an

efficient atheroprotection, no association between ca-
rotid intima/media thickness (IMT) and LCAT was ob-
served in men, and carotid IMT increased with LCAT
quartiles in women [39]. However, in a Danish population,
ischemic heart disease was associated with low LCAT and
high pre-beta1-HDL concentrations [40]. In contrast, our



Table 2 Linear regression analyses of all significant
correlations (P <0.05)

Variable r

a) BMI × waist 0.5669

b) LDL-C × age 0.5098

c) LPL × age −0.5052

d) Triglycerides × HDL-C −0.6227

e) HOMA-IR × waist 0.5700

f) HOMA-IR × LPL −0.5270

g) LPL × Blood Pressure (average) −0.5154

h) Desmosterol × ALT 0.5642

i) Campesterol × age 0.5141

j) Lathosterol × LDL-C 0.581

ALT, Alanine aminotransferase. BMI, Body mass index. HOMA, Homeostasis
model assessment. LPL, Lipoprotein lipase.
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hyperalphalipoproteinaemia cases showed low LCAT
activity and high pre-beta1-HDL. This result was ex-
pected given the diminished LCAT conversion of the
precursor pre-beta1-HDL into the larger HDL likely being
overcome by a fast generation of pre-beta1-HDL and HDL
secondarily to an increased post-heparin lipoprotein lipase
activity. Our observation that the hyperalphalipoprotei-
naemic participants have increased post-heparin lipo-
protein lipase activity and diminished hepatic lipase
activity compared with the hypoalphalipoproteinaemic
participants is in agreement with a previous report
[41]. Due to the high-HDL insulin-sensitive state in
hyperalphalipoproteinaemia binding and internalization
rates of triglyceride-enriched HDL may slow down [42].
Thus, our results conform to the following chain of events
described in a previous review [43]. In insulin-sensitive
cases - as our high-HDL-C participants - the conse-
quent enhanced post-heparin lipoprotein lipase activ-
ity induces HDL production that, combined with the
diminished hepatic lipoprotein lipase, further in-
creases the HDL particle size and quantity. In hyper-
alphalipoproteinemia cases, we found a diminished
TG/HDL-C plasma ratio that has been deemed as
critically dependent on insulin activity [44]. Although
the plasma CETP activity measured by the exogenous
method that reflects the plasma CETP concentration
[22] did not differ between the two groups the low
TG/HDL-C likely is consequent to decreased endogen-
ous CETP activity due to a diminished triglyceride
availability from apoB-containing LP for exchange
with HDL cholesteryl ester in hyperalphalipoprotaei-
nemia cases.
In agreement with a primary role for insulin sensitivity

in cholesterol metabolism and, to a considerable extent, in
plasma HDL-C concentration variation, we found a
diminished ALT level within the “reference” range in
hyperalphalipoprotaeinemia cases, a result compatible
with other reports relating ALT to insulin sensitivity [37].
Even in the absence of diabetes mellitus, changes in

cholesterol metabolism are important predictors of
cardiovascular disease, as has been recently shown
Weingärtner et al. [45], however, that work did not
investigate the relationship with insulin resistance or with
plasma HDL-C concentrations. Furthermore, there has
been clinical evidence in healthy, lean adult humans sup-
porting insulin sensitivity-dependency on the abdominal
fat quantity simultaneously with plasma HDL-C concen-
tration variations [46]. Our present and previous findings
[22] indicate that, in hyperalphalipoproteinemia, variations
in several parameters that control the plasma lipoprotein
metabolism are related to an increased degree of insulin
sensitivity. In support of this conclusion, a study in India
on normal-weight offspring with type 2 diabetes mellitus
that were matched with controls of comparable age
showed that the former had lower plasma HDL-C concen-
trations and higher values of plasma insulin [47]. The
latter finding suggests that the development of dia-
betes mellitus is preceded by such changes, although
not linked to any specific genetic cause.
Further investigation is required utilizing more reliable

methods to measure insulin sensitivity in these case,
such as the clamp technique.

Abbreviations
(LPL): HDL-C, Lipoprotein lipase; (LCAT): Lecithin cholesterol acyl transferase;
HDL: Pre-beta1; (CETP): Cholesteryl ester transfer protein; (PLTP): Phospholipid
transfer protein; (IRS1): Insulin receptor; (ALT): Alanine amino-transaminase;
(IMT): Intima/media thickness; (AST): Aspartate aminotransferase; (BMI): Body
mass index; (HL): Hepatic lipase; (HOMA): Homeostasis model assessment;
(hsCPR): C- reactive protein; (SAA): Serum amyloid A.

Competing interests
The authors declare that they have no competing interest.

Authors’ contributions
CCL researched data and wrote manuscript, VSN researched data, NBP
researched data, VSZ researched data, ESP researched data, PMC researched
data, MJ researched data, MP contributed to discussion and reviewed/edited
manuscript, ERN contributed to discussion and reviewed/edited manuscript,
ECF contributed to discussion and reviewed/edited manuscript, ECRQ
contributed to discussion and wrote manuscript. All authors read and
approved the final manuscript.

Acknowledgements
This work was supported by FAPESP (São Paulo Research Foundation;
research project 06/60585-9; fellowship support to Leança C.C. 08/50185-9)
and LIM, HC/FMUSP (Medical Investigation Laboratories, Hospital das
Clínicas/Faculty of Medical Sciences of University of São Paulo).

Author details
1Lipids Laboratory (LIM-10), Endocrinology and Metabolism Division of
Hospital das Clinicas, Faculty of Medical Sciences, University of Sao Paulo,
Av. Dr. Arnaldo, 455 - room 3305, Sao Paulo CEP 01246-00, Brazil.
2Department of Clinical Pathology, School of Medical Sciences, State
University of Campinas-UNICAMP, P.O. Box 6111, CEP 13083-970, Campinas,
SP, Brazil. 3National Institute for Health and Welfare, Public Health Genomics
Research Unit, Helsinki, Finland.



Leança et al. Cardiovascular Diabetology 2013, 12:173 Page 6 of 7
http://www.cardiab.com/content/12/1/173
Received: 27 August 2013 Accepted: 7 November 2013
Published: 22 November 2013
References
1. Kontush A, Chapman MJ: Functionally defective high-density lipoprotein:

a new therapeutic target at the crossroads of dyslipidemia,
inflammation, and atherosclerosis. Pharmacol Rev 2006, 58:342–374.

2. Leança CC, Nunes VS, Nakandakare ER, de Faria EC, Quintao EC: Does
plasma HDL-C concentration interact with whole-body cholesterol
metabolism? Nutr Metab Cardiovasc Dis 2013, 23:279–284.

3. von Eckardstein A, Sibler RA: Possible contributions of lipoproteins and
cholesterol to the pathogenesis of diabetes mellitus type 2. Curr Opin
Lipidol 2011, 22:26–32.

4. Khera AV, Cuchel M, de la Llera-Moya M, Rodrigues A, Burke MF, Jafri K,
French BC, Phillips JA, Mucksavage ML, Wilensky RL, Mohler ER, Rothblat GH,
Rader DJ: Cholesterol efflux capacity, high-density lipoprotein function,
and atherosclerosis. N Engl J Med 2011, 364:127–135.

5. Fryirs MA, Barter PJ, Appavoo M, Tuch BE, Tabet F, Heather AK, Rye KA:
Effects of high-density lipoproteins on pancreatic beta-cell insulin
secretion. Arterioscler Thromb Vasc Biol 2010, 30:1642–1648.

6. Koseki M, Matsuyama A, Nakatani K, Inagaki M, Nakaoka H, Kawase R,
Yuasa-Kawase M, Tsubakio-Yamamoto K, Masuda D, Sandoval JC, Ohama T,
Nakagawa-Toyama Y, Matsuura F, Nishida M, Ishigami M, Hirano K, Sakane
N, Kumon Y, Suehiro T, Nakamura T, Shimomura I, Yamashita S: Impaired
insulin secretion in four Tangier disease patients with ABCA1 mutations.
J Atheroscler Thromb 2009, 16:292–296.

7. Vergeer M, Brunham LR, Koetsveld J, Kruit JK, Verchere CB, Kastelein JJ,
Hayden MR, Stroes ES: Carriers of loss-of-function mutations in ABCA1
display pancreatic beta-cell dysfunction. Diabetes Care 2010, 33:869–874.

8. Villarreal-Molina MT, Flores-Dorantes MT, Arellano-Campos O,
Villalobos-Comparan M, Rodríguez-Cruz M, Miliar-García A, Huertas-Vazquez
A, Menjivar M, Romero-Hidalgo S, Wacher NH, Tusie-Luna MT, Cruz M,
Aguilar-Salinas CA, Canizales-Quinteros S: Metabolic study group:
association of the ATP-binding cassette transporter A1 R230C variant
with early-onset type 2 diabetes in a Mexican population. Diabetes 2008,
57:509–513.

9. Saleheen D, Nazir A, Khanum S, Haider SR, Frossard PM: R1615P: a novel
mutation in ABCA1 associated with low levels of HDL and type II
diabetes mellitus. Int J Cardiol 2006, 110:259–260.

10. Daimon M, Kido T, Baba M, Oizumi T, Jimbu Y, Kameda W, Yamaguchi H,
Ohnuma H, Tominaga M, Muramatsu M, Kato T: Association of the ABCA1
gene polymorphisms with type 2 DM in a Japanese population.
Biochem Biophys Res Commun 2005, 329:205–210.

11. Brunham LR, Kruit JK, Pape TD, Timmins JM, Reuwer AQ, Vasanji Z, Marsh BJ,
Rodrigues B, Johnson JD, Parks JS, Verchere CB, Hayden MR: β-cell ABCA1
influences insulin secretion, glucose homeostasis and response to
thiazolidinedione treatment. Nat Med 2007, 13:340–347.

12. Welch CL, Bretschger S, Latib N, Bezouevski M, Guo Y, Pleskac N, Liang CP,
Barlow C, Dansky H, Breslow JL, Tall AR: Localization of atherosclerosis
susceptibility loci to chromosomes 4 and 6 using the Ldlr knockout
mouse model. Proc Natl Acad Sci U S A 2001, 98:7946–7956.

13. Brunham LR, Kruit JK, Verchere CB, Hayden MR: Cholesterol in islet
dysfunction and type 2 diabetes. J Clin Invest 2008, 118:403–408.

14. Drew BG, Duffy SJ, Formosa MF, Natoli AK, Henstridge DC, Penfold SA,
Thomas WG, Mukhamedova N, de Courten B, Forbes JM, Yap FY, Kaye DM,
van Hall G, Febbraio MA, Kemp BE, Sviridov D, Steinberg GR, Kingwell BA:
High-density lipoprotein modulates glucose metabolism in patients with
type 2 diabetes mellitus. Circulation 2009, 119:2103–2111.

15. Ståhlman M, Fagerberg B, Adiels M, Ekroos K, Chapman JM, Kontush A,
Borén J: Dyslipidemia, but not hyperglycemia and insulin resistance,
is associated with marked alterations in the HDL lipidome in type 2
diabetic subjects in the DIWA cohort: Impact on small HDL particles.
Biochim Biophys Acta 2013, 1831:1609–1617.

16. Coniglio RI, Meroño T, Montiel H, Malaspina MM, Salgueiro AM, Otero JC,
Ferraris R, Schreier L, Brites F, Gómez Rosso L: HOMA-IR and non-HDL-C as
predictors of high cholesteryl ester transfer protein activity in patients
at risk for type 2 diabetes. Clin Biochem 2012, 45:566–570.

17. Boronat M, Saavedra P, Pérez-Martín N, López-Madrazo MJ, Rodríguez-Pérez
C, Nóvoa FJ: High levels of lipoprotein (a) are associated with a lower
prevalence of diabetes with advancing age: results of a cross-sectional
epidemiological survey in Gran Canaria, Spain. Cardiovasc Diabetol
2012, 11:81.

18. de Vries R, Kappelle PJ, Dallinga-Thie GM, Dullaart RP: Plasma phospholipid
transfer protein activity is independently determined by obesity and
insulin resistance in non-diabetic subjects. Atherosclerosis 2011,
217:253–259.

19. Assman G, Cullen P, Kannenberg F, Schulte H: Relationship between
phytosterol levels and components of the metabolic syndrome in the
PROCAM study. Eur J Cardiovasc Prev Rehabil 2007, 14:208–214.

20. Paramsothy P, Knopp RH, Kahn SE, Retzlaff BM, Fish B, Ma L, Ostlund RE Jr:
Plasma sterol evidence for decreased absorption and increased
synthesis of cholesterol in insulin resistance and obesity. Am J Clin Nutr
2011, 94:1182–1188.

21. Simonen PP, Gylling HK, Miettinen TA: Diabetes contributes to cholesterol
metabolism regardless of obesity. Diabetes Care 2002, 25:1511–1521.

22. Nunes VS, Leança CC, Panzoldo NB, Parra E, Cazita PM, Nakandakare ER,
de Faria EC, Quintão EC: HDL-C concentration is related to markers of
absorption and of cholesterol synthesis: Study in subjects with low vs.
high HDL-C. Clin Chim Acta 2011, 412:176–180.

23. Robciuc MR, Maranghi M, Lahikainen A, Rader D, Bensadoun A, Öörni K,
Metso J, Minicocci I, Ciociola E, Ceci F, Montali A, Arca M, Ehnholm C,
Jauhiainen M: Angptl3 deficiency is associated with increased insulin
sensitivity, lipoprotein lipase activity, and decreased serum free fatty
acids. Arterioscler Thromb Vasc Biol 2013, 33:1706–1713.

24. Huang Y, Li X, Wang M, Ning HAL, Li Y, Sun C: Lipoprotein lipase links
vitamin D, insulin resistance, and type 2 diabetes: a cross-sectional
epidemiological study. Cardiovasc Diabetol 2013, 12:17.

25. Duvillard L, Florentin E, Pont F, Petit JM, Baillot-Rudoni S, Penfornis A,
Vergès B: Chronic hyperinsulinemia does not increase the production
rate of high-density lipoprotein apolipoprotein AI: evidence from a
kinetic study in patients with insulinoma. Arterioscler Thromb Vasc Biol
2013, 33:2460–2465.

26. Friedewald WT, Levy RI, Fredrickson DS: Estimation of the concentration of
low density lipoprotein cholesterol in plasma, without use of the
preparative ultracentrifuge. Clin Chem 1972, 18:499–502.

27. Miettinen TA: Gas–liquid chromatographic determination of fecal neutral
sterols using a capillary column. Clin Chim Acta 1982, 124:245–248.

28. Dobiasova M, Stribrna J, Pritchard PH, Frohlich JJ: Cholesterol esterification
rate in plasma depleted of very low and low density lipoproteins is
controlled by the proportion of HDL2 and HDL3 subclasses: study in
hypertensive and normal middle-aged and septuagenarian men. J Lipid
Res 1992, 33:1411–1418.

29. Jauhiainen M, Ehnholm C: Determination of human plasma phospholipid
transfer protein mass and activity. Methods Enzymol 2005, 36:97–101.

30. Ehnholm C, Kuusi T: Preparation, characterization, and measurement of
hepatic lipase. Methods Enzymol 1986, 129:716–738.

31. Dullaart RP, Perton F, Sluiter WJ, de Vries R, van Tol A: Plasma lecithin:
cholesterol acyltransferase activity is elevated in metabolic syndrome
and is an independent marker of increased carotid artery intima media
thickness. J Clin Endocrinol Metab 2008, 93:4860–4866.

32. Li L, Hossain MA, Sadat S, Hager L, Liu L, Tam L, Schroer S, Huogen L, Fantus
IG, Connelly PW, Woo M, Ng DS: Lecithin cholesterol acyltransferase null
mice are protected from diet-induced obesity and insulin resistance in a
gender-specific manner through multiple pathways. J Biol Chem 2011,
286:17809–17820.

33. Huttunen JK, Ehnholm C, Kekki M, Nikkilä EA: Post-heparin plasma
lipoprotein lipase and hepatic lipase in normal subjects and in patients
with hypertriglyceridaemia: correlations to sex, age and various
parameters of triglyceride metabolism. Clin Sci Mol Med 1976, 50:249–260.

34. Povel CM, Boer JM, Feskens EJ: Shared genetic variance between the
features of the metabolic syndrome: Heritability studies. Mol Genet Metab
2011, 104:666–689.

35. Eriksson JW, Burén J, Svensson M, Olivecrona T, Olivecrona G: Postprandial
regulation of blood lipids and adipose tissue lipoprotein lipase in type 2
diabetes patients and healthy control subjects. Atherosclerosis 2003,
166:359–367.

36. Salah A, Khan M, Esmail N, Habibullah S, Al Lahham Y: Genetic
polymorphism of S447X lipoprotein lipase (LPL) and the susceptibility to
hypertension. J Crit Care 2009, 24:e11–e14.

37. Jacobs M, van Greevenbroek MM, van der Kallen CJ, Ferreira I, Feskens EJ,
Jansen EH, Schalkwijk CG, Stehouwer C: The association between the



Leança et al. Cardiovascular Diabetology 2013, 12:173 Page 7 of 7
http://www.cardiab.com/content/12/1/173
metabolic syndrome and alanine amino transferase is mediated by
insulin resistance via related metabolic intermediates (the Cohort on
Diabetes and Atherosclerosis Maastricht [CODAM] study). Metabolism
2011, 60:969–975.

38. Quintão EC, Cazita PM: Lipid transfer proteins: past, present and
perspectives. Atherosclerosis 2010, 209:1–9.

39. Calabresi L, Baldassarre D, Simonelli S, Gomaraschi M, Amato M,
Castelnuovo S, Frigerio B, Ravani A, Sansaro D, Kauhanen J, Rauramaa R,
de Faire U, Hamsten A, Smit AJ, Mannarino E, Humphries SE, Giral P,
Veglia F, Sirtori CR, Franceschini G, Tremoli E: Plasma lecithin:cholesterol
acyltransferase and carotid intima-media thickness in European
individuals at high cardiovascular risk. J Lipid Res 2011, 52:1569–1574.

40. Sethi AA, Sampson M, Warnick R, Muniz N, Vaisman B, Nordestgaard BG,
Tybjaerg-Hansen A, Remaley AT: High pre-beta1 HDL concentrations and
low lecithin: cholesterol acyltransferase activities are strong positive risk
markers for ischemic heart disease and independent of HDL-cholesterol.
Clin Chem 2010, 56:1128–1137.

41. Riemens SC, van Tol A, Scheek LM, Dullaart RP: Plasma cholesteryl ester
transfer and hepatic lipase activity are related to high-density lipoprotein
cholesterol in association with insulin resistance in type 2 diabetic and
non-diabetic subjects. Scand J Clin Lab Invest 2001, 61:1–9.

42. Xiao C, Watanabe T, Zhang Y, Trigatti B, Szeto L, Connelly PW, Marcovina S,
Vaisar T, Heinecke JW, Lewis GF: Enhanced cellular uptake of remnant
high-density lipoprotein particles: a mechanism for high-density lipoprotein
lowering in insulin resistance and hypertriglyceridemia. Circ Res 2008,
103:159–166.

43. de Vries R, Borggreve SE, Dullaart RP: Role of lipases, lecithin:cholesterol
acyltransferase and cholesteryl ester transfer protein in abnormal high
density lipoprotein metabolism in insulin resistance and type 2 diabetes
mellitus. Clin Lab 2003, 49:601–613.

44. Rashid S, Watanabe T, Sakaue T, Lewis GF: Mechanisms of HDL lowering in
insulin resistant, hypertriglyceridemic states: the combined effect of HDL
triglyceride enrichment and elevated hepatic lipase activity. Clin Biochem
2003, 36:421–429.

45. Weingärtner O, Lütjohann D, Vanmierlo T, Müller S, Günther L, Herrmann W,
Böhm M, Laufs U, Herrmann M: Markers of enhanced cholesterol
absorption are a strong predictor for cardiovascular diseases in patients
without diabetes mellitus. Chem Phys Lipids 2011, 164:451–456.

46. Knopp RH, Retzlaff B, Fish B, Walden C, Wallick S, Anderson M, Aikawa K,
Kahn SE: Effects of insulin resistance and obesity on lipoproteins and
sensitivity to egg feeding. Arterioscler Thromb Vasc Biol 2003, 23:1437–1443.

47. Praveen EP, Kulshreshtha B, Khurana ML, Sahoo J, Gupta N, Kumar G,
Ammini A, Knadgawat R: Low HDL-cholesterol among normal weight,
normoglycemic offspring of individuals with type 2 diabetes mellitus.
Hormones (Athens) 2011, 10:57–66.

doi:10.1186/1475-2840-12-173
Cite this article as: Leança et al.: Metabolism of plasma cholesterol and
lipoprotein parameters are related to a higher degree of insulin
sensitivity in high HDL-C healthy normal weight subjects. Cardiovascular
Diabetology 2013 12:173.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Measurements
	Statistical analysis

	Results
	Discussion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

