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“Success” by Alexandra Alaupovic (nee Vrbanic—born
December 21, 1921, Podravska Slatina, Croatia—died
January 2, 2013, Oklahoma City, OK, USA).

The artist created this work in recognition of the
lipoprotein-related research by her husband Petar Alaupovic.
Alexandra Alaupovic trained at the Academy of Visual Arts in
Zagreb, University of Illinois and the University of Oklahoma,
and was a Professor of Sculpture at the Oklahoma City
University. Her work is exhibited in many public and private
collections around the world. She is survived by her husband,
daughter Betsy and grandsons Robert and Homer Clark.






Preface

Diabetes mellitus (DM) is becoming increasingly epidemic globally. The
World Health Organization (WHO) estimates that the prevalence of DM var-
ies between 8 and 10 % in all regions of the globe. Millions of new cases are
diagnosed every year, and a substantial percentage of people with DM are
undiagnosed either because they are not screened for the condition or because
of inadequate access to healthcare. The epidemics of obesity, increased
mechanization and reduced physical activity, cigarette smoking, and the fact
that people are living longer have all contributed to the rise in Type 2 DM
incidence. The incidence and prevalence of Type 1 DM is also increasing,
perhaps also related to changes in the environment. Obesity, sedentary life-
style, and cigarette smoking potentiate insulin resistance, which also promote
atherosclerosis and the vascular complications of DM, as well as of Type 2
DM itself. Longer lifespan is associated with increased weight, lower levels
of physical activity, and progressive loss of pancreatic islet cell mass. The US
Centers for Disease Control estimates that 26.5 % of Americans 65 years of
age or older have DM. According to the American Heart Association, in
2008, 18 million Americans had diagnosed DM, with another 7.1 million
having undiagnosed DM, it is estimated that the prevalence of pre-diabetes in
the US is 81.5 million. These staggering numbers are not unique to the United
States. The worldwide rate of rise in DM is just as alarming. It is estimated
that by the year 2030, 340 million people around the world will have DM and
the figure is likely to be higher.

The risk for DM is strongly influenced by genetic and environmental fac-
tors. Risk for new onset DM is strongly influenced by race and ethnicity.
Insulin resistance (IR) is the hallmark of pre-diabetes and Type 2 DM and is
characterized by impaired transduction of insulin signaling pathways. Insulin
resistance, which also occurs in Type 1 DM, results in hyperglycemia and is
also associated with visceral organ steatosis, endothelial dysfunction, hyper-
tension, increased systemic inflammatory and oxidative tone, a prothrom-
botic state, intracellular accumulation of toxic lipid intermediates
(diacylglycerol, ceramide), as well as atherogenic dyslipidemia, among other
changes. These metabolic disturbances greatly augment risk for the develop-
ment of microvascular and macrovascular disease. The epidemic of DM is
expected to result in one of the steepest rises in human morbidity and mortal-
ity ever observed outside of wartime. DM is the leading cause of proliferative
retinopathy and adult onset blindness in working age adults, peripheral
vascular disease and lower extremity amputation, end-stage renal disease and
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need for dialysis and renal transplantation, peripheral and autonomic
neuropathy, and it magnifies the risk of myocardial infarction, stroke, and
sudden death at least two- to four-fold. In addition to the human cost of this
disease, there is an enormous economic burden associated with the clinical
management and treatment of complications associated with DM.

Lipoprotein in Diabetes Mellitus is meant to be an authoritative and com-
prehensive reference on the many changes wrought by IR and DM on lipid
and lipoprotein metabolism. Reducing the burden of atherogenic lipoproteins
in serum is unequivocally associated with reductions in risk for cardiovascu-
lar events and may also ameliorate microvascular damage. The book begins
by summarizing the various techniques to measure lipoproteins and their sub-
classes. In addition to delineating the molecular basis for how IR and DM
alter lipid and lipoprotein handling in the gut, adipose tissue, liver, blood, and
blood vessel wall, this volume explores how IR induces dyslipidemia, the
glycation and oxidation of lipoproteins, and how alterations in immunity and
cell surface receptor expression can impact lipoprotein metabolism. The
mechanistic basis for why IR and DM increase risk for atherosclerosis as well
as diabetic retinopathy and nephropathy are explored in detail. The design of
clinical trials and the impact of lifestyle modification and of specific approved
and investigational drug classes on diabetic dyslipidemia and risk for
diabetes-related complications comprise the latter third of this volume. We
thank our international panel of contributors for their clinical and basic scien-
tific expertise and many insights. It is our sincerest hope that the clinicians
who care for patients with IR and DM and the basic science researchers who
explore mechanisms of vascular damage and protection will find this treat-
ment of the issues covered herein timely and relevant and that it will signifi-
cantly impact patient care in a positive and lasting way.

Oklahoma City, OK, USA Alicia J. Jenkins, MD, FRACP
Peoria, IL, USA Peter P. Toth, MD, PhD
Oklahoma City, OK, USA Timothy J. Lyons, MD, FRCP
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Laboratory Assessment
of Lipoproteins in Diabetes

David R. Sullivan and Barry Lewis

Abbreviations

Apo B Apolipoprotein B

CETP Cholesteryl ester transfer protein

CVD Cardiovascular disease

HDL-C High-density lipoprotein cholesterol

LDL-C Low-density lipoprotein cholesterol

NHDL-C Non-high-density lipoprotein
cholesterol

TC Total cholesterol

TG Triglycerides

TRL Triglyceride-rich lipoproteins

Introduction

Lipids, Lipoproteins and Other
Analytes in Diabetes

Type 1 and Type 2 diabetes mellitus are often
regarded as abnormalities of insulin and glucose
metabolism, but it is more appropriate to recog-
nise that they disrupt the pathophysiology of
macronutrient metabolism as a whole. Accord-
ingly, it is essential to recognize the effects of

D.R. Sullivan (P<)

Department of Clinical Biochemistry,

Royal Prince Alfred Hospital, Missenden Rd,
Camperdown, Sydney, NSW 2050, Australia
e-mail: David.sullivan @sswahs.nsw.gov.au

B. Lewis
University of Sydney, Sydney, NSW, Australia

diabetes on another major class of macronutrients,
namely, lipids. The fundamental differences in
the pathophysiology and treatment of Type 1 and
Type 2 diabetes are manifest in the changes in
lipoprotein metabolism that accompany these
two common forms of diabetes. Consequently,
the role of altered lipoprotein metabolism in the
atherosclerotic process that underlies macrovas-
cular complications may differ. Fully treated
Type 1 diabetes often causes minimal distur-
bance to the lipoprotein profile, in fact the level
of HDL-C may be slightly increased in insulin-
treated patients [1, 2]. Nevertheless, glycation of
the protein component of lipoproteins [3], as
well as other modifications such as oxidation
and immune complex formation (discussed in
other chapters), may render lipoproteins dys-
functional in Type 1 diabetes. Consequently, the
atherogenicity of the diabetic state in Type 1 dia-
betes, combined with the early age of onset,
results in an increased lifelong risk of CVD that
demands efforts to maintain lipoproteins at
target levels or better [4]. This may be difficult
to achieve in the face of complications of Type 1
diabetes such as renal impairment or the need for
immune-suppressive therapy subsequent to
renal, pancreas or islet cell transplantation.
Hypercholesterolemia may occur in Type 1 dia-
betes in association with severe chronic hyper-
glycemia. Furthermore, insulin is required for
the action of lipoprotein lipase, so early use of
insulin therapy may be necessary in the massive
hypertriglyceridemia associated with both forms
of diabetes [5].

A.J. Jenkins et al. (eds.), Lipoproteins in Diabetes Mellitus, Contemporary Diabetes, 1
DOI 10.1007/978-1-4614-7554-5_1, © Springer Science+Business Media New York 2014



D.R. Sullivan and B. Lewis

Table 1.1 Potential confounding factors that may affect lipoprotein assessment in Type 2 diabetes

Intercurrent illness (with acute phase inflammation)

Hemoconcentration (dehydration, upright posture,

prolonged tourniquet, squeezing to obtain fingerprick sample)

Medications, menstrual cycle
Winter/summer

Stress

Food or caloric intake

Hemolysis or analytical delay

Lipaemia

Presence and type of anticoagulant

On the other hand, Type 2 diabetes is associated
with a well-characterized disturbance of the lipo-
protein profile which features mild to moderate
increase in triglyceride-rich lipoproteins (TRL),
reduced HDL-C, smaller LDL size and modifica-
tion of LDL particle composition, hence increased
cardiovascular risk. Type 2 diabetes is by far the
commoner variety and is becoming increasingly
prevalent in the setting of increased dietary energy
intakes and reduced activity levels both in affluent
and developing societies; it will be the major focus
of attention of this chapter.

Lipid abnormalities manifest as disturbances
of the levels of the lipoproteins that transport lip-
ids in the bloodstream. These disturbances con-
tribute to the macrovascular complications of
diabetes by influencing the processes that under-
lie atherosclerosis and thrombosis. Less fre-
quently, they lead to massive increases in TG that
greatly increase the risk of acute pancreatitis with
associated loss of beta cell function. Recent evi-
dence also suggests that disturbances in lipopro-
tein metabolism may contribute to some forms of
microvascular complications of diabetes such as
renal impairment, which is discussed in other
chapters; however the relevant mechanisms are
yet to be fully elucidated [6].

The laboratory assessment of lipoprotein
status in diabetes relies on minimization of the
effect of potential confounding factors which are
summarised in Table 1.1. Sample collection

Increased VLDL (TG), reduced HDL-C, LDL-C
Proportionate increase in most analytes, including
lipoproteins

Variable

LDL-C lower in summer

Small unexplained increase is LDL-C reported

Increased chylomicrons (TG) sufficient to undermine
standardisation for purposes of classification and
LDL-C calculation

Predominantly affects other analytes (e.g. glucose
and potassium levels) rather than lipids

May require dilution

May interfere with turbidimetric analysis of
Apolipoproteins

Direct HDL-C now less likely to be affected

procedures are designed to reduce preanalytical
sources of error [7]. Sustained attention to stan-
dardisation and quality assurance has established
a high level of reliability for routine lipid mea-
surements which is maintained by a well-
established system of internal and external
quality assurance programmes [8, 9]. This pro-
cesshasbeenextendedtoinclude Apolipoproteins,
most importantly Apo B [10] and Apo (a) [11].

One of the most clinically relevant sources of
variability is the presence of intercurrent illness
because the associated inflammatory response
modifies the lipid and lipoprotein profile. It is
important to note that the lipoprotein response to
intercurrent illness shares some of the features of
that associated with Type 2 diabetes, as will be
described later. The magnitude of modifications
associated with an inflammatory response is usu-
ally proportional to the severity of the underlying
illness [12], but proportionately smaller responses
should also be anticipated in association with
minor intercurrent illnesses [13].

Routine Lipoprotein Assessment

Clinical evaluation of lipoprotein metabolism in
diabetes usually involves the measurement of
total cholesterol, HDL-C and TG following a
12-h fast. LDL-C is derived from the fasting
results by application of the Friedewald equation



1 Laboratory Assessment of Lipoproteins

[14] [LDL-C in mg/dl=TC-HDL-C—(TG/S),
LDL-C in mmol/l=TC-HDL-C—(TG/2.2)], but
this calculation becomes less reliable as TG lev-
els increase beyond approximately 4 mmol/l
(350 mg/dl). Non-fasting samples have been
shown to be a more sensitive marker for the
detection of individuals with increased risk of
CVD [15], but the unstandardized nature of non-
fasting samples [16] makes them unsuitable for
the characterization or serial monitoring of lipid
status in diabetes. Indeed, even fasting levels of
TG and other lipids show considerable within-
individual variability [17]. This has implications
for the serial measurement of LDL-C and
the fasting TG from which it was calculated.
A change in a serial measurement can only be
attributed to clinical factors if it is greater than
would be expected due to other sources of vari-
ability [18]. The considerable biological variabil-
ity of fasting TG will increase the proportion by
which a serial measurement of fasting TG (and
hence LDL-C) must differ in order to indicate a
clinically significant alteration.

Increased levels of TRL may also cause vari-
able interference with automated “direct” HDL-C
measurements due to TRL cholesterol content.
This may have resulted in a positive bias in the
past. Method comparison studies prior to 2000
suggested good agreement between “‘separation”
HDL-C methods and the reference method [19],
even in the presence of Intralipid [20] or TRL [21].
Where positive bias occurred, it was attributed to
incomplete precipitation with the comparator
method [22-24] or the presence of Apolipoprotein
E-containing HDL [25], but the sources of TG
used in these studies had a relatively low choles-
terol content. “Direct” HDL methods initially
involved the use of a-cyclodextrin, and positive
interference from TRL was described in some
[26], but not all [23] studies. Since methods
involving a-cyclodextrin have been superseded,
several recent studies of “direct” HDL methods
have reported positive biases which were attrib-
uted to TRL [27] or the presence of diabetes [28].
This is an important issue because any overesti-
mation of HDL-C leads to a risk of under-diagno-
sis of the metabolic syndrome and insulin
resistance, as well as under-calculation of LDL-C

and NHDL-C. These combined effects would
result in a substantial underestimation of absolute
risk of CVD, leading to loss of opportunity to
effectively identify and treat patients on the basis
of their metabolic risk factors. It is possible that
TRL may also interfere with “direct” LDL-C
assays that utilize a similar strategy based on
selective effect of detergents [29].

The accuracy of standard lipid measurements is
extremely important because this quantitative
information is applied directly to patient manage-
ment. The atherogenic effect of LDL-C and other
Apo B-containing lipoproteins and the probable
anti-atherosclerotic effects of HDL-C represent
independent risk factors for CVD. Whereas
LDL-C (or TC) originally provided thresholds for
initiation of treatment and targets for management,
management decisions are now seen in a wider
context that encompasses the overall (absolute)
CVD risk of the patient. This incorporates the clas-
sic modifiable and non-modifiable risk factors to
varying extents. The predominance of age is one of
several inevitable limitations to the performance of
the absolute risk calculation algorithms. Diabetes
is no longer regarded as “coronary risk equiva-
lent”, but rather the presence or absence of diabe-
tes is treated as a categorical variable, usually
without adjustment for severity. Clinical uncer-
tainty associated with intermediate levels of CVD
risk has led to efforts to “reclassify” patients in this
category by a variety of methods. Consequently,
some algorithms allow adjustment for factors such
as ethnicity, duration of diabetes, HbA1C level and
the presence or absence of microalbuminuria (e.g.
www.yourheartforecast.co.nz/). Whilst the addi-
tional CVD risk posed by the presence of diabetes
often justifies active management of the lipid pro-
file, clinicians need to remember that the presence
of massive hypertriglyceridemia poses the more
immediate risk of acute pancreatitis.

LDL Composition and Particle
Number

Clinical decision-making based purely on quanti-
tative assessment of LDL-C and HDL-C is no lon-
ger appropriate, particularly in the presence of
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elevated TG, which is often the case in Type 2 dia-
betes. Increased levels of TRL promote the action
of cholesteryl ester transfer protein (CETP), which
leads to a reduction in HDL-C levels and a deple-
tion in the amount of cholesterol carried per LDL
particle. The extent of this process may depend on
the severity of postprandial lipemia [30] such that
these changes in HDL-C and LDL composition
[31] are not completely reflected by the accompa-
nying fasting TG level. Furthermore, the relation-
ship between LDL-C and CVD risk becomes
confounded [32] because the formation of “small
dense LDL” results in an LDL-C concentration
that is low relative to the number of LDL particles.
This is illustrated by the superiority of other risk
markers [33] such as NHDL-C (calculated as the
difference between TC and HDL-C levels) which
reflects the full range of potentially atherogenic
lipoproteins. This superiority is thought to reflect
the greater atherogenicity of the “small dense
LDL” and hence the pre-eminence of particle
number as the main determinant of the pro-
atherogenic effect on non-HDL lipoproteins [34].
This conclusion is based on quantitative ultracen-
trifuge studies which are usually too tedious to
perform for clinical purposes. Electrophoresis
based on sizing gel techniques has attempted to
circumvent this problem, leading to designation of
so-called “pattern A” and “pattern B” profiles or
estimations of LDL diameter. These methods are
non-quantitative with respect to the number of
atherogenic lipoprotein particles, so their clinical
value may be marginal.

A more promising approach is based on the
measurement of serum Apo B level [35]. All par-
ticles that contain Apo B (including chylomi-
crons, which contain Apo B48, and VLDL, LDL
IDL and Lp(a), which contain Apo B 100) are
capable of transporting lipid to peripheral sites
and, as such, might be considered potentially ath-
erogenic. All such particles contain a single mol-
ecule of Apo B, so Apo B provides a direct
measurement of the number of particles. Human
Apo B derived from the intestine is the product of
post-translational modification (m-RNA editing)
that yields a product that consists of the N-terminal

D.R. Sullivan and B. Lewis

fragment that represents 48 % of the complete
Apo B protein. These two products are desig-
nated Apo B 48 and Apo B 100, respectively.
Polyclonal antibodies, or monoclonals targeting
the first half of the molecule, can be used to quan-
tify both forms. Apo B levels do not change very
much after a meal because the transport of dietary
fat is largely accommodated by an increase in TG
content, rather than an increase in total Apo B.
This also reflects the fact that the number of Apo
B 100 particles is large relative to the number of
Apo B 48 particles. Hence Apo B measurement
need not depend on fasting [36] or the ability to
differentiate the Apo B 100 isoform.

The degree to which large TG-rich Apo
B-containing particles can directly damage the
artery wall is debateable, but all apo B 100-con-
taiining particles (with the exception of Lp(a)) are
potential precursors of LDL. As a result, Apo B
100, which is largely reflected by total Apo B lev-
els, quantitatively represents the pro-atherogenic
potential of the lipoprotein profile. Furthermore,
the predominance of LDL particles means that
Apo B largely reflects LDL particle number.
Evidence suggests that Apo B measurement is
superior to LDL-C or NHDL-C for CVD risk
assessment [37]. When combined with LDL-C
measurement, the LDL-C:Apo B ratio can reflect
the degree to which cholesterol depletion of LDL
has led to the formation of “small, dense LDL”.

Nuclear magnetic resonance (NMR) spectros-
copy is a non-destructive analytical technique
applied to plasma or serum that may be used to
reflect the physical composition of lipoprotein
particles, particularly their size and number.
Consequently, NMR spectroscopy has been used
to provide a more detailed picture of lipoprotein
size distributions, including HDL species. The
technique is unable to distinguish between LDL
and Lp(a). Nevertheless studies suggest that
NMR spectroscopy may provide additional ben-
efit in terms of the clinical assessment of
lipoprotein-associated CVD risk [38].

Tables 1.2, 1.3, and 1.4 are provided as a
means of extending the benefits of Apo B mea-
surement to include diagnosis.



1 Laboratory Assessment of Lipoproteins

Table 1.2 An algorithm for the prediction of the likely class of lipoproteins responsible for dyslipidemia in approximate
order of prevalence in Type 2 diabetes (adapted from de Graaf et al.) [23]

Apolipoprotein B level TG>1.5 mg/dl (Y/N)
Apo B<1.2 g/l N N

ApoB<1.2 g/l Y N
ApoB>1.2 g/l Y N/A
ApoB>1.2 g/l N N/A
ApoB=0.75-12¢g/1 Y Y
ApoB<1.2 g/l Y N
Apo B<0.75 g/l Y Y

TC (mg/dl):
TG:ApoB >10 (Y/N) ApoB >6.2 (Y/N) Lipoprotein
N Normal
N VLDL*
N/A LDL and VLDL*®
N/A LDL®
N Chylomicron and VLDL?
Y IDL or “remnants”
N Chylomicrons alone®

“LDL particle size (diameter) may be reduced, as in “small, dense LDL”
"LDL particle number may be increased, as in increased Apo B level

Etiological Assessment

The clinical implications of dyslipidemia
depend on the type of lipoprotein responsible for
the alteration in lipid levels and the etiological rea-
son for its accumulation. The atherogenic effect of
various lipoproteins may differ depending on the
etiological context in which they arise, and it
should not be assumed that the lipoprotein profile
in Type 1 or Type 2 diabetes is solely and neces-
sarily based on that condition alone. Other sec-
ondary causes may modify the lipoprotein
abnormality, whilst intercurrent primary lipopro-
tein disorders may influence or even dictate the
lipoprotein profile. Tables 1.2, 1.3, and 1.4 pro-
vide a framework for diagnostic considerations
that may modify clinical management. The first
step in this process is the consideration of which
lipoprotein class is responsible for any dyslipid-
emia in a person with diabetes. Though this may
be inferred from the results of the automated labo-
ratory tests, it cannot be relied upon. Traditionally,
identification of the excess lipoproteins was
achieved by lipid electrophoresis, but this non-
quantitative method does little to enhance prog-
nostic information. Tables 1.2, 1.3, and 1.4 present
an extension of the use of Apo B levels to provide
this information in an alternative and potentially
more useful format [35]. The different lipoprotein
patterns are presented in approximate order of
their prevalence in Type 2 diabetes, but as will be
explained, the first four are somewhat interchange-
able. The last two are substantially less common.

Predominant Hypertriglyceridemia
and Hyperbetalipoproteinemia

Predominant  hypertriglyceridemia due to
increased VLDL (accompanied by low HDL-C)
is the most common form of dyslipidaemia in
people with Type 2 diabetes, but it is by no means
universal. It may occur with or without an associ-
ated increase in cholesterol due to increased
LDL. As a result, the first four profiles listed in
Table 1.2 are relatively common in people with
Type 2 diabetes. This is supported by the obser-
vation that Type 2 diabetes is a common second-
ary cause of the first three lipoprotein patterns in
Table 1.3. Nevertheless, it is also important to
note that other diseases may cause or contribute
to such patterns of dyslipidaemia, and indeed
several, such as renal impairment and medica-
tions, are common accompaniments of Type 2
diabetes, whilst others, such as obesity and corti-
costeroid use, represent secondary causes of
Type 2 diabetes itself. Furthermore, the mere
presence of diabetes does not exclude the possi-
bility of intercurrent primary causes of dyslipi-
daemia. It has been argued that LDL-C levels in
western society are pathologically high due to
gene/environment interactions (referred to as
“polygenic hypercholesterolemia”), and hence
this pattern, the fourth in Table 1.4, may fre-
quently accompany Type 2 diabetes.

Indeed, the first four patterns in Tables 1.2,
1.3, and 1.4 must be regarded as potentially inter-
changeable. This is highlighted by the condition
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