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ABSTRACT

Type 2 diabetes mellitus is usually described through glucose, yet two other biochemical
stories run alongside it: a characteristic disturbance of the serum lipid profile and a state of
heightened oxidative stress. This narrative review asks how these two stories are connected
and how much the published literature can support. It draws on work on diabetic
dyslipidaemia, on the chemistry and measurement of oxidative stress markers, and on trials of
lipid-lowering and antioxidant interventions published up to 2013, and it reports no new data.
The usual lipid picture combines raised triglycerides, low high-density lipoprotein cholesterol
and small, dense low-density lipoprotein particles that a standard LDL cholesterol value can
understate. Oxidative stress in the same patients is often inferred from malondialdehyde-type
assays, isoprostanes, protein carbonyls and measures of antioxidant capacity, but these
markers differ in specificity and many are sensitive to how blood is handled. Evidence that
the two disturbances reinforce each other is biologically coherent and largely observational.
Statins have a firm evidence base in diabetes, fibrates a weaker one, and antioxidant vitamins
have not delivered the benefit that the oxidative hypothesis predicted. The review concludes
that lipid measurement should be read together with particle-level information, that oxidative
markers need method-aware interpretation, and that causal claims remain unproven.

Keywords: Type 2 diabetes mellitus; Serum lipid profile; Diabetic dyslipidaemia; Oxidative
stress; Lipid peroxidation; Antioxidants; Narrative review
Citation: Kowalczyk, Michalak and Lindqvist [2013]. Serum Lipid Profile and Oxidative Stress Markers

in Patients With Type 2 Diabetes Mellitus. Indo-Am. J. Life Sci. Biotechnol. 10(3):9-18. DOI:
10.62644/iajlb.2013.v10.i3.pp9-18

Article Class: Narrative Review

1. Introduction profile. The other is a state of heightened

Type 2 diabetes mellitus is usually oxidative stress, in which reactive oxygen

described through glucose, but a patient’s
blood carries at least two other stories. One
is a recognisable change in the serum lipid

species and their products appear to outrun
the body’s defences. Both have been
linked to the vascular complications that
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dominate the long-term burden of the
disease (1, 2). Mortality from wvascular
disease is higher among people with
diabetes, and the excess is not explained by
glucose alone (3, 4).

The two stories are often told together,
because lipoproteins are a favourite target
of oxidation and oxidised lipoproteins are
a favourite suspect in atherosclerosis (5,
6). In practice, though, the evidence for
each is gathered by different methods, in
different laboratories, with different
degrees of rigour. A routine lipid panel is
standardised and cheap; a measure of
oxidative stress is neither, and the choice
among the many available markers is far
from neutral (7, 8).

This review therefore asks a practical
question. What does the published
literature say about how the serum lipid
profile and markers of oxidative stress
behave in type 2 diabetes, how reliably can
those markers be measured, and what do
interventional studies tell us about whether
the connection is causal? It reports no data
of its own and no local cohort; where the
title might suggest a specific population,
we mean the published literature in
general. The aim is a fair account of what
is known and what is only repeated.

2. Literature Review

2.1 The Lipid Profile in Type 2 Diabetes

The classic pattern, often called diabetic
dyslipidaemia, combines raised
triglycerides, lowered high-density
lipoprotein (HDL) cholesterol and a
predominance of small, dense low-density
lipoprotein (LDL) particles (9, 10). Table 1
sets out the wusual features and the
mechanisms most often proposed. The
striking point is that LDL cholesterol itself
is frequently unremarkable. A patient may
have an LDL cholesterol value close to
that of a person without diabetes and still
carry a larger number of atherogenic

particles (10, 11).

The central mechanism is a liver that is, in
effect, over-instructed. When insulin
signalling is impaired, fatty acids arrive
from adipose tissue in excess, hepatic
production of very-low-density lipoprotein
(VLDL) rises, and clearance of
triglyceride-rich particles slows (2, 12).
Once triglyceride-rich  particles are
abundant, lipid exchange among
lipoproteins remodels HDL and LDL,
leaving HDL smaller and cleared faster
and LDL smaller and denser (2, 9). Small
shifts of this kind may look trivial in one
patient and still matter across years.

Table 1. Usual features of the serum lipid profile
in type 2 diabetes.

Feature Usual Mechanism
direction emphasised
Hepatic VLDL

Triglycerides | Raised overproduction, slow

clearance (9, 12)

Exchange of lipids
HDL . . . .
Lowered with triglyceride-rich
cholesterol .
particles (2)
cholesterol usual P 8

(10)

Longer residence,
easier oxidation (5,
10)

Apolipoprotein | Relatively | Counts atherogenic
B high particles (11)

After-meal
lipaemia

Smaller,

LDL particles denser

Delayed removal of
remnants (2)

Prolonged

Note: Qualitative summary of directions described in
the cited reviews; magnitudes vary between
populations and are not given.

2.2 How Oxidative Stress Arises in
Diabetes

Several routes lead from a diabetic
metabolic state to oxidative stress. A
well-known unifying proposal holds that
high glucose drives excess superoxide
production by the mitochondrial electron
transport chain, which in turn activates a
set of damaging pathways in vascular cells
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(1, 13). Older work had already shown that
glucose can autoxidise and modify proteins
in the process (14), and reviews through
the 1990s and 2000s described a state in
which free radical production rises while
antioxidant defences are, at best, no better
(15, 16).

An important qualification came from
those who looked at the chemistry more
closely. Baynes and Thorpe argued that
much of the damage seen in diabetes
reflects altered carbohydrate and lipid
chemistry, and so the burden of modified
molecules cannot be read as a simple
measure of radical production (17). In
other words, an elevated marker may mean
more oxidant, less clearance or more
modifiable substrate, and the marker alone
cannot say which. This is one reason the
same marker can look decisive in one
report and unremarkable in the next.

Oxidative stress is also linked to insulin
resistance itself, not only to its
consequences. Reactive oxygen species
have been proposed as a unifying element
in the stress-activated signalling that
impairs insulin action and beta-cell
function (18, 19). The beta cell appears to
be unusually vulnerable because of its
modest antioxidant enzyme defences, and
chronic exposure to high glucose and to
fatty acids is thought to damage it further
(20). In humans, greater adiposity is
accompanied by greater systemic oxidative
stress, which supports the idea that the two
travel together (21).

2.3 Where Lipids and Oxidation Meet

The meeting point is the lipoprotein
particle. Oxidatively modified LDL is
taken up by macrophages in an
unregulated way, forming foam cells, and
the oxidation hypothesis of atherosclerosis
grew out of this observation (5, 6). In
diabetes the ingredients for oxidation are
plentiful: LDL that is small and dense, an
environment rich in reactive species and,

in the circulation, glycated or otherwise
modified proteins (10, 22). Aldehydes such
as malondialdehyde and
4-hydroxynonenal, formed when
polyunsaturated lipids break down, can in
turn modify proteins and propagate the
damage (23).

Figure 1 sketches how these strands may
reinforce one another. We stress the word
may. The drawing is a hypothesis in
diagram form, and the dashed route back to
insulin signalling is the least settled link.
The arrow from oxidative stress to insulin
resistance rests on mechanistic and animal
work (18, 19), whereas the arrows from
insulin resistance to dyslipidaemia are
better supported by human metabolic
studies (9, 12). Reviews of this kind are
more useful when they say where the
evidence stops than when they smooth it
over.

Excess free fatty

acids from fat tissue

Insulin resistance,
hyperglycaemia

Small dense LDL,
low HDL cholesterol

Liver: more VLDL,
high triglycerides

. /
E

feedback to insulin signalling (dashed route, hypothesis)

Figure 1. How hyperglycaemia, excess fatty acids
and lipoprotein change may feed one another
(schematic, not data).

2.4 Measuring Oxidative Stress

Measurement is where much of the
disagreement begins. The thiobarbituric
acid reaction, introduced for tissue lipid
peroxides in 1979 (24), remains popular
because it is simple, but it reacts with
many substances besides malondialdehyde,
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and reviews of malondialdehyde as a
biomarker repeatedly warn about this lack
of specificity (25).

F2-isoprostanes are more specific. These
prostaglandin-like compounds form in
vivo through free-radical catalysed
oxidation of arachidonic acid, independent
of cyclooxygenase (26), and they have
been proposed as among the most reliable
indices of oxidative stress in vivo,
provided sampling and assay are careful
(27, 28). Studies in diabetes have reported
higher isoprostane formation and a relation
to metabolic control (22), though such
assays are more demanding and less
available in routine laboratories. Table 2
compares the main families of markers and
the cautions that go with each.

Protein carbonyls provide a different
window. They are relatively stable
products of oxidative protein damage and
are measured by  well-established
chemistry, but they arise from several
oxidative routes and are not specific to any
one source (29). Total antioxidant capacity
assays, such as those based on ferric
reducing ability or a decolourisation
reaction, offer a convenient single number
(30, 31), yet the number is a composite of
many reducing substances, and its
biological meaning is hard to state. A
raised value may reflect uric acid, albumin
or bilirubin as much as any dietary or
enzymatic antioxidant. General reviews of
biomarkers of oxidative damage and of the
pitfalls of measuring reactive species
conclude that no single marker is adequate,
and that a combination of methods,
honestly described, is preferable (7, 8).
Interpretation is easier when the same
sample set has been run for more than one
marker family, because agreement between
families is more persuasive than any single
result. A clinician reading a biomarker
paper needs to know what was actually
measured, and how.

Table 2. Commonly used oxidative stress
markers and their main cautions.

Marker Rl Main caution
reflects
TBARS or Llpld. . Not specific;
MDA peroxidation assay artefacts
products (24, 25)

F2-isoprostanes

Free-radical
lipid oxidation

Needs careful
sampling and
assay (27, 28)

Modified Antibody and
Oxidised LDL | lipoprotein method

particles dependent (5, 6)
Protein Oxidative Stable but n.o.t

. source specific
carbonyls protein damage
(29)

Tot.al . Combined Hard to link to
antioxidant reducing power | biology (30, 31)
capacity &P AN
Antioxidant Defence Tissue and serum
enzymes capacity differ (7)

Note: Cautions are those raised in the cited
methodological literature, not findings from any single
study.

The lipid side has its own measurement

traps. LDL cholesterol is commonly
calculated, not measured, using an
equation that is known to become

unreliable when triglycerides are high (32),
which is precisely the situation in diabetic
dyslipidaemia. Apolipoprotein B counts
the atherogenic particles more directly and
has been argued to be a better index of
coronary risk and a better treatment target
than the cholesterol values alone (11).
Insulin resistance, often needed as a
covariate in such studies, is itself usually
estimated from fasting values through a
model rather than measured directly (33).

3. Materials and Methods

3.1 Scope and Question

The review asks a single question in three
parts, framed in advance of reading the
literature. How do the serum lipid profile
and markers of oxidative stress behave in
type 2 diabetes in the published literature?
How well can those markers be measured
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and compared across studies? And what do
interventional studies imply about whether
the lipid and oxidative disturbances are
causal contributors to vascular harm or
merely companions of it? None of these
choices is exotic, but each one shapes what
the reader can conclude.

3.2 Literature Assembly

The review draws on peer-reviewed work
in four areas: the physiology and clinical
epidemiology of diabetic dyslipidaemia;
the chemistry and measurement of
oxidative stress markers; mechanistic work
connecting oxidation, insulin resistance
and lipoprotein biology; and randomised
trials and meta-analyses of lipid-lowering
and antioxidant interventions.

We did not run a formal systematic search
and we do not claim one. This is a
narrative synthesis, and the choice of
sources reflects the authors’ judgement.
The practical consequence is that the
review is a better guide to the shape of the
argument than to the exact magnitude of
any difference, and for that reason it avoids
quoting numerical results from individual
studies that could not be re-checked
against their primary reports for this
article.

3.3 Appraisal Framework

To judge how far a report can be trusted,
we asked four short questions of each kind
of study. Was the marker specific to the
process claimed (7, 25)? Were fasting
status, sample handling, storage time and
storage temperature described? Were
patients on lipid-lowering or antioxidant
treatment, which would change the picture
(34, 35)? And did the design allow a causal
reading, or only an association, and was it
large enough for the question? None of
these checks is demanding, yet many
reports leave them unanswered. Table 3
lists the interventions we considered and
how we read them.

Table 3. Interventions that bear on the lipid and
oxidative hypotheses.

Intervention Main finding Reading

Fewer vascular
Statins events in diabetes
(34, 36, 37)

Mixed: little on
Fenofibrate | primary outcome
(38, 39)

Vitamin E, No clear vascular
C, carotene | benefit (35, 40)

Firm evidence

Possible
subgroup role

Hypothesis
not supported

Antioxidant Possible harm signal .
supplements, (1) Caution
pooled

Antioxidants | Blunted insulin Redox signal
with exercise | sensitisation (42) may help

Note: Findings are stated qualitatively as reported in
the cited trials and meta-analyses.

4. Results

4.1 What the Observational Literature
Shows

Across reviews, the descriptive findings
are consistent in direction. Triglycerides
are raised, HDL cholesterol is lowered and
LDL particles are smaller and denser (2,
10). Markers of lipid peroxidation, protein
oxidation and oxidised LDL are, on the
whole, reported as higher in people with
diabetes than in those without, and the
reports link them to poor glycaemic
control and to complications (16, 22, 43).
A systematic reading of that literature
would be needed to say how strong the
typical difference is, and we do not attempt
to supply a figure, and the samples behind
it are often small and heterogeneous (44).
The difficulty is not that the numbers are
wrong, only that they answer a narrower
question than the title suggests.

4.2 Reading Lipids and Oxidative
Markers Together

If oxidative stress contributes to
lipoprotein damage, markers of the two
should travel together, and in a loose way
they do. Higher peroxidation markers tend
to be reported alongside higher
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triglycerides and lower HDL cholesterol
(22, 43).

Several confounders deserve explicit
mention. Adiposity raises both
triglycerides and oxidative markers (21,
45), and so an association between the two
may simply reflect body fat. Glycaemic
control affects both as well (1, 22). And
diet, smoking, physical activity and drug
treatment  alter  oxidative  markers
independently of diabetes. Studies that
adjust for these factors are in the minority,
and an unadjusted correlation between a
lipid value and an oxidative marker should
be read with that in mind.

Pre-analytical  handling affects the
oxidative side more than the lipid side.
Fasting state alters triglycerides and the
particles that carry them, delayed
separation of serum or plasma can change
several markers, and storage and
freeze—thaw cycles may alter peroxidation
products and antioxidant measures (7, 8).
A marker that is stable in the freezer may
still have been disturbed before it got there.

Lipid Iso- Protein  Antioxidant
peroxides prostanes carbonyls  capacity
Specificity fimited m moderate.  limited
Sample stability 'moderate moderate EEGTETTSN moderite
Routine use limited | mtderae
Link to risk moderate. moderate.  limited limited

data

relative judgement from the literature; schematic, not

Figure 2. Qualitative matrix of what common
marker families can and cannot tell the reader
(schematic, not data).

4.3 Interventions That Test the
Hypotheses

Treatment trials give the strongest
evidence on whether lipids matter. Statins
reduce major vascular events in people
with diabetes, and the proportional benefit

appears broadly similar to that in people
without diabetes, as shown in a large
meta-analysis and in dedicated diabetes
trials (34, 36, 37). For the clinician this is
the most secure result in the whole field,
and it means that lipid management is not
an optional extra in type 2 diabetes.
Current standards of care reflect it (46).

The record for fibrates is more mixed. In a
large trial of fenofibrate in type 2 diabetes
the primary coronary outcome was not
significantly reduced, although some
secondary outcomes pointed towards
benefit (38). A later trial that added
fenofibrate to a statin did not reduce major
cardiovascular events overall, though it
suggested that people with high
triglycerides and low HDL cholesterol
might benefit (39). That suggestion was a
subgroup observation and should be read
as a hypothesis for further testing.
Importantly, these are trials of lipid
change, and they say little about oxidative
stress. Read this way, a null result in a
small study is not proof that nothing is
there.

The oxidative hypothesis has been tested
more directly, and it has fared worse.
Large trials of antioxidant vitamins,
including vitamin E, found no clear
reduction in vascular events (35, 40), and a
meta-analysis of randomised trials of
antioxidant  supplements raised the
possibility that some preparations may
even be harmful (41). A further study
found that vitamin C and E
supplementation blunted some of the
metabolic benefits of exercise, which
suggests that low-level oxidant signalling
may be part of normal adaptation (42).
Figure 2 and Table 3 should be read
together with this result in mind.

These findings need careful interpretation.
The failure of antioxidant vitamins does
not show that oxidative stress is irrelevant;
what the trials do show is that the simple
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step from marker to treatment, antioxidant
given because the marker is high, has not
worked, and that the causal role of
oxidative stress in human vascular disease
remains open (17, 43). Figure 3 places the
methods and trials discussed here on a
single line. That is a modest claim, and it is
the one the literature will currently bear.

1972 1989 2001 2010
LDL cholesteral  Oxidised LDL Unifying ACCORD lipid
estimate hypothesis superoxide model trial

0 © 0 o o o o

1979 1990 2005
TBA assay for Isoprostanes Vitamin E and
lipid peroxides described fibrate trials

Figure 3. Timeline of landmark methods and trials
discussed in this review (schematic; spacing is not
to scale).

4.4 Putting the Evidence in Order

Read in that order, the literature supports
only a measured statement. Lipid
disturbance in type 2 diabetes is real, well
characterised and treatable with benefit.
Oxidative stress is repeatedly observed and
mechanistically  plausible,  but its
measurement is uneven and its causal role
in clinical vascular disease has not been
established by trials of antioxidants.

5. Discussion

5.1 Interpretation and Practical
Reading

The main finding of this review is a
layered one. At the bottom layer sits a
well-characterised lipid disturbance that is
amenable to treatment, with statins having
the firmest support (34, 36). In the middle
layer sit oxidative markers, whose
direction of difference is consistent but
whose meaning depends on the method
and the sample (7, 8). At the top layer sit
causal claims linking the two, which are

coherent and largely untested in humans
(19, 43). Nothing in this reading argues
against measuring these markers; it argues
for saying what they can and cannot show.

For laboratory practice, this has modest but
concrete implications. A lipid panel in a
patient with diabetes should be read with
attention to triglycerides and HDL
cholesterol and, where available, to
apolipoprotein B, since LDL cholesterol
may understate particle burden (10, 11).
For oxidative markers, a report should
state which marker was used and why,
because a thiobarbituric acid result and an
isoprostane  result answer different
questions (25, 27). These cautions apply
with equal force to many other biomarkers,
not only to those discussed here.

5.2 Limitations

This is a narrative review and shares the
limitations of that form. The selection of
sources reflects judgement, no formal
search or quality scoring was done, and the
review does not quote numerical results
from individual studies. A reader who
needs an effect size should consult the
original reports directly, applying the
appraisal questions above. The review is
also limited to literature available to 2013,
and later developments in lipid-lowering
therapy and in redox biology are outside its
scope.

5.3 Directions for Future Work

Three needs stand out. First, studies that
measure oxidative stress with specific
markers such as isoprostanes, under
standardised sampling, in well-described
patients (11, 27). Second, longitudinal
designs that show whether oxidative
changes precede or follow lipid changes.
Third, interventions that target oxidative
pathways more specifically than blanket
vitamin supplementation (13, 42). Until
then, claims that one disturbance drives the
other are hypotheses.
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6. Conclusion

The serum lipid profile in type 2 diabetes
is well described: raised triglycerides,
lowered HDL cholesterol and small, dense
LDL particles that routine LDL cholesterol
can understate. Oxidative stress markers
are generally reported as higher in the
same patients, and a biologically coherent
account links the two through lipoprotein
modification. The evidence for the lipid
side, including treatment benefit, is
stronger than the evidence for the
oxidative side, where markers are method
dependent and antioxidant trials have not
delivered. The sensible reading is therefore
a careful one, in which lipid findings are
interpreted with particle information in
mind and oxidative markers are reported
with their limits.
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