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ORIGINAL ARTICLE

Hyperglycaemia, oxidative stress and inflammatory markers
Eugene G. Butkowskia and Herbert F. Jelineka,b,c

aSchool of Community Health, Charles Sturt University, Albury, Australia; bSchool of Medicine, University of New South Wales, Sydney,
Australia; cFaculty of Medicine and Health Sciences, Macquarie University, Sydney, Australia

ABSTRACT
Introduction: The increasing prevalence of hyperglycaemia implicates a state of oxidative
stress and inflammation. Traditional and emerging biomarkers associated with increasing
hyperglycaemia were assessed to clarify their role they play in hyperglycaemia.
Results: 309 participants attending a rural diabetic screening program were categorised into
control and quintile groups based upon glucose levels: 1st quintile - <4.5 mmol/L and 4th,
5th quintile - >6.1 mmol/L. Significant results were obtained for anthropometric data and
biochemical markers - glucose, HbA1c and total cholesterol (P < 0.001); oxidative stress:
glutathione (P < 0.001), glutathione:glutathione disulfide and 8-hydroxy-2-deoxyguanosine
(P < 0.05). Interleukin -1β and inflammatory marker ratios IL-6/IL-10, IL-1β/IL-10, MCP-1/IL-10,
IGF-1/IL-10 and IL-6/IL-1β were significant (P < 0.05).
Conclusion: This study provided further evidence that inflammatory and oxidative stress
biomarkers may contribute to diagnostic information associated with preclinical increases in
BGL. Further we have provided a unique study in the analysis of ratios of inflammatory
biomarkers and correlations with increasing BGL.
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Introduction

Alterations to homeostatic disturbances in glucose
metabolism and resultant hyperglycaemia are causa-
tive factors for Type 2 diabetes mellitus (T2DM).
Chronic sustained hyperglycaemia also results in
micro- and macrovascular complications occurring
through a number of mechanisms of which oxidative
stress (OS) and inflammatory changes via the innate
immune system have increased in interest for
medical diagnostics.[1,2] Impaired fasting glucose
(IFG) may lead to the development of T2DM and cardi-
ovascular disease (CVD), associated with increased OS
[3] along with the ensuing chronic subclinical inflam-
matory processes apparent with developing insulin
resistance.[4] The challenge is to prevent complications
associated with IFG of which ∼30% will remain undiag-
nosed for a significant period of time.[5] The Inter-
national Diabetes Federation have recognized the
importance of the traditional biomarkers (general bio-
chemistry): blood glucose (BGL), haemoglobin A1c
(HbA1c), and lipid studies along with life style improve-
ment and drug treatment regimens to combat T2DM
and CVD. There is also a recognition that lower blood
glucose levels (<7.8 mmol/l) have lower rates of all
major end point diabetic complications.[6] However,
pathophysiological processes already occur with
minor increases in BGL. Traditional biomarkers as pre-
dictors for T2DM and CVD remain sub-optimal in indi-
cating disease progression especially when BGL is in

the pre-diabetic range. This study further investigated
the use of emerging OS and inflammatory markers in
conjunction with traditional biomarkers and anthropo-
metric data to establish if there was any association
with blood glucose levels (BGLs) of <4.5 mmol/l (1st
quintile) and >6.1 mmol/l (4th, 5th quintile) and their
utility as potential predictors of T2DM and CVD devel-
opment. Patients with a BGL indicative of the pre-dia-
betic state (>6.1 mmol/l) demonstrate an increased
propensity to develop T2DM and CVD and emerging
biomarkers are of clinical interest in improving risk of
diabetes progression. Our hypothesis was that there
is a significant difference between inflammatory markers
and OS markers at raised BGLs to control BGL levels
and indicate the usefulness of these markers as a diag-
nostic aid in T2DM and CVD prevention.

Chronic hyperglycaemia is considered to be a major
causative factor in the establishment of microvascular
and macrovascular complications observed in T2DM.
Reactive oxygen species (ROS), as a result of hypergly-
caemia, are known to damage nucleic acids, lipids, and
proteins with the degree or extent of damage related
to the duration of hyperglycaemia.[7,8] The associated
pathophysiological mechanisms which occur are sug-
gestive of the excess generation of oxygen and nitro-
gen species and concomitant OS.[9] OS is initiated by
hyperglycaemia as a result of increased circulating
intracellular and extracellular free radical levels.[10,11]
Glutathione (GSH) is a responsive ubiquitous antioxi-
dant and detoxifier of excessive free radicals and
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ROS [10,12] and readily oxidized to glutathione disul-
phide (GSSG) making it the major physiological
redox reaction.[13] Any oxidation of GSH and a conse-
quential increase in GSSG leads to changes in the GSH:
GSSG ratio, which can be utilized as a useful marker in
determining an antioxidant status.[14] As decreased
levels of GSH have been observed as a consequence
of hyperglycaemia, primarily as a result of cysteine
depletion and loss of cysteine-assisted membrane
transport mechanisms across the red blood cells
(RBCs), cellular OS may increase.[15,16] Oxidative
damage to DNA and RNA occurs due to nuclear free
radical formation as a result of hydrogen peroxide oxi-
dation. The interaction of the hydroxyl radical with the
DNA nucleobase guanine forms the product C8-hydro-
xyguanine (8-OHGua) or the nucleoside 8-hydroxy-2′-
deoxyguanosine (8OHDG).[17] Increased levels of
8OHDG have previously been shown to be useful bio-
markers in the assessment of atherosclerosis and
T2DM.[18] OS and inflammation go hand in hand as
a result of hyperglycaemia and increased ROS.[19,20]
There is therefore an imperative to observe levels of
both oxidative and inflammatory markers in the inves-
tigation of the hyperglycaemic state and the pro-
gression to T2DM and CVD.

T2DM is characterized by hyperglycaemia primarily
associated with insulin resistance but often obesity,
dyslipidaemia, hypertension, and accelerated athero-
sclerosis are clinical comorbidities.[21] T2DM has
been further classified as a chronic inflammatory
state with evidence of disparate concentrations of cyto-
kines and acute phase reactants (APRs).[22] This inflam-
matory process and the association with T2DM is also
contributory, but not necessarily exclusive to the pro-
gression to CVD.[23] More traditional inflammatory
markers such as C-reactive protein (CRP) are recog-
nized and utilized as a general high sensitivity systemic
marker of inflammatory processes [24] and are of prog-
nostic use in areas such as predicting coronary heart
disease.[25] However, CRP lacks specificity for T2DM
but in combination with other inflammatory and OS
markers may improve risk prediction for T2DM and
CVD as utilizing current global risk assessment strat-
egies and scores does still remain sub-optimal.[26]
The inflammatory markers interleukins-1β, 6, 10 (IL-
1β, IL-6, IL-10), monocyte chemo-attractant protein-1
(MCP-1), and insulin like growth factor-1 (IGF-1) were
explored in this study. Chronic low-grade inflammatory
responses with activation of the innate immune system
have been associated with diabetes, metabolic syn-
drome (MS), and atherosclerosis.[27–29] Association
between inflammation, OS, and BGL has not been com-
prehensively investigated [30–32] and utilizing these
markers to classify participants attending a diabetes
health screening clinic into those with possible preclini-
cal CVD is by no means definitive. This study investi-
gated the association of inflammatory and OS

markers with normal BGL of <4.5 mmol/l (1st quintile)
and those with increased BGL >6.1 mmol/l (4th, 5th
quintile).

Methods

Three hundred and nine participants were recruited
from the Diabetic Health Screening Clinic (DiabHealth)
at Charles Sturt University. The study was approved by
the Charles Sturt University Human Ethics Committee
(Protocol Number 2006-042) and complies with the
standards of the Helsinki agreement for human
research. All patients were informed of the aims of
the research and any risk prior to consent. As this
was a screening clinic, patients were not discriminated
or excluded based upon their medical and medication
history. The control group (n = 47) were extracted from
attendees at the diabetic screening clinic who were
non-diabetic, normoglycaemic, normotensive with no
evidence of CVD and were non-medicated. Anthropo-
metric data were obtained (Table 1) in addition to the
collection of blood and urine specimens. Specimens
collected were analysed for blood glucose and lipids.
Biomarkers for OS and inflammation were performed
on all patient specimens. Body mass index (BMI) was
measured using standardized beam weight scales.
BMI is defined as weight in kilograms per height
expressed as metres squared and is independent of
gender and age. Waist circumference (WC) was
measured using a standard measuring tape. Measure-
ments were taken between the top of the hip bone
and lowest rib. Blood pressure was measured using a
sphygmomanometer with appropriate cuff size after
a 5-minute rest. The average of two measurements 1
minute apart was used for systolic and diastolic
blood pressure values.

Specimen collection and processing

Patients fasted overnight prior to data and blood col-
lection. Whole blood specimens were collected into
plain, heparin and EDTA anticoagulated, 7 ml tubes.
Serum and plasma was separated after a 10-minute
centrifugation at 1000 g. Glucose, total cholesterol
(TC), triglycerides (TG), high-density lipoprotein (HDL)
cholesterol, HbA1c, and CRP were performed on the
day of collection at the local pathology laboratory, in
accordance with Australian Laboratory Standards.
Plasma/serum/washed RBC lysate samples required
for rbcGSH, GSSG, 8OHdG, and interleukins analysis
were stored at -80°C prior to batch analysis.

General biochemistry

At the screening, clinic patients had a screening blood
glucose performed and bloods collected prior to
assessment. Plasma glucose, TC, and TG were
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determined by standard enzymatic kits and HDL was
determined using an immunoinhibition assay. Low-
density lipoprotein cholesterol (LDL-C) was calculated
according to the Friedewald formula. HbA1c and
high sensitivity CRP were analysed by immunoassay.
These investigations were carried out at Dorovitch
laboratory, a national accredited private pathology
laboratory.

OS markers

GSH and GSSG levels were measured from erythrocyte
lysate by a glutathione assay kit (Cayman Chemical, MI,
USA). As the method incorporates GSH reductase, total
GSH is measured. GSH reacts with Ellman’s reagent
with the production of 5-thio-2-nitrobenzoic acid
(TNB). Absorbance was measured at 405 nm with the
absorbance of TNB directly proportional to the GSH
concentration in the sample. The GSH:GSSG ratio was
determined using the formula (total GSH-2GSSG)/
GSSG). Results were calculated using a four parameter
logistic fit.

Plasma from 8OHdG was assayed with an enzyme
immunosorbent assay kit (Cayman Chemical, MI,
USA). The test procedure utilizes an anti-mouse IgG-
coated plate and a tracer consisting of an 8OHDG-
enzyme conjugate which detects all three oxidised
guanine species; 8OHDG from DNA, 8-hydroxyguano-
sine from RNA, and 8-hydroxyguanine from either
DNA or RNA. This kit analysis has the advantage of pro-
viding low variability and increased sensitivity com-
pared with assays that utilize an antigen-coated plate
which only detect 8OHdG.

Inflammatory markers

IL-1β, IL-6, IL-10, MCP-1, and IGF-1 levels were deter-
mined using Enzyme Linked Immunosorbent Assay
(ELISA) kits (Elisakit.com, Adelaide Australia). The
methods incorporated pre-coated IL, MCP, and IGF

capture antibody incubated with their appropriate
anti-human (i.e. IL-1β, IL-6, IL-10, MCP-1, IGF-1) biotin-
labelled detection antibody. Plates were developed
with Streptavidin–horse radish peroxidase conjugate.
Colour development occurred utilizing 3,3′,5,5′-tetra-
methylbenzidine TMB chromogen and was stopped
with kit supplied acid solution. The absorbance of the
resultant yellow colour was determined at 450 nm.
Results were calculated by generating a standard
curve using a four parameter logistic fit. All ELISA
assays were measured by a Thermo Scientific Multiskan
FC™ and data reduction utilized the SkanIt 3.1
software.

Statistical analysis

Data analysis with descriptive data expressed as
mean ± standard deviation (x ± SD), for demo-
graphic and anthropometric data and median ±
IQR (interquartile range) for non-parametric data. A
t-test was conducted on descriptive data. The statisti-
cal analysis for the 1st and 4th, 5th quintile was the
rank-based non-parametric Mann–Whitney test for a
two-group comparison. Data analysis was performed
with PAWS (Version 22, IBM Co). Data were grouped
by fasting blood glucose (BGL) <4.5 mmol/l (1st
quintile) vs BGL >6.1 mmol/l (4th, 5th quintile) and
compared, with results of P < 0.05 considered
significant.

Results

The control group, who had no reported hyperten-
sion, CVD or diabetes as well as being medication
free, is tabulated shown as a comparison to the
clinic groups with results for the control group and
1st, 2nd, 3rd, and 4th, 5th quintiles depicted in
Table 1. Gender distribution was generally slightly
higher for females than males. The study group
were divided into quintiles. Statistical analysis of the

Table 1. Anthropometric and general biomarkers.

Characteristic
Control
group

Q1(BGL<4.5
mmol/l)

Q2 (BGL ≥4.5–4.7
mmol/l)

Q3 (BGL ≥4.7–<6.1
mmol/l)

Q4,5 (BGL ≥6.1
mmol/l)

P value Q1
vs. Q4,5

Gender 20M/27F 19M/27F 16M/33F 30M/38F 49M/50F
Age (years) 61.2 ± 9.9 69.8 ± 12 69.6 ± 8 66.6 ± 11 69.3 ± 9 ns
WC (cm) 91.8 ± 12.5 91.8 ± 15.2* 93.6 ± 14.3 97.7 ± 10.8 104.2 ± 14.6* <0.001*
BMI (kg/m2) 26.0 ± 4.6 25.9 ± 5.4* 27.6 ± 6.2 28.3 ± 4.4 29.9 ± 5.5* <0.001*
SBP (mm/Hg) 125.5 ± 15.2 130 ± 19 129.8 ± 17 132.8 ± 21 135 ± 19 ns
DBP (mm/Hg) 76.7 ± 7.4 74 ± 10 76 ± 8 79 ± 8 78 ± 19 ns
AIP −0.18 ± 0.26 −0.19 ± 0.23* −0.15 ± 0.26 −0.01 ± 0.25 0.08 ± 0.3* <0.001*
BGL (mmol/l) 5.2 ± 0.9 4.5 ± 0.3* 5.1 ± 0.1 5.6 ± 0.2 8.6 ± 3.2* <0.001*
HbA1c (%) 5.6 ± 0.3 5.6 ± 0.5* 5.7 ± 0.3 5.7 ± 0.4 6.7 ± 1.3* <0.001*
TC (mmol/l) 5.3 ± 0.8 5.0 ± 0.9 5.3 ± 1.1 5.3 ± 1.0 4.7 ± 1.3 ns
TG (mmol/l) 1.2 ± 0.6 1.1 ± 0.5* 1.2 ± 0.5 1.5 ± 0.6 1.8 ± 0.9* <0.001*
HDL (mmol/l) 1.6 ± 0.5 1.8 ± 0.5* 1.6 ± 0.5 1.5 ± 0.4 1.4 ± 0.5* <0.001*
LDL (mmol/l) 3.22 ± 0.8 2.7 ± 0.9 3.1 ± 1.0 3.2 ± 0.9 2.6 ± 1.1 ns
TC/HDL ratio 3.4 ± 1.1 3.0 ± 0.9* 3.4 ± 1.2 3.8 ± 1.1 3.8 ± 1.3* <0.001*

Results expressed as mean ± SD. Q, quintile;ns, not significant; WC, waist circumference; BMI, Body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; AIP, atherogenic index; BGL, blood glucose level; HbA1c, Haemoglobin A1c; TC, total cholesterol; TG, triglyceride; HDL, high-density lipo-
protein; LDL, low-density lipoprotein.

*Statistical significance between Q 1 – glucose of <4.5 mmol/l and Q4,5 glucose of >6.1 mmol/l.
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1st and 4th, 5th quintiles was based upon a fasting
blood glucose (BGL) of Q1 (<4.5 mmol/l) and Q4,5
(>6.1 mmol/l). WC and BMI were significant between
groups (P < 0.001) as was the general biomarkers
BGL, HbA1c, TG, HDL, TC/HDL ratio, and AIP
(P < 0.001).

The comparison of OS and inflammatory markers
(Table 2) compared the 1st and 4th, 5th quintiles. Sig-
nificant results were observed for GSH (P < 0.001),
GSH:GSSG and 8OHDG, and the inflammatory
marker IL-1β (P < 0.05). In keeping with our previous
publications, GSH/GSSG results were not expressed
with reference to Hb concentration. At examination
patients, based upon haematocrit observations, were
noted not to be anaemic or polycythaemic.

Figure 1 expresses medicated patients with each
medication classification portrayed as a percentage of
the total for the respective glucose level.

Inflammatory markers were expressed as ratios
(Table 3) and the 1st and 4th, 5th quintiles were com-
pared. IL-6/IL-10, IL-1β/IL-10, MCP-1/IL-10, IGF-1/IL-10,
and IL-6/IL-1β were significant (P < 0.05)

Figure 2 – Patients selected for this study attended
the Charles Sturt University rural health diabetic
screening programme and were not discriminated
on the basis of clinical or medication status. The
results express the number of CVD, HT, and T2DM
patients as a percentage of the total for each respect-
ive group. The CVD, HT, and T2DM group is the com-
bined sum of patients with all three categories
present.

Discussion

This study highlights the potential value emerging
inflammatory and OS biomarkers may contribute to
the screening of patients that exhibit a hyperglycaemic
state irrespective of existing treatment regimens tar-
geting T2DM, CVD, and HT. Our results have replicated
findings of well-controlled experiments comparing OS
and inflammatory markers in diabetes progression,
and demonstrated a substantive association with
hyperglycaemia, OS, and the inflammatory in a screen-
ing population.[10,33–36] The impact of OS and the
relationship with the inflammatory response was

Figure 1. Medication usage chart comparison. Dmeds, diabetic
medication; Anti-HT, anti-hypertensives; NSAID, non steroidal
anti-inflammatory drugs.

Table 2. Oxidative stress and inflammatory markers.
Characteristic Control group Q1 Q2 Q3 Q 4,5 P value

GSH (μmol/l) 1760.2 ± 729 2267.8 ± 673* 1787.5 ± 791 1804.8 ± 1013 1632.2 ± 612* <0.001
GSSG (μmol/l) 286.4 ± 266 266.6 ± 110 275.5 ± 281 241.9 ± 100 352.4 ± 211 ns
GSH:GSSG ratio 5.8 ± 6 8.1 ± 4* 8.3 ± 10 7.4 ± 7 5.1 ± 5* <0.05
8OHDG (pg/mL) 511.9 ± 264 612.5 ± 429* 647.6 ± 548 668.4 ± 398 865.2 ± 512* <0.05
IL-1β (pg/mL) 2.85 ± 5 2.48 ± 1.5* 3.41 ± 11.7 2.75 ± 10.6 3.56 ± 8.5* <0.05
IL-6 (pg/mL) 19.19 ± 21.9 19.43 ± 24.2 15.76 ± 16.5 19.96 ± 29.3 15.72 ± 29.7 ns
IL-10 (pg/mL) 19.95 ± 21.1 19.95 ± 115.8 15.97 ± 28.1 17.45 ± 27.5 18.51 ± 25.1 ns
MCP-1 (pg/mL) 196.95 ± 65.8 189.08 ± 140.6 215.60 ± 102.3 189.02 ± 112 192.4 ± 139 ns
IGF-1 (pg/mL) 295.58 ± 541.6 255.19 ± 381.7 347.51 ± 447.4 307.38 ± 614.5 205.12 ± 362.1 ns
CRP (mg/l) 1.0 ± 2 1.0 ± 1.9 1.0 ± 1.6 1.9 ± 2.2 1.8 ± 2.2 ns

Median ± IQR, Q, Quintile; ns, not significant; GSH, glutathione; GSSG, glutathione disulphide; 8OHdG, 8-hydroxy-20-deoxyguanosine; IL-1β, interleukin 1
beta; IL-6, interleukin 6; IL-10, interleukin 10; MCP-1, monocyte chemo-attractant protein -1; IGF-1, insulin like growth factor – 1; CRP, C reactive protein.

*Statistical significance between Q1 and Q 4,5.

Table 3. Inflammatory marker ratio test.
Q 1 Q2 Q3 Q 4,5* P value

CRP/IL-10 0.12 ± 0.4 0.08 ± 0.1 0.09 ± 0.4 0.06 ± 0.2 ns
IL6/IL-10 0.26 ± 0.4* 0.41 ± 2.3 0.53 ± 0.5 0.44 ± 1.2* <0.05*
IL-1β/IL-10 0.17 ± 0.1* 0.34 ± 1.0 0.19 ± 0.5 0.32 ± 0.6* <0.05*
MCP-1/IL-10 9.4 ± 11.2* 10.93 ± 14.0 8.90 ± 17.3 8.65 ± 14.3* <0.05*
IGF-1/IL-10 15.4 ± 20.1* 16.31 ± 17.0 7.84 ± 8.1 8.13 ± 22.9* <0.05*
IGF-1/MCP-1 1.52 ± 1.7 1.29 ± 1.7 0.96 ± 1.8 0.99 ± 3.2 ns
IL-1β/CRP 1.59 ± 2.3 7.4 ± 10.9 2.05 ± 5.6 2.78 ± 12.2 ns
IL-6/IL-1β 1.87 ± 1.9* 1.07 ± 18.6 2.54 ± 12.3 3.05 ± 13.4* <0.05*
CRP/IL-6 0.50 ± 0.9 0.30 ± 0.3 0.53 ± 08 0.28 ± 0.8 ns

Median ± IQR, Q, quintile; CRP, C reactive protein; IL-10, interleukin-10; IL-6, interleukin-6; IL-1β, interleukin-1 beta; MCP-1, monocyte chemo-attractant
protein-1; IGF-1, insulin like growth factor -1; ns, not significant.

*Statistical significance Q1 vs Q4,5.
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further supported upon a review of the clinical status
indicating a higher prevalence of self-reported CVD
and hypertension as shown in Figure 2 most likely
due to T2DM, CVD, and HT being associated with
inflammatory responses and OS.[18,33,37,38]

Hyperglycaemia is associated with increased risk of
T2DM associated with OS and an inflammatory
process.[19] Significant differences were observed in
WC, BMI, BGL, HbA1c, TG, HDL, and TC/HDL between
the normoglycaemic and elevated glycaemia groups
(Table 1). These findings support their association
with T2DM and affirm that traditional markers do
assist to some extent in demonstrating that a conti-
nuum exists between chronic increasing hyperglycae-
mia and the progression to and development of
T2DM. HbA1c values of 6–6.5% may represent a high
risk for the development of diabetes (if used for diag-
nostic purposes); however, there is still a continuum
of risk associated with normal levels of HbA1c below
6%.[39] If a lower cut-off of HbA1c is used, then the like-
lihood of missing DM is also increased.

The constellation of OS and inflammation factors
emerging from and participating with the pro-inflamma-
tory hyperglycaemic state is not fully understood, but of
major concern is the progression of patients with elev-
ated glucose to T2DM and the associated morbid-
ity.[27,30,40] The results of this study indicate that
both OS and inflammation provided significant results
when groups were categorized with a BGL of
<4.5 mmol/l and > 6.1 mmol/l (Table 2), irrespective of
any medication. The OS markers GSH, GSH:GSSG, and
8OHdG showed significant results. GSH has previously
been shown to demonstrate an association with IFG
and OS and the link to diabetes.[7,41,42] It has also
been demonstrated that GSH:GSSG showed a significant
difference between a control group and IFG, supporting
the notion that early thiol-related OS occurs.[14] If this is
the case, and as demonstrated in this study, the signifi-
cant GSH, GSH:GSSG results when glucose levels were
>6.1 mmol/l support the concept of monitoring OS

during sustained hyperglycaemia. A consequence of
this is an increased risk of micro- and macrovascular
complications [43] due to the increased ROS contribut-
ing to the structural and functional damage of endo-
thelial cells and smooth muscle proliferation, a factor
in the development of atherogenesis.[44,45] 8OHdG is
also considered an important biomarker for OS in dia-
betes progression and indicator of the pre-diabetic
state.[7] There is still some controversy over whether
OS is triggered by sudden onset hyperglycaemia or at
least pronounced glucose variability [46]; however,
there is merit in the continuous monitoring of BGL
along with OS biomarkers and antioxidant status for dia-
betes progression and complications screening. This
would further aid in establishing whether a patient is
at risk of developing T2DM or its complications based
upon the additional information obtained for OS and
inflammation.

It has also been demonstrated that there are positive
and negative OS associations, which have been linked to
lipid levels.[47–49] In this study, lipid studies did show a
significant difference between glucose levels
<4.5 mmol/l and levels >6.1 mmol/l. As we did not dis-
criminate between disease and the medication state,
the OS markers provide an important additional diag-
nostic tool, along with inflammatory markers in their
utility in screening and interpreting possible diabetes
risk in mild-to-moderate hyperglycaemic patients.

Elevated levels of the pro-inflammatory IL-1β have
been associated with hyperglycaemia, insulin resist-
ance, obesity, all factors which contribute to the devel-
opment of T2DM.[50] The current study confirmed that
a significant increase in IL-1β is associated with hyper-
glycaemia and supports previous findings of elevated
IL-1β in T2DM, possibly as a result of chronic inflam-
mation and insulin resistance.[51] Studies have shown
that the neutralization of IL-1β assists in decreasing
the inflammatory response in autoimmune, malig-
nancy, and other common disease states such as
T2DM.[52,53] If so, knowledge of IL-1β levels may
provide an indication of earlier treatment intervention
to allay the development of progression to T2DM and
CVD in hyperglycaemia. Elevated IL-6, another pro-
inflammatory marker, has also been demonstrated in
hyperglycaemia/hyperinsulinaemia [54,55] and in a
previous study of ours.[33] The anti-inflammatory
marker IL-10 in this study was not significantly different
between the two glucose groups. IL-10 is considered a
potent anti-inflammatory; however, mixed results have
been observed.[56] Esposito has pointed out that a low
innate production capacity of IL-10 may help identify
subjects at more risk for inflammation in MetS.[27,57]
Drug therapy to either control T2DM or prevent the
development of comorbidities is required if diet and
lifestyle improvements are unable to modify and
improve the risk factors resulting from hyperglycaemia.
While the anti-DM, anti-HT. and statin use is much

Figure 2. CVD, HT, and T2DM status. T2DM, Type 2 diabetes
mellitus; CVD, cardiovascular disease; HT, hypertension.
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higher in the elevated glucose group (>6.1 mmol/l), the
use of NSAIDS was also heavily utilized in the low
glucose (<4.5 mmol/l) group (Figure 1). This may
exert an effect on the anti-inflammatory effects of IL-
10; however, it has been shown that statins not only
reduce cholesterol and TG but also can independently
decrease CRP levels.[58]

Recognizing in this study that IL-1β was the only
individual inflammatory marker demonstrating a sig-
nificant difference, a ratio test of the emerging bio-
markers, with CRP included, was investigated for any
degree of significance between the Q1 and Q4,5
groups (Table 3). Previous studies into prognostic
inflammatory outcomes have revealed an association
of IL6/IL10 in systemic inflammatory responses and
post-operative surgical outcomes to infections in
chronic alcoholics.[59,60] Studies on inflammatory
markers have noted that participants with a combined
elevation of both IL-6 and IL-1β had about a three-fold
increase in risk of developing diabetes, whereas low
levels of IL-1β alone demonstrated no substantial
increase in risk.[32] However to the best of our knowl-
edge, inflammatory marker ratios and any association
with hyperglycaemia have not been fully investigated,
albeit the recognition that there are numerous possible
interactions between inflammatory markers and the
presence of T2DM.[61,62] A greater understanding of
the interactions via ratio testing may therefore
provide valuable information in T2DM and CVD pro-
gression. Significant results were obtained with IL-6/
IL-10, IL-1β/IL-10, MCP-1/IL-10, IGF-1/IL-10, and IL-6/IL-
1β (Table 3). Studies reviewing IL-6 and tumour necro-
sis factor–α (TNF-α) have established roles in the regu-
lation of APRs with other investigations providing a
possible link with these two biomarkers and cardiovas-
cular events.[63] Additionally, an association with TNF-
α receptor 2, IL-6, and CRP has been demonstrated,
with elevated levels of CRP noted as a strong indepen-
dent predictor of T2DM. CRP as a possible mediator
between TNF-α receptor 2 and IL-6 IL-6/IL-10 has
been shown to decrease significantly in post-operative
alcoholic patients with infections.[60] It has been pre-
viously established that the anti-inflammatory IL-10 is
induced by pro-inflammatory cytokines such as IL-6,
thereby affording some protection in states of inflam-
mation.[64] There is also growing evidence linking
lower levels of IL-10, independently of increased
levels of IL-1β, with obesity, MetS, and CVD.[65] Our
results show that IL-1β/IL-10 was significantly different
between the low BGL versus high BGL group, whereas
IL-10 did not increase significantly compared to the
control group suggesting that IL-10 is not responding
to small increases in BGL. This could also reflect poss-
ible interactions between IL-6, MCP-1, or IGF-1,
whether acting dependently or independently of IL-
10, with the ratio providing a more sensitive indicator
in the development and pathophysiology of T2DM

and CVD. The pro-inflammatory IL-6/IL-1β ratio was sig-
nificantly higher where the individual analysis of the
inflammatory markers other than IL-1β was not; poss-
ibly indicating the requirement for caution in the use
of individual biomarkers as a screening mechanism
when investigating T2DM and CVD. IL-1β has been
shown to be increased in T2DM [35]; however, its inter-
action with functional β-cell mass leading to overt
T2DM may not be reversible by glucose lowering
therapy,[66] thus further highlighting that inflamma-
tory cytokine and OS ratios may provide additional
information on progressive hyperglycaemia in a
screening cohort and their potential use as clinical indi-
cators of T2DM and CVD disease progression and
targets for therapy.

Conclusion

Our current results support previous findings that
inflammation and OS are associated with increased
BGLs and suggest that GSH, GSH:GSSG, 8OHdG, and
IL-1β may play a role in aiding clinicians in identifying
hyperglycaemic patients with inflammatory and OS
pathology and are at risk of developing T2DM and
CVD. Our novel findings observed with the inflamma-
tory marker ratios have not been previously reported.
Using anthropomorphic, traditional markers, and emer-
ging markers and/or ratios in hyperglycaemic manage-
ment may provide valuable information leading to
more preventative measures at a clinical level. As
these novel ratio findings are largely untested in the
hyperglycaemic state, further investigations are
required to interrogate our findings. Future research
will expand this analysis on inflammatory and OS
markers and whether they can assist in charecterizing
diabetes and its progression from a pre-diabetic (IFG)
level.
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