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Relationship Between Plasma 8-OH-Deoxyguanosine and
Cardiovascular Disease and Survival in Type 2 Diabetes Mellitus:
Results From the ADVANCE Trial

Merlin C. Thomas, MBCHB, PhD; Mark Woodward, PhD; Qiang Li, Mbiostat; Raelene Pickering, PhD; Christos Tikellis, PhD; Neil Poulter,
MD, FMedSci; Mark E. Cooper, MBBS, PhD; Michel Marre, MD, PhD; Sophia Zoungas, PhD; John Chalmers, MD, PhD; on behalf of the
ADVANCE Collaborative Group*

Background—=8-0xo-2'-deoxyguanosine (8-oxo-2'-dG) is a biomarker of oxidative DNA damage that is associated with
cardiovascular disease and premature mortality in the general population. Although oxidative stress has a proven role in
cardiovascular complications in diabetes mellitus, evidence for a relationship between plasma 8-oxo-2’-dG and major
cardiovascular outcomes in diabetes mellitus is weak.

Methods and Results—A case-cohort study was performed in 3766 participants with prevalent diabetes mellitus in the ADVANCE
(Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation) trial (ClinicalTrials.gov
number NCT00145925). The hazard ratios for mortality and major acute cardiovascular events were derived using Cox regression
models. During a median of 5 years of follow-up, 695 (18.4%) participants in this enriched cohort died (including 354 deaths from
cardiovascular disease). Individuals with higher levels of 8-oxo-2’-dG were more likely to die. After adjusting for cardiovascular
disease risk factors, the hazard ratio for a 1-SD increase in plasma 8-ox0-2’-dG was 1.10 (95% confidence interval, 1.01-1.20;
P=0.03). This was driven by an independent association between plasma 8-oxo-2’-dG and cardiovascular death (hazard ratio, 1.23;
95% confidence interval, 1.10—-1.37 [P<0.001]). By contrast, no association was seen between 8-0x0-2’-dG and noncardiovascular
disease death (of which cancer was the major single cause). 8-Oxo0-2’-dG was also not significantly associated with either nonfatal
myocardial infarction or nonfatal stroke.

Conclusions—In adults with type 2 diabetes mellitus, increased levels of 8-oxo-2’-dG are independently associated with all-cause
mortality and cardiovascular mortality in adults with longstanding type 2 diabetes mellitus who participated in the ADVANCE trial,
consistent with the role of oxidative damage in the development and progression of cardiovascular decompensation in diabetes mellitus.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT00145925. (J Am Heart Assoc. 2018;7:
€008226. DOI: 10.1161/JAHA.117.008226.)
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t is well established that increased production of reactive diabetes mellitus and oxidative damage that contributes
oxygen species and the failure of endogenous antioxidant directly to the development and progression of diabetic
defenses against them results in a state of oxidative stress in complications.” One useful biomarker of oxidative DNA
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Clinical Perspective

What Is New?

» Although type 2 diabetes mellitus is associated with
oxidative stress, this is the first large prospective study to
confirm an independent association between cardiovascular
mortality and oxidative DNA damage in this setting.

What Are the Clinical Implications?

* There remains an unmet need to modulate oxidative
damage and validate its utility to reduce mortality in adults
with type 2 diabetes mellitus.

damage is 8-oxo-2’-deoxyguanosine (8-oxo-2’-dG), an oxidized
derivative of deoxyguanosine and one of the most abundant
oxidative products of cellular DNA.?? Urinary 8-oxo-2’-dG has
been independently associated with cardiovascular disease
(CVD) in population cohorts*® and long-term survival in
patients with advanced CKD,” heart failure (HF),®° or
cancer.”? Yet, despite the recognized role of oxidative stress
in diabetic complications, previous studies reported that spot
urinary levels of 8-oxo-2'-dG at diagnosis were not associated
with subsequent mortality in Danish patients with type 2
diabetes mellitus.'®'" This surprising finding may reflect the
challenges of quantitative urinalysis in patients with type 2
diabetes mellitus in the community, especially when patients
are poorly controlled (with polyuria and hyperfiltration) or
have renal disease. To minimize these challenges, 8-ox0-2'-dG
can also be measured in stored plasma samples, although
as a renally cleared metabolite, adjustment must be made
for the simultaneous estimated glomerular filtration rate
(eGFR).

In the present study, we explore the association between
levels of circulating 8-oxo0-2’-dG and key adverse outcomes
(death and cardiovascular events) in a nested case-cohort
study of adults with type 2 diabetes mellitus who participated
in the ADVANCE (Action in Diabetes and Vascular Disease:
Preterax and Diamicron Modified Release Controlled Evalua-
tion) trial'*~'* (ClinicalTrials.gov number NCT00145925).

Methods

Study Sample

The ADVANCE trial has been described in detail
previously.'#"'* High-risk patients with type 2 diabetes
mellitus were recruited from 20 countries in Asia, Australasia,
Canada, and Europe. Participants were also required to be
55 years or older and have a history of CVD or >1 additional
cardiovascular risk factor. The study included 2 randomized
comparisons: a double-blind assessment of the efficacy of a

fixed combination of perindopril and indapamide (2/0.625 mg
for 3 months increasing, if tolerated, to 4/1.25 mg) versus
placebo, and an open-label evaluation of an intensive glucose-
lowering regimen using modified release gliclazide, with a
target glycated hemoglobin of <6.5%, versus standard guide-
line-based glycemic control. A total of 11 140 participants
were randomized and the median duration of follow-up was
5 years. Approval for the trial was obtained from each
center’s institutional review board, and all participants
provided written and informed consent.

Nonfasting blood samples were taken at baseline, antico-
agulated with EDTA and stored centrally at —80°C for a
median of 7.8 years before analyses. Stored plasma samples
were available from all countries involved in ADVANCE, except
China and India, giving a total base population of 7376
patients. A case-cohort study population was constructed
from a random sample of 3500 individuals, taken from these
7376 participants, plus all additional individuals who had a
CVD event or a microvascular complication or died during
follow-up (n=697).

Baseline data included demographic and clinical informa-
tion, including age at diagnosis, presence and severity of
diabetic complications, antidiabetic therapy, and other regular
medications. Weight, height, urinary albumin/creatinine ratio,
serum creatinine, fasting lipid levels, and glycated hemoglobin
were also measured at baseline. The eGFR was calculated
using the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation.'® Levels of baseline high-sensitivity
cardiac troponin T, NT-proBNP (N-terminal pro—brain natri-
uretic peptide), and high sensitivity C-reactive protein were
also measured on stored samples.'® '® Plasma 8-ox0-2'-dG
was measured by ELISA (StressMarg Biosciences Inc). The
data and study materials will not be made available to other
researchers for purposes of reproducing the results or
replicating this analysis.

Study End Points

The 4 primary study end points were all-cause death, CVD
death, non—-CVD death, and major macrovascular events
(cardiovascular death, nonfatal myocardial infarction [MI], or
nonfatal stroke). Secondary outcomes were nonfatal M,
stroke, and admission to hospital for HF. All possible primary
outcomes and deaths (cardiovascular and otherwise) were
reviewed by an end point adjudication committee (comprising
cardiologists, neurologists, endocrinologists, nephrologists,
and ophthalmologists) whose members were blinded to
randomized treatment assignments. Cardiovascular death
was defined as any death in which the proximate or the
underlying cause of death was caused by a disease of the
circulatory system (International Classification of Diseases,
Tenth Revision [ICD-10], codes of 110-114, 120-125, 126, 127.9,
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128, 150-152, 160167, 169, 170-179, 180-189) or a sudden
death (/CD-10 codes of R96.0, R96.1, 146.1, R98). Using the
supporting documents, the committee either confirmed or
refuted the initial diagnosis reported by the site investigators
using standardized definitions. If the initial diagnosis made by
the site investigator was refuted, an alternative diagnosis was
provided."

Statistical Analyses

Baseline characteristics were summarized by ordinal cate-
gories defined by the thirds of 8-oxo-2’-dG. Tests for linear
trend were performed, across the thirds of each biomarker, to
identify possible covariates associated with 8-oxo-2"-dG using
linear regression. Hazard ratios for log-linear effects of 8-oxo-
2'-dG levels on each of the 3 studied outcomes were obtained
from weighted Cox regression models for case-cohort

analyses.'® Nonfatal outcomes were analyzed using a Fine
and Gray competing risk model, treating death from any cause
as the competing event.?° Results were expressed per unit SD
of 8-0x0-2'-dG (3.5 ng/mL). Four models with different sets
of potential confounding variables were fitted for each of the
biomarker/outcome combinations: model 1 with age, sex,
and randomized treatment; model 2 with, additionally, eGFR;
model 3 with, additionally, albumin to creatinine ratio,
duration of diabetes mellitus, current smoking, systolic blood
pressure, body mass index, glycated hemoglobin, plasma
glucose, total and high-density lipoprotein cholesterol, triglyc-
erides, and history of macrovascular complications; and
model 4 with, additionally, high-sensitivity C-reactive protein,
troponin, and NT-proBNP. Analyses were also performed
stratified by predefined characteristics at baseline: age
(>67 years versus <67 years), sex, a history of macrovascular
complications, a history of microvascular complications, eGFR

Table 1. Baseline Demographic, Clinical, and Laboratory Data Classified by Thirds of 8-ox0-2'-dG

Characteristic First Third (n=1256) Second Third (n=1254) Third Third (n=1240) Total (N=3766) P for Trend
Male sex, No. (%) 689/1256 (54.9) 801/1254 (63.9) 800/1256 (63.7) 2290/3766 (60.8) <0.0001
Current smoking, No. (%) 192/1256 (15.3) 188/1254 (15.0) 190/1256 (15.1) 570/3766 (15.1) 0.9113
History of a macrovascular event, No. (%) 395/1256 (31.4) 433/1254 (34.5) 488/1256 (38.9) 1316/3766 (34.9) 0.0001
Age, mean (SD), y 66.65 (6.46) 66.95 (6.60) 67.13 (6.75) 66.91 (6.61) 0.0686
Body mass index, mean (SD), kg/m? 29.32 (4.94) 30.09 (5.34) 30.68 (5.44) 30.03 (5.27) <0.0001
Duration of diabetes mellitus, mean (SD), y 8.09 (6.33) 8.02 (6.51) 7.56 (6.50) 7.89 (6.45) 0.0389
History of heart failure, No. (%) 47/1256 (3.7) 50/1254 (4.0) 74/1256 (5.9) 171/3766 (4.5) 0.01
Moderate or vigorous activity, No. (%) 612/1256 (48.7) 625/1254 (49.8) 585/1256 (46.6) 1822/3766 (48.4) 0.2812
Aspirin or other antiplatelet agent, No. (%) 576/1256 (45.9) 603/1254 (48.1) 673/1256 (53.6) 1852/3766 (49.2) 0.0001
Statin or other lipid-lowering agent, No. (%) 528/1256 (42.0) 549/1254 (43.8) 591/1256 (47.1) 1668/3766 (44.3) 0.0114
f3-Blocker, No. (%) 346/1256 (27.5) 384/1254 (30.6) 412/1256 (32.8) 1142/3766 (30.3) 0.0042
ACEI or ARB, No. (%) 724/1256 (57.6) 733/1254 (58.5) 777/1256 (61.9) 2234/3766 (59.3) 0.0314
Systolic BP, mean (SD), mm Hg 147.94 (21.56) 147.87 (21.03) 146.76 (22.25) 147.52 (21.62) 0.1712
Diastolic BP, mean (SD), mm Hg 81.89 (10.95) 82.03 (10.66) 80.82 (11.08) 81.58 (10.91) 0.0142
Total cholesterol, mean (SD), mmol/L 5.16 (1.14) 5.11 (1.27) 5.13 (1.12) 5.13 (1.17) 0.5528
HDL cholesterol, mean (SD), mmol/L 1.26 (0.34) 1.21 (0.32) 1.20 (0.33) 1.22 (0.33) <0.0001
Triglycerides, mean (SD), mmol/L 1.79 (1.02) 1.90 (1.14) 2.18 (1.41) 1.96 (1.21) <0.0001
Glycated hemoglobin, mean (SD), % 7.56 (1.52) 7.38 (1.44) 7.30 (1.32) 7.41 (1.43) <0.0001
Urinary ACR, median (IQl), mg/mmol 48.21 (110.18) 52.80 (122.27) 65.60 (137.73) 55.55 (124.10) 0.0007
Glucose, mean (SD), mmol/L 8.66 (2.81) 8.44 (2.60) 8.31 (2.76) 8.47 (2.73) 0.0013
eGFR, mean (SD), mL/min per 1.73 m? 75.53 (15.38) 72.24 (16.60) 66.63 (17.49) 71.47 (16.91) <0.0001
hs-CRP, median (IQl), mg/L 3.37 (6.86) 3.58 (7.08) 3.94 (6.76) 3.63 (6.91) 0.0393
hs-cTNT, median (IQl), pg/mL 7.47 (19.41) 8.61 (11.66) 11.06 (25.26) 9.04 (19.64) <0.0001
NT-proBNP, median (IQl), pg/mL 190.22 (396.45) 220.75 (532.26) 381.15 (1404.1) 264.09 (900.59) <0.0001

8-0x0-2'-dG indicates 8-OH-deoxyguanosine; ACEI, angiotensin-converting enzyme inhibitor; ACR, albumin creatinine ratio; ARB, angiotensin receptor blocker; BP, blood pressure; eGFR,
estimated glomerular filtration rate; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; hs-cTNT, high-sensitivity cardiac troponin T; IQl, interquartile interval; NT-

proBNP, N-terminal pro—brain natriuretic peptide.
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Table 2. HRs (95% Cls) Per 1 SD (3.5 ng/mL) Higher 8-oxo-
2'-dG for Major and Composite End Points

| HR (95% CI) | P Value
Model 1
All-cause death 1.16 (1.07-1.25) <0.001
Cardiovascular death 1.26 (1.14-1.38) <0.001
Noncardiovascular death 1.05 (0.94-1.17) 0.42
Major macrovascular events 1.11 (1.03-1.20) 0.006
Total CVD 1.15 (1.07-1.23) <0.001
Model 2
All-cause death 1.10 (1.02-1.19) 0.012
Cardiovascular death 1.19 (1.08-1.31) <0.001
Noncardiovascular death 1.01 (0.90-1.13) 0.87
Major macrovascular events 1.06 (0.98-1.15) 0.16
Total CVD 1.09 (1.01-1.17) 0.027
Model 3
All-cause death 1.10 (1.01-1.20) 0.031
Cardiovascular death 1.23 (1.10-1.37) <0.001
Noncardiovascular death 0.98 (0.86-1.11) 0.705
Major macrovascular events 1.08 (0.99-1.18) 0.080
Total CVD 1.11 (1.02-1.20) 0.014
Model 4
All-cause death 1.09 (0.99-1.19) 0.068
Cardiovascular death 1.20 (1.07-1.34) 0.002
Noncardiovascular death 0.98 (0.86-1.11) 0.714
Major macrovascular events 1.06 (0.97-1.16) 0177
Total CVD 1.09 (1.00-1.18) 0.041

Model 1: adjusted for age, sex, and randomized treatment groups. Model 2: model 1 plus
estimated glomerular filtration rate (by Chronic Kidney Disease Epidemiology
Collaboration equation). Model 3: model 2 plus duration of diabetes mellitus, current
smoking, systolic blood pressure, body mass index, albumin to creatinine ratio, plasma
glucose, glycated hemoglobin, total cholesterol, high-density lipoprotein cholesterol,
triglycerides, and history of macrovascular complications. Model 4: model 3 plus high-
sensitivity C-reactive protein, troponin, and N-terminal pro—brain natriuretic peptide. 8-
0x0-2'-dG indicates 8-OH-deoxyguanosine; Cl, confidence interval; CVD, cardiovascular
disease; HR, hazard ratio.

< or>60 mL/min per 1.73 m?, and glycated hemoglobin < or
>7%, adjusted for the variables described in model 3.

Model 3 was used for the primary analysis. Cumulative
survival plots were produced from the random subcohort,
adjusting as in model 3. Log-likelihood ratio tests were
conducted to test the nonlinearity effect of 8-ox0-2’-dG level
on outcomes by comparing a model with categorical
biomarkers and a model with continuous biomarkers. We
tested the proportional hazards assumption by adding an
interaction between the exposure and time. All analyses were
performed using SAS software and a P value of <0.05 was
considered to confer statistical significance.

Results

Of the 4197 participants in the case-cohort study, blood
samples from 431 (10%) were missing or unsuitable for
analysis. The remaining 3766 patients in this cohort had a
mean age of 66.9 years and a mean duration of diabetes
mellitus of 7.9 years (Table 1); 92% were white. A total of
1316 (34.9%) had a history of previous macrovascular
disease.

At baseline, circulating levels of 8-oxo-2'-dG were highly
correlated with eGFR (rz=—0.24, P<0.001), consistent with its
primary route of excretion by the kidney. After adjusting for
eGFR, 8-0x0-2-dG remained higher in participants with
cardiac risk factors, including male sex, poor glycemic
control, obesity, current smoking, atherogenic dyslipidemia,
elevated systolic blood pressure, a prolonged duration of
diabetes mellitus, and higher urinary albumin/creatinine ratio
at baseline. Circulating levels of the cardiac marker NT-
proBNP were also higher in participants with the highest
levels of 8-0x0-2’-dG at baseline, even after adjusting for renal
clearance of both substrates (*=0.26).

During a median of 5 years of follow-up, 695 (18.4%)
participants in this enriched cohort died (including 354 deaths
from CVD). After adjusting for age, sex, and randomized
treatment (Table 2) or after additionally adjusting for eGFR
(model 2) and a wide range of other risk factors (model 3),
individuals with higher levels of 8-oxo0-2’-dG were more likely
to die (Figure 1A). Further adjustment for high-sensitivity C-
reactive protein, troponin T, and NT-proBNP further attenu-
ated this association.

The association between 8-oxo-2’-dG and all-cause mor-
tality outcomes was driven by the independent association
between 8-oxo-2’-dG and CVD death, which remained signif-
icant after adjusting for other potentially confounding vari-
ables (Table 2; Figure 1B). Notably, no association was seen
between 8-oxo-2’-dG and non-CVD death (of which cancer
was the major single cause) (Table 2; Figure 1C). There was
no evidence of nonproportionality of hazards (P=0.70 for all-
cause death, 0.19 for cardiovascular death, 0.09 for noncar-
diovascular death).

The association between 8-oxo-2’-dG and all-cause and
cardiovascular mortality outcomes was not significantly
different across strata of age, sex, history of vascular disease,
renal function, or glycemic control (Figure 2). There was no
evidence of nonlinearity (P>0.05) between 8-oxo-2’-dG and
mortality outcomes. There was no clear association between
8-0x0-2'-dG and specific causes of documented CVD death
(M1, stroke, or HF), although the power to perform this kind of
subanalysis is limited because of the low number of fatal
cardiovascular events.

During follow-up, 680 (18.0%) participants experienced a
major macrovascular event. Unlike survival and CVD mortality,
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Figure 1. Cumulative survival curves for all primary outcomes by quarter of 8-oxo-2-deoxyguanosine (8-oxo-2’-dG), adjusted as in model 3 in
Table 1. Blue, red, and green lines correspond, in this order, to increasing tertiles of 8-ox-dG. CVD indicates cardiovascular disease.

the unadjusted association between 8-oxo-2’-dG with major
macrovascular events (MI, stroke, admission for HF) was
eliminated after adjusting for only eGFR (Table 2; Figure 1D).
Again, there was no evidence of nonproportionality of hazards
(P=0.77 for major macrovascular events). 8-Oxo-2’-dG was
also not significantly associated with either nonfatal M,
nonfatal stroke, or hospitalization for HF, after adjusting for
other risk factors (Table 3).

Discussion

Oxidative stress is recognized as a clear antecedent of end-
organ dysfunction and disease, and diabetes mellitus is

associated with increased levels of oxidative stress.' In this
study, we demonstrate that 8-oxo-2'-dG, a marker of oxidative
damage, is independently associated with all-cause mortality
and cardiovascular mortality in adults with longstanding type
2 diabetes mellitus who participated in the ADVANCE trial.
This finding is consistent with smaller observational studies
linking survival of patients with diabetes mellitus to other
markers of oxidative stress, including oxidized RNA,'®"!
derivatives of reactive oxygen metabolite,'” advanced autox-
idation products,>?° and F-isoprostanes.??° However, this is
the first large prospective study to confirm an independent
association between mortality and 8-ox0-2'-dG in type 2
diabetes mellitus.
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All cause deaths
P value for
Hazard ratio 95% CI i
Age in years 0.482
<=67 T 113 (0.97-1.33)
>67 L= 107  (0.96-1.20)
Sex 0.685
Female T 1.10 (0.93-1.29)
Male Hil- 1.11 (1.00-1.23)
Prior macrovascular events 0.484
Yes —— 1.15 (1.01-1.32)
No - 1.06  (0.94-1.20)
Prior microvascular events 0101
Yes — 126 (1.06-1.49)
No - 1.04  (0.94-1.15)
eGFR 0.369
<60 - 113 (1.00-1.28)
>=60 L 107  (0.95-1.22)
HbAlc 0.189
<% 1.0 (0.88-1.17)
>=7% _T—_I— 118 (1.05-1.33)
12 1 2
Hazard ratio

Cardiovascular deaths
P value for
Hazard ratio 85% CI Inte tion
Age in years 0.577
<=67 — - 1.24 (0.99 - 1.55)
>67 i 121 (1.06-1.38)
Sex 0.860
Female —— 1.29 (1.05-1.59)
Male — 120  (1.04-1.37)
Prior macrovascular events 0.525
Yes —— 1.28 (1.09-1.51)
No i 115  (0.98-1.35)
Prior microvascular events 0.332
Yes —e— 134 (1.13-1.59)
No il 115  (1.01-1.33)
eGFR 0.610
<60 —— 124 (1.07-1.44)
>=60 — 120  (1.01-1.42)
HbAlc 0176
<% T 1.1 (092-1.34)
>=7% —— 1.32 (1.15-1.52)
112 1 2
Hazard ratio

Figure 2. Hazard ratios (with 95% confidence intervals [CIs]) for all-cause and cardiovascular death by predefined subgroups, adjusted as in
model 3 in Table 1. eGFR indicates estimated glomerular filtration rate; HbA1c, glycated hemoglobin.

Because of the inherent reactivity of reactive oxygen
species, oxidative stress is most easily evaluated by quanti-
tation of oxidative modifications, of which 8-oxo-2’-dG is a
highly relevant, stable, and easily measured by-product.
Although widely considered a marker of oxidative DNA
damage, 8-oxo-2’-dG may also partly reflect the rate of its
liberation via DNA repair mechanisms"?"?? and oxidatively
damaged 2’-deoxyguanosine from the nucleotide pool. 8-Oxo-
2'-dG is also clearly associated with kidney function. In most
previous studies, the failure to adjust for renal clearance
clearly undermines conclusions based on free 8-oxo-2'-dG
levels in the circulation or urine.?' Certainly, in our study,
some of the association between plasma 8-ox0-2'-dG levels
and mortality was explained by the confounding effect of renal
impairment. Although we have specifically adjusted for eGFR
in this analysis (model 2), and the association between 8-oxo-
2'-dG and mortality remained significant after this adjustment,
it is possible we still may have underestimated the role of
kidney disease in outcomes, as kidney disease itself may be
considered a cause of oxidative stress. Consistent with this
hypothesis, the ratio of plasma 8-oxo0-2’-dG to eGFR rose as
eGFR levels fell in participants in this study.

Recent studies have suggested that 8-oxo-2'-dG may be
associated with both the presence of HF and its severity and
prognosis.®® Although few patients had an overt history of HF
in our ADVANCE cohort, an association between 8-oxo-2'-dG
and cardiac function has also been reported in patients with

hypertension without overt heart disease.?® Consistent with
this hypothesis, plasma levels of NT-proBNP were indepen-
dently associated with 8-oxo0-2’-dG in our cohort, suggesting
that 8-ox0-2’-dG may also be a marker of oxidative injury in
the heart and occult cardiac dysfunction in our cohort,
therein partly explaining the association of 8-oxo-2’-dG and
cardiovascular mortality. Indeed, it has been suggested that
8-0x0-2'-dG and NT-proBNP may be markers of the same
process, as oxidative damage may be causally related to
cardiac dysfunction. However, even after adjusting for NT-
proBNP and TNT in our multivariate models, the association
between 8-ox0-2’-dG and cardiovascular mortality remained
significant (P=0.01), suggesting that the link is more
complex.

Although  8-ox0-2-dG was associated with major
macrovascular events after adjusting for age and sex, this
association disappeared after adjusting for eGFR. As oxidative
stress is a key mechanism by which these risk factors may be
linked to mortality outcomes, such adjustment may not reflect
the true role of oxidative damage in the development and
progression of CVD. Despite the clear association of 8-oxo-2'-
dG with the risk of CVD death, there was no such association
with the combination of fatal and nonfatal CVD (major
macrovascular events). This is despite the greater power for
the latter, owing to the larger number of events. This unusual
pattern was also observed in the recent EMPA-REG outcomes
trial®* where CVD death was reduced without a reduction in
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Table 3. HRs (95% Cls) Per 1 SD (3.5 ng/mL) Higher 8-oxo-2"-dG for Fatal and Nonfatal Individual Cardiovascular End Points

Thomas et al

Fatal Events Nonfatal Events*
HR (95% Cl) P Value HR (95% Cl) P Value
Model 1
Myocardial infarction 1.25 (0.98-1.60) 0.070 1.02 (0.89-1.17) 0.771
Stroke 1.17 (0.95-1.45) 0.136 0.97 (0.83-1.13) 0.692
Heart failure 1.43 (1.17-1.74) <0.001 1.23 (1.10-1.37) <0.001
Model 2
Myocardial infarction 1.20 (0.92-1.56) 0.170 0.96 (0.83-1.10) 0.567
Stroke 1.12 (0.91-1.37) 0.288 0.92 (0.79-1.08) 0.325
Heart failure 1.35 (1.09-1.68) 0.006 1.11 (0.98-1.26) 0.103
Model 3
Myocardial infarction 1.30 (0.96-1.76) 0.091 0.95 (0.81-1.11) 0.497
Stroke 1.21 (0.99-1.48) 0.065 0.97 (0.82-1.16) 0.761
Heart failure 1.35 (0.97-1.88) 0.076 1.12 (0.97-1.30) 0.132
Model 4
Myocardial infarction 1.31 (0.971.77) 0.081 0.93 (0.80-1.10) 0.407
Stroke 1.20 (0.98-1.46) 0.081 0.95 (0.80-1.13) 0.534
Heart failure 1.28 (0.87-1.86) 0.208 1.10 (0.95-1.27) 0.207

Model 1: adjusted for age, sex, and randomized treatment groups. Model 2: model 1 plus estimated glomerular filtration rate (by Chronic Kidney Disease Epidemiology Collaboration
equation). Model 3: model 2 plus duration of diabetes mellitus, current smoking, systolic blood pressure, body mass index, albumin to creatinine ratio, plasma glucose, glycated
hemoglobin, total cholesterol, high-density lipoprotein cholesterol, triglycerides, and history of macrovascular complications. Model 4: model 3 plus high-sensitivity C-reactive protein,
troponin, and N-terminal pro—brain natriuretic peptide. 8-oxo-2’-dG indicates 8-OH-deoxyguanosine; Cl, confidence interval; HR, hazard ratio.

*Allowing for the competing risk of death.

nonfatal CVD events, and potentially points to the different
pathogenic forces in total CVD events when compared with
CVD death, with a potentially important role for oxidative
stress in the latter. Notably, similar to EMPA-REG outcomes,
both death from HF and hospitalization for HF were associ-
ated with 8-oxo-2’-dG. However, this association was atten-
uated after adjusting for other risk factors, although the small
number of HF events means there is a low power to explore
this outcome in any detail.

Study Strengths and Limitations

The strengths of this study include the large cohort of well-
characterized patients, with few dropouts (only 17 of 11 140
in the original study), outcome verification by an independent
review committee, and the high level of diabetes mellitus care,
typical of a clinical trial. A limitation is that oxidative stress
was quantified by means of a single measure, which is clearly
inadequate for a dynamic process. We also used an ELISA to
assess 8-oxo-2’-dG in plasma samples, as conventional
chromatographic methods do not have the sensitivity to
measure plasma levels. Although the circulating levels of 8-
ox0-2'-dG detailed in this study are similar to those reported
in cross-sectional studies using ELISA-based assays in

25-27 28-32

patients with diabetes mellitus and other settings,
it is understood that ELISA overestimates 8-oxo-2’-dG when
compared with high-sensitivity mass spectroscopy.®® This is
partly because of the former method including DNA fragments
containing 8-oxo-2"-dG, in addition to free 8-ox0-2’-dG, as well
as the presence of interfering compounds in plasma.
Nonetheless, the clear correlation of 8-oxo-2’-dG with mor-
tality is consistent with prior data on other markers of
oxidative stress.

Finally, observational studies only demonstrate association
and not causality. Although there is a strong scientific
rationale, the mechanics (causality) behind these observa-
tions are beyond the scope of the current investigation. We
have undertaken detailed analyses to control for possible
confounders, eg, in multivariate regression, and competing
risk analysis. We have clearly shown that after adjusting for
conventional risk factors associated with CVD death, an
independent association between 8-oxo-2’-dG was main-
tained. This suggests that 8-oxo-2’-dG is not just an
epiphenomenon. However, it is not possible to account for
unmeasured confounders, such as microbiome and diet
composition, mental health, or exposure to atmospheric
pollution, all of which may influence markers of oxidative
stress and CVD mortality.
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Conclusions

8-0x0-2'-dG is independently associated with CVD death and
all-cause mortality in patients with type 2 diabetes mellitus,
consistent with the role of oxidative damage in the develop-
ment and progression of cardiovascular decompensation in
diabetes mellitus. This observation supports the call for
better-targeted antioxidant therapies®* and well-designed
appropriately powered human studies, especially in those
with elevated CVD risk, in whom oxidative stress is usually
particularly high and remains untreated.
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Shi, GS Tian (Baotou Iron and Steel Corporation's Hospital), SQ Liu, J Zhang (Beijing
Anzhen Hospital of Capital Medical University), JL Tang, SY Wang, Y X Wang, JX Zhu
(Beijing Hypertension League Institute), JY Cui, J Geng, RB Jia, L Qin, HY Wang (Bin
Zhou City People's Hospital), JG Jin, XM Li, XP Lu, WB Wang (Capital Steel Hospital,
Beijing), LY Zhang (Cardio-Cerebrovascular Disease Preventing and Treatment Study
Centre Of Ningbo City), MY Bai, BL Hu, RC Shen (Cardiovascular Institute & Fu Wai
Hospital), XM Wu, LQ Zhang (Cardiovascular Institute of Shanxi Province), CZ Wang, ZR
Zheng (Center Hospital of Aviation of China, Beijing 361 Hospital), CL Li, H Tian, ST Yan
(Center of Endocrinology, Chinese PLA General Hospital, Beijing 301 Hospital), YY Lin,
ZM Liu, YQ Shi, W Tang (Chang Zheng Hospital of Shanghai), ST Zhang, SJ Zhu (Clinical
Trial Center, Shandong Academy Med. Sciences), H Ge (Dept. of Cardiology , Beijing 306
Hospital), BX Guo, SG Qie (Dept. of Cardiology, Red Cross Hospital, Shenyang City), CH
Ni, AH Wang, ZR Xu, DM Zhao (Dept. of Endocrinology, Beijing 306 Hospital), Y Gao,
XH Guo, PH Jia (First Hospital of Peking University), XJ Li, YH Wu, HL Yu (First Hospital
of Huaxi Medical University), HX Zhang, YH Zhou (Hebei Academy of Medical Sciences),
AQ Li, LP Shi (Hospital of Kailuan Tangshan), FH Lu, Qi Tian, YX Zhao (Institute of
Cardiovascular Disease, Shandong Academy of Medical Sciences), T Chen, D Shu (Institute
of Gerontology of Benxi City), RW Bian, L Chen, J Li (Jiangsu Institute of Geriatrics,
Nanjing), H Lu, SH Zhang (Jiuxiangiao Hospital, Beijing), J Li, DM Yu, Zhe Zhang, QM
Zhang (Metabolic Disease Hospital of Tianjin Medical University), LL Shen, WG Wang
(No.1 Hospital of Lian Yungang City), TJ Zhang, S Zhu (No.1 Municipal Hospital
Chengdu), YQ Bao, WP Jia, H Zhang (No.6 Renmin Hospital of Shanghai City), YL Jing, J
Yang (Peking Union Medical College Hospital), YJ Li, F Zhang (Qingdao Municipal
Hospital), SL Chu, XY Wang (Shanghai Hypertension Institute), FR Gao, XW Gao, JC
Zhou (The Institute of the Aged Gerontology of Inner Mongolia Autonomous Region
Hospital), Q Li, SW Wang, Y Xiang, JC Zhang (The Second Affiliated Hospital of Harbin



Medical University), WP Li, M Sun, HY Zhou (Xiang-ya Hospital, Hunan Medical
University), LJ Ren (Yang Quan City first Hospital), HB Ma, HR Zhang (Zhu Ma Dian City
Center Hospital).

Czech Republic (7 centers, 209 participants) — P Kraml, National Advisor (Faculty Hospital
Kralovske Vinohrady, Praha), J Rybka, L Svestka, L Kucharova, (Batova Nemocnice, Zlin),
M Komrskova J Bartikova, (Diabetologicka ambulance, Pisek), R Benesova, M Honka
(Fakultni Nemocnice, Ostrava), H Balabanova, P Girman, E Jirsova, , D Kobrova, J Kriz, T
Sechser, J Slepickova (IKEM Praha), J Brezina (Interni Ambulance, Melnik), F Kulic, F
Patek, P Pozivilova, M Tupa (Masarykova Nemocnice, Usti nad Labem), J Cerna, L
Dohnalova, | Podiukova, P Tiser, R Zackova (Nemocnice Ceske Budejovice).

Estonia (2 centers, 155 participants) — R Kaasiku, T Podar, | Sulkovskaja, T Vinogradova
(Department of Medicine, Tartu), T Jurgenson, U Kaasik, A Vork (Tallinn Central).

France (9 centers, 196 participants) — N Bedos-Chevalier, E Benamo, F Latil-Plat, P Rubin
(CH Avignon - Hopital Henri Duffaut), C Boch, M Chagnoux, T Khodabandehlou, C Le
Devehat, J Pinel, C Vanhoutte, M Vimeux (CH Nevers), B Bouhanick, | Marty, C Pelle
(CHU Angers), A Bekherraz, O Cochereau, P Kouadio, M Marre, |1 Vukusic (CHU Bichat,
Paris), N Bedos-Chevalier, A Maubon, M Rodier (CHU Hépital Caremeau, Nimes), J-F
Blickle, P Koch, G Loeb, D Paris-Bockel (CHU Hopital Civil, Strasbourg), P Bohme, M
Popieul, O Ziegler (CHU Hépital Jeanne d"Arc, Nancy), C Demer, D Gendre, S Hadjadj, V
Laneuze, R Marechaud, (Hopital Jean Bernard la Miletrie, Poitiers), J-P Hespel, A-M Robert
(Hopital Pontchaillou, Rennes).

Germany (2 centers, 327 participants) — B Matschke, M Hanefeld, E Henkel, C Kohler, D
Lehmann, P Ott, A Pahner, U Stier, T Temelkova-Kurktschiev (Centre for Clinical Studies
GWT, TU Dresden), B Andratschke-Gentsch, G Bueschges, P Markhof, G Meier, M
Nischwitz, S Schmid, C Von Schacky (Preventive Cardiology Med.Klinik, Munich).
Hungary (12 centers, 434 participants) — L Koranyi, National Advisor (Heart Centre
Foundation-DRC Ltd, Balatonfiired), G Jermendy, J Nadas (Bajcsy Zsilinszky Korhaz), C
Csongradi, G Kasa, T Kozma, Z Matyus, M Tarko (BAZ Megyei Kérhaz), L Koranyi, B
Kovacs, E Kulcsar, (DRC Kft.), L Deak, Z Kovacs, G Rumi (Kaposi Mor Megyei Korhaz),
M Dudas, A Gyimesi, R Varga (Pandy Kalman Megyei Korhaz), | Csapo, J Fovenyi, |
Hermanyi, G Kolev (Peterfy S.u. Kérhaz-Rendelointezet), T Hidvegi, C Mate, | Nemeth, B
Szeri (Petz Aladar Megyei Korhaz), M Herold, B Sarman, A Somogyi (Sote Il. Szdmu
Belgydgyaszati Klinika), M Balsay, Z Bencsik, E Eory, T Korodi, M Sereg (Szent Gyorgy
Korhadz), Z Hohmann, Z Lengyel, P VVoros (Szent Istvan Korhéz), E Domotor, T Fuleki, Z
Munster (Vasutegeszsegugyi KHT.) Z Bujtor, T Oroszlan, F Tarnok (Zala Megyei
Onkormanyzat Kérhaza).

India (4 centers, 471 participants) — R Anand, S Das, G Karthikeyan, R Lakshmy, N Naik,
D Prabhakaran, KS Reddy, S Sen, N Tandon (All India Institute of Medical Sciences, Delhi),
M Ahmed, M Ali, A Anjaneyulu, K Naidu, K Raju, L Rao, N Reddy, P Reddy, B Sethi,
(Care Hospital, Hyderabad), P Joshi, S Kumbhalmar, K Lokhande, P Rathod, S Sable
(Government Medical College, Nagpur), K Karkuzhali, S Mariyam, V Mohan, S
Poongothai, G Premalatha, J Salomi, V Selvi, R Srinivasan, R Visalatchi (Madras Diabetic
Research Foundation).

Ireland (5 centers, 441 participants) — M Ashraf, J Barton, J Chong, M Courcy, M Elfadil, C
Kelly (Ballinasloe Hospital, Co. Galway), B Aloul, C Collier, E Dolan, C Foley, B
Gallagher, B Gusau, L Hacke, E Ho, B Maguire, A Stanton, C Thompson, M Twohill
(Beaumont Hospital, Dublin), R Firth, A Gribben, S Hoashi, M Joyce, H O'Loughlin, S
Rizvi, B Wade (Mater Hospital, Dublin), A Brennan, D Byrne, M Cullen, A Khamis, M
Murphy, M Ryan (St James Hospital, Dublin), M Bell, C Bramhill, C Campbell, N Corredia,
L Cullen, J Gibney, T Kyaw Tun, K Mullan, D Owens, N Phelan, C Tan, G Tomkin



(Tallaght Hospital, Dublin).

Italy (1 center, 21 participants) — P Galli, G Mancia, F Paleari, V Vilei, C Whisstock
(Ospedale San Gerardo, U.O. Diabetologia, Milan).

Lithuania (3 centers, 118 participants) — R Babarskienie, | Milvidaite (Institute of
Cardiology, Kaunas), A Gintautaite, R Sirvyte, G Varoneckas (Palanga Institute of
Psychophysiology and Rehabilitation), V Grizas, J Marcinkeviciene, V Tumyniene, D
Vasiliauskas, G Vytautas (Private Cardiological Clinic, Kaunas).

Malaysia (5 centers, 236 participants) — K Hla, A Kalairajah, S Nayar, L Ramanathan,
(Hospital Ipoh), R Abdullah, W Bakar, T Ismail, N Kamaruddin, A Loganathan, F Majid, N
Mansor, Z Mohamed, N Mustafa, H Nawawi, N Nor, K Subramaniam, K Yusoff (Hospital
Putrajaya), N Aziz, G Eng Leong, C Gaik Kin, H Jeremiah, A Khir, S Lim, M Mumtaz
(Penang Medical College), A Abdul Rashid, R Alias, S Bahari Ismail, W bt Wan Mohamad,
R bt Zainal-Abidin, K Daud, R Doud, A-A Ismail, H Masandid, M Mohamed, M Mumtaz, S
Wahab, W Wan Bebakar (Universiti Sains Malaysia, Kota Bharu), SP Chan, FL Hew, MH
Lim, Rokiah P, KH Yeoh (University of Malaya Medical Centre, Kuala Lumpur).
Netherlands (10 centers, 630 participants) — M Alhakim, A Amin, K Asten, J vd Berg
Putten, B Bierman, H Boer, R Bredemeijer, F Durian, A Jansen, P Muilwijk, J Muilwijk6
Vermeer, W Opstelten, S Ponteyn-Rose, C Sluijters, C Sumajow, J Swart, D Tavenier, L van
Oort, J van Vliet, | van Welson (ANDROMED Baarn), P Blokzyl-Mol, H Bulk, D Faber-
Mollema, T Leutscher, D Mulder, R Ottema, C Prins, E Soer, J Tiebes| (ANDROMED
Groningen), M Fierkens, P Jaspers, Y Koster (ANDROMED OQost), T Bell, C Geerts, C
Gieskes, H Jalloh-Vos , G Pegt , D Ramautarsing , W Schenk , W van Kempen , A van
Kempen , J van Meurs, C Vink (ANDROMED Rotterdam), W Venekamp (Atrium
Brunssum), L Bie, D Hollander-Bosboom, J Keyzer, A Lieverse, B Lokhorst, A Rompen, S
Sanders, G ten Berge-Lammens, A van Foreest-Bruggink, M Vrugt (Diagnostisch Centrum
Eindhoven / Justus Medical Research), | Boerema-Zikkenheiner, S de Haan-Zwart, R
Timmerman, P Viergever (Gemini Ziekenhuis, Den Helder), W Bossen, B Elzinga, W
Janssen, M Knot, A Prins (Martini Ziekenhuis, Groningen), L Boonman-de Winter, J
Bosser-van Rijckevorsel, M de Zwaan-Herfst, E Erdtsieck-Ernste, M Froger-Nuyten, E
Jonk-Smulders, A Offringa, A van der Smissen-van Meel, M van Veen (Stichting Huisartsen
Laboratorium, Etten Leur), J Arendhorst, C Bonekamp, N Jans, P Meeuwese, M Scholten, B
Tjaden, S van der Meer, R van Kuppevelt (Tollenslaan/Zeist).

New Zealand (8 centers, 504 participants) — C Florkowski, R McEwan, P McGregor, R
Scott, C Strey (Christchurch Hospital), S Brown, J Kenyon, R Leikis, R Luke (Hawkes Bay),
J Baker, W Chiu, R Clarke, A Dissanayake, M Elston, S Gunatilaka,G Kerr, J Leary, J
Moffat, | Rosen, M Te Whiu (Middlemore Hospital, Auckland), S Austin, J Singh, G Ward
(North Shore Hospital, Auckland), G Carswell, S Cruz, P Dixon, D Nesdale, H Snell
(Palmerston North Hospital), C Barker, A Burton, J Doran, F Gale, M Hammond, M Hills
(Timaru Hospital), F Bartley, P Dunn, A Johnstone, D McLeod, E Reda, A Waterman
(Waikato Hospital), T Clarke, P Cresswell, C Eagleton, A Ferguson, A-M Gallen, L Kent, J
Krebs, | Rosemergy, C Ross, R Smith (Wellington Hospital).

Philippines (4 centers, 136 participants) — G Capulong, P de la Pena, C Fabros, M Galan, S
Pascual, M Que (East Avenue Medical Centre, Quezon City), J Agra, C Alcantara, G Avila,
L Delos Santos, L Guzman, M Licaros, A Panelo, C Solfelix (Institute for Studies in
Diabetes Foundation, Marikina City), J Aragon, M Capuli-Isidro, A Daria, L Del Rosario, C
Derpo, C Gonzales, E Lim, A Litonjua, C Narvacan-Montano, T Obrero, J Oreal, R Pallera,
E Pipo, C Pollisco, S Trinidad (Makati Medical Center, Manila), C Jimeno, M Lim-Abrahan,
A Manansala, N Nicodemus (Philippine General Hospital, Manila).

Poland (17 centers, 604 particiapnts) — A Januszewicz, National Advisor (Instytut
Kardiologii,Warsaw), J Sieradzki National Advisor (Katedra i Klinika Chorob



Metabolicznych CM UJ Krakow), K Kawecka-Jaszcz, M Klocek, A Mazur (I Klinika
Kardiologii CM UJ, Krakow), M Blaszczyk, C Bloch, P Jedrzejczak, E Ziolkowska-
Trzcinka (I Oddziat Chorob Wewnetrznych Szpital Miejski, Kutno), M Frolow, J
Kopczynska, M Makowski, R Nizankowski, T Petriczek, A Szczeklik, (Il Katedra Chorob
Wewnetrznych CM UJ, Krakow), T Klupa, J Sieradzki, | Trznadel-Morawska (Katedra i
Klinika Chorob Metabolicznych CM UJ, Krakow), T Grodzicki, B Gryglewska, B Wizner
(Katedra i Klinika Chorob Wewnetrznych i Gerontologii CM UJ , Krakow), E Orlowska-
Kunikowska, M Przezdziak, B Wyrzykowski (Katedra i Klinika Nadcisnienia Tetniczego i
Diabetologii AM, Gdansk), J Chudek, B Czerwienska, R Ficek, T Nieszporek, A Wiecek
(Katedra i Klinika Nefrologii, Endokrynologii i Chorob Przemiany Materii SI.LAM), , U
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Czubek, P Latacz, B Nessler, W Piwowarska (Klinika Choroby Wiencowej, Krakow), L
Czupryniak, J Loba, M Pawlowski, M Saryusz-Wolska (Klinika Diabetologii, Lodz), J
Kadziela, B Norwa-Otto, W Ruzyllo (Klinika Kardiologii Ogolnej / Intytyt Kardiologii,
Warsaw), A Boruczkowska, J Gluszek, T Kosicka, B Krasinska, A Tykarski, A Wichrowska
(Klinika Nadcisnienia Tetniczego i Chorob Naczyn AM, Poznan), S Czekalski, A
Simachowicz, A Wasik-Olejnik (Klinika Nefrologii AM, Poznan), B Brzezicki, M
Ciesielska, A Ganska, B Gornikiewicz-Brzezicka (NZOZ Poradnia Endokrynologii i
Nadcisnienia Tetniczego, Elblag), E Bandurska-Stankiewicz, U Tarasiewicz (Osrodek
Diabetologii | Zaburzen Metabolizmu WSZ, Olsztyn), M Chlebus, A Najwa, E Trzepla, B
Zapecka-Dubno (Poliklinika SPCSK,Warsaw), M Steuer, E Steuer (PULS MED,Katowice),
W Dworzanski, K Michalczyk, J Pikula, E Tylec (Wojewodzki Szpital Specjalistyczny,
Radom).

Russia (7 centers, 164 participants) — R Bogieva, | Chazova, D Duishvili, V Gornostaev, K
Mamyrbaeva, V Moiseev, V Mychka (Cardiology Research Complex, Moscow), A
Aleksandrov, T Kravchenko, | Martyanova, V Vilkov (Endocrinology Research Centre,
Cardiology, Moscow), N Galitsyna, M Shestakova, N Zaytseva (Endocrinology Research
Centre, Nephrology, Moscow), A Babenko, A Volkova, A Zalevskaya (Pavlov's Medical
University, St Petersburg), Z Kaverzina, | Martyanova, D Nebieridze, R Oganov, S
Tolpygina (Research Centre, Moscow), V Dorofeikov, F Gugova, A Konrady, A
Kurbanovna, E Shlyakhto, N Zvartau (Research Institute, St Petersburg), T Dmitrova, A
Fremovceva, | Kobalava, A Sirotkina (Russian People's Friendship University, Moscow).
Slovakia (12 centers, 458 participants) —I Balazovjech, National Advisor (Fakultna
Nemocnica, Bratislava) H Horvathova, B Krahulec, R Lahitova, R Lamitova, L Strbova, J
Sukeova (Fakultnd Nemocnica, Bratislava), M Mokan, D Pridavkova, S Smatanova, L
Sutarik (Fakultnd Nemocnica, Martin), E Simkova, V Spisak, D Stranankova (Interne
oddelenie A - NsP, Zilina), J Morsky, L Ruffini, E Tataiova (Kardiologicka Ambulancia,
Rimavska Sobota), S Krcmery, Z Mikes, (Klinika Geriatrie LFUK, Bratislava), L Hricova, A
Jurcina, , M Marcinova, M Sedlakova P Sefara, P Spurny, E Szokeova (Klinika gerontologie
a geriatrie, Kosice), M Snincak (Letecka Vojenska Nemocnica, Kosice), A Banikova, M
Gaziova, K Micko, J Nociar, M Pivkova, B Rajtukova (Nemocnica s Poliklinikou, Lucenec),
V Ambrovicova, J Antolik, A Cibulkova, L Ondrusova, G Sojka (Nemocnica s poliklinikou,
Levice), M Hranai, M Korpasova, P Minarik, O Moravcikova, M Porubska, J Sirotiakova, M
Rac, (Nemocnica s poliklinikou, Nitra), J Mazur, M Moravcova, P Sulej (NsP-JIS, Dolny
Kubin), L Beles, K Belesova, G Jakabova, M Zelinska (Poliklinika Vychod, KoSice).

United Kingdom (22 centers, 1324 participants) — M Bruce, A De Vries, J Furnace, C
Jamieson, M Macleod, P McDonald, S Ross (Aberdeen Royal Infirmary), J Bright, D Darko,
D Hopkins (Central Middlesex Hospital), G Beevers, R Haynes, V Karthikeyan, HS Lim,
GYH Lip, J Partridge, (City Hospital, Birmingham), M Appleby, R Donnelly, A-M Dwyer,
T Gibson, A Scott (Derbyshire Royal Infirmary), B Fisher, J Gray, J McKenzie, G Paice



(Glasgow Royal Infirmary), A Baksi, J Bartlett, D Hogan, S Moody, Z Thomas, E
Whittingstall, P Wilson (St Mary’s Hospital, Isle of Wight), S Jackson, L Meakin, L
Walwyn (Leicester Royal Infirmary), S Chandran, S Heslop, A Joshi, J Vora, F Westwell, H
White (Royal Liverpool University Hospital), M Banerjee, J Collins, K Cruickshank, J
Dunkerley, C Harrison, K Hart, M Holland, M Luckson, S Shaw, T Wood (Manchester
Royal Infirmary), F Forbes, K Gallagher, A Harrower, D Matthews, E Mclintyre, G McKay,
J McMahon (Monklands Hospital, Airdrie), L Dudgeon, C Fox, K Hall, M Hollway, L
James, S Marsh, D Morgan, G Nayani, V Richards, C Staff, J Stockman (Northampton
General Hospital), D James, V Patel, C Randall (George Elliot Hospital, Nuneaton), A Begg,
R Grogan, J Hinnie, M Mclntyre (Royal Alexandra Hospital, Paisley), F Coates, P Davies, A
George, S Golding-Cook, C Hamon, M Jefferies, E Kolinsky, C Meachin, A Millward, K
Neeves, M Soler-Lopez, J Stokes (Clinical Research Unit, Plymouth Postgraduate Medical
School), B Cunningham, D Ghosh, M Mukhtar, E Simpson, H Simpson (The Diabetes
Centre, Reading), R Howard, J Inglis, R Mukhtar, J Reckless, A Robinson, C Shute, C
Stirling, A Ward(Royal United Hospital, Bath), J Day, C Green, P Jackson, A Roberts, E
Wallis (Sheffield Hallamshire Hospital), M Cunningham, S Heller, S Hudson (Sheffield
Northern Hospital), B Ariff, J Bunker, W Callister, C Coghlan, R Elkeles, R Fernandez, V
Gordon, J Harman, N Jugnee, L Knisley, J Macduff, J Mackay, K McFadden-Lewis, A
McKerracher, P Mistry, S Mitchell, S Murphy, A Strain, S Thom, O Trainor, S Whitehouse,
A Zambanni (St. Marys Hospital, London), S Boardman, C Reid, V Reid (Warwick General
Hospital), C Coddington, A Ellis, C Holliday, C Slater (West Byfleet Health Care Research),
D Brown, V Dawson, H Gibson, P Jennings, J Thow, S Whitwell (York District Hospital).



