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Abstract

The aim of this article is to estimate the prevalence of true dysglycaemic syndromes (DS)
(includes presence of diabetes mellitus [DM], impaired fasting glucose [IFG] and impaired
glucose tolerance [IGT]) in patients with acute coronary syndromes (ACS) and mild fasting
hyperglycaemia from an area in New Zealand with the country’s highest prevalence of
dysglycaemia. Cardiac risk factor data and laboratory findings for 565 consecutive ACS patients
were obtained from the hospital database between January 2007 and August 2008. On
admission, 175 patients had DS and 168 were normoglycaemic (FBG <5.6 mmol/L). The
remaining 222 patients (with previously unknown glycaemic status) had mild fasting
hyperglycaemia (FBG 5.6-6.9 mmol/L) on admission. This group with mild fasting
hyperglycaemia were offered oral glucose tolerance testing (OGTT) >3 months post-discharge
to eliminate cases of stress hyperglycaemia. 121 patients underwent OGTT and 41 patients (a
third) were found to have true DS (DM in 13, IGT or IFG in 28). Patients who did not undergo
OGTT due to a variety of reasons (n=101) had significantly higher body mass index, waist
circumference, and higher concentrations of triglycerides and low-density lipoprotein
cholesterol, and therefore might be at a higher risk for true DS than those tested. The
conclusion is that a third of the OGTT cohort had true DS and therefore even mild
hyperglycaemia in this setting should be carefully investigated.

Keywords: Acute coronary syndrome; diabetes mellitus; dysglycaemic syndromes; oral glucose
tolerance test.

Introduction and cardiovascular disease, and the

contribution that each of these conditions
There is increasing recognition of the makes to the risk of morbidity and
significant relationship between diabetes mortality from both diseases (Rydén et al
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2013; Gholap et al 2012; De Caterina et al
2010). Coronary artery disease is common
in patients with true dysglycaemic
syndromes (DS) which includes diabetes
mellitus (DM), impaired fasting glucose
(IFG), and impaired glucose tolerance (IGT)
(Gerstein et al 1996). However, DS are
often not diagnosed in patients presenting
with acute coronary syndromes (ACS)
(Conaway et al 2005). Patients with
undiagnosed DS admitted with ACS have a
1-year mortality rate which is similar to
that in patients with proven DS (Schiele et
al 2006). Establishing a diagnosis of DS in
patients admitted to hospital with ACS is
therefore important because appropriate
management has the potential to improve
long-term prognosis (Gerstein et al 1996,
Conaway et al 2005, Schiele et al 2006,
Tenerz et al 2003).

Caution is required when diagnosing DS
during ACS for a number of reasons. A
significant proportion of patients with no
previous DS may have stress
hyperglycaemia that normalises once the
initial stress associated with ACS has
lessened (Goran Koracevic et al 2006).
Previous studies have shown that stress
hyperglycaemia is common in acutely ill
patients (such as those with ACS) who did
not have a previous diagnosis of diabetes
(McCowan et al 2001, Capes et al 2000).
This results from stress-related increases
in catecholamine and cortisol
concentrations, stimulating glucose
production by gluconeogenesis and
glycogenolysis (Goran Koracevic et al
2006). Therefore, to identify patients with
true DS, it is important to test patients once
the initial stress period is over.

Current screening criteria for DS include
two consecutive fasting blood glucose
(FBG) measurements, random blood sugar
samples, an oral glucose tolerance test
(OGTT) and, more recently, glycosylated
haemoglobin (HbA1lc). Whilst HbAlc is a
measurement of chronic hyperglycaemia it
may not identify IGT and IFG (American
Diabetes Association 2013). Research has
emphasised the benefits of OGTT over FBG
in terms of both reliability and sensitivity
(Wallender et al 2008). In fact, FBG may
miss DS in up to 70% of patients (Jessani et

al 2007, Henareh et al 2004). Data suggest
that IGT, but not IFG, is a risk factor for
cardiovascular diseases, although IFG is
associated with an increased risk of
progression to IGT (Tominaga et al 1999).
Therefore, the OGTT is an important tool
for the diagnosis of patients with DS.

The aim of this study was to estimate the
prevalence of true DS in patients with ACS
and mild fasting hyperglycaemia.

Patients and Methods

Data for 565 consecutive patients with
confirmed ACS who presented to
Middlemore Hospital, Auckland, New
Zealand, between 1 August 2007 and 31
August 2008 were identified from the
Acute PREDICT database. Middlemore
Hospital is the base hospital for the South
Auckland region and serves approximately
half a million people. Acute PREDICT is a
prospectively collected electronic registry
of all patients admitted to the coronary
care unit. Mpyocardial infarction was
diagnosed according to established criteria,
including changes in cardiac biomarkers,
ischaemic symptoms, ECG changes and/or
cardiac imaging. Diagnosis of unstable
angina was based on acute worsening of
angina pectoris but with negative or
insignificant  increases in  troponin
concentrations. The study protocol was
approved by the Northern X Regional
Ethics Committee (NTX/08/101/EXP).

Clinical, biochemical and demographic data
were obtained from the Acute PREDICT
database, and additional information (past
medical history, type of ACS, admission
glucose and FBG results during the most
recent ACS, and prior OGTT history) were
extracted from the hospital online patient
information system.

Three hundred and forty-three patients
were excluded from OGTT testing (group
1); 175 had a prior diagnosis of DS and 168
had a normal fasting blood sugar (FBS), at
the time of the coronary event. Two
hundred and twenty-two patients were
eligible for an OGTT test (group 2) as per
criteria (FBS 5.6-6.9 mmol/L). All of these
patients were >3 months after their acute
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cardiac event and were well in the
community and therefore unlikely to have
persistent stress induced hyperglycaemia.
These 222 patients were contacted via
their general practitioner (GP) and 121
agreed to undergo an OGTT (Figure 1).
OGTT was not performed in 101 patients;
reasons are detailed in Figure 1. The
results of testing were forwarded to GPs to
provide ongoing care.

The standardised OGTT was performed (75
g glucose load after a fasting period of 9-12
hours). FBG and 2-hour post-load blood
glucose  (2h-BG) tests were also
undertaken. Analysis of all samples was
performed at a central laboratory
(Diagnostic Medlab) using the Hexokinase
UV  method with Roche Diagnostics
reagents via the Roche Diagnostic Hitachi
Modular method. The calibrator was
analyser specific and standardised against
the isotope dilution mass spectrometry (ID
MS) method.

OGTT data were interpreted using the
World Health Organisation definition of [FG
and the American Diabetes Association
definition of IGT. Normal ranges were
defined as follows: normal glucose
tolerance (NGT)/normoglycaemia = FBG
<5.6 mmol/L and 2h-BG <7.8 mmol/L; IFG
= FBG 5.6-6.9 mmol/L; IGT = 2h-BG 7.8-
10.9 mmol/L; DM = FBG 27.0 mmol/L or
2h-BG  211.0 mmol/L. Mild fasting
hyperglycaemia was defined as FBG 5.6-6.9
mmol/L.

Statistical Analysis

Continuous variables were presented as
mean values with 95% confidence
intervals; categorical variables were
summarised as frequencies and
percentages. Two-sample student t-tests
were used to assess the mean differences
between groups when data were normally
distributed and Mann Whitney U tests were

used for data with skewed distributions.
Chi square test was used to assess if there
were differences in the frequency
distributions of categorical variables
between groups.

Multiple logistic regression analysis was
used to examine the differentiating factors
for patients who undertook OGTT and did
versus did not have dysglycaemia, in the
presence of confounding variables.
Variables were included in the multiple
regression models if the p-value was <0.25
in the univariate logistic regression
analysis. The final model was chosen based
on the Akaike information criteria (AIC)
and the estimates were represented as
odds ratios (OR) with 95% confidence
intervals. The software SAS version 9.3 was
used to carry out the statistical analyses.
All tests were two tailed and a p-value of
<0.05 was considered statistically
significant.

Results
Cohort and Glycaemic Status

In the overall cohort, the prevalence of DS
was 175/565 (31%) prior to OGTT. On
OGTT a dysglycaemic syndrome was
identified in a further 41 of the 121
patients (DM n=13, IGT n= 24 or IFG n=4)
(Figure 1). This increased the prevalence of
diagnosed DS in the overall cohort to
222/565 (39%).

OGTT Results (Table 1)

Body mass index (BMI) and waist
circumference were significantly higher in
the 41 patients with DS comparing to those
who had normal OGTT results (BMI: 30 vs.
27 kg/m?; waist circumference: 104 vs. 98
cm). Over half the South Asian, Maori and
Pacific patients who were tested had DS
compared with only a quarter of European
patients (Table 1).
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Table 1. Demographic and Clinical Data for the Study Population

Patients undergoing OGTT (n=121)

Patients without OGTT (n=101)

; p
Normal glucose | Dysglycaemic Without  OGTT | values(patients
tolerance syndromes p value . .
(n=80) (n=41) (n=101) with vs. without
- - OGTT)
Age, years mean(range) 61 (49,71) 64 (56, 73) 0.25 60 (51, 69) 0.22
Male, n (%) 62 (78%) 30 (73%) 0.59 73 (72%) 0.52
Smoking history, n (%)
Never 31 (39%) 15 (37%) 42 (42%)
Ex 28 (35%) 15 (37%) 27 (27%)
Current 21 (26%) 11 (27%) 097 | 32(32%) 0.36
Family history of CHD, n (%) | 34 (43%) 12 (29%) 016 | 38(38%) 0.95
BMI, kg/m? median(range) 27 (25-30) 30 (25-33) 0.04# 31 (26-35) 0.002#
Waist circumference,cm | g4 9.197) 104 (96-112) | 0.009 | 105 (93-113) 0.01
mean(range)
Ethnicity, n (%)
European 67 (84%) 25 (61%) 60 (59%)
Maori 5 (6%) 4 (10%) 19 (19%)
Pacific 6 (8%) 5(12%) 15 (15%)
South East Asian 2 (3%) 7 (17%) 0.01 7 (7%) 0.02
Blood pressure, mmHg
mean(range)
Systolic 125(113-137) | 124(117-131) | 0.85 | 127(113-138) | 0.43
Diastolic 73 (65-80) 74 (66- 81) 0.5 74 (65-81) 0.68
Blood glucose, mmol/L, 6.2 (5.5-6.9) 69(587.6) | 0.004* | 6.6 (5.8-7) 0.34#
median(range)
HDL  cholesterol, - mmol/L |, ; ) g 4 4, 1.1 (0.9- 1.3) 0.83* | 1.2(0.9-1.3) 0.65
mean(range)
LDL  cholesterol, - mmol/L |, ) 4 33 2.6 (2.0-3.5) 053 | 29(2.3-3.6) 0.17
mean(range)
Triglycerides mmol/L 1.8 (1.1- 2) 2.1 (1.2-2.6) 0.06% | 2(1.2-2.6) 0.21#
median(range)
Total HDL: cholesterol ratio | ,, 3, 4 g) 44(33-53) | 041% | 48 (3.4-5.6) 0.02#
median(range)
Serum  creatinine, wmol/L | g5 75 g7 94 (85-106) 0.05% | 107 (82-107) 0.16#
median(range)
i 2
GFR, mL/min/1.73 m 78 (70- 87) 72 (63- 83) 008 | 71(56-83) 0.07
mean(range)

Mann Whitney U test for continuous variables indicated by #; other comparisons performed using the t-test, or Chi-
square test for categorical variables.
BMI, body mass index; CHD, coronary heart disease GFR, glomerular filtration rate; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; OGTT, oral glucose tolerance test.

In patients who did not accept the offer of
an OGTT, BMI and waist circumference
were significantly higher than those in
patients who did (median [range] values of
31 [26-35] vs. 27 [25-30], respectively;
p=0.002). Therefore, patients who did not

have the OGTT may be at greater risk of
developing DS. Patients who did not have
OGTT also had a higher total cholesterol:
high density lipoprotein (HDL) cholesterol
ratio (4.8 [3.4-5.6] vs. 4.0 [3.2, 4.9] in those
who did have OGTT; p=0.02). In addition,
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patients of Maori and Pacific Island
ethnicities were least likely to undergo
OGTT, with a >50% non-participation rate.

On multiple regression analysis fasting
blood glucose, waist circumference, and

Maori, Pacific and South Asian ethnicity
were the independent factors significantly
associated with DS (Table 2).

Table 2. Independent Predictors of a Diagnosis of Dysglycaemic Syndrome on Oral
Glucose Tolerance Testing, in Acute Coronary Syndrome Patients with Mild Fasting

Hyperglycaemia
Independent predictors Odds ratio ?5% confidence p value
interval
Fasting triglycerides 1.1 0.8,1.4 0.59
Fasting blood glucose 1.7 1.2,2.3 0.004
Waist circumference (per 10 cm increase) 1.5 1.1,2.1 0.008
Maori or Pacific or South East Asian vs others | 2.7 1.1, 6.7 0.03

Discussion

In a consecutive cohort of patients
presenting with ACS, 39% (222/565) had
mild fasting hyperglycaemia. Of those who
agreed to an OGTT in the community >3
months later, one-third had a final
diagnosis of DS. By combining the patients
with known DS at the index admission with
those diagnosed on subsequent OGTT the
prevalence of DS in the whole ACS cohort
was 39% (222/565). This is likely to be an
underestimate because only just over a half
those with mild hyperglycaemia who had
an OGTT. On the basis of associated risk
factors, those who were untested are likely
to have at least as high a rate of DS than
those tested with an OGTT. By
extrapolation of the DS prevalence in those
tested to those not tested the prevalence of
DS in the whole ACS cohort could be as
high as 45%.

DS are very common in patients presenting
with ACS in South Auckland, New Zealand,
and the current data are comparable to
similar studies from other countries. In a
prospective cohort study conducted in the
US, a total of 57% of patients with ACS and
no previously-recognized diabetes mellitus
were shown to have abnormal glucose
metabolism using a simple FPG test
(Conaway et al 2005).

A significant number of patients with
indeterminate FBG 5.6-6.9 mmol/L results

in hospital were not followed up in our
study and are therefore unlikely to have
been provided with early advice and
treatment. In the study by Conaway et al
(2005), approximately 66% of those who
met criteria for new diabetes were not
diagnosed or treated as such by the
physicians who managed them (Conaway
etal 2005).

Patients with elevated FBG on admission
may be followed up using either FBG or
OGTT on discharge to identify previously
undiagnosed DS (Norhammer et al 2002).
The OGTT has been found to be effective
and reliable in evaluating glycaemic status
compared with FBG, which may miss up to
70% of cases (Jessani et al 2007). Another
study found that 2-hour post prandial
blood glucose during admission, as
opposed to FBG, predicted DS (Srinivas-
Shankar et al 2008). In our study, 41 ACS
patients with DS would have remained
undiagnosed if OGTT had not been
performed.

These findings are consistent with a
previous study (Wallander et al 2008)
which included 61 patients (62% male;
mean age 64+12.5 years), of whom 70%
were White European and 30% were South
Asian. Mean plasma glucose level on
admission was 6.9+¥1.7 (range 5.8-8.1)
mmol/L. Newly-diagnosed DM and IGT
were detected in 31% (95% confidence
interval [CI], 10%-52%) and 33% (95% CI,
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12%-53%) of patients, respectively, by
OGTT.

In the new diagnostic criteria of DM, HBA1c
has a central role because it is convenient
that the patient does not need to be in a
fasting state for measurement (American
Diabetes Association 2013). However,
there is no perfect concordance between
HBA1c and glucose based tests (American
Diabetes Association 2013) and HBAlc
may not detect other forms of
dysglycaemia detected by OGTT. At the
time the study was conducted, routine use
of HBA1c for diagnosis of diabetes status
was not recommended so we are unable to
report the incidence of diabetes and IGT
using the new definitions. HbAlc
measurement is of limited value in
differentiating isolated IFG, IGT and DM in
subjects with IFG. It can not be used to
identify which subjects with IFG do not
require an OGTT (Likhari et al 2008). It is
important to detect all forms of
dysglycemia in this high-risk population as
appropriate management is likely to be
beneficial (Gerstein et al 1996, Conaway et
al 2005, Schiele et al 2006, Tenerz et al
2003; Rydén et al 2013). Newly-updated
guidelines recommend that patients with
cardiovascular disease are investigated for
the presence of glucose metabolism
disorders. It is suggested that this

screening is initiated with HbA1lc and FPG,
and that an OGTT be added if the result of
the initial testing are inconclusive (Rydén
et al 2013). In patients with ACS, the
recommended  appropriate  screening
method is an OGTT, performed at least 4 to
5 days after the initial coronary event to
minimize the risk of false positive results
(Rydén et al 2013).Admission blood
glucose was found to be strongly
associated with mortality in patients with
myocardial infarction (Gholap et al 2012)
and current evidence on prognostic role of
hyperglycaemia in ACS allows us to suggest
its direct involvement in short term
complications(De Caterina et al 2010).

Our study has a number of limitations.
Firstly, only 121 of the 222 patients eligible
to undergo OGTT did so (reasons are listed
in Figure 1). For most patients, the reason
for nonparticipation was either moving out
of the area or unknown. Secondly, patients
with normal FBG were not requested to
undergo a follow-up OGTT and some of
these may have subsequently developed
DS. Interestingly, patients who did not have
an OGTT appeared to have a higher
prevalence of features of metabolic
syndrome. Therefore, the prevalence of DS
in our study wmay have Dbeen
underestimated.
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Cohort for OGTT (222)
|
‘ A 4
| |
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Declined participation (5) No response
IGT (24 DM(13;
NGT (80) IFG (4) (24) (13) (96)
I
v v L2 v
Moved away Died Unknown lliness
2

Figure 1. Flow of patients offered oral glucose tolerance testing (OGTT). NGT,

normal glucose tolerance; IFG, impaired fasting glucose; IGT, impaired glucose

tolerance; DM, diabetes mellitus.

A FBG test is insufficient for the screening
and diagnosis of DS in patients with ACS.
Routine use of OGTT in the recovery phase
helps to dichotomise the large number of
patients with mild hyperglycaemia at the
time of admission into those with and
without DS. OGTT testing in these patients
with  indeterminate FBG reclassifies
approximately one-third as having definite
DS. Further study is required to better
understand how to integrate OGTT testing
into the recently-adopted strategy of
routine HBA1c testing.
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