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A B S T R A C T

Aims: We aimed to confirm the hypothesis that dysglycaemia including in the pre-diabetes

range affects a majority of patients admitted with acute coronary syndrome (ACS) and is

associated with worse outcomes.

Methods: In this prospective observational cohort study, consecutive inpatients

aged � 54 years with ACS were uniformly tested and categorised into diabetes (prior diag-

nosis/ HbA1c � 6.5%, �48 mmol/mol), pre-diabetes (HbA1c 5.7–6.4%, 39–47 mmol/mol)

and no diabetes (HbA1c � 5.6%, �38 mmol/mol) groups.

Results: Over two years, 847 consecutive inpatients presented with ACS. 313 (37%) inpa-

tients had diabetes, 312 (37%) had pre-diabetes and 222 (25%) had no diabetes. Diabetes,

compared with no diabetes, was associated with higher odds of acute pulmonary oedema

(APO, odds ratio, OR 2.60, p < 0.01), longer length of stay (LOS, incidence rate ratio, IRR 1.18,

p = 0.02) and, 12-month ACS recurrence (OR 1.86, p = 0.046) after adjustment, while no sig-

nificant associations were identified for pre-diabetes. Analysed as a continuous variable,

every 1% (11 mmol/mol) increase in HbA1c was associated with increased odds of APO

(OR 1.28, P = 0.002) and a longer LOS (IRR 1.05, P = 0.03).

Conclusions: The high prevalence of dysglycaemia and association with poorer clinical

outcomes justifies routine HbA1c testing to identify individuals who may benefit from
s.
icine, The
Australia.
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cardioprotective anti-hyperglycaemic agents and, lifestyle modification to prevent progres-

sion of pre-diabetes.
� 2019 Elsevier B.V. All rights reserved.
In patients presenting with acute coronary syndrome,
1. Introduction

Cardiovascular disease is the primary cause of excess mortal-

ity in individuals with diabetes mellitus [1]. Endothelial dys-

function, reduction in nitrous oxide mediated vasodilation,

increased inflammatory cytokines and coagulopathy together

contribute to unstable fibrous caps in the atherosclerotic

lesions of patients with diabetes, resulting in increased risk

of clot formation and subsequent cardiovascular events [2].

This increased cardiovascular risk begins prior to the

development of diabetes, affecting patients with pre-

diabetes. An HbA1c of 5.7% (39 mmol/mol) is associated with

13.3% risk of cardiovascular disease over 10 years [3]. An

HbA1c of greater or equal to 5.7% (39 mmol/mol) has also

been associated with an increased risk of coronary heart dis-

ease in a prospective case-cohort study of individuals without

diabetes. In that study, there was an increase in relative risk

of coronary heart disease of 2.36 for every 1 percentage

increase in HbA1c [4]. In thosewithout diabetes but with insu-

lin resistance and a mean HbA1c of 5.8% (40 mmol/mol), the

Insulin Resistance Intervention after Stroke (IRIS) trial in

patients who had a stroke demonstrated that pioglitazone

reduced the risk of fatal or non-fatal recurrence of stroke or

myocardial infarction [5]. The American Diabetes Association

guidelines recommend the use of HbA1c as a screening tool

for pre-diabetes, defined by an HbA1c of 5.7% to 6.4% (39 to

46 mmol/mol), identifying individuals with a high risk of

developing diabetes and, who may be amenable to lifestyle

intervention [6]. Diagnosis of pre-diabetes in patients present-

ing with acute coronary syndrome through routine HbA1c

testing may identify a high-risk group of patients who may

benefit from lifestyle modification, weight loss and in the

future pharmacotherapy.

The EMPA-REG OUTCOME trial (EMPA-REG) [7], the Cana-

gliflozin Cardiovascular Assessment Study (CANVAS) [8], the

Liraglutide Effect and Action in Diabetes: Evaluation of Car-

diovascular Outcome Results (LEADER) [9] and the Trial to

Evaluate Cardiovascular and Other Long-term Outcomes with

Semaglutide in Subjects with Type 2 Diabetes (SUSTAIN-6)

[10], demonstrated that Sodium Glucose Linked

co-Transporter-2 (SGLT-2) inhibitors and Glucagon Like

Peptide-1 (GLP-1) receptor analogues were effective in reduc-

ing cardiovascular events when used in patients with a long

duration of diabetes mellitus and a high prevalence of estab-

lished macrovascular disease. In the case of empagliflozin

and liraglutide, subsequent cardiovascular death rates were

reduced. Therefore, for individuals presenting with acute

coronary syndrome with a background of diabetes, we now

have cardioprotective anti-hyperglycaemic agents which can

be used to prevent further cardiovascular events. Routine

HbA1c testing of patients presenting with acute coronary syn-

drome therefore provides an opportunity to optimise therapy

in line with recent evidencewithout the need for prior fasting.
HbA1c testing is not affected by stress-induced hypergly-

caemia which may result in a false positive result when fast-

ing plasma glucose is used instead [11]. Hyperglycaemia in

acute coronary syndrome has been extensively investigated,

but previous literature has mainly focused on stress-

induced hyperglycaemia being a potential poor prognostic

factor. In a large population of consecutive patients admitted

with ST-segment elevation myocardial infarction, those with

elevated admission glucose and HbA1c but without diabetes

had higher one year and total mortality [12]. In a study exam-

ining a small number of consecutive admissions with

myocardial infarction, admission plasma glucose was associ-

ated with 28-day mortality after adjustment for HbA1c [13]. A

meta-analysis of 15 studies examining the rates of in-hospital

mortality and congestive heart failure in patients admitted

with myocardial infarction found adverse outcomes in those

whose glucose concentrations were over 6.0 mmol/L com-

pared to those whose glucose concentrations less than or

equal to 6.0 mmol/L [14]. Another study found a high preva-

lence of diabetes in patients with acute coronary syndrome

and HbA1c testing at admission [15]. Prior literature has failed

to explore pre-diabetes and, its association with clinical out-

comes in acute coronary syndrome. The relationship between

HbA1c and acute pulmonary oedema, an important complica-

tion of heart failure after acute coronary syndrome has not

previously been studied.

We hypothesised that a high proportion of patients pre-

senting with ACS would have dysglycaemia and that this

would be associated with poorer acute and chronic clinical

outcomes. In the current study, we therefore aimed to use

routine HbA1c measurements, to (i) estimate the prevalence

of diabetes and pre-diabetes and (ii) clinical outcomes over

12 months in successive patients presenting with acute coro-

nary syndromes (ACS). Our pre-specified clinical outcomes

obtained were (i) in-hospital mortality, (ii) acute pulmonary

oedema (APO), (iii) total hospital length of stay (LOS), (iv) 28-

day readmission rate, (v) 12-month recurrent ACS and, (vi)

12-month all-cause mortality.
2. Subjects

The study included consecutive hospital inpatients

aged � 54 years with acute coronary syndrome where unsta-

ble angina, non-ST elevation myocardial infarction and ST

elevation myocardial infarction was the principal diagnosis.
3. Materials and methods

As part of the Diabetes Discovery Initiative, in this prospective

observational cohort study, routine HbA1c testing was

performed using an automated order through the Cerner
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Millennium IT Health Platform on all inpatients aged

� 54 years admitted to Austin Health, a tertiary hospital,

between July 2013 and July 2015 provided there was no HbA1c

result recorded within the preceding 90 days on the CERNER

hospital electronic medical record system. Testing was lim-

ited to this age group based on a previous study using HbA1c

in screening inpatients for diabetes. This previous study

found the highest proportion of new diagnosis of diabetes

in those over the age of 54 [16]. All HbA1c results were

reported via electronic medical records and were accessible

to the patients’ treating doctors [17,18].

Ethylenediaminetetraacetic acid (EDTA) whole blood was

obtained from patients for analysis. HbA1c was measured

by turbidimetric inhibition immunoassay (TINIA) on Cobas

Integra 800 (Roche Diagnostics, Mannheim, Germany). This

assay was standardised to the International Federation of

Clinical Chemistry and Laboratory Medicine (IFCC) reference

method. The between run coefficient of variation was 2.5%

for HbA1c 5.6% (30 mmol/mol) and 1.5% for HbA1c 9.7%

(83 mmol/mol).

Hospital admissions where unstable angina, non-ST eleva-

tion myocardial infarction and ST elevation myocardial

infarction was the principal diagnosis were included using

the following ICD-10 codes: I20.0, I21.0, I21.1, I21.2, I21.3,

I21.4, I21.9. All included subjects had the accuracy of their

diagnosis confirmed manually. Unstable angina was con-

firmed in patients presenting with angina at rest, new onset

of severe exertional angina or sudden intensification of previ-

ously stable angina and not meeting the definition of myocar-

dial infarction [19]. The diagnosis of myocardial infarction

was confirmed using the third universal definition of myocar-

dial infarction as determined by the Joint Task Force of the

European Society of Cardiology, American College of Cardiol-

ogy Foundation, the American Heart Association, and the

World Heart Federation [20].

All admission episodes with an HbA1c result within

90 days prior to the admission date or up to 7 days after their

admission datewere eligible for inclusion in this study. HbA1c

results, their interpretation and follow-up plans were auto-

matically inserted into patient discharge summaries. As part

of the Diabetes Discovery Initiative, all patients with

HbA1c � 8.3% (67 mmol/mol) were automatically reviewed

by the endocrinology team to educate, intensify and optimize

diabetes treatment, screen for complications and, devise

plans for further outpatient management as required [17,18].

Individual inpatient admission episodes were then divided

into three groups according to their dysglycaemic status using

medical records and their HbA1c result as: (i) ‘diabetes’ if a pre-

vious diagnosis of diabetes had been documented in the med-

ical record, regardless of HbA1c result or if the HbA1c result

was � 6.5% (48 mmol/mol) without a previous diagnosis of dia-

betes; (ii) ‘pre-diabetes’ if the HbA1c result was between 5.7%

and 6.4% (39 and 47 mmol/mol) without a previous diagnosis

of diabetes and (iii) ‘no diabetes’ if theHbA1c result was � 5.6%

(38 mmol/mol) without a previous diagnosis of diabetes.

Pre-specified baseline demographic data, principal admis-

sion diagnosis, clinical characteristics and biochemical labo-

ratory values were extracted from electronic medical

records and hospital databases. Estimated glomerular filtra-
tion rate (eGFR) was calculated based on the CKD-EPI formu-

lae using extracted data (age, gender and creatinine levels).

Pre-admission use of beta blockers, Angiotensin Convert-

ing Enzyme (ACE) inhibitors or angiotensin II receptor block-

ers, statins and antiplatelet agents were extracted manually

from medical records and verified by a second investigator.

Pre-existing risk factors such as hypertension, dyslipidaemia,

smoking status and previous myocardial infarction were

ascertained from medical records manually based on the

noted background medical history of the patient on admis-

sion and/or through their pre-existing pharmacotherapy.

Pre-specified outcomes ascertained in the current study

were (i) in-hospital mortality, (ii) acute pulmonary oedema

(APO), (iii) total hospital length of stay (LOS), (iv) 28-day read-

mission rate, (v) 12-month recurrent ACS and, (vi) 12-month

all-cause mortality. In-hospital mortality was defined as

death during the period of inpatient stay. APO was defined

as Killip classification 3 pulmonary oedema [21] within 24 h

of admission. 28-day readmission rate was defined as an

unplanned repeat admission to the same hospital within a

28-day period after the index admission. 12-month recurrent

ACS was defined as formally diagnosed unstable angina or

myocardial infarction within the 12-month period from index

admission date. 12-month all-cause mortality was defined as

death from any cause within 12-months from the index

admission date. All-cause mortality data was available if the

patient had died during any hospital admission or if the hos-

pital had been notified of their death within the 36-month

study period. Vital status was confirmed through the patient’s

general practitioners. Patients where 12-month data could

not be assessed were excluded from the 12-month all-cause

mortality and 12-month recurrent ACS analyses.

Data were analysed using Stata Version 13IC (StataCorp,

College Station, TX, USA). Baseline characteristics were

reported as medians and interquartile ranges (continuous

characteristics) or counts and percentages (categorical char-

acteristics) and compared across the three groups, using

Kruskal-Wallis or chi-squared/Fischer’s exact tests respec-

tively. Multivariable analyses were conducted using negative

binomial regression for length of stay outcome (presented

as a count of days) and logistic regression for binary out-

comes. Two analyses were performed: (1) with diabetes status

classified categorically as diabetes, pre-diabetes and, no dia-

betes; and (2) with HbA1c as a continuous marker. A-priori

chosen adjustment covariates included age, previous myocar-

dial infarction, sex and smoking status. Standard analyses of

collinearity and model fit were performed. A two-sided

p-value < 0.05 was considered statistically significant.

This study was approved by Austin Health Research Ethics

Committee, who waived the need for informed consent for a

planned practice change agreed to by the hospital senior

medical staff as part of the Austin Health Diabetes Discovery

Initiative.

4. Results

847 consecutive patients were admitted with a primary diag-

nosis of unstable angina or myocardial infarction. In 16 (1.9%)

patients, post-admission 12-month mortality and ACS
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recurrence data were unavailable and these individuals were

excluded from 12-month outcome analyses.

4.1. Baseline characteristics

The baseline characteristics of patients organised according

to diabetes status are shown in Table 1.

Median age was 73 (IQR 64–82). The study population

included 279 (33%) females and 568 (67%) males. Of these

183 (22%) individuals were diagnosed with ST- elevation

myocardial infarction (STEMI), 537 (63%) patients were diag-

nosed with Non- ST- elevation myocardial infarction

(NSTEMI) and 127 (15%) patients experienced unstable angina

(UA). The incidence of each type of ACS did not differ between

the no diabetes, pre-diabetes or diabetes groups (p = 0.243).

In the study population, 313 (37%, 95%CI 34%-40%) patients

had diabetes (pre-existing or HbA1c � 6.5%, �48 mmol/mol),

312 (37%, 95%CI 34%-40%) had pre-diabetes (HbA1c

5.7%- 6.4%, 39 to 47 mmol/mol) and 222 (25%, 95%CI

23%-29%) had no diabetes (HbA1c < 5.6%, <38 mmol/mol). Of

the patients with diabetes, 32 (4%) patients had a HbA1c

of � 6.5% (48 mmol/mol) without a prior history of diabetes

and therefore a potential new diagnosis of diabetes (requiring

confirmation with repeat testing). The median HbA1c in

patients with diabetes was 7%, IQR 6.5–8.1% (53 mmol/mol,

IQR 48–65 mmol/mol) in patients with pre-diabetes was

5.9%, IQR 5.8–6.1% (41 mmol/mol, IQR 40–43 mmol/mol),

and, among patients with no diabetes was 5.5%, IQR 5.3–5.5%

(37 mmol/mol, IQR 34–37 mmol/mol).

As seen in Table 1, the cardiovascular risk factors of hyper-

tension and dyslipidaemia as well as cardioprotective medi-

cation use of aspirin, P2Y12 inhibition, ACE inhibition, beta

blockade and statin use were more prevalent in the diabetes

group.
Table 1 – Baseline Characteristics.

Diabetes

Number (n) 313
Age (years) 73 (65–81)
Male (%) 209 (66.8)
Smokers (%) 42 (13.4)
HbA1c (mmol/mol) 53.0 (47.5–65.0)
HbA1c (%) 7.0 (6.5–8.1)
Hemoglobin (g/L) 130 (115–142)
CKD-EPI eGFR (ml/min/1.73 m2) 62 (40–81)
Hypertension (%) 226 (72.2)
Dyslipidaemia (%) 230 (73.5)
Previous Myocardial infarction (%) 86 (27.5)
Aspirin use (%) 175 (55.9)
P2Y12 Inhibitor use (%) 59 (18.8)
ACE inhibition (%) 215 (68.7)
Beta Blockade (%) 131 (41.9)
Statin use (%) 213 (68.1)
Charlson’s index score 6 (4–7)

Categorical variables are reported as counts with percentages (%). Cont

(IQR). Abbreviations: CKD-EPI = Chronic kidney disease-epidemiology c

Charlson’s index score = Charlson’s comorbidity index score (excluding di

with the use of Kruskal-Wallis test. Categorical explanatory variables wer

test as appropriate.
With regard to clinical events, 49 of 313 (15.7%) patients

with diabetes, 25 of 312 (8.0%) patients with pre-diabetes

and 15 of 222 (6.8%) patients with no diabetes developed

APO within the first twenty-four hours as a result of their

myocardial infarction. 15 patients with diabetes (4.8%), 11

patients with pre-diabetes (3.5%) and 9 patients with no dia-

betes (4%) died in hospital. 43 patients with diabetes (13.7%),

25 patients with pre-diabetes (8%) and 17 patients with no

diabetes (7.7%) had a recurrence of ACS within 12-months.

53 patients with diabetes (16.9%), 32 patients with pre-

diabetes (10.3%) and 24 patients without diabetes (10.8%) died

within 12-months.

4.2. Multivariable analyses

The multivariable regression analysing categorical diabetes

status and clinical outcomes is demonstrated in Table 2. After

adjusting for age, sex, smoking status and previous myocar-

dial infarction, the patients with diabetes demonstrated

higher adjusted odds of APO compared to the patients with

no diabetes with an odds ratio of 2.60 (95% CI 1.39–4.84,

p < 0.01), as illustrated in Fig. 1. No significant difference in

in-hospital mortality was identified between the no diabetes

group and the diabetes group. The diabetes group had a

longer expected length of stay than patients with no diabetes,

with an incidence rate ratio 1.18 (95% CI 1.02–1.35, p = 0.02).

This group did not have a higher 28-day readmission rate

but did have, greater odds of ACS recurrence within 1 year

with an odds ratio 1.86 (95% CI 1.01–3.41, p = 0.046), as illus-

trated in Fig. 2.

Compared to the no diabetes group, in the pre-diabetes

group, no significant differences in in-hospital mortality,

acute pulmonary oedema, total length of stay, 28-day read-

mission rate, 12-month recurrent ACS or 12-month all-cause
Pre-diabetes No diabetes P-value

312 222
75 (62–80) 70 (62–80) 0.0045
205 (65.7) 154 (69.3) 0.680
60 (19.2) 39 (17.6) 0.060
41.0 (39.9–43.2) 36.6 (34.4–36.6) 0.0001
5.9 (5.8–6.1) 5.5 (5.3–5.5) 0.0001
138 (125–150) 140 (130–150) 0.0001
66 (46–81) 74 (56–87) 0.0001
211 (67.6) 132 (59.5) 0.000
166 (53.2) 101 (45.5) 0.000
65 (20.8) 42 (18.9) 0.054
142 (45.5) 92 (41.4) 0.002
37 (11.9) 14 (6.3) 0.000
157 (50.3) 90 (40.5) 0.000
94 (30.1) 59 (26.6) 0.000
147 (47.1) 79 (35.5) 0.000
5 (4–6) 5 (4–6) 0.0001

inuous variables are reported as medians with interquartile ranges

ollaboration equation; eGFR = estimated glomerular filtration rate;

abetes component). Continuous explanatory variables were analysed

e reported as percentages and analyzed with v2 tests or Fisher’s exact



Table 2 – Multivariable analyses.

n Diabetes vs
no diabetes
OR/IRR* (95% CI)

p- value Pre-diabetes vs no
diabetes OR/IRR*

(95% CI)

p-value OR/IRR* (95% CI)
per 11 mmol/mol
(1%) increase
in HbA1c

p-value

Length of stay (IRR) 847 1.18 (1.02–1.35) 0.02 1.07 (0.93–1.23) 0.35 1.05 (1.01–1.10) 0.03
28-day readmission (OR) 847 1.31 (0.73–2.37) 0.37 1.12 (0.61–2.04) 0.71 0.99 (0.82–1.19) 0.90
In-hospital mortality (OR) 847 1.09 (0.46–2.59) 0.85 0.76 (0.31–1.86) 0.55 1.21 (0.96–1.53) 0.11
Acute Pulmonary Oedema (OR) 847 2.60 (1.39–4.84) <0.01 1.11 (0.57–2.19) 0.76 1.28 (1.09–1.49) <0.01
12-month Recurrent ACS (OR) 831 1.86 (1.01–3.41) 0.046 0.93 (0.48–1.81) 0.83 1.06 (0.88–1.28) 0.52
12-month mortality (OR) 831 1.34 (0.75–2.37) 0.32 0.81 (0.45–1.47) 0.49 1.13 (0.95–1.35) 0.17

Bold values indicate statistically significant results.
* OR = Odds ratio, IRR = Incidence rate ratio.

Fig. 1 – Spine plot of acute pulmonary oedema in the first

twenty-four hours after admission among patients in the no

diabetes, pre-diabetes and diabetes groups. Diabetes vs. no

diabetes odds ratio 2.60 (P � 0.01). Pre-diabetes vs. no

diabetes odds ratio 1.11 (P = 0.76).
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Fig. 2 – Spine plot of 12-month acute coronary syndrome

recurrence after index admission among patients in the no

diabetes, pre-diabetes and diabetes groups. Diabetes vs. no

diabetes odds ratio 1.86 (P = 0.046). Pre-diabetes vs. no

diabetes odds ratio 0.93 (P = 0.83).
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mortality were identified. No significant differences in 12-

month all-cause mortality between the groups was identified.

When analysing HbA1c as a continuous variable, including

HbA1c within the no diabetes and pre-diabetes ranges,

although there was no significant difference in in-hospital

mortality, we did demonstrate higher adjusted odds of APO

with an odds ratio of 1.28 (95% CI 1.09–1.49, p < 0.01) and, a

longer length of stay with incidence rate ratio 1.05 (95% CI

1.01–1.10, p = 0.03) for each 1% (11 mmol/mol) increase in

HbA1c. There were no significant differences in the remaining

clinical outcomes of 28-day readmission, 12-month recur-

rence of ACS or 12-month all-cause mortality. The association

between HbA1c and measured clinical outcomes is displayed

in further detail in table 2.

5. Conclusions

The most important finding in the current study was that

both diabetes and a higher HbA1c regardless of dysglycaemic

status, was associated with increased odds of APO while the

presence of diabetes was associated with a higher 12-month

ACS recurrence. The present study demonstrated the feasibil-

ity of utilising automated clinical information systems to

accurately investigate the burden of diabetes, pre-diabetes

and their associations with in-hospital and post-hospital out-

comes in successive admissions over a two-year period in

patients with acute coronary syndrome.

5.1. Prevalence of dysglycaemia

In the current study, we demonstrated that a majority of inpa-

tients admitted with acute coronary syndrome had dysgly-

caemia with approximately half having pre-diabetes.

Education regarding risk of progression to diabetes and life-

style measures that may help prevent this progression to dia-

betes in this group will be advantageous [6].

A study of 8795 patients with non- ST elevation acute coro-

nary syndrome, using fasting plasma glucose levels, demon-

strated that diabetes was prevalent in 43% (including 12%

with a new diagnosis) and pre-diabetes was prevalent in

11% of patients [22]. The use of HbA1c in our study diagnosed

more patients with pre-diabetes than the previous study with

fasting plasma glucose levels. HbA1c may be a better tool in

predicting cardiovascular risk given it is more strongly associ-



d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 5 4 ( 2 0 1 9 ) 1 3 0 –1 3 7 135
ated with cardiovascular risk and death when compared with

fasting glucose [23]. Early recognition of this at-risk popula-

tion is important and allows early and more aggressive med-

ical management for secondary prevention [24].

5.2. In-hospital mortality

We did not demonstrate a higher risk of in-hospital mortality

in patients with diabetes compared to older studies [25,26]

which may be due to more aggressive management including

higher rate of aspirin use for primary prevention of acute

coronary syndrome, efficacy of percutaneous interventions

including drug-eluting stents and, use of more potent PGY12

inhibitors.

5.3. Acute pulmonary oedema

Our study demonstrated higher odds of APO in patients with

diabetes as opposed to patients without diabetes despite sig-

nificantly higher beta blockade and angiotensin converting

enzyme inhibition. HbA1c analysed as a continuous variable

also correlated with higher odds of APO including in the

non-diabetes and pre-diabetes range and reinforced the cor-

relation between dysglycaemia and APO. A previous study

demonstrated that patients with diabetes presented in APO

more frequently than those without diabetes (11 vs. 4%)

despite similar infarct size and left ventricular ejection frac-

tions [25]. It was hypothesised that the left ventricle in

patients with diabetes tolerated infarction poorly due to

pre-existing multi-vessel disease. The older study noted a

lower incidence of APO as compared to the present study

despite it being conducted in the pre-angiotensin converting

enzyme inhibition era which revolutionised cardiac remod-

elling and heart failure management. As we looked at inpa-

tients aged 54 or more, this difference may be explained by

age differences. The current study’s median age of 73 was

greater than the older study’s median age of 59.1, which

had excluded those over 75 [25].

Heart failure with preserved ejection fraction is an impor-

tant mechanism explaining the decreased cardiac reserve in

patients with diabetes. In the Prevalence and Clinical Course

of Diastolic Dysfunction and Diastolic Heart failure study

(DIAST-CHF), prevalence and severity of diastolic dysfunction

increased significantly with worsening glucose metabolism

[27].

During the current study period, SGLT-2 inhibitors were

not available. Our study indicates an area of need for these

agents which have been associated with reduced rates of hos-

pitalisation for heart failure and death from cardiovascular

causes as seen in the Comparative Effectiveness of Cardiovas-

cular Outcomes in New Users of SGLT-2 inhibitors (CVD-REAL

study) [28].

5.4. Length of stay

The length of stay was longer among patients with diabetes

(median 4 days) as compared to those without diabetes or

thosewith pre-diabetes (both a median of 3 days). When anal-

ysed as a continuous variable, a higher HbA1c was also pre-

dictive of increase length of stay. Factors including
increased severity of myocardial infarction in those with dia-

betes (as also reflected in the higher incidences of APO) and

increased time required for diabetes optimisation may

explain this.

5.5. 28-day readmission rate and 12-month acute
coronary syndrome recurrence

There were no significant differences in readmission rate

between the pre-diabetes or diabetes group and the no dia-

betes group. Patients with diabetes had higher odds of ACS

recurrence compared to patients without diabetes. Platelet

dysfunction may explain this. The platelets in people with

diabetes have proven to be hyper-reactive with intensified

adhesion, activation and aggregation [29–32]. Strict lipid and

blood pressure targets as demonstrated in the Steno-2

follow-up study [33] showed decreased mortality with ongo-

ing intensive management [34]. Increased use of newer ade-

nosine diphosphate receptor antagonists (P2Y12 inhibitors)

such as Ticagrelor and Prasugrel which have been proven to

decrease risk of recurrent cardiovascular events in patients

with diabetes when compared to clopidogrel [35,36] are also

important.

5.6. 12-month all-cause mortality

Patients with pre diabetes or diabetes did not have worse odds

of 12-month all-cause mortality after initial ACS, compared to

patients without diabetes. This may be explained by advances

in percutaneous intervention and modern medical manage-

ment after ACS in mitigating plaque instability and platelet

dysfunction in diabetes, in contrast to older studies [37].

5.7. Lack of differences in outcomes between the pre-
diabetes and normal groups

The median HbA1c of the no diabetes group was 37 mmol/-

mol (5.5%) which was higher when compared to a healthy

population without acute coronary syndrome, [38]. As a

result, the absolute difference in HbA1c between the pre-

diabetes group and no diabetes group was less and, may have

resulted in a lack of difference in clinical outcomes between

the groups.

5.8. Strengths and limitations

This is the first prospective observational study examining

both acute and 12-month outcomes in a consecutive inpa-

tient population presenting with ACS that is fully stratified

by HbA1c and clearly defining pre-diabetes in addition to dia-

betes. We demonstrated that routine, automated measure-

ment of HbA1c in a tertiary hospital is feasible [17]. In fact,

this has become embedded into routine clinical care at our

centre [18]. A previous study demonstrating increased risk

with increasing HbA1c in patients without diabetes studied

outpatients with use of now dated therapies [4]. Another

study in those who had acute coronary syndrome without

ST elevation myocardial infarction used fasting glucose to

diagnose pre-diabetes which could be compromised by false

positives in the context of acute illness [22]. In the current
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study, selection bias was reduced by the consecutive nature of

patient selection without exclusion. Our study therefore

accurately reflected a patient population presenting with

acute coronary syndrome and is translatable to real-world

practice.

A limitation of our study is its relatively short duration of

follow-up (12 months). This limited the number of events

recorded and, may have resulted in smaller differences in

clinical outcomes between the dysglycaemic and normal

groups resulting in a failure to reach statistical significance.

The limited duration of follow-up did make the measured

HbA1c data more relevant as HbA1c may change over time

especially with subsequent outpatient diabetes care. We did

not have weight or body mass index which may be important

confounding factors in observed clinical outcomes. Another

limitation of our study is that it excluded younger patients,

under the age of 54 for reasons mentioned prior [16].

5.9. Summary and conclusions

In summary, the present study accurately assessed the high

burden of dysglycaemia in a study population presenting with

acute coronary syndrome. In our study, 37% of patients had

diabetes. Patients with diabetes had an increased length of

stay and had higher odds of APO, and ACS recurrence. As a

result of uniform HbA1c testing, 4% of patients had a poten-

tial new diagnosis of diabetes. Our study also showed the bur-

den of pre-diabetes in patients presenting with ACS was

approximately the same as diabetes at 37%, an area not stud-

ied adequately prior. When we examined HbA1c as a contin-

uous variable, we showed that higher levels of HbA1c, even in

the pre-diabetes and in the normal range, was associated

with a longer LOS and increased risk of APO. HbA1c is there-

fore an important prognostic test, stratifying risk in those pre-

senting with ACS. In the face of recent evidence of improved

cardiovascular and heart failure outcomes, SGLT-2 inhibitors

and GLP-1 agonists are prime candidates in improving clinical

outcomes associated with this group with its high prevalence

of diabetes mellitus. The high prevalence of pre-diabetes

identified in this group also provides an ideal opportunity to

identify individuals who may benefit from education regard-

ing lifestyle change in order to prevent progression to overt

diabetes mellitus.
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Sabaté M, Jimenez-Quevedo P, et al. Platelet function profiles
in patients with type 2 diabetes and coronary artery disease
on combined aspirin and clopidogrel treatment. Diabetes
2005;54(8):2430–5.

[33] Pedersen O, Gæde P. Intensified multifactorial intervention
and cardiovascular outcome in type 2 diabetes: the steno-2
study. Metabolism 2003;31(52):19–23.

[34] Gæde P, Lund-Andersen H, Parving HH, Pedersen O. Effect of a
multifactorial intervention on mortality in type 2 diabetes. N
Engl J Med 2008;358(6):580–91.

[35] Wiviott SD, Braunwald E, McCabe CH, Montalescot G, Ruzyllo
W, Gottlieb S, et al. Prasugrel versus clopidogrel in patients
with acute coronary syndromes. N Engl J Med 2007;357
(20):2001–15.

[36] James S, Angiolillo DJ, Cornel JH, Erlinge D, Husted S, Kontny
F, Maya J, Nicolau JC, Spinar J, Storey RF, Stevens SR.
Ticagrelor vs. clopidogrel in patients with acute coronary
syndromes and diabetes: a substudy from the PLATelet
inhibition and patient Outcomes (PLATO) trial. Eur Heart J
2010;31(24):3006–16.

[37] Miettinen H, Lehto S, Salomaa V, Mähönen M, Niemelä M,
Haffner SM, Pyörälä K, Tuomilehto J. FINMONICA myocardial
infarction register study group. Impact of diabetes on
mortality after the first myocardial infarction. Diabetes Care
1998;21(1):69–75.

[38] Borg R, Kuenen JC, Carstensen B, Zheng H, Nathan DM, Heine
RJ, Borch-Johnsen K, Witte DR. ADAG study group. real-life
glycaemic profiles in non-diabetic individuals with low
fasting glucose and normal HbA1c: the A1C-derived average
glucose (ADAG) study. Diabetologia 2010;53(8):1608–11.

http://refhub.elsevier.com/S0168-8227(18)31649-8/h0020
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0020
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0025
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0025
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0025
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0025
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0035
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0035
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0035
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0035
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0040
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0040
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0040
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0045
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0045
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0045
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0050
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0050
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0050
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0050
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0055
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0055
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0055
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0060
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0060
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0060
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0060
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0060
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0060
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0060
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0065
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0065
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0065
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0065
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0070
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0070
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0070
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0070
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0075
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0075
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0075
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0075
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0080
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0080
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0080
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0085
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0085
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0085
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0085
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0090
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0090
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0090
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0090
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0095
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0095
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0095
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0095
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0100
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0100
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0100
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0105
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0105
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0105
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0110
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0110
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0110
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0110
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0110
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0115
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0115
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0115
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0115
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0120
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0120
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0120
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0120
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0125
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0125
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0125
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0125
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0130
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0130
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0130
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0130
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0135
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0135
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0135
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0135
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0140
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0140
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0140
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0140
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0140
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0140
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0145
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0145
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0145
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0150
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0150
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0155
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0155
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0160
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0160
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0160
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0160
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0160
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0165
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0165
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0165
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0170
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0170
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0170
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0175
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0175
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0175
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0175
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0180
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0180
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0180
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0180
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0180
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0180
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0185
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0185
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0185
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0185
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0185
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0190
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0190
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0190
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0190
http://refhub.elsevier.com/S0168-8227(18)31649-8/h0190

	Prevalence of pre-existing dysglycaemia among inpatients with acute coronary syndrome and associations with outcomes
	1 Introduction
	2 Subjects
	3 Materials and methods
	4 Results
	4.1 Baseline characteristics
	4.2 Multivariable analyses

	5 Conclusions
	5.1 Prevalence of dysglycaemia
	5.2 In-hospital mortality
	5.3 Acute pulmonary oedema
	5.4 Length of stay
	5.5 28-day readmission rate and 12-month acute coronary syndrome recurrence
	5.6 12-month all-cause mortality
	5.7 Lack of differences in outcomes between the pre-diabetes and normal groups
	5.8 Strengths and limitations
	5.9 Summary and conclusions

	Author contributions
	Statements of assistance
	Guarantor’s name
	Funding/financial support
	Prior publication of study
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary material
	References


