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Abstract
Background—Insulin resistance is associ-
ated with ischaemic heart disease and has
been proposed as a risk factor for subse-
quent myocardial infarction.
Aim—To investigate the potential use of a
recently proposed insulin resistance index
in identifying insulin resistance in pa-
tients admitted with an acute coronary
syndrome.
Methods—Single centre study of 441 non-
diabetic patients admitted with chest pain
to a coronary care unit and followed
prospectively for a median of three years
for outcome. Admission glucose and insu-
lin concentrations were measured and
from these values an admission index of
insulin resistance (AIRI) calculated. Its
association with other known factors in
the insulin resistance syndrome, and sub-
sequent outcome, was examined.
Results—The AIRI was greater in patients
with myocardial infarction than in a
control group without myocardial in-
farction (p < 0.0001). A Cox regression
model for subsequent cardiac death
identified previous myocardial infarction
(p < 0.0001), infarct size (p < 0.0001), and
AIRI (p = 0.0033) as positive risk predic-
tors. Patients of Indian subcontinent eth-
nic origin had greater AIRI values than
white patients: mean (SD) 7.5 (1.3) v 4.6
(0.2), p < 0.001.
Conclusions—A simple index of insulin
resistance measured on patients admitted
with myocardial infarction provides an
important predictive measure of poor
outcome and is superior to admission glu-
cose measurement. It may be useful in
identifying patients admitted with myo-
cardial infarction who could benefit from
alternative early management strategies.
(Heart 1999;82:443–447)
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Insulin resistance is defined as impaired sensi-
tivity to the eVects of insulin on whole body
glucose utilisation.1 Its presence is associated
with a clustering of cardiovascular risk factors
including hypertension, raised plasma very low
density lipoprotein (VLDL) triglycerides, and
low plasma high density lipoprotein (HDL)
cholesterol.2–4 Its precise measurement de-
pends on the use of the euglycaemic insulin
clamp and appears mainly to aVect the

non-oxidative (glycogen synthesis) or oxidative
pathways of glucose metabolism in skeletal
muscle.1 The euglycaemic clamp method,
however, is not suitable as a screening method
for large scale epidemiological studies and
so insulin resistance has been inferred by
measuring fasting insulin and glucose
concentrations.3 4

The results of these studies have shown that
the syndrome of insulin resistance appears to
be a significant risk factor for coronary events,
particularly among patients of south east Asian
origin.3 Whether it is possible to identify insu-
lin resistant patients on presentation with an
acute coronary syndrome has not been exam-
ined, and would require simple methodology. It
is well known that the stress of an acute coron-
ary syndrome may reveal diabetes for the first
time, and admission hyperglycaemia has been
shown to be associated with a poor outcome.5

One possible method would be to determine
the glucose to insulin ratio on admission. This
method may be misleading, however, as if both
glucose and insulin concentrations are in-
creased the ratio may remain in the “normal”
range. Another simple index of insulin
resistance—related to the product of the fasting
plasma insulin and glucose concentrations
divided by the product of a “normalised” insu-
lin (5 mU/l) and glucose (5 mmol/l)
concentration—has been proposed and re-
cently validated: the fasting insulin resistance
index (FIRI).6 7

A similar measure of insulin resistance,
based on admission blood samples from
non-diabetic patients admitted to hospital with
chest pain considered to be of ischaemic origin
(an admission insulin resistance index, AIRI),
could be of value if it was established that it
correlated with known indices of the insulin
resistance syndrome, and if such an index were
shown to be a predictor of adverse outcome,
despite the confounding eVect of the physio-
logical hormonal response to stress.8 These
were our objectives in the present study.

Methods
This was a single centre study of patients
admitted with chest pain to a hospital coronary
care unit. Management decisions were based
on clinical, ECG, and routine biochemical
marker results. Patients admitted to the coron-
ary care unit underwent daily sampling for
three days according to the routine cardiac
enzyme protocol in the hospital, and the daily
creatine kinase, aspartate transaminase, and
hydroxybutyrate dehydrogenase estimations
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were used for the final World Health Organis-
ation (WHO) biochemical diagnostic coding of
the admissions.9 Patients also underwent mul-
tiple timed sampling within their admission
period for research purposes, approved by the
local ethics committee, which included sam-
ples taken on admission to the coronary care
unit before the initiation of antithrombotic
treatment. These coded samples were centri-
fuged and the serum immediately frozen in liq-
uid nitrogen before storage at −80°C. Samples
for admission glucose estimation were taken
into Vacutainer fluoride oxalate tubes and
measured prospectively.

CLINICAL DATA

Full clinical details were recorded on all
patients by proforma. Particular attention was
paid to previous cardiac history, classification
of chest pain before entry, admission clinical
findings, inpatient clinical course and manage-
ment, discharge drug management, and subse-
quent investigations and treatment. Myocardial
infarction was diagnosed using WHO criteria:
chest pain, ECG changes, and the finding of
cardiac enzyme concentrations at least twice
the upper reference limit within the first 48
hours after admission.

Follow up for survival, interventions, and
mortality was by examination of hospital
records, necropsy results when available, death
certificates, general practitioner questionnaire,
patient or next of kin questionnaire, with follow
up telephone contact if required. Survival
status and cause of death were established for
all patients. Cause of death was classified
according to American Heart Association
criteria.10 In order to confine the study to non-
diabetic patients, all those who were known to
suVer from diabetes or who had an admission
blood glucose concentration greater than 11
mmol/l were excluded from the analysis.5 11

ANALYTICAL METHODS

Aspartate transaminase and hydroxybutyrate
dehydrogenase were measured at 37°C by
optimised methods on a Perspective analyser
(American Monitor, Burgess Hill, West Sussex,
UK), using the manufacturer’s recommended
procedures. The manufacturer’s reagents were
used for aspartate transaminase (reference
interval 11 to 55 u/l) and commercially
supplied reagents used for hydroxybutyrate
dehydrogenase (reference interval 90 to 180
u/l) (Merckotest HBDH; BDH Diagnostics,
Poole, Dorset, UK).

Total creatine kinase was measured at 30°C
by optimised methods, using commercially
supplied reagents (CK NAC opt; BCL, Lewes,
Sussex, UK; reference interval <120 u/l). All
determinations were made using an RA 1000
analyser (Bayer Technicon, Basingstoke, UK).

Troponin T was determined by an enzyme
linked immunosorbent assay (ELISA) using an
ES-300 immunoassay analyser (Boehringer
Mannheim, Lewes, Sussex, UK), as previously
described.12 The detection limit for the assay is
0.05 ng/ml. Interassay imprecision values, esti-
mated by coeYcient of variation (CV), were
12.3%, 7.7%, and 4.2% at mean troponin T

concentrations of 0.13 ng/ml, 1.6 ng/ml, and
7.1 ng/ml, respectively. Intra-assay imprecision
values were 2.0% and 1.9% at mean troponin
T concentrations of 1.7 ng/ml and 7.0 ng/ml,
respectively. This cardiac specific marker is at
its most eYcient for diagnosing myocardial
damage when measured between 12 and 24
hours after admission and the concentration in
this period was used as a measure of infarct
size.12

Admission cholesterol concentration (refer-
ence interval 3.5 to 6.5 mmol/l) was measured
by a cholesterol oxidase method on a Techni-
con Axon (Bayer Technicon) by the manufac-
turer’s recommended procedure (within run
CV 2.2%, between run CV 5%).

Admission triglyceride concentrations (ref-
erence interval 0.9 to 2.0 mmol/l) were
measured by a lipoprotein lipase/glycerol
kinase/glycerol phosphate oxidase reaction on a
Technicon Axon by the manufacturer’s recom-
mended method (within run CV 3.0%, be-
tween run CV 5%).

Insulin was measured using an ELISA one
step sandwich assay which has a 40% cross
reactivity with proinsulin. Its between assay
coeYcient of variation was 8.2%. Glucose was
measured by an automated glucose oxidase
method. The AIRI for each blood sample was
determined using the admission blood glucose
and insulin concentrations divided by the
product of “normalised” glucose (5 mmol/l)
and insulin (5 mU/l).

STATISTICAL ANALYSES

Baseline demographic variables were expressed
as percentages, mean (SEM), or median
(range) as appropriate. Comparisons between
cohorts were made using Mann–Whitney U
tests for continuous variables and ÷2 analysis
for categorical variables. Correlations were
tested by the Rank–Spearman correlation
coeYcient (rs). Multiple regression for survival
was examined using the Cox regression statisti-
cal model. Forward conditional stepwise
regression models were used to rank the
relative importance of variables as risk predic-
tors for outcome. For all statistical evaluations,
a two tailed p value of 0.05 or less was consid-
ered to be statistically significant. The end
point studied was cardiac death as first event.
Non-cardiac deaths were treated as censored
observations in the statistical analyses.

Results
Admission glucose and insulin concentrations
were available for 441 patients admitted with
chest pain who were non-diabetic and had an
admission glucose concentration < 11 mmol/l.5

By the criteria defined above, the index admis-
sion was retrospectively classified into two
cohorts, one with myocardial infarction (inf-
arct group; 195 patients) and one without
myocardial infarction (non-infarct group; 246
patients). These cohorts were followed for a
median of 1053 days (lower quartile 875,
upper quartile 1342). The baseline demo-
graphic variables for these cohorts are shown in
table 1. Overall, 18.5% (36/195) of the infarct
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group and 10.6% (25/246) of the non-infarct
group died from a cardiac cause (÷2 = 6.3,
p < 0.01).

Patients with a final diagnosis of myocardial
infarction were significantly older and had
higher admission Killip scores and glucose
concentrations than the non-infarct group
(table 1). Although the admission insulin con-
centrations were similar in the two groups, the
AIRI scores were higher in the infarct group
than in the non-infarct group (p < 0.0001).
There were no significant diVerences in body
mass indices or waist–hip ratios between the
groups. Patients in the non-infarct group had a
higher frequency of previous myocardial inf-
arction than the infarct group (32% v 18%,
p = 0.001). There were highly significant
correlations between the admission AIRI score
and body mass index in both groups (table 2).
In the infarct group there were weak correla-
tions between the AIRI scores, the waist–hip
ratios, and the admission Killip scores, and
there was a significant negative correlation
between AIRI and age. In the non-infarct
group there were significant correlations be-
tween the AIRI scores, the waist–hip ratios, and
the admission triglyceride concentrations, and
a weak correlation with the admission choles-
terol concentrations (table 2).

REGRESSION ANALYSES

Patients with myocardial infarction
The AIRI values for this group were entered
into a one step multivariate Cox regression
analysis along with age, previous myocardial

infarction, admission Killip score, thrombo-
lysis, infarct size, and subsequent revascularisa-
tion for the end point cardiac death. The ÷2

results together with the significances and 95%
confidence intervals for risk are shown in table
3. The AIRI was a significant independent risk
predictor for this end point (÷2 = 8.7,
p = 0.0033) and ranked third behind previous
myocardial infarction and infarct size. As
expected, thrombolysis was a significant nega-
tive predictor of subsequent cardiac death
(table 3). In order to rank AIRI as a risk
predictor, the four significant variables were
entered into a forward conditional stepwise
Cox regression model, the results of which are
shown in table 4. In this analysis AIRI retained
its significance (p = 0.006) behind infarct size
and previous myocardial infarction. Admission
glucose was entered into these models either as
a continuous variable or stratified as > 8
mmol/l and failed to achieve significance
(p = 0.16 and 0.13 respectively).

Patients without myocardial infarction
The AIRI values for this group were entered
into a one step multivariate Cox regression
analysis along with age, previous myocardial
infarction, accelerated angina in the 48 hours
before admission, rest pain on admission,
admission Killip score, troponin T concentra-
tion at 12–24 hours from admission, and
subsequent revascularisation, for the end point
cardiac death. The ÷2 results together with the
significances and 95% confidence intervals are
shown in table 5. The AIRI was not a
significant risk predictor for this end point.
Admission glucose appeared to be a superior
predictor to AIRI in this patient group but did
not quite reach conventional significance (table
5).

Patients of ethnic origin from the Indian
subcontinent
These Asians formed 18% of the infarct group
(35 of 195) and 22% of the non-infarct group
(54 of 246). They originated almost exclusively

Table 1 Descriptive data of the two groups of patients in the study: patients with
myocardial infarction (MI) and without myocardial infarction (non-MI)

MI Non-MI p Value

Number 195 246
Sex (% male) 70 66 0.60*
Age (years) 61.4 (0.8) 57.9 (0.8) 0.003
Previous MI (%) 18 32 0.001*
Hypertensive (%) 26.0 24.5 0.79*
Asian origin (%) 18 22 0.29*
Time (h) from initial worst pain to CCU

(median (range)) 4.6 (3 to 8) 5.0 (3 to 9) 0.23
Admission Killip score 9.6 (0.2) 8.1 (0.2) < 0.0001
Admission plasma glucose (mmol/l) 7.6 (0.1) 6.2 (0.1) < 0.001
Admission plasma insulin (mU/l) 16.5 (0.9) 16.6 (1.3) 0.10
AIRI 5.1 (0.3) 4.6 (0.5) < 0.0001
Admission plasma cholesterol (mmol/l) 6.4 (0.1) 6.2 (0.15) 0.15
Admission plasma triglycerides (mmol/l) 1.6 (0.1) 1.7 (0.1) 0.29
Mody mass index (kg/m2) 25.2 (0.3) 25.9 (0.4) 0.28
Waist/hip ratio 0.96 (0.01) 0.96 (0.01) 0.79
Revascularisation (%) 28 20 0.06*

Values are mean (SEM) unless stated otherwise.
p Values are given for comparisons between the two groups using the Mann–Whitney U test or ÷2

analysis*.
AIRI, admission insulin resistance index; CCU, coronary care unit.

Table 2 Spearman correlation coeYcients (rs) and their p
values relating admission insulin resistance index (AIRI)
and various other measurments on admission in patients
with myocardial infarction (MI) and those without
infarction (non-MI)

MI Non-MI

rs p Value rs p Value

Age −0.17 0.03 0.07 0.3
Body mass index 0.31 < 0.0001 0.39 < 0.0001
Waist/hip ratio 0.23 0.060 0.33 0.011
Cholesterol 0.03 0.78 0.16 0.07
Triglycerides 0.12 0.16 0.32 < 0.0001
Diagnostic troponin T 0.04 0.64 0.07 0.39
Killip score 0.14 0.06 0.09 0.22

Table 3 One step multivariate Cox regression analysis
identifying predictors of subsequent cardiac death in
patients with myocardial infarction

p Value Relative risk 95% CI

Age 0.1 1.04 0.99 to 1.1
AIRI 0.0033 1.13 1.0 to 1.2
Infarct size 0.0004 1.06 1.0 to 1.1
Killip score 0.94 1.0 0.87 to 1.2
Previous MI 0.0003 7.4 2.5 to 22.1
Subsequent

revascularisation 0.16 0.22 0.03 to 1.8
Thrombolysis 0.017 0.25 0.08 to 0.80

AIRI, admission insulin resistance index; CI, confidence
interval; MI, myocardial infarct.

Table 4 Forward conditional stepwise regression analysis
ranking significant predictors of subsequent cardiac death in
patients with myocardial infarction

p Value Relative risk 95% CI

Infarct size < 0.0001 1.07 1.0 to 1.1
Previous MI < 0.0001 10.3 3.4 to 30.5
AIRI 0.006 1.13 1.0 to 1.2
Thrombolysis 0.009 0.22 0.07 to 0.7

AIRI, admission insulin resistance index; CI, confidence
interval; MI myocardial infarct.
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from the Punjab region of northern India and
were mainly Sikhs. In the infarct group, the
average AIRI was significantly higher in the
Asian subgroup than in non-Asians (7.5 (1.3) v
4.6 (0.2), respectively; ÷2 = 11.8, p < 0.0006).
The study was insuYciently powered to allow
separate analysis of prognosis for each ethnic
subgroup.

Discussion
Our study showed that insulin resistance, as
determined by the admission insulin resistance
index, was a significant predictor of a poor out-
come in patients admitted with myocardial inf-
arction and is a superior predictor to the
admission glucose measurement. As shown in
table 2, the AIRI correlated with various
indices of the insulin resistance syndrome
despite the eVects of the physiological hormo-
nal response to stress; in particular it was
higher in the Asian patients studied, for whom
insulin resistance appears to be a major risk
factor for heart disease.4 Repeating the
regression analysis in table 4 controlling for
Asian patients weakened the significance but
AIRI remained an independent predictor
(p = 0.017, relative risk 1.12, 95% confidence
interval 1.02 to 1.23).

The lack of correlation between AIRI and
admission triglyceride concentrations in the
myocardial infarction group probably reflected
the added eVect of the stressor hormones in
this group.8 AIRI was not associated with an
adverse outcome in non-infarct patients al-
though this study confirms the importance of
minor myocardial damage, identified by tro-
ponin T presence, as a predictor of cardiac
death in this group.13

The simple methodology required to meas-
ure and calculate an admission insulin resist-
ance index makes it suitable for large scale epi-
demiological studies. It is derived in the same
way as the fasting insulin resistance index
(FIRI), which correlates significantly with the
homeostasis model assessment (HOMA) esti-
mate of insulin resistance using a computer
solved model based on fasting plasma glucose
and insulin concentrations.14 Similarly, it corre-
lates significantly with the measure of insulin
sensitivity provided by the minimal model
method of Bergman et al,15 and an inverse cor-
relation between the log10 of this measure and a
measure of insulin mediated glucose disposal
has recently been demonstrated.7 However,

other workers16 17 have not concurred with
these findings, and this may be accounted for
by diVerences in the methodologies used for
insulin measurement.7

Having demonstrated the prognostic signifi-
cance of this admission insulin resistance
index, how may its measurement be clinically
useful in patients admitted with myocardial
infarction?

The preferred substrate for the infarcting
myocardium is glucose, and insulin is necessary
to increase glucose entry into muscle cells.
Euglycaemic clamp studies on skeletal muscle
in insulin resistant patients have shown a
reduction in glycogen synthesis as a result of
resistance to insulin mediated glucose uptake.1

It has recently been demonstrated, using posi-
tron emission tomography and clamp studies,
that cardiac myocytes in patients with coronary
disease also have resistance to insulin mediated
glucose disposal.18 In the context of the infarct-
ing myocardium, therefore, insulin resistant
patients may be exposed to double jeopardy:
not only may the important intramyocyte
glycogen stores be low and subject to rapid
depletion, but further glucose delivery to the
ischaemic myocyte will be impaired as well, by
the resistance to insulin mediated glucose
disposal. Support for this hypothesis comes
from the recently published diabetes, insulin,
and glucose in acute myocardial infarction
(DIGAMI) study, which examined the eVect of
metabolic support using glucose-insulin-
potassium (GIK) infusions and subsequent
insulin in diabetic patients sustaining a myo-
cardial infarct.19

The subgroup which particularly benefited
from this regimen in terms of reduction in sub-
sequent cardiac morbidity was the diabetic
group not receiving insulin treatment before
admission (that is, type 2 diabetes mellitus,
most of whom are insulin resistant). There has
been a recent resurgence of interest in the con-
cept of metabolic support for ischaemic
myocardium8 and a proposal that a large study
be initiated to retest the value of GIK treatment
in the thrombolytic era in patients admitted
with myocardial infarction.20 Earlier reserva-
tions that increased glycolysis in ischaemic tis-
sue may be counterproductive because of an
accumulation of harmful protons (for example
superoxides) and lactate21 may now not be
valid, as the routine use of thrombolysis with
successful reperfusion of the occluded vessel
should allow washout of these metabolites. The
currently available data suggest that insulin
resistant patients may have the most to gain
from this treatment and the use of the simple
admission index of insulin resistance proposed
in this study may help identify non-diabetic
insulin resistant subgroups.

CONCLUSIONS

Our study shows that a simple index of insulin
resistance measured on patients admitted with
a myocardial infarct provides an important
predictive measure of poor outcome and is
superior to admission glucose measurement. It
may be useful in identifying patients admitted

Table 5 One step multivariate Cox regression analysis
identifying predictors of subsequent cardiac death in
patients who did not have myocardial infarction

p Value Relative risk 95% CI

Accelerated angina 0.66 0.94 0.35 to 5.2
Age 0.03 1.07 1.3 to 1.5
AIRI 0.65 0.85 0.92 to 1.1
Killip score 0.72 0.95 0.71 to 1.3
Previous MI 0.002 23.09 2.9 to 20.0
Rest pain 0.81 1.35 0.35 to 3.9
Subsequent

revascularisation 0.22 0.28 0.03 to 2.4
Troponin T

concentration 0.004 2.31 1.3 to 3.5
Admission glucose 0.057 1.89 0.98 to 3.6

AIRI, admission insulin resistance index; CI, confidence
interval; MI, myocardial infarct.
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with myocardial infarction who could benefit
from alternative early management strategies.
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