
Atherosclerosis 183 (2005) 293–300
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Abstract

A strategy was developed to identify subgroups at high risk for recurrent coronary events in non-diabetic postinfarction patients as a
function of metabolic, inflammatory, and thrombogenic blood markers. A graphical screening technique for presumptively identifying high-
risk subgroups from outcome prevalence maps was devised that was equally sensitive for all values of risk factors in contrast to traditional
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approaches where risk is presumed for the highest or the lowest values. Traditional statistical analysis confirms high risk in
subgroups. Serum glucose and triglyceride served as bivariate search domain. Results demonstrated three high-risk subgrou
characterized as pre-diabetic; another as metabolic syndrome-enriched; and the third, with unexpectedly high risk, as normogl
modestly hypertriglyceridemic. Within-subgroup risk as determined by Cox proportional hazards model gave for odds ratios and 95
confidence intervals: glucose, 2.49 (1.17–5.33) in pre-diabetic; PAI-1, 3.95 (1.81–8.61) in metabolic syndrome-enriched; and
(1.17–6.63) and fibrinogen, 2.79 (1.29–6.04) in normoglycemic, modestly hypertriglyceridemic patients. We conclude that the
approach holds promise in screening for high-risk patient subgroups. Finding different within-subgroup predictors of risk under
notion of context-dependent risk, an observation that may be relevant for determining optimal use of emerging risk factors.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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Recognition of high-risk patient subgroups is becoming
increasingly more important especially for potential cus-
tomization of patient management including individualiza-
tion of therapy. As an example, in a recent review of metabolic
syndrome (MS), Reilly and Rader[1] state that major chal-
lenges remain for the integration of key features of MS into
clinical practice that depend on identification of subgroups of
MS patients at high risk for cardiovascular disease (CVD).
To this end, we have sought to identify such patient sub-
groups as related to CVD risk in non-diabetic postinfarction
patients of the Thrombogenic Factors and Recurrent Coro-
nary Events (THROMBO) study[2] based upon a set of blood
markers as predictors of risk. Our approach involves a graph-
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ical screening procedure that acknowledges possible o
rence of high-risk subgroups anywhere in risk factor dom
in contrast to many traditional approaches where risk is
sumed only at extremes. Our approach involves generat
three-dimensional outcome prevalence maps from whic
tentially high-risk subgroups can be identified over a biva
domain of blood variables. High risk in these subgroup
confirmed by subsequent rigorous statistical testing.

In two recent reports[3,4], we demonstrated importan
of MS-associated parameters in postinfarction patients
factor analysis. In particular, factor analysis on non-diab
patients of the THROMBO study resulted in only two M
associated factors: glycemia and dyslipidemia, which
gether accounted for most variance in laboratory data[3].
Thus, in the present study, we focused on the aspec
glycemia and dyslipidemia to serve as our bivariate se
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domain. To this end, we chose the commonly-measured pa-
rameters of fasting serum glucose and triglyceride as markers
of these key features of MS, to be used with our graphical
screening to search for subgroups of non-diabetic patients at
high risk for recurrent coronary events.

1. Methods

1.1. Study population

A description of the THROMBO study of post-myocardial
infarction patients has been reported previously[2]. It was
carried out with approval of and according to the guidelines
of the Research Subjects Review Board. Excluding diabetics
from the 940 patients of the study with complete laboratory
data resulted in 767 patients who constituted the study popu-
lation of this report. None of the patients of the present study
population was on glycemic control medications. Presence
of MS was assessed using Adult Treatment Panel III (ATP
III) criteria for MS slightly modified as described previously
[4] (use of BMI > 28.8 kg/m2 for obesity instead of waist cir-
cumference, and clinical history or treatment of hypertension
instead of manometry). Outcome events for this study were
cardiac death, myocardial infarction (MI), or unstable angina,
whichever occurred first. The average follow-up period was
2
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independent variables in thex–y plane and outcome as de-
pendent variable on thez-axis coded as present (1) or absent
(0). High-risk subgroups present as regions in thex–y plane
with higher proportions ofz = 1 points. Large fluctuations in
outcome over small changes in independent variables make
recognition of such regions difficult. To facilitate recogni-
tion of such regions, we used a surface-smoothing algorithm
for noise reduction. The result of this operation is a smooth
surface extending over thex–y plane with surface height be-
coming, because of coding of outcome as 1 or 0, a measure
of the proportion of patients in anyx–y neighborhood with
the event; that is, a measure of event prevalence. This ap-
proach produces a prevalence map over the bivariate domain
of independent variables. It should be noted that smooth-
ing facilitates recognition of trends in noisy data; it is not
a regression; data are not being used to fit an equation or
model; and this approach is not a rigorous statistical proce-
dure but rather a screening. It is used to locate potentially
high-risk populations and conclusive demonstration of high
risk requires subsequent rigorous statistical approaches. To
facilitate smoothing in these studies, laboratory values were
compacted for a more even distribution of points in the bi-
variate plane via transformation to ranks.

1.5. High-risk subgroup validation
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.2. Laboratory variables

Fasting blood samples were drawn 2 months afte
ex MI. Concentrations of apolipoprotein-B (apoB), to
holesterol (Chol), apolipoprotein-A1 (apoA1), high d
ity lipoprotein cholesterol (HDL), triglyceride (Trig), LD
eak particle diameter (PPD), glucose (Glu), insulin (I
MI, plasminogen activator inhibitor-1 (PAI-1), lipopr

ein(a) (Lp(a)), C-reactive protein (CRP), von Willibrand f
or antigen (vWF), fibrinogen (Fibr), d-dimer (d-dim), fac
II (FVII), and factor VIIa (FVIIa) were determined as d
cribed previously[2,3].

.3. Statistical analyses

All statistical and graphical procedures were perfor
ith Statistica 6.0 (StatSoft, Inc., Tulsa, OK 74104). V
bles were age-adjusted using linear regression. Signi
ifferences (p < 0.05) in laboratory values between subgro

n comparison to baseline patients were assessed usi
ann–WhitneyU-test.

.4. Graphical analysis

We developed a graphical screening technique to pres
ively identify patient subgroups potentially at high risk
ecurrent coronary events. The technique is based on
imensional scatter plots with two laboratory paramete
To confirm high risk in subgroups presumptively ide
ed as such by graphical analysis, Kaplan–Meier plots
ox proportional hazards model were used in compa

ime to outcome event for each subgroup to that of bas
atients. Log rank statistic (p < 0.05) was used to determi
ignificant differences in the Kaplan–Meier plots. For C
nalysis, adjustment of clinical variables was first evalu
y single entry into the model (p < 0.1) of the following
inary variables in the total population (N = 767): sex, race
moking, prior MI, index infarct type by ECG (Q-wa
ersus non Q-wave), pulmonary congestion, ejec
raction during index MI (>0.30/≤0.30/not obtained), an
laudication. Significant clinical variables were retaine
he model, and separately for each presumptive high
ubgroup, a variable dichotomized according to whe
patient was a member of the given subgroup or bas

roup was evaluated for entry into the model (p < 0.05).

.6. Risk prediction within individual subgroups

To further investigate the risk within each subgroup,
essment of laboratory variables as predictors of risk
erformed using the Cox model separately in each subg
sing as independent variables the 17 laboratory marke
hotomized within each subgroup in two ways: highest
uartile of the laboratory values versus combined three l
isk quartiles, and combined two highest risk quartiles ve
ombined two lower risk quartiles. Separately for each h
isk subgroup, a univariate model was run by single e
f each laboratory variable dichotomized both ways. Th
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multivariate model was run with adjustment for significant
clinical variables determined as described above and with si-
multaneous entry of all univariate significant laboratory val-
ues (p < 0.05). Lastly, medication effects were assessed by
single entry into the model of the following medications: beta
blockers, aspirin, calcium channel blockers, nitrates, ACE-
inhibitors, oral anticoagulants, and statins (p < 0.05).

2. Results

Table 1shows clinical characteristics and means and stan-
dard deviations of laboratory markers for the 767 patients
comprising the study population. The table shows elevated
triglyceride[5], elevated BMI to the overweight level[6], and
low HDL [5]. Fig. 1 gives the surface map of the estimated
prevalence of coronary events as a function of glucose and
triglyceride ranks for the study population andFig. 2 is the
corresponding contour map also showing individual patient
points. The plots show three corresponding discrete peaks.
To define these presumptively high-risk subgroups, patients
were divided based on mean outcome event rate (15.9%) in
the total population. Mean outcome event rate was chosen as
cut-point for determining high-risk subgroups because it is a
standard, well-defined metric and it results in division of the
total population into roughly equal numbers of baseline and
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Fig. 1. Surface map of estimated prevalence of recurrent coronary events
as a function of glucose and triglyceride ranks in the total 767 non-diabetic
postinfarction patients. Ranking of independent variables was from lowest
to highest concentration values with rank 1 corresponding to the lowest
concentration.

high-risk patients. InFig. 2, the corresponding isoprevalence
contour line at this value is superimposed on the plot. Re-
gions with estimated prevalence higher than this value were
presumed to be high-risk regions. High-risk subgroups were
separated from each other by tracing the valley floor between
them. The three high-risk subgroups were designated as fol-
lows: subgroup 1 (N = 131), subgroup 2 (N = 112), subgroup
3 (N = 151), and a baseline group (N = 373) corresponding to
remaining patients having lower risk.

2.1. High-risk subgroup validation

To confirm high risk in the three subgroups, we first calcu-
lated outcome event rate in these groups as well as baseline;
these were 19.9%, 23.2%, 18.5%, and 11.3%, respectively,
consistent with higher risk in the three subgroups over base-
line. Next, we used Kaplan–Meier analysis to assess outcome
events as a function of time for each of the three subgroups as
compared to baseline.Fig. 3gives the Kaplan–Meier curves.
Log rank statisticp-values for these comparisons were 0.016,
0.001, and 0.024, respectively, demonstrating significantly
worse outcome in the three subgroups relative to baseline
patients. Lastly, for each subgroup separately, univariate Cox
analysis was run with time to outcome event as a function
of binary independent variable with values corresponding

roup
eline
nce

1.20
able 1
linical characterization and analyte means and standard deviations fo
tudy population

haracteristic Total population,N = 767, mean± S.D.

ales (%) 77.1
ge (years) 58.3
ace (% white) 78.5
rior MI (%) 16.8
etabolic syn (%) 35.6
tatins (%) 40.3
eta blockers (%) 77.7
spirin (%) 81.9
a channel blockers (%) 19.8
itrates (%) 33.6
CE inhibitors (%) 33.4
ral anticoagulants (%) 17.9

lu (mmol/l) 5.01± 1.18
rig (mmol/l) 2.24± 1.30
poB (g/l) 1.23± 0.28
hol (mmol/l) 5.11± 1.14
poA1 (g/l) 1.18± 0.25
DL (mmol/l) 1.00± 0.28
PD (nm) 26.3± 0.82

nsulin (pmol/l) 120± 168
MI (kg/m2) 27.6± 4.9
AI-1 (�g/l) 26.6± 24.7
p(a) (mmol/l) 0.63± 0.59
RP (mg/l) 4.36± 6.87

WF (%) 142± 62
ibr (g/l) 3.47± 0.82
-dim (�g/l) 473± 415
VII (%) 103± 43
VIIa (�g/l) 2.52± 1.69

lyses
les
by
rsus
to membership in the given subgroup (1) or baseline g
(0). Odds ratios for each high-risk subgroup over bas
were all significant and along with 95 percentile confide
limits were 1.82 (1.12–2.97), 1.51 (1.18–1.93), and
(1.02–1.41), respectively. Results of corresponding ana
including adjustment for clinically significant variab
(prior myocardial infarction, EF30, index infarct type
ECG) were similar although the case of subgroup 3 ve
baseline did not achieve statistical significance (p = 0.128).
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Fig. 2. Contour map of estimated prevalence of recurrent coronary events as a function of glucose and triglyceride ranks in the total 767 non-diabetic
postinfarction patients with superimposed isoprevalence lines of 0.16. Ranking of independent variables was from lowest to highest concentrationvalues with
rank 1 corresponding to the lowest concentration. Patient subgroups are as follows: baseline patients – solid circles, subgroup 1 – diamonds, subgroup 2 –
hollow circles, and subgroup 3 – squares. Color scale is estimated prevalence as follows: dark green – 0.08, light green – 0.12, yellow – 0.16, orange – 0.20,
and bright red – 0.24.

2.2. High-risk subgroup characterization

Selected clinical characteristics along with means and
standard deviations for 17 laboratory variables are given in
Table 2for baseline and high-risk subgroups. Also indicated
are laboratory values in the high-risk subgroups that are sig-
nificantly different from baseline (Mann–WhitneyU-test).

Fig. 3. Kaplan–Meier curves of baseline and high-risk patient subgroups.
Curves are: baseline – heavy solid line, subgroup 1 – light solid line, subgroup
2
e ctively

For clinical characteristics, the table demonstrates a lower
percentage of whites in subgroup 3, a higher percentage of
patients with MS in subgroup 2 (of the 38.4% of patients in
this subgroup without MS, 79.1% of these met two of the
criteria for MS), and similar values for all others. For labora-
tory value means relative to reference ranges[5,6], subgroup
1 reveals elevated triglycerides (high; 2.26–5.63 mmol/l),
cholesterol (borderline high; 5.17–6.18 mmol/l), and BMI
(overweight; 25–25.9 kg/m2), and decreased HDL (low;
< 1.03 mmol/l). Additionally, in comparison to baseline,
subgroup 1 has lower glucose, triglyceride and HDL.
Subgroup 2 reveals relative to reference values[5,6] el-
evated triglyceride (high; 2.26–5.63 mmol/l), cholesterol
(borderline high; 5.17–6.18 mmol/l), and BMI (overweight;
25–25.9 kg/m2), and decreased HDL (low; < 1.03 mmol/l);
and in comparison to baseline higher glucose, triglyceride,
apoB, insulin, BMI,and PAI-1, and lower HDL, LDL
peak particle diameter and Lp(a). Subgroup 3 reveals
relative to reference values[6,7] elevated BMI (overweight;
25–25.9 kg/m2) and glucose (impaired fasting glucose;
5.6–6.9 mmol/l); and in comparison to baseline higher
glucose, HDL, LDL peak particle diameter, and insulin,
and lower triglyceride, apoB, and cholesterol. On this basis,
subgroups were characterized as: subgroup 1 – normoglycer-
mic, modestly hypertriglyceridemic; subgroup 2 – metabolic
syndrome-enriched (MS-enriched); and subgroup 3 – pre-
d

– dashed line, and subgroup 3 – dotted line. Log rank statisticp-values for
ach of the subgroups vs. baseline were 0.016, 0.001, and 0.024, respe
 . iabetic.
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Table 2
Clinical characterization and analyte means and standard deviations for baseline and high-risk subgroups

Characteristic Baseline,N = 373,
mean± S.D.

Subgroup 1,N = 131,
mean± S.D.

Subgroup 2,N = 112,
mean± S.D.

Subgroup 3,N = 151,
mean± S.D.

Males (%) 74.8 74.8 81.3 81.5
Age (years) 57.0 59.9 60.3 58.9
Race (% White) 79.4 84.7 83.0 67.6
Prior MI (%) 14.6 17.7 22.3 17.2
Metabolic Syn (%) 28.4 38.9 61.6 31.1
Statins (%) 46.6 36.6 33.9 32.5
Beta blockers (%) 79.4 78.6 78.6 72.2
Aspirin (%) 81.5 86.3 83.0 78.1
Ca channel blockers (%) 18.5 15.3 21.4 25.8
Nitrates (%) 33.0 29.0 42.0 33.1
ACE inhibitors (%) 34.3 29.0 34.8 33.8
Oral anticoagulants (%) 19.6 16.0 15.2 17.2

Glu (mmol/l) 4.83± 1.22 4.21± 0.44a 5.30± 0.34a 5.92± 1.27a

Trig (mmol/l) 2.47± 1.68 2.32± 0.39a 2.66± 0.44a 1.32± 0.42a

ApoB (g/l) 1.23± 0.28 1.26± 0.27 1.29± 0.27a 1.16± 0.27a

Chol (mmol/l) 5.15± 1.22 5.23± 1.16 5.25± 1.01 4.80± 0.96a

ApoA1 (g/l) 1.18± 0.26 1.21± 0.25 1.17± 0.20 1.17± 0.26
HDL (mmol/l) 1.02± 0.28 0.96± 0.26a 0.90± 0.21a 1.08± 0.31a

PPD (nm) 26.2± 0.82 26.1± 0.74 25.8± 0.61a 26.8± 0.74a

Insulin (pmol/l) 115± 190 93± 82 147± 183a 136± 153a

BMI (kg/m2) 27.3± 4.8 27.2± 5.0 28.2± 4.8a 28.2± 5.0
PAI-1 (�g/l) 26.5± 26.7 23.4± 18.1 32.8± 25.8a 25.1± 23.0
Lp(a) (mmol/l) 0.62± 0.57 0.65± 0.60 0.53± 0.59a 0.70± 0.63
CRP (mg/l) 3.85± 5.12 4.96± 7.32 5.36± 10.61 4.33± 6.68
VWF (%) 144± 60 136± 62 142± 63 143± 65
Fibr (g/l) 3.45± 0.78 3.46± 0.85 3.58± 0.98 3.45± 0.76
d-dim (�g/l) 474± 452 492± 408 479± 396 447± 334
FVII (%) 102± 44 108± 47 108± 41 96± 39
FVIIa (�g/l) 2.53± 1.75 2.52± 164 2.58± 1.63 2.46± 1.66

a Significantly different from baseline by Mann–WhitneyU-test(p < 0.05).

2.3. Risk prediction within individual subgroups

Establishment of high risk in the three subgroups relative
to baseline patients prompted us to further elucidate risk by
assessing whether any of the 17 laboratory parameters within
each separate subgroup contributed to risk. Separate Cox
multivariate proportional hazards analysis was performed
as a function of dichotomized laboratory parameters with
adjustment for significant clinical variables for each of the
three subgroups. Within-subgroup Cox analysis was not run
for baseline in view of low risk and heterogeneity.Table 3

gives significant clinical variables, significant laboratory
variables in the univariate model, dichotomization cut points,
and significant laboratory variables in the multivariate model
along with odds ratios and 95 percentile confidence limits.
All laboratory parameters significant in the univariate model
resulted from dichotomization according to the highest risk
quartile versus combined three lowest risk quartiles except
for BMI where only combined two highest risk quartiles
versus combined two lowest risk quartiles was successful.
There were no significant medication effects.Table 3shows
as significant and independent laboratory predictors of

Table 3
Separate Cox proportional hazards model analyses of within-subgroup risk for each high-risk subgroup givingN, clinical covariates requiring adjustment
(p < 0.10), significant univariate laboratory variables (p < 0.05) along with dichotomization cut points, and multivariate results of simultaneous entrance of
significant univariate laboratory variables with adjustment for relevant clinical covariates

Population (N) Clinical covariates Univariate model Dichotomization cut points Multivariate model

Subgroup 1 (131) Gender BMI 26.4 kg/m2 BMI 2.79 (1.17–6.63)
Fibrinogen 3.34 g/l Fibrinogen 2.79 (1.29–6.04)

Subgroup 2 (112) None PAI-1 45�g/l PAI-1 3.95 (1.81–8.61)
d-dimer 540�g/l

Subgroup 3 (151) Gender Glucose 6.05 mmol/l Glucose 2.49 (1.17–5.33)
Claudication Lp(a) 0.98 mmol/l
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risk in the multivariate model the following: BMI and fib-
rinogen in normoglycemic–modestly hypertriglyceridemic
subgroup, PAI-1 in MS-enriched subgroup, and glucose
in pre-diabetic subgroup. For comparison, results of a
traditional Cox analysis on the entire study population using
the same dichotomization strategy revealed only apoB as a
significant predictor of risk, a result consistent with previous
THROMBO studies not addressing risk heterogeneity[2,4].

3. Discussion

Three high-risk subgroups in non-diabetic postinfarction
patients were identified using a screening procedure based
on ability to detect high-risk subgroups anywhere in bivariate
risk-factor domains. By using this approach, within-subgroup
laboratory markers of risk were identified as different in each
subgroup. Serum glucose and triglyceride served as bivari-
ate risk factor domain considering their importance in this
population[3,4]. Thus, subgroups were characterized, based
upon location in the glucose-triglyceride domain, as pre-
diabetic, MS-enriched, and normoglycemic–modestly hyper-
triglyceridemic. High risk was anticipated in pre-diabetic and
MS-enriched patients, but not in normoglycemic–modestly
hypertriglyceridemic patients. Within-subgroup predictors of
risk were as follows: glucose in pre-diabetic subgroup, PAI-
1 in
n up.
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in comparison to pre-diabetic patients with insulin secretory
deficits [11,12] consistent with hyperinsulinemia seen in
pre-diabetic patients of this study. It should be noted that
identification of a known high-risk subgroup using our
graphical approach supports its efficacy. The present study
further showed glucose as a predictor of risk within the
pre-diabetic subgroup. The role of hyperglycemia in CVD
in pre-diabetic and type two diabetic populations has been
variable. Lack of association has been attributed to greater
significance of postprandial hyperglycemia than fasting
hyperglycemia and greater atherogenicity of the pre-diabetic
state possibly overwhelming glycemic effects[8,11].

The MS-enriched subgroup of this study was labeled as
such given that nearly two-third of patients met the crite-
ria for MS and that of the remaining third, nearly 80% of
these met two of the criteria. Patients in this subgroup had
the highest mean levels of triglyceride, apoB, insulin, BMI,
and PAI-1, and lowest HDL and LDL peak particle diame-
ter, all consistent with MS. Additionally, this subgroup had
highest outcome event rate. As pointed out by Hauner[13],
there is little direct evidence demonstrating MS, itself, as a
predictor of CVD risk. Indeed, in one study of CVD risk
in non-diabetic American Indians[14], although MS was a
predictor of diabetes, it was not a predictor of CVD risk inde-
pendent of other established CVD risk factors. Additionally,
in our previous report[4] using the same study population as
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in MS-enriched subgroup, and BMI and fibrinogen
ormoglycermic–modestly hypertriglyceridemic subgro
hese findings underscore the notion that manifestatio
isk, especially among emerging risk factors, may be a st
unction of context deriving from presumably different pat
hysiologic mechanisms underlying patient subgroup he
eneity.

The pre-diabetic subgroup of this study was labele
uch given that most patients had fasting glucose le
ver 5.55 mmol/l (100 mg/dl), the American Diabetes
ociation criterion for impaired fasting glucose, but less
.99 mmol/l (126 mg/dl), the criterion for diabetes[7]. They
lso had fasting hyperinsulinemia, and on an average
verweight as well. A relatively small minority of these
ients had glucose levels greater than 6.99 mmol/l (126 m
ossibly resulting from unrecognized diabetes. Of note in
ubgroup was the finding that HDL was not decreased in
rast to remaining subgroups. Additionally, it is notable
lthough HDL levels differ among subgroups, apoA1 le
re essentially the same across subgroups. This is lik
anifestation of HDL particle heterogeneity with individ

ubgroups possibly associated with different HDL subf
ion patterns.

That pre-diabetics are at higher risk for recurrent coro
vents is consistent with the past studies[8,9], and forms th
asis for a hypothesis that CVD and diabetes stem fro
ommonality of environmental and genetic component
ssence growing from a “common soil”[10]. Additionally,
therogenicity in the pre-diabetic state has been show
e increased in pre-diabetic patients with insulin resist
he present work, we demonstrated no difference in outc
or MS patients as compared to non-MS patients. This
ially seemed discordant with the current results; howeve
he previous study, the reference group of non-MS pat
ncluded patients from the other two high-risk subgroup
he present study. This is consistent with speculation
dditional pathophysiologic mechanisms act in non-MS

ients. Similar effects may be present in other studies fa
o show MS as an independent CVD risk factor and sup
he speculation of heterogeneity in MS.

In the MS-enriched subgroup, PAI-1 levels were the h
st of all subgroups and the only one significantly dif
nt from total study population mean. As recently revie

15–17], PAI-1 levels have long been known to be eleva
n MS and possibly even a defining characteristic. So
nd mechanism of PAI-1 elevation in MS is not definitiv
nown; although recent attention has focused on adipos
ue as a source with elevations a result of inflammatory in
rs of PAI-1 stemming from the interplay and relationshi
ubclinical inflammation and insulin resistance[17]. Liver
s another possible source of PAI-1 in MS where it co
rise from closely-associated steatohepatitis. In additio
AI-1 elevations in the MS-enriched subgroup, PAI-1
lso the only blood marker to be an independent pred
f risk in the multivariate model within this subgroup w
dds ratio nearly 4. There have been multiple studies de
trating PAI-1 as a significant CVD risk factor as rece
eviewed[15,16,18]including several in postinfarction p
ients[19–22]. Of the studies of postinfarction patients, o
ne[22] gave an odds ratio for PAI-1-associated reinfarc
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with a value of 1.33 in the total population. This is less than
reported in our study, and most likely relates to the selective
role of PAI-1 in pathophysiologic mechanisms underlying
risk in the MS-enriched subgroup.

The remaining subgroup was labeled as normoglycemic–
modestly hypertriglyceridemic. Additionally, these patients
were overweight to obese and, of the three subgroups, had
lowest fasting insulin levels. As such, high risk in this sub-
group was somewhat unexpected. Thus, many of these pa-
tients were overweight or obese but in a setting of relative
normalcy in other blood markers including fasting insulin.
Such a picture is consistent with obese patients demonstrating
normal to high levels of insulin sensitivity variously termed
“obese, metabolically normal” and “metabolically healthy,
but obese” in whom low CVD risk is presumed[23–25]. How-
ever, this may not always be the case given that patients in the
subgroup of the present study were at high risk to begin with
as postinfarction patients, and further that they demonstrated
within-subgroup risk as a function of BMI and fibrinogen.
High risk in this subgroup apparently arises from effects of
obesity and inflammation independent of insulin resistance
in contrast to patients of the MS-enriched subgroup where
fasting insulin levels were not only elevated but were highest
of the subgroups. This is consistent with a closer association
of insulin with PAI-1 than of insulin with other inflammatory
markers, such as fibrinogen.
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–modestly hypertriglyceridemic subgroup. Thus, we con-
clude that the graphical approach holds promise as an ad-
ditional tool in determining patient subgroup heterogeneity.
Also, we conclude for postinfarction patients that interac-
tion of the traditional risk factors, glucose and triglycerides,
form a basis for patient subgroup categorization; and PAI-
1 determinations in MS patients and BMI and fibrinogen in
normoglycemic–hypertriglyceridemic patients may prove to
be useful markers of risk in following these patients. How-
ever, further confirmatory studies need to be performed in
postinfarction patients along with studies of patient hetero-
geneity in other populations.
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