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Objectives. Several pathological studies have shown that a higher ratio of the serum total cholesterol

concentration to the high-density lipoprotein cholesterol concentrationl TC/HDL-C ratiolls associated with
plague rupture in patients with acute coronary syndromes. We examined the relationship between the
serum total cholesterol concentration and the TC/HDL-C ratio, and clinical and angiographic findings in
patients with first acute myocardial infarction.

Methods. Two hundred eighty patients were classified into quartiles according to the TC/HDL-C ratio
measured within 24 hr from symptom onset: 70 patients in the first quartilel group L: mean TC/HDL-C
ratio, 3.000 140 in the second and third quartileés group M : mean TC/HDL-C ratio, 4.60] and 70 in the
fourth quartilel group H: mean TC/HDL-C ratio, 7.501

Results. There were no differences among the three groups with regard to sex, diabetes mellitus or
hypertension. Patientsin group L were oldéf] 66+ 9vs60+ 11,56+ 10 years, p[J 0.01Cand had a higher
incidence of stable angina before acute myocardial infarctionl 26% vs 14%, 10%, pJ 0.05[than in patients
groups M and H. Although coronary angiograms revealed no difference in the number of diseased vessels
among the three groups, extent index indicating the proportion of each coronary segment that appears
angiographically abnormal was lowest in group IIJ 0.7+ 0.5 followed by group NI 1.3+ 0.6[] and high-
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estingroup Hl 1.7+ 0.6, pd 0.0100 The number of segments with calcification and the incidence of calci-
fication in the culprit lesion were higher in group L than in groups M and H.

Conclusions. Our findings suggest that the clinical presentations and angiographic appearances differ
according to the TC/HDL-C ratio in the acute phase of acute myocardial infarction.
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INTRODUCTION

Plague rupture is generally considered to be the
most common mechanism of acute coronary syn-
dromes. However, plague erosion without plaque
rupture has been recognized as another important
cause''*". Recently, several pathological studies
have shown that the ratio of the serum total choles-
terol concentration to the high-density lipoprotein
cholesterol concentrationl TC/HDL-C ratiolis high-
er in patients with acute coronary syndromes who
have plague rupture than in those who have plague
erosion®*'*". This study tested the hypothesis that
clinical features differ according to the TC/HDL-C
ratio at the onset of acute myocardial infarction. We
examined the relationship of the TC/HDL-C ratio
to clinical and angiographic findings in patients
with first acute myocardia infarction.

SUBJECTSAND METHODS

Study patients

Two hundred eighty consecutive patientd mean
age 61+ 10 years, 223 men and 57 women(ful-
filled the following inclusion criteria and were
enrolled in our study: 100 no previous history of
myocardial infarction; 20 admission within 12 hr
from symptom onset; 30 typical chest pain for at
least 30 min; 40 ST-segment elevation of § 1mm
inatleast 2 limb leadsor 5 2mm in at least 2 con-
tiguous precordial leads; 50 an increase in the
serum cregtine kinase level to more than twice the
upper limit of normal ; 60 Thrombolysis in
Myocardial Infarctionl TIMISgrade 3 flow in the
infarct-related artery confirmed by coronary
angiography immediately after admission and at
discharge; and 70 measurement of lipid and
lipoprotein levels within 24 hr from symptom
onset. Patients receiving lipid-lowering therapy
were excluded. Patients were classified into quar-
tiles according to the TC/HDL-C ratio measured
within 24 hr from symptom onset: 70 patients in

ML ipoproteins, HDL

the first quartilel group L: mean TC/HDL-C ratio,
3.00 140 in the second and third quartileSl group
M mean TC/HDL-C ratio, 4.60] and 70 in the fourth
quartilel group H: mean TC/HDL-C ratio, 7.50

Blood samples

Blood samples for measurement of peripheral
white blood cell counts were taken on admission.
Blood samples for measurement of serum creatine
kinase were taken on admission, every 3 hr during
the first 24 hr, every 6 hr for the next 2 days, and
then daily until discharge. Serum samples were
analyzed for total cholesterol, high-density lipopro-
tein cholesterol, low-density lipoprotein choles-
terol, and total triglyceride within 24 hr from symp-
tom onset.

Coronary angiography
Coronary angiography was performed with the
Judkins technique immediately after admission and
at discharge. Recanalization was defined as TIMI
grade 3 flow. Stenosis was considered significant if
the lumen diameter was narrowed by 5 75% in any
projection. The alocation of recanalization therapy
was left to the discretion of the physician in charge.
Predischarge al coronary angiograms were evaluat-
ed according to the criteria of Bogaty et al."by two
independent observers blinded to clinical variables.
The extent of angiographically abnormal segments
was quantified by means of a score that was nor-
malized to an extent index. This was done simply
and visually by assigning a score of 0 to 3 per seg-
ment of the coronary arterial tree. The culprit lesion
was excluded from this analysis, because this study
included some patients who underwent coronary
angioplasty. Angiographical abnormality was
defined as narrowing, irregularity, or both. A seg-
ment was scored as below;;
A score of 0: no abnormality was apparent,
A score of 1: any abnormality was confined to
10% or less of the segment length,
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A score of 2: the abnormality affected more
than 10% up to 50% of the segment length,

A score of 3: the abnormality affected more
than 50% of the segment length.

The extent index was the extent score divided by
the number of segments that could be properly
visualized on antegrade flow. Angiographic calci-
fication was defined as readily apparent radiopaci-
ties noted without cardiac motion before contrast
injection within the vascular wall®~. Angiographic
ulceration was defined as a small crater consisting
of adiscrete luminal widening with luminal irregu-
larity in the cul prit lesion®™.

Statistical analysis

Data were analyzed using SPS8! Release 10,
SPSS Inc.[1 Continuous data were expressed as
mean+ standard deviation and categorical data as
percentage. Analysis of variance was used for con-
tinuous variables. If significance was indicated by
analysis of variance, a Bonferonni correction was
used as a post-hoc test for multiple comparisons.
Chi-square analysis was used to compare categori-
cal variables. Multivariate logistic regression analy-
siswas used to examine the determinants of diffuse
angiographically detectable coronary atherosclero-
sis asindicated by extent index of 5 1.7 in patients
of the highest quartile. Odds ratios and 95% confi-
dence intervals were calculated. Differences were
considered significant at pJ 0.05.

RESULTS

Baseline characteristics

The baseline characteristics of the three groups
are summarized in Tables 1 and 2. There were no
differences among the three groups with regard to
sex, diabetes mellitus, hypertension, or a family
history of cardiac disease, time from symptom
onset to admission, method of recanalization.
Patients in group L were older and had a lower
body mass index, a higher incidence of stable angi-
na and alower peripheral white blood cell count on
admission than patients in groups M and H.
Patients in Group H had a higher incidence of any
history of cigarette smoking than patients in groups
L and M. The levels of total cholesteral, triglyc-
erides, and low-density lipoprotein cholesterol were
lowest in group L, followed by group M, and high-
est in group H. The level of high-density lipopro-
tein cholesterol was highest in group L, followed
by group M, and lowest in group H.
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Angiographic findings and infarct size (Table 1)
Involvement of the left anterior descending coro-
nary artery was significantly higher and involve-
ment of the right coronary artery was lower in
group L, as compared with groups M and H. There
was a dightly but not significantly lower peak crea-
tine kinase level in group L than in group H.
Although coronary angiograms revealed no differ-
ence in the number of diseased vessels among the
three groups, extent index was lowest in group L,
followed by group M, and highest in group HI Fig.
100 Number of segments with calcification and inci-
dence of calcification in the culprit lesion were
higher in group L than in groups M and HI Fig. 2]
Among 100 patients in whom recanalization
occurred spontaneously or after thrombolysis,
ulceration in the culprit lesion, considered as angio-
graphic findings of plaque rupture®on follow-up
coronary angiography performed at discharge
0 15+ 4 hospital days[] was present in none of 26
ingroup L, 6 of 50 patients 12%[in group M and 7
of 24 patientd 29%L(in group HI pO 0.0010

Multivariate predictors of diffuse angiographi-
cal coronary atherosclerosis (Table 3)

Multivariate analysis identified TC/HDL-C as an
independent predictor of diffuse angiographically
detectable coronary atherosclerosis as indicated by
extent index of 5 1.7. The other variables exam-
ined, including age, body mass index, total choles-
terol, high-density lipoprotein cholesterol, low-den-
sity lipoprotein cholesterol, triglycerides and smok-
ing, were not significant determinants of diffuse
angiographically detectable coronary atherosclero-
sis.

DISCUSSION

Our study demonstrated different clinical presen-
tations and angiographic appearances according to
the TC/HDL-C ratio measured within 24 hr from
the onset of acute myocardial infarction. Patients
with alow TC/HDL-C ratio had a higher incidence
of stable angina before acute myocardia infarction
and more severe angiographic coronary calcifica-
tion. In contrast, patients with a high TC/HDL-C
ratio had a higher incidence of smoking and more
diffuse angiographically detectable coronary ather-
osclerosis and more frequent ulceration in the cul-
prit lesion, considered to be an angiographic find-
ing of plague rupture™. These findings suggest that
the mechanism of acute myocardia infarction may
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Table 10 Basdline characteristics

Group LO Group MO Group H
0O nO 700 00 nJ 14000 O O nO 7080 O
Aggl yr0 O 66+ 9 O 60+ 11790 56+ 10720
Maled 50 730 0 11m 7900 6 870 O
Heighl cmd O 160+ 8 O 162+ 8 0O 164+ 8° O
Weightd kgl O 58+ 7 O 65+ 11°°0 69+ 11°°°0
Body mass indek! kg/m200 O 21+ 2 O 24+ 3°°0 25+ 3°°0
Preinfarction anginall 58 7600 O 841 6001 O 41 590 O
Stable anginall 18 260 O 19 14070 0 108F O
Unstable anginall 36 500 O 651 4600 O 3d 490 O
Smokingd 4m 590 O od 670 O 561 80" O
Diabetes mellitusl 2013100 382400 201290 O
Hypertension 305300 64 460 O 30430 O
Family history of coronary artery diseasel’ 281330 0 301 28001 O 121170 0
Medication before acute myocardial infarction O ad O
Aspirind 91300 141000 o0
NitratesO 000 8 600 300
Beta-blockers g8 400 4 300 2 300
Calcium antagonists[] 1812100 20 150 O 81100
Angiotensin-converting enzyme inhibitorsC] 300 400 300
Time from symptom onset to admissiol hrJ O 2.5+ 3.00 2.3+ 240 2.6+ 3.10
White blood cell count on admissiofy /mmsQ O 10,126+ 2,760 O 11,315+ 3,825"0 12,103+ 3,317°0
Method of recanalizatiofl angioplasty [ 441 630 O 901 6401 O 46] 6601 0
Peak creatine kinasel mU/miC O 3,094+ 2,0470 3,228+ 1,9070 3,772+ 2,8060
Infarct-related arteryd O d O
Right coronary arteryd 1012700 601 43(F 0 36 5007 O
Left circumflex artery[ 4 600 11200 700
L eft anterior descending coronary artery[d 47 670 O 68 451~ 30 4370
O OnO350 0 OnO50000 Ond2200
Time from symptom onset to recanalization™ O 3.6+ 1.50 3.7+ 1.70 3.7+ 1.80
Culprit lesionl segment 67 [ 181540 0 30 620 O 1581680 O
Method of recanalizatiofl angioplastyT O 201830 0 38 6601 O 141640 O
Collateral circulation™ O 14 400 O 161 320 O 2700
Peak creatine kinasel mu/miT O 3,654+ 2,46200 4,237+ 2,0380 4,710+ 3,015°0
Multivessel disease] 10 160 O 201210 0 121700
Number of segments with calcificationd 2.4+ 2,50 15+ 1.6°0 0.9+ 1.5°°0
Calcification in the culprit lesiond 38470 0 30 2200 161 231~ 0
UlcerationO 0/261 oO O 6/50 6~ 0 7/24 2970 O
Extent index 0.7+ 0.5 1.3+ 0.6™ 1.7+ 0.6"°0

Continuous values are mean+ SD.0 [0 [ %. “p 0.05, " pd 0.01 vsgroup L. “p 0.05, ““ pd 0.01 vsgroup M. O
T Only patients with initial Thrombolysisin Myocardia Infarction grade O or 1 flow of the left anterior descending
coronary artery, consisting of 35 patientsin group L, 50 patientsin group M and 22 patientsin group H.

differ between patients with alow TC/HDL-C ratio
and those with ahigh TC/HDL-C ratio.

Several pathological studies have shown that
patients with acute coronary syndromes who have
plague rupture have a higher TC/HDL-C ratio than

those who have plague erosion®*". Farb et al.**"
have recently reported that abnormal cholesterol
levels correlate with plague rupture but not with
plague erosion. Because lipid-lowering therapy has
been convincingly developed, the significance of
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Table 200 Serum cholesterol

Group LO Group MO  Group HO
0O nd 700 @ nO 1400 OO nO 700 O

169+ 33 [1198+ 34"" 217+ 34"°0[

57+ 120 43+ 8°°0O 31+ 7°°°°Q0
LDL-CI mg/diO O 99+ 2400 134+ 2871153+ 307°°0[
TC/HDL-C ratio] 3.0+ 040 4.6+ 0.6°°[07.5+ 2.57000]
Serum triglyceridel mg/di0 7B+ 43 101+ 56" 172+ 21°°°F

TC mydio O
HDL-C mg/di0 O

Vaues are mean+ SD. “p0 0.05, "Hp0 0.01 vs group L. ““p0
0.01 vsgroup M.

TCUO totd cholesteral ; HDL-CO high-dengity lipoprotein cholesteral ;[
LDL-CO low-density lipoprotein cholesterol ; TC/HDL-C ratiol]
ratio of TC to HDL-C.

2.5 - — p<0.01 nE p<0.01 I

Extent index

Group L

GroupM  Group H

Fig. 1 Bar graphscomparing the extent index
Bar graphs showing the comparison of extent index,
indicating the proportion of each coronary segment that
appears angiographically abnormal, in the three groups.
Extent index was highest in group H, followed by group
M, and lowest in group L.

TC/HDL-C ratio in coronary artery disease should
be elucidated not only in the pathological studies
but also in the clinical setting. However, to our
knowledge, there is no report concerning angio-
graphic findings according to TC/HDL-C ratio.
Previous studies have shown that lipid and lipopro-
tein levels change dramatically after acute myocar-
dia infarction. These changes are manifest within
24 to 48 hr after the onset of acute myocardial
infarction™". Therefore, our study included only
patients in whom lipid levels were measured within
24 hr from the onset of acute myocardial infarction,
which reflects the lipid profile at the onset of acute
myocardial infarction. In our study, the mean
TC/HDL-C ratio in group H was 7.5, similar to that
in patients who had plague rupture in previous
pathological studies**”. Furthermore, ulceration in
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the culprit lesion was more frequent in group H
than in groups M and L. Magehara et al.*+eported
that intravascular ultrasound plaque rupture strong-
ly correlated with angiographic ulceration. These
findings suggest that plaque rupture may have
played a more important role in the onset of acute
myocardial infarction in patients with a high
TC/HDL-C ratio than in those with alow TC/HDL-
C ratio. We also found that these patients were
more likely to have had a history of smoking and
an elevated white blood cell count on admission.
These findings are in accord with the results of a
recent postmortem pathological study in 100
patients who had died of acute myocardial infarc-
tion by Kojima et al.**", who found that the pres-
ence of plague rupture was associated with smok-
ing and greater incidences of leucocytosis.

In our study, patients with alow TC/HDL-C ratio
had alower extent index according to the criteria of
Bogaty et al’". Furthermore, patients with a low
TC/HDL-C ratio more frequently had angiographi-
cally visible calcification than did patients with a
higher TC/HDL-C ratio. These contrasting angio-
graphic findings are intriguing and suggest that
patients with a high TC/HDL-C ratio and those
with a low TC/HDL-C ratio do not have similar
coronary atherosclerotic characteristics in the set-
ting of acute myocardial infarction. In this study,
we examined" severe” calcification visualized by
coronary angiography without cardiac motion.
Yamanaka et al.**reported that patients with stable
effort angina more frequently had severe coronary
calcification as assessed by cinefluoroscopy than
those with acute coronary syndromes, suggesting
that coronary artery calcification is associated with
a slow and chronic atherosclerotic process. In our
study, patients with a low TC/HDL-C ratio had a
higher incidence of stable angina before acute
myocardial infarction, which might be associated
with a higher incidence of severe calcification, and
no ulceration in the culprit lesion in the case of
reperfusion spontaneously or by thrombolysis. We
therefore speculated that plagues with severe angio-
graphic calcification might be less vulnerable, i.e.,

“ hard” plaques, not prone to rupture. The precise
mechanisms of acute thrombosis in these patients
are not known. However, not only the vulnerability
of the underlying plague but also various factors,
such as sympathetic activity, vascular reactivity,
platelet aggregability, and physical or emotional
stress, may precipitate acute coronary events™” 6",
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P00l —

r p<0.01 1

Number of segments with calcification

GroupL GroupM Group H

Fig. 2 Angiographic evidence of severe calcification

— p<0.01 —

%) r p<0.01 4

50

GroupL GroupM Group H

Incidence of calcification in the culprit lesion

Bar graphs showing the comparison of severe cacification as visualized by coronary angiography without
cardiac motion in the three groups. Group L had a higher incidence of severe calcification in al coronary
trees aswell as the culprit lesion compared with groups M and H.

Table3 Multivariate analysis of factors associated
with diffuse angiographical coronary
atherosclerosis

Variable Odds ratil 95% confidence interval (] Op value
Agel] 1.041 0990 1.110 O 0.060]
Body mass index[] 1.281 0.890 1.9400 O 0.1600
TCO 1.021 0.9901.040 O 0.120
HDL-CO 0.951 0.890 1.0500 O 0.000
LDL-CO 1.00 09800 1.1100 O 0.2000
TC/HDL-C ratiod 1.04 1.0101.090 O 0.040
Triglycerided 2.001 0.7505.3600 O 0.160
Smoking 0.800 0.320 1.570 O 0.40

Abbreviationsasin Table 2.

It is possible that in patients with alow TC/HDL-C
ratio, these other factors except for plague vulnera-
bility may have played a more important role in the
onset of acute myocardial infarction.

Study limitations

Our study had several limitations. First, this was
a small retrospective study. Our subjects were lim-
ited to patients with a first ST-segment elevation
acute myocardial infarction in whom lipid and
lipoprotein levels were measured within 24 hr from
symptom onset without receiving lipid-lowering
therapy. However, this strict inclusion criterion
enabled us to clearly demonstrate differences in
clinical and angiographic features between patients

with alow TC/HDL-C ratio and those with a high
TC/HDL-C ratio. Second, because we evaluated
coronary angiographic appearance on the basis of
an extent index indicating the proportion of each
coronary segment that appeared angiographically
abnormal, we might have not accurately evaluated
coronary atherosclerosis. Several pathological stud-
ies have demonstrated that atherosclerosis is more
widespread than that predicted on the basis of
angiograms'”*®, Patients with a low TC/HDL-C
ratio had a lower extent index, and we cannot rule
out the possibility that diffuse intimal atherosclero-
sis with no discrete intraluminal protrusion may
have been present. Other techniques that allow
direct examination of the wall and lumen of the
coronary artery, such as intravascular ultrasound,
are needed to more objectively evaluate coronary
atherosclerosis and provide important additional
information. However, we believe that the marked-
ly dissimilar clinical features between patients with
alow TC/HDL-C ratio and those with a high
TC/HDL-C ratio reflect differences in underlying
pathophysiological mechanisms of acute myocar-
dial infarction.

CONCLUSIONS

Our findings suggest that the clinical presenta-
tions and angiographic appearances differ accord-
ing to the TC/HDL-C ratio in the acute phase of
acute myocardial infarction.
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