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Summary
Background: The relationship between coronary artery disease (CAD) and dyslipidemia in acute coronary syndromes 
has been rarely demonstrated in clinical and epidemiological studies.

Objective: To evaluate the association between lipid profile and severity of CAD in patients with acute coronary syndrome 
without ST-segment elevation.

Methods: In this retrospective study, the authors reviewed medical records of 107 consecutive patients diagnosed 
with acute coronary syndrome (ACS) without ST-segment elevation  admitted within a one-year period and who had 
undergone coronary angiography during hospitalization. Laboratory evaluation included serum levels of lipid fractions. 
Severity of CAD was determined by evaluating the number, degree, and score of coronary artery obstructions. For 
statistical analysis, the Student’s t test, chi-square test and ANOVA with statistical significance set at p<0.05, as well as 
multivariate analysis were performed.

Results: A total of 107 patients were included; 94(88%) had CAD, of which 50 (53.2%) were males with predominance 
of multivessel disease. As regards the lipid profile, �4(59.8%) patients were observed to have TC<200mg/dl, 33(30.8%) 
had HDL<40mg/dl, and 38(35.5%) had LDL<100mg/dl. The analysis of coronary angiographies showed that 94(88%) 
patients had CAD, and 84% had > 70% stenosis. In the association between lipid profile and CAD,  we observed a 
higher TC/HDL ratio in the multivessel and two-vessel groups in comparison with the one-vessel group (4.3±2, 4.0±1.7, 
2.9±1.�, respectively) with ANOVA p=0.049. In the multivariate analysis, the TC/HDL ratio remained a significant 
predictor (p = 0.01�).

Conclusion: The TC/HDL ratio was a marker of severity of CAD in relation to the number of vessels affected, thus 
demonstrating that the lipid profile can be a determinant of severity in patients with ACS without ST-segment elevation. 
(Arq Bras Cardiol 2008;90(1):24-29)
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Introduction 
Dyslipidemia is a well-established risk factor for the 

development of coronary artery disease (CAD), and this has 
been demonstrated in several clinical and epidemiological 
studies1-7. High plasma low-density lipoprotein (LDL-C) 
concentrations are directly correlated with the development 
of coronary artery disease8, and low high-density lipoprotein 
(HDL-C) concentrations have been pointed out as one of the 
strongest independent risk factors for coronary atherosclerotic 
disease9. New evidences show that mild increases in 
triglycerides lead to increased risk of coronary events and 
progression of coronary artery disease, as well as to the 
formation of new lesions10-12.

The relationship between lipid profile and obstructive coronary 
artery disease is well known13-14. However, studies on the role 
of lipoprotein levels as markers of severity of Acute Coronary 
Syndrome (ACS) are still scarce in the literature. Although clinical 
manifestations of ACS do not depend exclusively on the extent 
of CAD15, the obstructive impairment and number of vessels 
affected can interfere with the therapeutic strategy. Therefore, 
we can presume that if one of the lipid fractions is predictive of 
the degree of anatomical impairment on coronary angiography, 
it will potentially be able to influence the decision of a strategy 
on invasive investigation in patients with ACS. 

Thus, the objective of this study was to evaluate the 
existence of an association between lipid profile and severity 
of coronary atherosclerotic disease in patients with acute 
coronary syndrome without ST-segment elevation. 

Methods
In this retrospective study, we reviewed the medical records 

of 107 consecutive patients admitted between October, 2003 
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In the statistical analysis, the clinical characteristic age 
was assessed using the mean and respective standard 
deviation; the categorical clinical variables (gender, 
cardiovascular risk factors and use of medication) were 
expressed as proportions. To evaluate the association 
between lipid profile and number of vessels affected, the 
means were compared using the ANOVA test. The Student’s 
t test was used to compare the means between the groups 
with or without the presence of obstructions. Statistical 
significance was set at p < 0.05. Multivariate analysis was 
also performed. In the logistic regression, the dependent 
variable was the number of vessels affected; this variable 
was dichotomized in one or more than one vessel affected. 
The independent variables were the significant variables in 
the univariate analysis. Data were entered in and analyzed 
by the SPSS version 10.0 software program.

This study was submitted to and approved by the Research 
and Ethics Committee of Hospital Santa Izabel.

Results
Of the 107 patients included, 94 (88%) had CAD, of whom 

50 (53.2%) were males with a predominance of multivessel 
disease. Mean ages were higher in the two-vessel and 
multivessel groups in comparison with the one-vessel group 
(68±9 vs. 61±13 years, p=0.035). DM and hypertension 
were more frequent in the multivessel group (p=0.004 and 
p=0.042, respectively), and no differences between the 
groups were observed as for the other risk factors. Unstable 
angina was the most frequent clinical manifestation in this 
population, affecting 73% of the patients in the one-vessel 
group and 69% in the multivessel group (Table 1). 

Analysis of the lipid profile showed that 64 (59.8%) of the 
patients had TC <200md/dl, 18 (16.8%) had TC > 240md/dl, 
33(30.8%) had HDL <40md/dl, 23 (21.5%) had HDL >60mg/
dl, and 52 (48.6%) had TG<150mg/dl. The mean values of 
TC, LDL, triglycerides and NHDLC were 190.71±55.12 md/dl, 
109.03±49.42 md/dl, 180.81±95.99 md/dl and 141.43±56.55 
md/dl, respectively, with no significant difference in lipid 

and September, 2004 with a diagnosis of acute coronary 
syndrome (ACS) without ST-segment elevation, and who had 
undergone coronary angiography during hospitalization. These 
medical records belonged to the database of the Chest Pain 
Unit (CPU) of Hospital Santa Izabel (HSI), city of Salvador, 
State of Bahia, Brazil. The diagnosis of ACS without ST-segment 
elevation included non-ST-segment elevation myocardial 
infarction (NSTEMI) and unstable angina (UA). The diagnosis of 
NSTEMI was made in patients who presented with retrosternal 
chest pain radiating or not to the neck, jaw, epigastrium, 
shoulder and left arm, with a sudden onset and duration 
of 30 minutes or more and varying degrees and symptoms; 
these patients had no ST-segment elevation on ECG, but 
elevated levels of biochemical markers of myocardial necrosis 
– total CK and CK-MB. Unstable angina was characterized 
by a constrictive chest pain with duration between 5 and 
30 minutes, radiating to the left arm, jaw, or right shoulder, 
associated with cold sweat, nausea, vomiting, or relieved 
by nitrate; by laboratory tests based on troponin T levels > 
0.01 and < 0.1 with normal CPK-mass and the following 
electrocardiographic (ECG) changes:  T wave inversion 
≥1.0mm, ST-segment depression ≥1 mm and transient ST-
segment elevation ≥ 1 mm (spontaneous reversal or with 
nitrate)16. The evaluation of clinical and epidemiological 
variables included the identification of risk factors for CAD 
and data regarding blood pressure, radial pulse, respiratory 
rate, outpatient therapy, as well as ECG results.

Laboratory evaluation included data regarding the 
levels of total cholesterol (TC), HDL cholesterol (HDL), and 
triglycerides (TG), as determined using the enzymatic method; 
LDL cholesterol (LDL), using the Friedewald formula17; 
and non-HDL cholesterol (NHDLC), as calculated by the 
difference between TC and HDL. According to the CPU 
protocol, all tests were performed in blood samples collected 
at admission in the HSI clinical laboratory. Failure to fast was 
not an exclusion criterion. The lipid profile was classified 
according to the III Brazilian Guidelines on Dyslipidemias 
and Guideline on the Prevention of Atherosclerosis of the 
Brazilian Cardiology Society18.

All coronary angiographies (ANGI) were performed 
using Judkins technique and were subjectively analyzed by 
professionals from the Catheterization Service of HSI. Based 
on the angiography results, data regarding the percentage of 
obstructions were noted down separately into three categories 
(< 50 %, ≥ 50 and < 70%, ≥ 70%); the number of vessels 
affected, with specific identification of main and secondary 
vessels were also noted down.  CAD was defined as the 
presence of any obstruction quantified angiographically. For 
the analysis of severity of CAD, two criteria were considered: 
percentage of obstruction and number of vessels affected. 
Also, the Nikita et al score system19,20 was used for quantitative 
analysis of CAD. The main arteries (anterior descending – AD, 
circumflex – CX, right coronary – RC, and left main coronary 
– LMC) were analyzed and scored as for the presence of lesions 
in the proximal, medial or distal segments. The secondary 
arteries were scored only as for the degree of obstruction, 
regardless of its location. Severity of CAD was defined by the 
sum of scores of all lesions, and the score for location in main 
arteries was attributed only for lesions ≥ 50% (Table 1). 

Table 1 – Quantitative analysis of CAD (Score System)
Overall Analysis Obstruction Score

Main branches 

(LMC, RC, AD, CX) < 50% (1)

≥ 50% and < 70% (2)

and ≥ 70% (3)

Secondary branches ≥ 50% and < 70% (1)

≥ 70%. (2)

Segment analysis  

Main branches Segment

(LMC, CX, AD, RC) ≥ 50% Proximal (3)

≥ 50% Medial (2)

≥ 50% Distal (1)

LMC - left main coronary artery ; CX - circumflex artery ; DA - anterior descending 
artery ; CD - right coronary arteryerdo.
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variables between patients with and without obstruction 
(Table 2).

The analysis of the association between lipid profile and 
number of vessels affected showed that the total cholesterol/
HDL ratio was higher in the multivessel group with a 
statistically significant difference, and p ANOVA equal to 
0.049 (Table 3).

Although LDL-cholesterol had been higher in the multivessel 
CAD group in comparison with the one-vessel group with 
means of 115.98±53.88 and 85.54±32.31, respectively, no 
statistically significant difference was found (Table 4).

In the multivariate analysis, using the number of vessels 
affected as the dependent variable and TC/HDL ratio, 
hypertension, DM and age as independent variables, we 
observed that the TC/HDL ratio remained as a significant 
predictor (p=0.01). In addition, hypertension and age were 
also predictive of the number of vessels affected; DM lost 
significance after adjustment (p=0.75). 

The analysis of the association between lipid profile 
and percentage of obstruction did not show any difference 
between the three degrees of obstruction (< 50 %, ≥ 50 
and < 70%, ≥ 70%) for any of the lipid variables analyzed 
(Table 5).

The analysis of severity of CAD using the score system 
showed that the mean and median scores among patients 
with obstruction were 10.8±4.6 and 11, respectively. Based 
on the mean and median, the ANGI were classified into 
three score ranges: <6; ≥ 6 and < 15; ≥15. The frequency 
of distribution by score range showed that 12.8% (12) of the 
patients had a score lower than six; 66% (62) between six and 
15; and 21.3% (20) higher than 15. No difference between 
the groups was observed as regards the assessment of severity 
of CAD using the score system and lipid profile for any of the 
variables studied. However, the lipid fractions total cholesterol, 
LDL-C and NHDLC tended to be lower in the group with a 
score ≤ 6 (Table 6).

Table 2 – Clinical characteristics of the population
One-vessel Two-vessel Multi-vessel p

Sample number 15       24 55

Age (years) 61±13          68±9                   68±9 0.035

Male gender 8 (53%)                            10 (42%)               32 (58%) 0.400

Hypertension 10(67%)             24(100%)            50(91%)    0.004

Dyslipidemia 10 (67%)  19(79%)          42(76%) 0.660

Sedentary life style 8(53%)               13(54%)            29(53%) 0.993

Diabetes Mellitus 4(27%)              15(63%)            20(36%)  0.042

FH CAD 5(33%)               4(17%)                12(22%)  0.473

Smoking 3(20%)     2(8%)              6(11%)   0.523

NSTEMI 4(27%)              12(50%)            17(31%) 0.341

Unstable angina 11(73%) 12(50%) 38(69%) 0.341

Lipid-lowering drug 5(33%)                  9(38%)                20(36%)  0.965

ASA 13(87%)     12(50%)             34(62%)  0.069

ASA - acetylsalicylic acid; CAD - coronary artery disease; FH CAD - family history for coronary artery disease; NSTEMI - non-ST-segment elevation myocardial infarction; 
p - probability of significance. 

Table 3 – Lipid profile vs CAD
Variable md/dl General Population Without obstruction With obstruction p

Sample Size 107(100%) 13 (12%) 94 (88%)

Total Cholesterol 190.7±55.1 194.2±43.2 190±56.8 0.8

HDL cholesterol 49.7±20.5 47.5±11.4 50±21.5  0.6

LDL cholesterol 109±49.4 109.1±38 109±50.8 0.9

Triglycerides 180.8±95.9 185.9±104.4 180±95.3 0.8

TC/HDL 4.0±1.9 4.3±1.3 4.0±1.3 0.6

LDL/HDL 2.8±1.5 2.0± 1.9 2.7±1.9 0.5

NHDLTC 141.4±56.6 146.7±43.5 140.7±58.2 0.7

CAD - coronary artery disease; HDL cholesterol - high-density lipoprotein cholesterol; LDL cholesterol - low-density lipoprotein cholesterol; LDL-HDL - low and high-density 
lipoprotein cholesterol ratio; NHDLC - non high-density lipoprotein cholesterol; p - probability of significance; TC-HDL - total cholesterol and high-density lipoprotein 
cholesterol ratio.
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Table 4 – Laboratorial lipid profile in the study population
Variable md/dl One-vessel Two-vessel Multivessel p ANOVA

Total Cholesterol 162.9±39.7 193.3±52.8 196.4±60.9  0.1

HDL cholesterol 48.9±21.2 51.5±16.4 49.7±23.6 0.9

LDL cholesterol 85.5±32.3 104.6±48.6 115.9±53.9 0.1

Triglycerides 147.9±81.2 186.4±80.9 184.5±104.2 0.4

TC-HDL 2.9±1.6 4.1±1.7 4.3±2.0 0.049

LDL-HDL 2.0±1.5 3.7±1.6 2.5±1.8 0.2

NHDLTC 117.3±39.1 141.8±52.5 146.7±63.9 0.2

HDL cholesterol - high-density lipoprotein cholesterol; LDL cholesterol - low-density lipoprotein cholesterol; LDL-HDL- low and high-density lipoprotein cholesterol ratio; 
NHDLTC - non high-density lipoprotein cholesterol; p - probability of significance; TC-HDL - total cholesterol and high-density lipoprotein cholesterol ratio.

Table 5 – Association between lipid profile and degree of obstruction
Obstruction

<50% 50 a 70% ≥70%

n (%) 2 (2%) 2 (2%) 90 (96%)

Variable md/dl p

Total Cholesterol 178±50.9 166.5±24.7 191±57.6 0.8

HDL cholesterol 49.5±7.8 52.5±12 50.2±21.8 0.3

LDL cholesterol 86.5±24.7 84.5±30.4 110.2±51.6 0.9

Triglycerides 239±196.6 148±29.7 178.4±94.3 0.5

TC-HDL 4.7±2.2 3.3±1.2 4.0±1.9 0.5

LDL-HDL 2.3±1.0 1.7±0.7 2.8±1.7 0.4

NHDLTC 138.5±58.7 114±36.7 141.4±59 0.6

HDL - cholesterol - high-density lipoprotein cholesterol; LDL - cholesterol - low-density; lipoprotein cholesterol; LDL-HDL - low and high-density lipoprotein cholesterol ratio; 
NHDLTC - non high-density lipoprotein cholesterol; p - probability of significance; TC-HDL - total cholesterol and high-density lipoprotein cholesterol ratio.

Table 6 – Association between lipid profile and Score
Variable md/dl <6 ≥ 6 and < 15 ≥ 15 p ANOVA

Total Cholesterol 164±38 198±61 178 ±45 0.09

HDL cholesterol 49±12 51±24 46±13 0.6

LDL cholesterol 84±31 116±55 101±41 0.1

Triglycerides 161±65 187±106 162±63 0.5

TC-HDL 3.2±1.5 4.2±2.1 3.9±1.5 0.2

LDL-HDL 1.9±1.2 2.8±1.3 2.9±1.8 0.7

NHDLTC 115±37 148 ±64 132±44  0.1

HDL - cholesterol - high-density lipoprotein cholesterol; LDL - cholesterol - low-density; lipoprotein cholesterol; LDL-HDL - low and high-density lipoprotein cholesterol ratio; 
NHDLTC - non high-density lipoprotein cholesterol; p - probability of significance; TC-HDL - total cholesterol and high-density lipoprotein cholesterol ratio.

Discussion
The analysis of ANGIO showed that most patients in  this 

study population had obstructions ≥70% in main vessels, with 
multivessel lesions. This predominance is consistent with that 
described in the literature, demonstrating that CAD preferably 
affects the main vessels14; also, with the progression of the 
disease, multivessel lesions are more frequently observed4. 
In addition, laboratory evaluation showed that the mean 

values obtained for LDL and TG were higher than those 
considered of low risk for CAD, according to the III Brazilian 
Guidelines on Dyslipidemias and Guideline on Prevention of 
Atherosclerosis of the Department of Atherosclerosis of the 
Brazilian Society of Cardiology18. These findings validate the 
high risk profile for obstructive CAD of these patients,  which 
makes this population appropriate for the analysis of the 
association between lipid profile and anatomic impairment 
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of the coronary arteries.
In this study, the mean levels of lipid variables did not 

allow the discrimination between the presence and absence 
of CAD; however, we demonstrated that the variable TC/
HDL was associated with the number of vessels affected, 
and was higher in the two-vessel and multivessel groups 
when compared to the one-vessel group. It is noteworthy 
that although hypertension and age proved to be predictive 
of the number of vessels affected, the TC/HDL ratio was 
maintained in the multivariate analysis, in an independent 
form. As regards the variable TC/HDL and its relationship with 
the presence and severity of CAD, clinical and angiographic 
studies have correlated it with the progression or regression 
of CAD3,21,22. Therefore, this finding reinforces the importance 
of the measurement of the TC/HDL ratio as an individual 
risk factor for CAD, as well as an indicator of extent and 
severity of the disease, even in the presence of cholesterol 
levels considered normal, thus suggesting that the imbalance 
between TC and HDL levels plays a more important role in the 
pathophysiology of atherogenesis.   It is important to consider 
that the atheroprotective function of HDL is not restricted to 
reverse cholesterol transport, but can also transport antioxidant 
enzymes, break down oxidized lipid fractions, and neutralize 
their proinflammatory effects23. It is noteworthy that 38.8% 
of our population had HDL < 40md/dl, and only 21.5% had 
levels considered atheroprotective.

The analysis of LDL showed that this variable increased 
with the number of vessels affected. Patients with one-vessel 
disease had LDL levels of 85.54±332.31md/dl, whereas 
those with multivessel disease had levels of 115.98±53.88 
md/dl (p=0.077). Although no statistical significance had 
been observed, a datum which may have resulted from the 
small number of patients in each subgroup, the difference 
observed in serum LDL levels between the two groups suggests 
an important clinical value, since patients with multivessel 
disease had LDL levels >100md/dl, which is considered the 
cut-off point for the prevention of CAD in high risk patients10. 
Several studies agree that high levels of LDL are correlated with 
the presence and severity of CAD2,15,21. Korhonen et al4 study 
adds that high levels of LDL are associated with an increased 
risk of CAD, and the more vessels obstructed, the higher the 
serum LDL level in the group, thus corroborating the findings 
of the present study. 

In our study, it is noteworthy that although the TC/HDL 
ratio had proven to be associated with a higher number 
of vessels affected, it was not associated with the degree 
of stenosis in patients with non-ST-segment elevation ACS, 
unlike the other lipid variables. This can be explained by 
the fact that the lesions that are more potentially unstable 
and prone to rupture are frequently non-occlusive and not 
diagnosed by angiography24. On the other hand, these lesions 
have a large lipid nucleus with signs of active inflammation 
and macrophage accumulation at the site of plaque rupture24. 
However, the absence  of a relationship between serum LDL-
cholesterol and oxidized LDL-cholesterol in the plaque has 
been demonstrated in ACS15.

The analysis of severity of CAD using the score system did 
not show differences for any of the variables, although the lipid 

fractions total cholesterol, LDL-c and non-HDL cholesterol 
had shown a slight trend to be lower when associated with a 
score lower than six. The score system included the degree 
of obstruction in its analysis, and this may have contributed 
to a restricted discriminative power, since, according to the 
literature, the degree of obstruction is probably not the most 
important of the factors which precipitate the manifestations 
of ACS24.

This study may have limitations resulting from its 
retrospective design, and from the fact that the ANGIO were 
analyzed by several different professionals. However, it is 
noteworthy that the possible limitation resulting from the 
variability of angiography results does not affect their validity, 
since the study was conducted in a specialized referral hospital 
for cardiology, where the catheterization team members 
are highly skilled in the analysis of coronary obstruction. 
Another aspect that could be considered a limitation was 
the determination of the lipid profile from blood drawn at 
admission to comply with the CPU protocol, thus failing to 
observe a 12-hour fast. Nonetheless, it is important to point 
out that triglycerides are basically the lipid fraction that has a 
significant postprandial variation25,26. In addition, although the 
criteria used to define unstable angina had been those valid 
at the moment the database was beginning to be created, 
they may deserve a reassessment in light of the more recent 
definitions suggesting that TnT elevation above the 99th 
percentile (0.01) and below the 10% coefficient of variation 
(0.03) as an indicator of necrosis should be evaluated within 
the clinical setting27. However, this limitation does not affect 
the objective of the study, since the patients were closely 
evaluated according to the current CPU protocols, and by 
professionals able to identify the presence of myocardial 
necrosis even in unclear clinical situations. 

Even though atherosclerosis does not result simply from 
lipid accumulation, in this study, which included a population 
with severe CAD characterized by multivessel lesions and 
predominance of obstructions > 70% and in main vessels, 
TC and the TC/HDL ratio were markers of severity of CAD in 
relation to the number of vessels affected, thus demonstrating 
that the lipid profile may be a determinant of a more significant 
anatomical impairment also in patients with non-ST-segment 
elevation ACS. Therefore, considering that a reduction in lipid 
variables usually occurs a few hours after the manifestations 
of acute coronary syndrome28, the findings of this study 
emphasize the need for assessment of the lipid profile of these 
patients to be made at admission, so as to identify patients at 
a higher potential risk.
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