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bstract

Evidences suggest that lipoprotein(a) [Lp(a)] is an important risk factor for cardiovascular disease. However, literature has been controversial
n confirming its role as an independent risk factor for cardiovascular disease. The objective of the present study is to evaluate the association
etween serum levels of Lp(a) and ischemic heart disease as well as other cardiovascular risk factors in a population-based study conducted
n a local cohort of the Brazilian population.

Lp(a) serum levels were measured in 400 individuals selected from a larger sample of a populational survey carried out in Ouro Preto, a
ity in the southeast of Brazil. Lipid profile, fasting blood glucose, anthropometric and clinical parameters were analyzed.

Lp(a) levels were significantly associated with the presence of ischemic heart disease. In relation to other cardiovascular risk factors, it was
erified that Lp(a) levels were statistically associated with age, total cholesterol, LDL-cholesterol and percentage of body fat determined by
ioelectric impedance. Lp(a) was also highly associated with the Framingham risk score (p = 0.003). In a multivariate analysis two significant
nteractions were revealed; one involving ischemic heart disease, sex and age and other associating ischemic heart disease, age and total

holesterol.

In summary, in the present analysis Lp(a) serum levels were correlated with the occurrence of ischemic heart disease and other cardiovascular
isk factors.

2006 Elsevier Ireland Ltd. All rights reserved.
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. Introduction
Cardiovascular diseases (CVD) are a major cause of death
n developed countries and certainly a heavy epidemiologic
urden. About 17 million people die annually as a conse-
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uence of cardiovascular outcomes, particularly heart attacks
nd stroke [1]. In Brazil, CVD constitute the most important
ause of death in both genders in all regions of the country
1]. While various conventional risk factors, such as male

ender, advanced age, high blood pressure, diabetes mellitus
nd obesity have showed to predict CV risk, not all cardio-
ascular events can be explained by these conventional risk
actors [2]. In this particular context, additional clarification
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n the role of emerging risk factors such as hypertriglyc-
ridemia, certain subclasses of LDL-c, homocysteine and
ipoprotein(a) [Lp(a)] has gained substantial interest in car-
iovascular research [3].

In spite that Lp(a) physiologic function has not been
ompletely understood [4], its clinical importance in fib-
inolytic and atherothrombotic processes has already been
escribed elsewhere [5,6]. In fact, the mechanism by which
p(a) contributes to atherosclerosis is poorly understood,
ut it appears to be related to its lipoproteic structure that
ncludes a lipid component similar to LDL and two major pro-
eins: apolipoprotein (a) [Apo(a)] and apolipoprotein B100
5]. The LDL-resembled lipid component induces accumula-
ion of cholesterol in the atheroma [6], whereas the possible
nhibitory effect of Lp(a) on fibrinolysis may be explained by
competitive structural similarity between Apo(a) and plas-
inogen, overall contributing as a prothrombotic factor in

he activation of atherothrombosis [4–6]. Recent studies have
howed that Lp(a) can be oxidized within the arterial walls
nd induce adhesion molecules upregulation on monocytes,
eading to further increment of atheromatous volume [5].

Additionally, Lp(a) has been associated with high blood
ressure [7], diabetes mellitus [8,9] and dyslipidemia [10,11].
ccording to some authors obesity, another important risk

actor for CVD, may also be correlated with altered Lp(a)
12–14].

The purpose of the present study is to evaluate whether
he serum levels of Lp(a) are associated with ischemic heart
isease (IHD) as well as other cardiovascular risk factors in
population-based study conducted on a local cohort of the
razilian population.

. Materials and methods

Ouro Preto is a small-sized city located in the metallur-
ic zone of Minas Gerais State, southeast of Brazil, and it
omprises around 9287 homes and 37,603 inhabitants [15].

In a cross-sectional study, 930 homes were randomly
elected out of 33 city districts on a simple sample basis.
roportionality of population density within each district was
ystematically considered throughout the selection process.
n each sampled home, an individual aging 15 years or more
hose birthday was nearby the interview date was selected

o study inclusion. Participation in the study was voluntary,
nd a signed informed consent was obtained from all par-
icipants. Blood pressure was measured at home and socio-
emographic information as gender, age, ethnicity, education
nd economical class were obtained upon personal inter-
iew. Behavior parameters as smoking, ingestion of alcoholic
rinks and physical inactivity were also acquired. Subse-
uently, agreeable volunteers were encouraged to present

hemselves at the health service of Federal University of
uro Preto (UFOP) for collection of blood samples, anthro-
ometric measurements and recording of electrocardiograms
ECG).
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y
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Two blood pressure measurements were carried out in
eated position upon interval of 3 min, using an aneroid
anometer. Blood pressure range was classified in accor-

ance with the IV Brazilian Guidelines of Arterial Hyperten-
ion criteria [16] in normal (<130 mmHg and <85 mmHg);
orderline (130–139 mmHg and 85–89 mmHg), mild hyper-
ension (140–159 mmHg and 90–99 mmHg), moderate
ypertension (160–179 mmHg and 100–109 mmHg) and
evere hypertension (≥180 mmHg and ≥110 mmHg). Indi-
iduals with ECG parameters suggesting myocardial
schemia were additionally referred to a stress testing, aim-
ng diagnosis confirmation. Body mass was recorded using a
ANITA BF542 scale and a wall-attached stadiometer. The
ody mass index (BMI) was calculated in kg/m2 according
o the World Health Organization criteria [17]. Waist and
ip circumference were measured and classified according
o Han et al. [18]. Risk stratification for waist-to-hip ratio
ollowed criteria described elsewhere [19] with abnormal
alues >0.95 in men and >0.80 in women. Percentage of
ody fat was assessed by bioelectric impedance using scales
ANITA BF542 [20] and OMRON BF300 [21]. All biochem-
stry analyses were conducted using the analyzer AIRONE
00. Total cholesterol, HDL-c, triglyceride and glucose lev-
ls were dosed by enzymatic-colorimetric assays (In Vitro
iagnóstica). Lipid levels were classified in accordance to the
dult Treatment Panel III of the National Cholesterol Educa-

ion Program [22]. The fasting glucose levels were classified
n accordance with the Brazilian Society of Diabetes criteria
23].

Lp(a) values were determined using immunoturbidimetric
ethod (In Vitro Diagnóstica) in 400 sub samples from the

ross-sectional study. Serum aliquots were stored at −80 ◦C
efore assayed.

Analysis of variance test (ANOVA) was used to estimate
tatistical significance between mean values of logarithmic
p(a) in each category of the demographic variables (sex and
ge), anthropometric data and body composition (BMI, per-
entage of body fat, waist circumference and waist-to-hip
atio), biochemistries (lipid profile and fasting glucose), plus
linical parameters (blood pressure and ischemic heart dis-
ase), using 95% confidence intervals (CI) to guide interpre-
ation. Means of log Lp(a) were recalculated into the original
cale (mg/dL). Association between Lp(a) and independent
ariables was assessed using multivariate analysis. Simple
inear regression was used to evaluate the correlation between
p(a) and the Framingham risk score. The analysis was car-

ied out using SPSS software.
The study was previously approved by the Ethics Review

oard of the Federal University of Ouro Preto.

. Results
The total sample (n = 400) was composed of 73.5% (294)
omen and 26.5% (106) men, with mean age of 45 ± 17
ears. Fig. 1 shows the asymmetrical distribution of Lp(a)
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Table 2
Lipoprotein(a) levels in accordance to biochemistry variables

Variables n Mean ± S.D. p-Value

LDL-c (mg/dL) 0.008
≤129 348 28.50 ± 31.81a

130–159 39 47.87 ± 41.72b

≥160 8 53.52 ± 34.94b

Total 395 30.92 ± 33.54

Total cholesterol (mg/dL) 0.003
<200 271 26.29 ± 30.06a

200–239 98 40.16 ± 39.19b

≥240 31 45.52 ± 34.50b

Total 400 31.18 ± 33.56

HDL-c (mg/dL) 0.56
>60 237 33.25 ± 34.65a

40–60 161 28.05 ± 31.87a

<40 2 37.70 ± 29.41a

Total 400 31.18 ± 33.56

Triglycerides (mg/dL) 0.217
>200 308 29.61 ± 33.03a

150–199 46 37.53 ± 37.92a

<150 42 34.20 ± 31.96a

Total 396 31.02 ± 33.55

Fasting glucose (mg/dL) 0.378
<110 328 30.10 ± 33.17a

110–126 37 36.59 ± 34.70a

>126 33 34.57 ± 34.79a

S
w

ig. 1. Distribuition of lipoprotein(a) concentration (mg/dL) in the 400 indi-
iduals studied.

n this population. Mean ± standard deviation (S.D.) was
1.18 ± 33.56 mg/dL and the median level 18.11 mg/dL. The
istribution of log transformed Lp(a) values was normal and
sed in all subsequent analysis. Thirty-six percent of indi-
iduals presented Lp(a) levels above 30 mg/dL, whereas null
alues of Lp(a) occurred in around 15.5% of studied individ-
als.

Table 1 presents the univariate analysis of Lp(a) levels

n comparison to demographic and behavior variables. No
ignificant difference was found between Lp(a) serum lev-
ls regarding gender. Age was significantly associated with
p(a) levels; individuals aged 60 years and older presented

able 1
ipoprotein(a) level in accordance to demographic and behavior variables

ariables n Mean ± S.D. p-Value

ender 0.893
Female 294 31.29 ± 33.54a

Male 106 30.88 ± 33.79a

Total 400 31.18 ± 33.56a

ge (years) 0.041
15–19 34 27.84 ± 30.25a

20–39 124 28.86 ± 34.52a

40–59 148 30.06 ± 34.22a

≥60 94 37.22 ± 32.10b

Total 400 31.18 ± 33.56

moking 0.274
Non-smoker 228 33.17 ± 34.53a

Ex-smoker 100 31.10 ± 33.20a

Smoker 68 25.70 ± 31.20a

Total 396 31.37 ± 33.67

imilar superscript characters (a and b) indicate no significant difference
ithin groups.
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Total 398 31.18 ± 33.56

imilar superscript (a and b) characters indicate no significant difference
ithin groups.

igher Lp(a) levels [37.22 mg/dL (IC 95%, 30.65–43.80)]
han individuals between ages 15 and 19 years [27.84 mg/dL
IC 95%, 17.29–38.40)], as well as between ages 20 and 39
ears [28.86 mg/dL (IC 95%, 22.73–35.0)]. Individuals aged
etween 40 and 59 years presented borderline Lp(a) mean
evels [30.06 mg/dL (IC 95%, 24.50–35.62)]. There were no
ignificant differences in Lp(a) levels concerning smoking
tatus.

Lp(a) was correlated to biochemical variables as described
n Table 2. Univariate analysis of mean Lp(a) levels were
imilar in individuals with LDL-c classified as moderate
47.87 mg/dL (IC 95%, 32.22–47.49)] and high [53.52 mg/dL
IC 95%, 32.87–58.18)]. Both Lp(a) levels at moderate and
igh LDL-c were significantly higher than in individuals
ith normal LDL-c [28.50 mg/dL (IC 95%, 22.62–29.89)].
orrespondingly, in individuals with moderate and high

otal cholesterol the mean Lp(a) levels [40.16 mg/dL (IC
5%, 32.29–48.02) and 45.52 mg/dL (IC 95%, 32.86–58.17),
espectively] were significantly higher in comparison to Lp(a)
n individuals within the normal range of total cholesterol
26.29 mg/dL (IC 95%, 22.67–29.88)]. In contrast, no signif-

cant associations were found for Lp(a) levels and HDL-c,
riglycerides and fasting glucose.

As showed in Table 3, no association were observed
etween Lp(a) levels and anthropometric parameters as



A.P.C. Cândido et al. / Atherosclerosis 191 (2007) 454–459 457

Table 3
Lipoprotein(a) level in accordance to anthropometric variables

Variables n Mean ± S.D. p-Value

Body mass index (kg/m2)
<18.5 6 41.85 ± 35.95a 0.686
18.5–24.9 172 29.01 ± 32.49a

25.0–29.9 130 32.23 ± 32.01a

>30.0 92 33.07 ± 37.55a

Total 400 31.18 ± 33.56

Waist circumference (cm)*

Normal 169 29.02 ± 32.84a 0.524
Overweight 85 28.16 ± 29.44a

Obesity 142 34.85 ± 36.24a

Total 396 30.93 ± 33.47

Waist hip ratio**

Without risk 183 27.68 ± 32.05a 0.111
With risk 213 33.72 ± 34.48a

Total 396 30.93 ± 33.47

Body fat by TANITA®***

Low weight 10 26.53 ± 26.62a 0.367
Normal 176 27.85 ± 30.53a

Overweight 98 31.12 ± 33.24a

Obesity 111 36.33 ± 38.34a

Total 395 31.01 ± 33.55

Body fat by OMRON®****

Low weight 29 26.02 ± 30.53a,b 0.017
Normal 100 22.18 ± 26.98a

Overweight 91 30.64 ± 31.58b

Obesity 163 37.35 ± 37.28b

Total 383 30.93 ± 33.48

Similar superscript characters (a and b) indicate no significant difference
w
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Table 4
Lipoprotein(a) level in accordance to clinical variables

Variables n Mean ± S.D. p-Value

Systolic blood pressure (mmHg)
<130 169 28.37 ± 32.19a 0.384
130–139 65 29.49 ± 36.79a

140–159 78 30.14 ± 32.53a

160–179 45 35.69 ± 34.66a

>180 34 38.47 ± 32.06a

Total 391 30.63 ± 33.33

Diastolic blood pressure (mmHg)
<85 209 30.52 ± 33.86a 0.814
85–89 25 19.23 ± 22.39a

90–99 72 32.91 ± 32.64a

100–109 55 34.89 ± 37.61a

>110 30 27.62 ± 29.77a

Total 391 30.63 ± 33.33

Ischemic heart disease
No 366 29.92 ± 32.90a 0.033
Yes 34 44.81 ± 37.83b

S
w

F
s
o
a
s
Lp(a) levels regardless of age. In contrast, in ischemic sub-
jects over age of 60 years the Lp(a) decreased with the
increase of cholesterol levels, whereas the same tendency
was not observed in individuals between 40 and 59 years.
ithin groups. The cut off were defined by [18],* [19],** [20],*** [21].****

ody mass index (p = 0.69), waist circumference (p = 0.52)
nd waist-to-hip ratio (p = 0.11). Inversely, Lp(a) levels of
bese individuals [37.35 mg/dL (IC 95%, 31.56–43.11)]
s determined by bioelectric impedance (OMRON) were
ignificantly higher (p = 0.02) than in low and normally
eight individuals [26.02 mg/dL (IC 95%, 14.41–37.64) and
2.18 mg/dL (IC 95%, 16.82–27.53), respectively]. Further
o these results, although obesity as measured by an alter-
ative impedance method (TANITA scale) showed no sig-
ificant differences in Lp(a) values (p = 0.37), a consistent
rend of increasing was observed with this method in obese
36.33 mg/dL (IC 95%, 29.12–43.54) in comparison to low
eight individuals [26.53 mg/dL (IC 95%: 7.45–45.57)].
Regarding the clinical variables, Lp(a) levels did not

lter significantly as a consequence of changes in the sys-
olic (p = 0.38) and diastolic blood pressure (p = 0.81) as
hown in Table 4. On the contrary, significantly higher lev-
ls of Lp(a) were found in individuals with ischemic heart
isease [44.81 mg/dL (IC 95%, 31.61–58.02); p = 0.03] as

ompared to individuals with no clinical and electrocardio-
rafic patterns of myocardial ischemia [29.92 mg/dL (IC
5%, 26.53–33.30)].

F
0

Total 400 31.18 ± 33.56

imilar superscript characters (a and b) indicate no significant difference
ithin groups.

Fig. 2 shows that Lp(a) levels vary as a function of
ramingham risk score (p = 0.003). However, Lp(a) was not
hown to be an independent factor, because interactions were
bserved between ischemia and cholesterol and age (p = 0.04)
s well as with gender and age (p = 0.03). In non-ischemic
ubjects as higher are the cholesterol more elevated are the
ig. 2. Lipoprotein(a) levels and Framingham risk. log Lp(a) = 1.078 +
.018; Framingham risk score, p = 0.003.
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dditionally, in non-ischemic participants Lp(a) did not vary
ignificantly with age, although in ischemic males it was
igher under 60 years and higher in females between 40 and
9 years.

. Discussion

In our population cohort Lp(a) mean levels (31.18 ±
3.56) were similar to that observed in France by Boyer et
l. [10]. The distribution of Lp(a) was asymmetrical with a
igh frequency of null (15.5%) or low values, as observed by
ther authors [10,13,24]. These low values could be due to
ifferences in methods’ sensibility. Alternatively, low Lp(a)
alues may also reflect low or absent Lp(a) synthesis by
ome individuals as a function of Apo(a) non-expression
25].

Our study showed that Lp(a) levels were significantly
ssociated with age, LDL-c, total cholesterol, body fat and
HD. Leino et al. [24] also observed higher levels of Lp(a)
n individuals aged 60 years or older in both sexes as com-
ared to younger individuals. Likewise, association with lipid
arameters was found by Boyer et al. [10] in a population of
000 dyslipidemic individuals with mean age of 45 years.
nlike those observed in our study, these authors reported

ignificant correlation between Lp(a) levels with all lipid
arameters (total cholesterol, LDL-c, tryglicerides, HDL-
and apoB). The discrepancies between our data and the

esults of these authors may be due to the low prevalence of
ipertrygliceridemia and low HDL-c in our population (data
ot published).

Some authors suggest that the dosage of Lp(a) can be use-
ul to evaluate the risk of coronary artery disease in diabetic
atients [8,9]. Gazzaruso et al. [8], for instance, observed
hat higher levels of Lp(a) may be used as predictors of
oronary artery disease (CAD) severity in type 2 diabetic
atients. Habib and Aslam [9] concluded that Lp(a) levels
ere significantly elevated in diabetics as compared to non-
iabetic; however, in agreement with our data, no correlation
etween Lp(a) and fasting glucose was verified. Neverthe-
ess, we emphasize that only a single glucose determination
as accomplished in our study. Hence, relationship between
p(a) levels and diagnosis of diabetes may not be disregarded

23].
As also referred elsewhere [12–13], our study did not

xhibit a significant association between obesity, as defined
er body mass index, and Lp(a). Of particular importance in
his analysis is the evidence that BMI is not a specific anthro-
ometric measurement for determination of body fat content
26], therefore not standing as the ideal index to evaluate the
ssociation between Lp(a), obesity and CVD. The location of
ody fat deposits seems to be especially important to predict

lterations in the lipid metabolism [27] and, consequently,
n the Lp(a) levels. Different authors have observed associ-
tion between obesity and Lp(a) only when parameters that
valuate the percentage and location of body fat content were

h
o
f
b
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sed [13,28]. When we measured the proportion of body fat a
ignificant association between Lp(a) and this parameter was
bserved; occurrence not verified, on the other hand, with
ther variables that indicate body fat distribution as waist cir-
umference and waist-to-hip ratio. In general, no significant
ssociation trend was observed between all obesity-related
ndices and Lp(a) levels.

In spite of the various influences that the smoking habit
ay exert on lipid metabolism, a positive association between

obacco use and Lp(a) levels was not verified either in this
tudy or elsewhere [29]. With respect to blood pressure, we
ave not demonstrated any association between systolic or
iastolic components of arterial blood pressure and Lp(a)
evels. Similarly, Catalano et al. [7], examining hypertensive
nd non-hypertensive individuals, did not observe differences
n concentration of Lp(a). However, regardless of their results
hese authors suggested that high levels of Lp(a) could be the
rst pathological hint of target-organ damage.

In our cohort levels of Lp(a) were significantly higher
n individuals with electrocardigraphic evidence of ischemic
eart disease than in those without it. Agewall and Fagerberg
30] in a prospective study of 118 men, aged 56–77 years,
bserved that subjects with coronary heart disease (previous
yocardial infarction, angina, or major electrocardiographic

hanges) had significantly higher Lp(a) levels than subjects
ithout known coronary heart disease. These authors con-

luded that Lp(a) was an independent predictor of major
oronary events.

In spite of the association between Lp(a) and the Fram-
ngham risk score as reported in our cohort, our multivariate
nalysis found that Lp(a) was not considered an independent
isk factor for ischemic heart disease. Inversely, recently pub-
ished data [31] indicated that elevated Lp(a) increased the
isk for myocardial infarction and angina, especially in men
ith a high LDL-c levels. Paradoxically, results published

lsewhere [32] considered Lp(a) as an independent predictor
f stroke, death from vascular disease and death from any
ause in older men.

In light of our results we conclude that Lp(a) levels varied
ignificantly, as a function of age, with ischemic heart disease
s well as with other lipid parameters in the setting examined.
ven though our findings support the relevant association
f elevated Lp(a) and occurrence of myocardium ischemia,
pecially in older adults, additional data remain to be acquired
n future studies as to clarify more comprehensively whether
p(a) should play a role as a screening tool in the quotidian
linical practice.
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