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Cardiovascular risk in carotid disease: assessment of
doppler sonography and biomarker results
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ABSTRACT

Introduction: Atherosclerosis and correlated cardiovascular problems, whose mechanical and physiological disorders cause thickening and
hardening of blood vessels, are among the main causes of death worldwide. Objective: To assess plasma concentrations of biomarkers from the
lipid metabolism and carotid doppler sonography results by correlating them with atherogenic carotid disease. Methods: the study comprised
66 patients aged 57.5 % 15.5 years (20-77), from which 63% were female. Serum markers and doppler sonography images were used to evaluate
the association with atherogenic carotid disease (ACD). Results: There was a higher prevalence of ACD among females (33% vs. 15%), age range
56-65, showing a relative risk (RR) of 1.56 among females (p < 0.002; Fisher, Katz). Concerning high density lipoprotein cholesterol (HDL-C)
and carotid stenosis classification, North American Symptomatic Carotid Endarterectomy Trial (NASCET), 76% of patients showed HDL-C within
the protection range, from which 31 individuals presented level I (normal). 81% of them showed HDL-C > 40 mg/dl and 19% had HDL-C >
40 mg/dl. The prevalence of HDL-C > 40 mg/dl at levels T, TIT and IV was considerable. There was no difference in HDL-C among the groups
(p = 0.4910; unpaired ¢ test). Furthermore, there was no difference in paraoxonase (PON1) activity when stratified to HDL-C > and < 40 mg/dl
(p > 0.05). Conclusion: The female group displayed higher ACD prevalence at 56-65 age range, with RR of 1.56 times higher. These findings
substantiate the importance of analyzing this group and age range carefully, inasmuch as the absence of hormonal protection may increase ACD
risk and ultimately influence HDL antioxidant activity due to its direct action on PONI. Triglycerides (TG)/HDL-C ratio indicates cardiovascular
risk and impaired reverse cholesterol transport.
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INTRODUCTION inflammation and presence of foam cells in the vascular walls®.
Dyslipidemias considerably influence the formation of atheroma
Cardiovascular ~ problems, from which atherosclerosis  plaques in vessel walls, mainly due to its interference in the structure

complications are worth noting, are among the main causes of
death worldwide. It is characterized by impaired mechanical and
physiological conditions that cause thickening and hardening
of coronary, cerebral and peripheral vessels, leading to chronic

and function of high density lipoprotein (HDL)“>. HDL is responsible
for the removal of exceeding cholesterol from extra-hepatic tissues,
transporting it again to the liver to be excreted. This process is called
reverse cholesterol transport™.
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It is commonly asserted that atherogenesis is linked with the
presence of oxidized (modified) low density lipoprotein (LDL) in
vascular walls®. LDL oxidation by free radicals present in the intima
region of vessels induces the migration of monocytes and other
inflammatory cells to the endothelium, tunica intima and media® !>,
Atherosclerosis involvement in several sites cause resemblance between
carotid atherosclerosis and coronary atherosclerosis risk factors®. The
carotid intima-media thickness (IMT) is an early vascular alteration
originated from the endothelium dysfunction and corresponds to the
initial stage of atherosclerosis"”.

Currently, intima-media thickness is regarded as an important
measurement to indentify atherosclerosis, inasmuch as it shows the
correlation of risk factors with other vascular atherosclerotic diseases ™.
Several lipoprotein markers are notably associated with IMT such as the
increase in triglycerides (TG) concentrations, non-HDL cholesterol (non
HDL-C) and apolipoprotein (apo) B”. However, some investigations
have demonstrated that the cause-effect relation between plasma
biomarkers and cardiovascular risk requires further elucidation, mainly
considering the conflicting data published in this area®.

Hence, this study aims to asses the relation between carotid
atherosclerosis and metabolic lipoprotein alterations through imagery
tests (doppler sonography), laboratory evaluation of paraoxonase activity
(PONT1) and calculated indexes from lipidic profile determinations.

OBJECTIVE

To verify the possible interrelation between plasma concentrations
of lipid metabolism biomarkers and PON1 activity with carotid
doppler sonography results by correlating them with atherogenic
carotid disease (ACD).

METHODOLOGY

Study outline and sample

A prospective study was carried out by means of cooperation
between Hospital Naval de Salvador and the Faculdade de Farmacia
da Universidade Federal da Bahia (UFBA). It comprised the military
population and their dependants, regardless of gender, race or
religion. The sample was selected for convenience, including a total of
66 individuals aged between 20 and 77 from 171 participants initially
registered for the research protocol at Hospital Naval de Salvador.
All participants signed a free informed and clarified consent prior to
taking part in the study.

» Inclusion criteria

Both genders; age group: young and elderly adults (20 to 77);
non-hospitalized outpatients from Hospital Naval de Salvador; signed
informed consent; carotid doppler sonography after lipidic profile
assessment; lipidic profiles independent from normal reference values,
even in patients with diabetes mellitus (DM), arterial hypertension
(AH), hypothyroidism or dyslipidemia, undergoing treatment or not.
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* Exclusion criteria

Hospitalized patients; presence of acute pathologies; no consent to
take part in the research; individuals with renal failure (serum creatinine
> 2 mg/dl) and/or nephritic syndrome (proteinuria > 3 g/l and serum
albumin < 3 g/l); those who had not undergone vascular doppler
sonography; clinical evidence of any chronic disease such as hepatopathy,
conjunctive tissue diseases and neoplasias; terminal diseases.

Diagnostic imaging

The exams were carried out at the Center of Vascular
Ultrasonography and Bioimaging from the Naval Hospital. They were
all performed by the same examiner with Envisor G serie M2540A,
PHILLIPS Medical Systems, uni-bidimensional mode with color doppler
in order to evaluate and perform the clinical and ultrasonographic
analysis of plaques and carotid atherosclerotic irregularities.

Classification of stenotic lesions

In accordance with the North American Symptomatic Carotid
Endarterectomy Trial (NASCET), the stenotic levels caused by
atheroma plaques in carotid arteries were sorted into the following
levels: level 1 (normal), level II (between 1% and 29%), level III
(between 30% and 49%), level IV (between 50% and 69%), level V
(between 70% and 99%) and level VI or occlusion (100%)@".

LABORATORY DETERMINATIONS

Clinical laboratory

After a twelve-hour fasting period, serum samples of
approximately 10 ml were collected and sent to the Clinical
Biochemistry Laboratory in order to determine the concentrations of
total cholesterol (TC), its fractions and TG. HDL-C was determined by
homogeneous method (Labtest, Brazil). Concentrations of very low
density lipoprotein cholesterol (VLDL-C) and low density lipoprotein
cholesterol (LDL-C) were calculated according to Friedwald equation
(1972)® or according to the homogeneous method to assess LDL-C
when TG was higher than 150 mg/dl. All analyses were conducted by
automated Labmax 240, Labtest, Brazil. Sample aliquots were applied
to assess lipidic profile markers and PON1 activity. Furthermore,
Gazzinano and Castelli indexes I and IT were calculated.

RESEARCH LABORATORY

Low density lipoprotein (LDL) particle size
assessment (LDL)

After determining serum TG and HDL cholesterol concentration,
LDL particle size was assessed according to Maruyama et al. equation™,
which is obtained by TG/HDL-C ratio (Gazziano index) .
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PON1 activity

PON1 activity was assessed according to the method described
by Mackness ef al."9. 140 pl of Tris-HCI 0.1 M, pH 8.05 containing
2 mmol/1 of calcium chloride (CaCl2) and 1.1 mmol/1 of paraoxon
(Sigma Chemical Co.) was added to 7 pl serum. The sample was
distributed into 96 deep-well plates in duplicates. The reading was
performed at 405 nm wavelength and 37°C by Microplate Reader,
Benchmark, BIO-RAD. Six readings were done at one-minute
intervals in order to calculate PON1 activity. The result was achieved
by multiplying the mean absorbance variation by factor.

Factor = total reaction volume (TRV) (ml)/e405x sample ) .
value (SV) (ml) x cuvette thickness (cm), in which €405- o * B I ®W = @ ¥
1805 ml“» cm®. Therefore, PON1 activity = factor x Aabs/minute. Prevalence of atherosclerosis

Age

@Female
™ )Male

FIGURE - Presence of carotid atherosclerosis according to age range and gender. ACD was
more prevalent in the female group (33% vs. 15%) in comparison with the male group (56-
65 years of age), with RR 1.56 for women (p < 0.002; Fisher’s test with Katz approximation,).

Statistical analysis

The descriptive analysis was conducted after the assessment of

centrality and dispersion in order to obtain summary measures, which
was followed by Kolmogorov-Smirnov normality test. Grubbs test was
carried out to detect outliers at the beginning of inferential statistical
analysis. Subsequently, parametrical and/or non parametrical tests
were conducted according to data distribution in relation to the
mean number. The differences with critical level p < 0.05 (5%) at
confidence interval (CI) of 95% were considered significant for all
data. Software GraphPad Instat v.3.05 was applied for data analysis.

Ethical aspects

This investigation was approved by the Ethics Committee of
Maternidade Climério de Oliveira/UFBA. In accordance with the
National Health Council regulation 196/1996, all patients were
admitted after the free informed consent.

RESULTS

Concerning distribution and age range, there was a higher
prevalence of participants above the age of 66. Nonetheless, it was
observed that the presence of atherosclerotic disease generally
occurs in the male group from 36-45 years (Figure) whereas in the
female group, the disease was detected from 46-55 years, becoming
increasingly higher in both groups with the aging process. None of the
groups had the disease within the age range 20-35.

The participants’ clinical profile evaluation showed prevalence
in 35 patients (53%) with ACD; 54 (82%) were on regular medication
to treat previous diseases (systemic arterial hypertension [SAH],
DM, cerebrovascular accident [CVA], dyslipidemia, hypothyroidism
or coronary disease); 45 (68%) were hypertensive; 48 (73%) had
dyslipidemia, from which 25 (53%) had associated carotid arterial
disease; seven were coronary patients; three (4%) showed CVA; 42
(64%) were on regular use of hypolipidemic drugs.

The prevalence of carotid stenosis levels was calculated according
to NASCET classification (1991)®. It was confirmed that 47% of
patients had level 1 (normal — without atherosclerotic plaques)
whereas levels II, IIT and IV totaled 53% of the cases. In accordance
with Barnet ef a/.®, mild stenosis (< 50% obstruction of vascular
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ACD: atherogenic carotid disease; RR: relative risk.

lumen) was predominant, hence levels IT and TIT totaled 44% of the
cases. There were no patients from levels V and VI (occlusion) in the
present study.

The performance of Fisher’s exact test between carotid stenosis
levels (NASCET) and the concentration of HDL-C (> ou < 40 mg/dl)
did not prove any significant association.

As to HDL-C concentration and carotid stenosis classification
(NASCET), 50 (76%) from the total of 66 patients presented HDL-C
levels within the protection zone. 25 (81%) from the total of 31
individuals classified as level I showed serum HDL-C > 40 mg/dl and
six patients (19%) showed HDL-C < 40 mg/dl. There was prevalence
of serum HDL-C > 40 mg/dl in levels II, 11T and IV. There was no
considerable difference in HDL-C concentrations within the groups (¢
=(.4910, unpaired t test). Table 1 shows the centrality and dispersion
measurements, calculated Castelli I, IT and Gazziano indexes for
groups ACD and non ACD.

There was no significant difference in PON1 activity when
stratified to HDL-C > and < 40 mg/dl (Table 2).

DISCUSSION

For convenience, the patients selected for this study were from
a general outpatient clinic for on and off duty military personnel
and their dependants. The distribution of participants according to
their age range showed higher prevalence among those above 65
years. As expected, the attendance of younger patients proved to be
less frequent due to behavioral patterns, regardless of the fact that
the population was made of militaries or civilians®?. The sample
revealed the presence of ACD in the male group as from 36-45 years
of age, although it may be observed in the second decade of life'®.
On the other hand, in the female group the disease was detected as
from 46 years of age, becoming higher in both groups as individuals
aged. None of the groups presented ACD within the age range (20-
35 years) at the present study. Pertaining to carotid atherosclerosis,
Framingham’s study demonstrated a prevalence of stenosis > 50%
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TABLE 1 — Gazziano, Castelli I and IT indexes and calculated centrality and dispersion measures

Indice n Mean SD b
Castelli I
Normal 34 3.4 14 0.992
ACD 32 34 1
Castelli 1T
Normal 34 19 1.2 0.303
ACD 32 17 0.7
Gazziano
Normal 31 2.7 1.814 0.406
ACD 35 29 2.806
*Student's t distribution with different standard deviation.
SD: standard deviation; ACD: atherogenic carotid disease.
TABLE 2 — Estimated PON1 activity data for HDL-C > and < 40 mg/dl
Parameters Mean 50th SD n b*
*PON1, HDL-C 108.6505 115.4600 46.05 29 0.1704
> 40 mg/dl
*PON1, HDL-C 93.9108 98.1450 32.84 08
<40 mg/dl

PONI: paraoxonase; HDL-C: high densily lipoprotein cholesterol; SD: standard deviation.

among the population above 65 years of age (7% for females and 9%
for males)®. At the present study, the general prevalence for stenosis
levels II, IIT and IV was 53%, classified as mild stenosis, from which
47% were level 1, 44% were levels 11 and III and 9% were level IV,
namely mild and moderate stenosis of vascular lumen. ACD was more
prevalent in the male group (36-45; 46-55; 66-70 and above 70 years
of age). However, this was not evinced in the age range of 56 to 65,
in which there was a prevalence of 33% in the female group opposed
to 15% in the male group, RR 1.56 to females in this age range () <
0.002; Fisher’s test with Katz approximation) (Figure).

Transversely, the transition to menopause has been associated
with subclinical disease levels, which are assessed by carotid
intima-media thickness and arterial distensibility®”. Furthermore,
during this subclinical phase, serum LDL-C concentration
increases, whereas HDL-C concentration decreases™.

These changes in the lipidic profile may be estimated by the
use of ratios and markers of inflammatory processes such as
high sensibility G reactive protein (hsCRP) and the TG/HDL-C
ratio®V. Comparing data within the same group, the progression
of IMT was noticed. According to Wildman ef al.%?, these data
may also attest the expected menopause effect with higher
progression of subclinical disease among women who are in
transition for perimenopause or postmenopause. The yielded
results for both perimenopause and postmenopause corroborate
the Atherosclerosis Risk in Communities (ARIC) study, in which
the average annual progression of IMT was 0.0086 millimeters
among women and 0.0091 millimeters among men (age range:
45-64). In the present investigation, the mean IMT was 0.083 +
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0.029.Accordingly, the menopause transition may be related to the
accelerated progression of subclinical atherosclerosis and may
be diagnosed through the direct effects caused by the hormonal,
lipidic profile and vascular changes. The difference between
genders has been documented in population studies, in which
the incidence of a first CVA due to large-vessel atherosclerosis is
four times higher among men. According to Kapral et al."?,
the frequency of carotid endarterectomy is lower among women
in comparison with men, though it is not well established if this
difference is related to triage type, disease prevalence or other
factors. It has been noticed that women are submitted to carotid
imaging less frequently than men (6,389 female patients, 48%,
p < 0.0001) and they also present less carotid stenosis (7.4%
versus 11.5%, p < 0.0001). Kapral e al."9 study did not
evidence any difference for the subgroup severe stenosis (odds
ratio 0.75; 95% CI 0.49 to 1.15). Additionally, levels V and VI
(NASCET criteria) were not observed in the study. As to clinical
profile, our present approach, 54 patients were in use of regular
medication to previous diseases (SAH, dyslipidemia, DM,
CVA, hypothyroidism or coronary diseases), 42 were in use of
hypolipidemic medication (simvastatin) and 35 presented ACD.
According to Park et @/.%?, modifiable predictors such as AH,
smoking and DM are well established risk factors for ACD in
several investigations. In Framingham’s study, independent
risk factors such as age, smoking, systolic arterial pressure,
dyslipidemia and significant alcohol consumption among men
were also connected with carotid atherosclerosis®. In some
studies, the duration of the smoking period has proved to be



Cardiovascular risk in carotid disease: assessment of doppler sonography and biomarker results

an independent predictor of ACD, surmounting AH and DM
effects™. The presence of risk factors and their severity have an
impact on ACD progression. Likewise the control of DV and AH
may influence ACD progression. In the clinical trial “Diabetes
and Complications”, which involved type 1 diabetes, the
conventional treatment was compared with intensive treatment
by evaluating ultrasonographic data. After six years of study,
there was a decrease in the progression of carotid IMT in the
group with intensive treatment® . Most studies about risk factors
linked with CVA indicate that high serum levels of cholesterol
slightly increase the risk of ischemic CVA, even though some
authors claim that dyslipidemia may not constitute a risk factor
for it. Notwithstanding, it may be related to the increase of serum
cholesterol®. At Framingham score, considering the isolated
punctual measurement, there was no association between
cholesterol levels and carotid stenosis (1,189 individuals).
However, there was a significant association between carotid
stenosis and TC when the measurement was assessed through
an eight-year period, which suggests that dyslipidemia may
have a delayed effect on ACD in comparison with coronary
atherosclerosis. The performance of exact Fisher’s test between
carotid stenosis levels (NASCET) and HDL-C levels (> ou <
40 mg/dl) did not demonstrate a major association. Maki ef e/,
showed thatthe carotid IMT measurementwas inversely associated
(p < 0.001) when compared with IMT progression. After the
adjustment of the initial measurement to IMT standardization,
several major predictive factors were substantiated for IMT
progression by use of linear regression analysis: glucose
(p = 0.044), HDL-C, inverse relation, (p = 0.006), TG (p
= 0.006) and ratios TC/HDL-C (p = 0.013), TG/HDL-C (p =
0.005), and apo B/HDL-C (p = 0.021). The following predictors
were demonstrated for the posterior IMT: TC (p = 0.028), LDL-C
(p = 0.035), non HDL-C (p = 0.004), TG (p = 0.016), apo B
(p = 0.005), and ratios TC/HDL-C (p < 0.001), TG/HDL-C (p =
0.015), apo B/apo AT (p = 0,012) and apo B/HDL-C (p = 0.004).
In comparison with previous doppler studies, it was observed
that there is the prevalence of atherosclerotic disease in all
associated diseases (p < 0.05, Fisher), excepting hypothyroidism,
in which there was similar prevalence among normal patients
and among those with atherosclerotic plaques. Nevertheless,
when the relation ACD and IMT was assessed in patients with
hypothyroidism, highly significant results were yielded (p <
0.0001; RR = 5.2; Fisher’s test).

The clinical findings with Castelli T and II indexes did not
corroborate ACD data, insofar as they are below the alleged risk
rates, that is to say Castelli I is lower than 5 for men and lower than
4.4 for women and Castelli IT is lower than 3.3 for men and lower
than 2.9 for women (Table 1). Gender stratification (Castelli I
among patients without ACD) did not demonstrate any difference
(p = 0.2169; unpaired £ test). The group with ACD yielded similar
result (p = 0.1509; unpaired test with different standard deviation
SD). The comparison between the groups with and without ACD
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for the same index, considering both genders, was not significant
(p = 0.8464 and 0.5167; unpaired 7 test, respectively).

The comparison between Castelli 1T indexes did not evince
any significance (p > 0.05). The results from Castelli I and II
between the groups with and without ACD may be explained by
the use of hypolipidemic medication and the changes in TC and
LDL-C concentrations®. As to Gazziano index, ratio TG/HDL-C,
which estimates the presence of small and dense LDL, our study
substantiated evidences lipoprotein particles lower that 25 nm
in both groups with and without ACD"* 3. There was no major
difference in the ratio TG/HDL-C between the groups, though data
were almost significant for the male group with and without ACD
(b = 0.0596, unpaired / test).

Concerning data from HDL-C > 40 mg/dl group and PON1
activity between the groups (HDL-C > and < d 40 mg/dl),
there were no significant associations (Table 2). In accordance
with Kabaroglu ef @/."V, PONI activity is not related to HDL-C
concentration.

Simvastatin was most common oral hypolipidemic
medication administered at 20-40 mg concentration daily,
preferably at night. The present study focused on evaluating
the relation between serum concentration of lipidic metabolism
biomarkers, PON activity and carotid doppler sonography
results, correlating them with CAS as a risk marker in the
HDL metabolism assessment. According to several studies®
» simvastatin may have partly influenced HDL cholesterol
concentrations, inasmuch as statins, though they promote a
considerable reduction of TC and LDL-C, they do not influence
HDL in its remodeling®?. There was no participant with isolated
low HDL-C levels in use of nicotinic acid, hypolipidemic drug
that raises HDL-C levels considerably, although it does not
interfere in PON1 activity®. As patients had already been in use
of medication for a considerable period, it was not possible to
discontinue the treatment due to ethical reasons.

CONCLUSION

Although ACD appears according to age progression in both
genders, and approximately a decade earlier within the male
group, in this sample the female group showed a higher prevalence
within the age range 56-65 with RR 1.56 times higher. These
results substantiate the special attention required by this group
and age range, inasmuch as the lack of estrogenic protection may
heighten the risk of ACD and atherosclerosis in other vessels. This
is due to the fact that there is no protection against the action of
the atherogenic lipidic profile, which contains small and dense
LDL particles, herein estimated in both groups with and without
ACD in relation to ratio TG/HDL-C. Thus, it may interfere in the
HDL antioxidant activity as it directly acts on PON1, though HDL
concentrations do not influence PON1 activity.
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RESUMO
Introducdo: Complicagoes da aterosclerose agregam as principais causas de morte no mundo por problemas cardiovasculares
relativos a distiirbio da condicdo mecdanica e fisiologica que promove espessamento e endurecimento nas artérias. Objetivo: Avaliar as
concentracoes plasmdticas de biomarcadores do metabolismo lipidico e os resultados de doppler de cardtidas, relacionando-os com a
doenga aterogénica de cardtidas. Métodos: Foram acompanhados 66 pacientes, com a média de idade entre 57,5 + 15,5 anos, (20 a
77), sendo 63% mulberes. Utilizaram-se biomarcadores séricos e imagens (doppler) para avaliar a associagio com a doenga alerogénica
carotidea (DCA). Resultados e discussdo: A DCA foi mais prevalente no género feminino (33% vs. 15%) entre as idades de 56-65 anos,
risco relativo (RR) 1,56 nas mulberes (p < 0,002; Fisher, Katz). Em relagdo ao colesterol da lipoproteina de alta densidade (HDL-C) e a
classificagdo da estenose de cardtidas, North American Symptomatic Carotid Endarterectomy Trial (NASCET), observamos que 76% dos
individuos apresentavam HDL-C na faixa protetora, sendo 31 grau [ (normal); 81% possuiam lipoproteina de alta densidade (HDL)
sérica > 40 mg/dl em comparagio com 19% que tinham concentragdo de HDL-C > 40 mg/dl. A prevaléncia de HDL-C > 40 mg/dl nos
graus II, Ill e IV foi significativa. Nio houve diferenga de HDL-C entre os grupos (p = 0,4910, teste t ndo pareado). Néo foi observada
diferenga entre as atividades de paraoxonase (PON1) quando estratificada para HDL-C > e < que 40 mg/dl (p > 0,05). Conclusdo: O
género feminino leve maior prevaléncia de DCA entre 56-65 anos, RR 1,56 vezes maior. Esse achado revela a imporidncia de atengdo
nesse género e nessa faixa eldria, uma vez que a auséncia de protegio hormonal agrava o risco de DCA, podendo influenciar na
atividade antioxidante da HDL por atuar diretamente na PON1. A razdo triglirecideos (1G)/HDL-C aponta para risco cardiovascular e

deficiéncias no transporte reverso do colesterol.

Unitermos: aterosclerose; ecocardiografia vascular; paraoxonase; lipoproteinas.
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