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FORECASTING RISK ANALYSIS OF DETECTION FOR CAROTID ARTERY
STENOSIS BASED ON SERUM LEVELS GRADING OF LIPOPROTEIN (A)
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Federation, 6 Michurinskii Ave., Moscow, 119285, Russian Federation

Aim of the study: to assess the relationship between Lp(a) serum levels grading and carotid artery stenosis (CAS).

The Duplex Registry database was used for this study. CAS was verified by duplex scanning in the presence of an
atherosclerotic plague (AP), stenosing the lumen of the carotid artery (CA) by 20 % or more. Patients who underwent a
blood test for Lp(a) and the results were entered into the registry database were selected for this study. The immunoturbidi-
metric method was used to determine the serum level of Lp(a) (mg/dl).

Data from 51 patients (66.6 % men) were included in the final analysis: median age 49.0 [46.0; 59], total cholesterol
(TC) 5.93[5.13; 6.56], Lp(a) 26.5[14.2; 76.0]. Spearman rank correlation analysis showed the presence of significant rela-
tionships (p < 0.05) between Lp(a) and age (r = 0.3), gender (r = 0.3), the presence of AP in theright ICA (r = 0.5), HDL
(r = 0.3). OR and 95 % CI were calculated to determine the effect of Lp(a) grades on the probability of CAS detection:
Lp(a) < 30 mg/dl OR0.36 [0.11; 1.14] p = 0.04; Lp(a) > 30 mg/dl OR 1.42 [0.44; 4.58] p = 0.27. The prevalence of CASin
the group with Lp(a) level < 30 mg/dl was 33.3 %, 30-50 mg/dl — 50 %, 50-100 mg/dl — 40 %, > 100 mg/dl — 37.5 %. The
model of multiple regression analysis for Lp(a) with TC in relation to the right ICA stenosis predicting showed R = 0.51,
F = 8.4, p= 0.0007. The statistics of 3M model of the logistic regression function for CAS predicting based on the Lp(a) and

TC data showed: -2 - log(likelihood) = 57.16, Chi-square = 8.17 (cc = 2), p = 0.016.
The present study confirmed the relationship between the Lp(a) level and the CAS detection and the presence of an ad-
ditive effect of total cholesterol on this. The reference role of Lp(a) gradation at the level of 30 mg/dl was determined as

significant in relation to predicting CAS detection.
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Despite the fact that the role of lipid fac-
tors in the formation and development of
atherosclerosis is well known, the scientific
medical community continues to actively pay
attention to the study of lipoprotein (a) (Lp(a))
[1, 2]. A high level of Lp(a) is an independent
risk factor for the early development of athero-
sclerosis and related cardiovascular diseases,
which is initiated through mechanisms associ-
ated with its proatherogenic, proinflammatory,
and prothrombotic properties. Lp(a) is a pre-
dominantly genetic determinant of cardiovas-
cular risk that is inherited [3]. Therefore,
medical scientific associations call for close
attention to this risk factor, its stratification
and analysis in clinical practice [3—6].

© Gaisenok O.V., 2022

The National Lipid Association guidelines
for clinical practice recommend measuring
Lp(a) to identify patients with very high Lp(a)
levels who have a family history of premature
cardiovascular disease or elevated Lp(a) levels
[6]. The genetic predisposition to elevated lev-
els of Lp(a) [7] and its correlation with the early
development of carotid atherosclerosis [8] was
convincingly confirmed in studies performed
back in the 90s of the last century. A significant
relationship was noted between the joint influ-
ence of an elevated level of total cholesterol
and Lp(a) in the early manifestation of CVD
[9]. At the same time, subsequent studies ques-
tioned the role of Lp(a) in the development of
early carotid atherosclerosis in young patients
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[10]. A possible role in this could be played by
the stratification of the value of Lp(a), which
was defined as the limit of the norm.

Despite the fact that the previously noted
Lp(a) level > 50 mg/dl was considered a refer-
ence [11, 12], other studies have noted that the
gradation of the Lp(a) level, starting from
30 mg/dl, has the greatest importance [13].

Aim of the study: to assess the relationship
between Lp(a) levels and carotid atherosclerosis,
verified on the basis of duplex scanning of the
carotid arteries within the local registry.

Materials and methods. Duplex Registry
database was used for this study. Detailed
methodology for this registry was described
earlier in previous publications [14, 15]. Ca-
rotid atherosclerosis was verified on the basis
of duplex scanning data in the presence of an
atherosclerotic plaque that stenosed the lumen
of the carotid artery by 20 % or more. Duplex
scanning was performed on Vivid 7 (GE) de-
vices according to the standard technique us-
ing multi-frequency linear sensors (L9 / L12,
9-12 MHz). Both common carotid arteries and
their bifurcations, internal and external carotid
arteries were studied in order to determine the
section where the atherosclerotic plaque had
the largest size. The percentage of stenosis was
determined in the zone of maximum narrowing
of the arterial lumen in % by the diameter and
area of the vessel lumen according to the
ECST criteria in accordance with the guide-
lines for DS performing' [16, 17]. The formal-
ized minimum value of stenosis associated
with atherosclerotic plaque, which can be cor-
rectly expressed as a percentage in accordance
with these protocols and recommendations,
was taken as 20 % when describing the results
of duplex scanning.

For inclusion in the present study, patients
were selected who underwent a blood test for
Lp(a) and its results were entered into the reg-
istry database. The Lp(a) level was determined
by the immunoturbodimetric method using a
Beckman Coulter 5800 biochemical analyzer.

The referral of patients for this study by a
cardiologist and / or lipidologist of the clinic
was initially based on strict indications: an
early family or own cardiovascular history in
combination with confirmed hyperlipidemia,
which made it possible to suspect a hereditary
predisposition to this pathology.

Statistical analysis. Statistical data proc-
essing was performed using the Statistica 10.0
software package (StatSoft). Group data are
presented as mean and standard deviation, me-
dian, 25 % and 75 % percentile, or as absolute
numbers and percentages. Spearman correla-
tion analysis was used to determine the pres-
ence of significant relationships between the
studied characteristics. The chi-square test was
applied to compare groups on a qualitative
sign. The extended Mantel — Haenszel chi-
square for a linear trend with a p-value for one
degree of freedom was used as a model for the
analysis of interlevel interactions depending
on the gradation of a qualitative sign®. Odds
ratio (OR) and 95 % confidence interval (95 %
CI) were calculated to determine the effect of
different gradations of Lp(a) on the probability
of detecting carotid atherosclerosis. Multiple
regression analysis for a quantitative sign was
applied to build models that included Lp(a) in
relation to predicting the degree of ICA steno-
sis. Logistic regression analysis using a Quasi-
Newtonian method of estimation was applied
to construct a model of the predictive function
for the detection of stenosing carotid athero-
sclerosis based on Lp(a) and TC data (3M
function model). ROC-analysis (Receiver Op-
erator Characteristic) with ROC-curve con-
struction and area under curve estimation
(Area Under Curve) was applied to evaluate
the CAS prediction classifier as a diagnostic
test based on the obtained classification logis-
tic function formula. Differences were consid-
ered statistically significant at p < 0.05.

Results. Data from 51 patients were in-
cluded in the final analysis. The mean age of
the patients was 50.2 + 6.5 years; 2/3 of them

! Atkov O.Yu., Gorokhova S.G., Balakhonova T.V. Ul'trazvukovoe issledovanie serdtsa i sosudov [Ultrasound examina-
tion of the heart and blood vessels]. In: O.Yu. Atkov ed. Moscow, Eksmo, 2009, 400 p. (in Russian).
2Rosner B. Fundamentals of Biostatistics, 5th ed. Belmont, CA, Duxbury Press, 2000, 606 p.
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belonged to the male sex (n = 34). Arterial hy-
pertension was registered in 37 % of patients
(n =19), in 4 of them the diagnosis of coro-
nary artery disease was also verified (one of
them had a history of MI). Carotid atheroscle-
rosis (according to the AP criterion > 20 %)
was detected in 19 patients (37.3 %) from the
study group (n=51).

The distribution of patients in the study
group by Lp(a) level is shown in Figure 1. De-
tailed descriptive clinical, laboratory and ultra-
sound characteristics of the patients included
in this study are presented in Table 1.

Spearman rank correlation analysis
showed the presence of significant relationships
(p < 0.05) between the following signs. Age
correlated with IMT (r = 0.3), the presence of
AP in the bifurcation of the CA, ICA and RSA
(r = 0.3), with CAS gradation (r = 0.45), lipid-
lowering therapy (LLT) (r = -0.12), Lp(a)
(r = 0.3). AP of the right ICA showed correla-
tions with age (r = 0.34), sex (r = -0.12), total
cholesterol level in dynamics (TC2) (r =-0.13),
LDL level in dynamics (LDL2) (r = -0.12 ),
Lp(a) level (r = 0.5); while AP of the left ICA -
with age (r = 0.33), sex (r = -0.12), TC2
(r =-0.15), LDL2 (r = -0.16). The gradation of

(r =-0.13), TC2 (r = -0.13), LDL2 (r = -0.14),
LLT (r = -0.08). Lp(a) correlated with age
(r =0.3), sex (r = 0.3), presence of AP in the
right ICA (r = 0.5), HDL (r = 0.3) and HDL2
(r=0.4).

The extended Mantel — Haenszel chi-
square for linear trend was applied as a model
for the analysis of interlevel interactions de-
pending on the gradation of serum levels of
Lp(a) and carotid atherosclerosis. The data ob-
tained are presented in Table 2.

Figure 1. Distribution of patients in the study

CAS severity correlated with age (r = 0.45), sex group by Lp(a) level
Table 1
Clinical, laboratory and ultrasound characteristics of patients included in this study

Sign Mean + SD Med. [Qys; Q75 %] Min; Max
Age (years) 50.2+6.5 49.0 [46.0; 59.0] 37.0; 60.0
TC (mmol/l) 503+02 5.93 [5.13; 6.56] 3.5;10.1
HDL (mmol/L) 155+ 047 147 [1.18; 1.95] 0.84;2.52
TG (mmol/l) 158+0.9 1.4210.91; 1.84] 0.56; 4.79
LDL (mmol/l) 3.65+1.03 3.53 [3.02;4.17] 1.7,7.22
Lp(a) (mg/dl) 528+614 26.5 [14.2; 76.0] 0.1;298.4
IMT right OCA (mm) 1.04+02 1.0[0.9; 1.2] 0.7; 1.5
IMT left OCA (mm) 1.06+02 1.0[0.9; 1.2] 0.7; 1.5
IMT bifurcation of the right CCA (mm) 1.35+0.2 1.4[1.2;1.7] 0.9;1.7
IMT of bifurcation of the left CCA (mm) 1.39+0.3 1.4[1.2;1.6] 0.7; 2.1
IMT RSA (mm) 146+02 1.5[1.3; 1.6] 0.7; 1.9
AP bifurcation of the right CCA > 20 % (%) (7/51) 416+115 0.0 [0.0; 0.0] 0.0; 59.0
AP bifurcation of the left CCA > 20 % (%) (7/51) 437+118 0.0 [0.0; 0.0] 0.0; 48.0
AP right ICA > 20 % (%) (3/51) 1.56+ 64 0.0 [0.0; 0.0] 0.0; 30.0
AP left ICA > 20 % (%) (3/51) 1.96+82 0.0 [0.0; 0.0] 0.0; 46.0
AP RSA >20 % (%) (11/51) 574+11.2 0.0 [0.0; 0.0] 0.0; 45.0

Note: TC — total cholesterol, HDL — high-density lipoprotein, TG — triglycerides, LDL — low-density lipo-
protein, Lp(a) — lipoprotein(a), IMT — intima-media thickness, CCA — common carotid artery, AP — atherosclerotic
plaque, ICA — internal carotid artery, RSA — right subclavian artery, CAS — carotid atherosclerosis.

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

ISSN (Eng-online) 2542-2308

135



0O.V. Gaisenok

Table 2

Analysis of CAS associations and Lp(a) level gradations in comparison with the normal level
(extended Mantel — Haenszel chi-square for a linear trend)

Gradation | Lp(a) value Cases Controls Total Intergoup 0Odds ratio Interleyel
of levels for level ratio comparisons
0 <30 9 18 27 0.5 1.0 OvsO
1 30-50 3 3 6 1 2.0 1vsO
2 50-100 4 6 10 0.67 1.3 2vs0
3 > 100 3 5 8 0.6 1.2 3vs0

Total 19 32 51
Table 3

Analysis of multiple regression analysis models with Lp(a) and lipid factors in relation to
predicting the degree of right ICA stenosis

Model R R2 Adjusted R2 F B p-level
LP() 0.50 0.25 0.23 16.7 0.0001
0.504895 0.0001
051 | 026 | 023 8.4 0.0007
LP(a) + TC Lp(a) 0.495155 0.0002
TC -0.101269 0.42
052 | 027 | 024 | 85 0.0007
LP(a) + LDL Lp(a) 0.502232 0.0004
LDL -0.086074 0.51
Lp(a+TC+TC2+LDL+LDL2] 066 | 044 | 035 | 47 0.002
Lp(a) 0.617684 0.0002
TC -0.380122 0.33
TC2 -0.145181 0.77
LDL 0.281620 047
LDL2 -0.014816 0.97
Table 4
Predicting CAS detection depending on Lp(a)
Lp(a) level Odds ratio 95 % CI p-level
<30 mg/dl 0.36 [0.11;1.14] 0.04
> 30 mg/dl 1.42 [0.44; 4.58] 0.27
> 50 mg/dl 111 [0.32;3.70] 0.48

Given the strong correlation found be-
tween Lp(a) and the presence of right ICA
stenosis, multiple regression analysis was ap-
plied to build models that included Lp(a) in
predicting the degree of ICA stenosis, with
stepwise inclusion of lipid factors in the mod-
els. The results of multiple regression analysis
are presented in Table 3.

Odds ratio (OR) and 95 % confidence
interval (95 % CI) were calculated to deter-
mine the effect of different gradations of
Lp(a) on the probability of detecting carotid
atherosclerosis. Models with different grada-
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tions of Lp(a) were analyzed: less than
30 mg/dl, more than 30 mg/dl and more than
50 mg/dl (see Table 4). Lp(a) level less than
30 mg/dl significantly reduced the probabil-
ity of CAS detection. Lp(a) of more than
30 mg/dl in this model increased the chances
of detecting CAS by 1.4 times, but did not
reach the level of statistical significance. The
use of Lp(a) level more than 50 mg/dl as a
reference did not improve the statistics of the
model. Thus, the data obtained support the
use of 30 mg/dl as the reference level
of Lp(a).
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Figure 2. 3D model of the CAS prediction function
based on the Lp(a) and TC data

Taking into account the fact that in
previous studies a significant relationship was
noted between the combined effect of elevated
levels of TC and Lp(a) in relation to the
development of atherosclerosis [9], TC and
Lp(a) were included in the logistic regression
model. Logistic regression analysis using the
Quasi-Newtonian method of estimation was
applied to build a 3D model of the CAS
prediction function based on Lp(a) and TC
data (Figure 2). As a result of the analysis, the
following formula for the classification of
logistic function was obtained:

Presence of CAS = exp (3.4922341454018 +
(-0.7584332031152) - TC +
(0.00571548810893) - Lp(a)) / (1 +exp

(3.4922341454018 + (-0.7584332031152) -
TC + (0.00571548810893) - Lp(a))
Model statistics: -2-log (likelihood) for

this model = 57.16 (only with intercept =
65.34), Chi-squared = 8.17 (cc =2), p=0.016.

Model evaluation parameters are presented in
Table 5.

ROC-analysis (Receiver Operator Charac-
teristic) with the construction of the ROC-
curve and the estimation of the Area Under
Curve indicator (AUC) was applied to evaluate
the CAS prediction classifier as a diagnostic
test, using the obtained formula of the logistic
function classification based on Lp(a) and TC
data. An AUC value of 0.7 was obtained in
this assay (Figure 3).

Discussion. It is worth discussing the
interesting aspects and limitations of the pre-
sent study. While in a previous Finnish study
the role of Lp(a) in the development of early
carotid atherosclerosis in young patients was
questioned [10], their associations were con-
firmed in the present study. Although previ-
ously reported Lp(a) > 50 mg/dl was consid-
ered the reference level [11, 12], most recent
studies have noted that Lp(a) levels starting
at 30 mg/dl are of greatest importance [18],
which was also confirmed in our study.
However, the median Lp(a) value in our
study group was recorded at a higher level
(26.5 [14.2; 76.0]), compared with other re-
cent studies on Lp(a) in patients with iso-
lated stenosing carotid atherosclerosis
(N.A. Tmoyan et al. — 20 [8; 55]; J.E. Jun et
al. — 14 [3; 35]) [18, 19]. This may be due to
differences in the clinical characteristics of the
patients included in the studies. N.A. Tmoyan
et al. determined that in their study the aver-
age age of patients was 60 + 14 years
(60 [47; 74]), men — 53 %, the prevalence of
hypertension (AH) — 57 % [17]. In our study,
the average age of patients was 50.2 + 6.5
years (49 [46; 59]), men — 66 %, prevalence
of AH — 37%. The present study was

Table 5
Estimation parameters of the logistic regression model of the CAS based on LP(a) and TC data
(OR for the model 2.7)
Estimate Standard Error Odds ratio 95 % CI Wald criterion p-level
Intercept -3.49224 1.964310 3.160730 0.07
Lp(a) -0.00572 0.005164 0.99 [0.98; 1.00] 1.224867 0.26
TC 0.75843 0.338744 2.13 [1.09; 4.14] 5.012934 0.02
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Figure 3. ROC analysis results

closer in clinical characteristics to the work of
N. Nasr et al. [20], in which the average age of
patients was 44.3 + 8.6 years, male gender was
60.7 %, and the prevalence of AH was 28 %.
But the mean Lp(a) level in the Nasr N et al
study was also lower than in our study
(35.0 + 38.0 vs 52.8 + 61.4). This may also be
explained by the purposeful prescription of
Lp(a) analysis by the doctor in the present
study if the patient is suspected of having a
hereditary (family) predisposition to this pa-
thology (early family or own cardiovascular
history in combination with confirmed hyper-
lipidemia), which is regulated by existing
clinical guidelines [3, 4, 6, 21]. At the same
time, an analysis of the data of patients in-
cluded in this study showed a similar distribu-
tion of their Lp(a) levels, as in the classic
Copenhagen study (Figure 1) [22].

More attention should be paid to early
screening for hereditary forms of hyperlipide-
mia (including hyperLp(a)emia) not only
among adults, but also among adolescents,
which is reflected in current clinical guidelines
[21], which note that the target level of LDL
for children older than 10 years is < 3.5 mmol/l
(this is of particular importance with a very
high level of LDL, elevated levels of Lp (a)
and / or a family history of premature devel-
opment of coronary artery disease or other car-
diovascular diseases).

The additive effect of high Lp(a) levels in
combination with other lipid factors on the
early development of atherosclerosis and the
association of Lp(a) with the degree of carotid
stenosis has been noted in previous studies
[9, 19, 23] and confirmed in the present study.
A clear clinical example from the cohort of
this study is a 47-year-old patient without his-
tory of arterial hypertension and tobacco
smoking, who was diagnosed with vertebral-
subclavian steal syndrome due to 94 % steno-
sis of the right subclavian artery, eliminated by
percutaneous transluminal angioplasty with
stenting. The initial indicators of his lipid pro-
file were follows: TC — 7.17 mmol/l, HDL —
1.02 mmol/l, LDL - 5.22 mmol/l, TG -
2.03 mmol/l, Lp (a) — 48.5 mg/dl [24].

Interesting parallels can be drawn with the
study by van Buuren F et al., who analyzed the
prevalence of carotid atherosclerosis depend-
ing on Lp(a) levels [25]. In the group with
Lp(a) values < 2 mg/dl, the prevalence of
CAS was 2.89%, in the group with Lp(a)
23-29 mg/dl — 6.1 %, 30-60 mg/dl — 8.3 %,
60-91 mg/dl — 7.9 %, 91-110 mg/dl — 6.0 %,
and > 110 mg/dl — 10.9 %. In our study, the
prevalence of CAS in the group with Lp(a)
values < 30 mg/dl was 33.3 %, 30—-50 mg/dl —
50 %, 50-100 mg/dl — 40 %, > 100 mg/dl —
37.5 %.

It is worth paying attention to the features
of the Lp(a) diagnostics by turbidimetry. The
immunoturbidimetric method is a high-pre-
cision diagnostic technique designed to meas-
ure protein concentration by changing the in-
tensity of light scattering of the test solution
(serum) when a light flux passes through it .
The method is based on determining the con-
centration of the studied protein during the
formation of an antigen-antibody complex
with it, which leads to an increase in the tur-
bidity of the solution. The construction of a
calibration plot using several concentrations of
the calibrator (from three to five) is performed
to avoid inaccuracies of obtained results. This

3 Dolgov V.V., Shevchenko O.P., Sharyshev A.A., Bondar' V.A. Turbidimetriya v laboratornoi praktike [Turbidimetry
in laboratory practice]. Moscow, Reafarm, 2007, 175 p. (in Russian).
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may be related to obtaining different results
when examining the same blood serum using
different diagnostic systems. Current commer-
cial immunological assays for measuring Lp(a)
concentrations are calibrated differently and
their errors vary significantly over the clini-
cally relevant concentration range in a non-
linear manner. This was the purpose of the
study by H. Scharnagl et al. [26] to compare
different commercial immunochemical ana-
lyzers to determine more reliable Lp(a) quanti-
fication methods for clinical practice. The in-
vestigators determined serum Lp(a) concentra-
tions using six major commercial analyzers,
presenting Lp(a) results in mg/dL (Denka
Seiken, Abbott Quantia, Beckman, Diasys
21FS, Siemens N Latex) or nmol/L (Roche
TinaQuant, Diasys 21FS). All analyzes were
performed using the five-point calibration
method on calibrators provided by the manu-
facturers. The study showed that compared to
the established reference sample, the results of
various analyzers differed from the target val-
ues (43.3 mg/dl or 96.6 nmol/l): from -8 %
(Siemens N Latex) to +22 % (Abbott Quantia).
Dividing the samples into five groups with
increasing Lp(a) concentrations and plotting
the differences showed that the differences
between the analyzes depended on the Lp(a)
concentration. Some analyzers overestimated
the Lp(a) value at high serum concentrations
compared to the Denka Seiken analyzer.
Lp(a) levels in our study were determined us-
ing a Beckman analyzer, which was not com-
promised in research performed by H. Schar-
nagl et al. [26]. However, when conducting
future studies on Lp(a), their authors should
take into account this fact. Further interna-
tional studies are needed to standardize the
interpretation of Lp(a) analysis results to ad-
dress these issues.

In conclusion, we would like to note the
limitations of this study, which are typical for
observational registries and all studies based
on the analysis of electronic medical databases
[27]. The main limitation of this study is the
small sample size and a small percentage of
patients with confirmed carotid atherosclero-
sis, which could affect the results of the statis-
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tical analysis. The regression coefficients for
Lp(a) and lipid factors in the presented regres-
sion models have the opposite sign, which is
reversed when the data are logarithmically
transformed when performing logistic regres-
sion analysis. This can be explained by the dif-
ferent distribution type of signs on the one
hand (the Poisson distribution for Lp(a); the
Gaussian distribution for TC and LDL); and
on the other hand, a more significant negative
predictive value for normal Lp(a) level (less
than 30 mg/dl) in relation to the probability of
CAS detecting. However, it should be noted
that this combination of predictors did not
weaken the obtained models and led to an in-
crease in the R correlation coefficients in the
multiple regression models from 0.5 to 0.66
while maintaining a high level of significance
(p=0.002), as well as an increase in the
chances of CAS detecting in building a logistic
regression model with Lp(a) and total choles-
terol (OR =2.76, p=0.016).

Conclusions. The present study con-
firmed the relationship between Lp(a) levels
and stenosing carotid atherosclerosis and its
additive effect in combination with other lipid
factors on the development of carotid athero-
sclerosis. The Lp(a) gradation at the level of
30 mg/dl was defined as a reference in relation
to predicting carotid atherosclerosis detection.
Despite the fact that Lp(a) is an established
risk factor for the development of cardiovascu-
lar diseases (CVD), unexplored questions re-
main regarding its use in real clinical practice
[28]. There is a need for reliable methods for
the quantitative determination of Lp(a) in
clinical laboratory practice [26], which should
be aimed at harmonization in the interpretation
of its results in laboratory studies. More atten-
tion should be paid to early screening for he-
reditary forms of hyperlipidemia (including
hyperLp(a)emia) not only among adults, but
also among adolescents, which is reflected in
current clinical guidelines [3, 4, 6, 21].
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