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Abstract

Aim - to assess the influence of sex and age on the coronary artery calcium
(CAC) score in patients with suspected coronary heart disease (CHD).
Material and methods. A prospective, observational, single-center study
was conducted. The study included 733 patients (mean age 67 [58; 73] years,
43.37% male) with suspected CHD who underwent multi-slice computed
tomography (MSCT) of the coronary arteries with CAC scoring (using the
Agatston method), as well as a biochemical blood test assessing lipid profile,
glucose level, creatinine level, and estimated glomerular filtration rate (eGFR).
An analysis of baseline clinical and laboratory parameters and the distribution
of CAC scores according to patient age and sex was performed. Statistical
analysis was performed using SPSS Statistics 21.0, employing the Shapiro-
Wilk test, Student’s t-test, and ANOVA.

Results. It was found that CAC scores increased with advancing age, and
men had significantly higher CAC scores than women of the same age

category. In the group of patients with higher CAC scores, older men were
more prevalent, and there were higher creatinine levels and a higher incidence
of atrial fibrillation. The correlation analysis revealed moderate and strong
associations between CAC scores and parameters of lipid metabolism, as
well as eGFR.

Conclusion. The assessment of CAC scores, taking into account sex and
age, improves the accuracy of cardiovascular risk stratification in patients
with suspected CHD. The implementation of this approach into clinical
practice helps optimize preventive and therapeutic strategies for reducing
cardiovascular morbidity and mortality.
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BnuaHue nona n Bo3pacTta Ha UHAEKC KOPOHApPHOro
Kanbuusa y naumeHToB ¢ nopgo3peHuemMm Ha UBC

MN.P. Waukasa' 2, O.A. Py6aHeHko!, U.A. 3onoToBckas?, E.B. ApoHuHaz, A1.B. flynnskoB! 2

1PBOY BO «Camapckuii rocyaapCTBEHHbIN MeQUUMHCKUA YHUBEPCUTETY
MuHsgpasa Poccun (Camapa, Poccuitckas ®enepaums)
2I'bY3 «Camapckuii 06nacTHOW KNMHUYECKMIA KapamMonornieckmin aucnaHcep uMenu B.I1. MNMonskosay
(Camapa, Poccuiickasg depepaums)

AHHOTaumsa

Iens — oneHUTH BIIMSHUE TI0J1a ¥ BO3PACTa HA MHIEKC KOPOHAPHOTO Kallb-
st (MKK) y manueHToB € ojjo3peHreM Ha uilleMHU4ecKyto 60ie3Hb cepiia
(MBC).

Marepuai u Meropbl. [IpoBenieHo IpocreKTHBHOE HabMoaaTenbHOe OHO-
LIeHTPOBOe KCCilefloBaHure. B rcciieoBaHre BKItOUeHO 733 nanueHTa (cpe-
Hui Bo3pact 67 (58; 73) net, u3 KOTOPbIX MY>4HH 43,37%, C IOI03peHHeM
Ha UBC, npoXoauBIIKNX My/IETHCIHMPAIbHYIO KOMIIBIOTEPHYO TOMOTpaduio
(MCKT) xopoHapsbix aprepuii ¢ onpenenienueM UKK (o metony Agatston),
a Takke OMOXMMUYECKOe HCCIIefI0BaHIe KPOBH C OIIEHKO# JIMIHUIHOTO Hpo-
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¢uisi, ypoBHS IVIIOKO3bI, KpeaTHHUHA U PacueToM CKOPOCTH KTyOO4KOBOM
¢unprpanuy. beul npoBeneH aHaIM3 UCXOMHBIX KIMHHMKO-1a60paTOPHBIX
napameTpoB U pacnpefienenus MKK B 3aBucumocTty oT Bo3pacTa U 1ona
nanyenToB. CTaTHCTHYECKYIO 00pabOTKYy HAHHBIX BBIIOIHSUIN C UCHONb-
3oBanueM SPSS Statistics 21.0, mpumensutu xputepuu Illammpo — Vuxa,
Creronenra, ANOVA.

Pe3ynbrarbl. YCTAHOBIIEHO, UTO C yBeJIMUeHHeM BO3pacTa IallueHToB BO3-
pacraet 3Hayenue VKK, npuyem y myxunn MKK 3HauuTenbHo Beille, 4em
Y >KeHIIMH TOH e BO3pacTHOH Kareropuu. B rpymnme nmanueHnTtoB c 6osee

www.innoscience.ru
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BbIcokuMH 3HaueHusiMU MIKK uattie BCcTpeyanuch My>KYHHBI CTapIIMX BO3pacT-
HBIX TPy, HAO/IIOJAJIMCh [IOBBIIIEHNEe YPOBHSI KpeaTUHUHA U GUOPUILIAIMS
npesicepsiuii. IIpoBefieHHBIN KOPPeJISLMOHHbIA aHaIU3 BHISIBUJI YMEpPeHHYIO
U BbICOKy1O cBsi3u Mexxty MKK u napameTpamu munuaHoro oo6MeHa, a Takke
CKOPOCTBIO KITyDO4KOBOM (prIIbTpaIiy.

3axuouenne. Onenka MKK c yderom mosa 1 Bo3pacra IOBBIIIAeT TOY-
HOCTb CTpaTUUKAIMY PUCKA CeplledHO-COCYAUCTBIX OCJIOXKHEeHUH y Ma-

nuenToB ¢ nopo3penuemM Ha UBC. BHeppeHnue gaHHOTO mojixoma B KIU-
HUYeCKYIO NIPaKTUKY CIIOCOOCTBYeT ONTUMU3alUU NPOQUIAKTUYECKUX U
JleyeOHBIX CTpaTeruil CHUXKEeHUS CeplieuHO-COCYJUCTOH 3aboeBaeMoCTH
U CMEepTHOCTH.

KirroueBbie c10Ba: KOPOHAPHBIN KalbIWH, O, JUCIAINIEMUS], GaKTOPHI
pHCKa, ullleMuyeckas 6one3ns cepana, MCKT, kanbuyeBblit HHOEKC.
KoH@nukT NHTEpecoB: He 3asBiIeH.
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m INTRODUCTION
ardiovascular diseases (CVD), including coronary
heart disease (CHD), represent a major medical and
socioeconomic challenge and remain the leading cause of
mortality worldwide [1]. Despite significant progress achieved
in recent years, the risk of adverse cardiovascular events
remains high.

Recommendations of the European Society of Cardiology
on treatment of the chronic coronary syndrome (2024) suggest
the use of the multi-slice computed tomography (MSCT) of the
coronary arteries with coronary artery calcium (CAC) scoring
to re-stratify the risk of CHD [2, 3]. According to the national
clinical recommendations (2024), in cases of suspected CHD it
is also recommended to perform MSCT with CAC calculation
as a method of assessment of CHD probability [4]. The final
choice of diagnostic strategy is to be based on sensitivity,
specificity and accuracy of methods of visualization in each
clinical case [5, 6]. At the same time, the recommendations
do not specify the age of patients for whom such strategy is
to be used.

m AIM

To assess the influence of sex and age on the coronary artery
calcium (CAC) score in patients with suspected coronary heart
disease (CHD).

m MATERIAL AND METHODS

The prospective, observational, single-center study
was conducted from January to December 2023. Inclusion
criteria: age over 18; suspected CHD based on clinical data
and/or results of stress test (bicycle ergometry); availability
of consent for analysis. Exclusion criteria: permanent atrial
fibrillation; an episode of atrial fibrillation at the time of the
study; exacerbation of chronic hematologic, hepatic, renal,
or autoimmune diseases; decompensated diabetes mellitus;
pregnancy at any stage; body weight over 140 kg; allergic
reactions to iodine and iodine-containing drugs.

MSCT of the coronary arteries was performed with pro-
and retrospective ECG-synchronization and intravenous

www.innoscience.ru

administration of non-ionic iodine-containing radiopaque
agent on the RevolutionEVOGE scanner with 128 rows of
detecting elements and detector width of 160 mm. In order to
assess the degree of the coronary bed lesion, modified criteria
of the American Heart Association were used; the CAC was
assessed using the Agatston method by adding the scores of
all identified areas of calcification [7].

All patients underwent biochemical blood assays with
analysis of the following parameters: total cholesterol (TC),
low-density lipoproteins (LDL), high-density lipoproteins
(HDL), triglycerides, and creatinine with subsequent
calculation of glomerular filtration rate (GFR) using the CKD-
EPI formula for individuals of Caucasian ethnicity.

Male sex, % 43,37%
Mean age, years M [25; 75] 67 (58; 73)
AH, % 93,7
CKD, n/% 212/28,9
Stage 1 109/14,9
Stage 2 76/10,4
Stage 3a 22/3,0
Stage 3b 5/0,7

AF, % 12,4

DM, % 28,6
CHF, n/%

FCI 112/15,2
FC I 574/78,2
FC Il 46/6,2
FC IV 1/0,1
Smoking, % 11,8

TC, mmol/L 5,37£1,73
LDL, mmol/L 3,23+1,13
HDL, mmol/L 1,39+0,44
TG, mmol/L 1,68+1,14
Creatinine, umol/L 133,45+29,85
Glucose, mmol/L 5,8+1,19

Hemoglobin, g/L 139,32+13,59

Table 1. Initial clinical and laboratory characteristics of the patients

Tabnuuya 1. MicxoOHble KNUHUKO-1abopamopHble XxapakmepucmuKu
nayueHmoB
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Figure 1. Distribution of patients according to lipid profile parameters. A: total cholesterol (TC) Level; B: low-density lipoprotein cholesterol
(LDL-C) level; C: triglyceride (TG) Level; D: proportion of patients with low high-density lipoprotein cholesterol (HDL-C) level.

PucyHok 1. PacnpedeneHue nayueHmoB no ypoBHKO nokasamerell nunuoHo2o cnekmpa. A — no yposHio OXC; b — no yposHto XC JIHI; B —

no yposHto TI; I — donst nayueHmos ¢ HuU3kuM yposHem XC J1BI1.

The obtained data was processed in SPSS Statistics 21.0.
To test the normality of data distribution, Shapiro-Wilk test
was used, and to test the significance of differences between
groups, Student’s t-test was used. To compare statistically
significant differences in mean values between data groups,
ANOVA was used. Differences were considered significant
at p < 0.05.

m RESULTS
The study consecutively included 733 patients (mean age:
67 (58; 73) years, 43.37% men) with suspected CHD based

clinical data and/or results of stress test (bicycle ergometry).
The initial data of all patients is shown in Table 1. Smoking
status was determined as smoking at the time or long-term
(5+ years) history of smoking. The average score on the
Fagerstrom test was 6. Atrial fibrillation (AF) was determined
as per history data and medical documents; at the moment of
MSCT no paroxysms of AF were registered.

The presented patient cohort is characterized by a very
high overall cardiovascular risk. It is attributed to advanced
age, a high prevalence of key modifiable risk factors (arterial
hypertension, dyslipidemia, and diabetes mellitus), and the

CAC, mean value Group 2 34,45 [22,7; 59,3]
Age, years Group 3 56,6+6,7
Men, n/% Group 4 84/38,7

TC, mmol/L ANOVA 5,46+1,57
LDL, mmol/L 3,36+1,07 3,31+1,14
HDL, mmol/L 1,42+0,44 1,38+0,36
TG, mmol/L 1,68+1,12 1,76+1,27
Creatinine, pmol/L 89+18,52 92,29+21,34
Glucose, mmol/L 6,06+2,12 6,38+2,12
Hemoglobin, g/L 140,81+14,81 139,04+17,99
Smoking, % 11,9+2,33 9,2+2,08

DM, % 24,7+1,47 26,0+2,09
Hypertension, % 95,9+2,08 92,2+3,78
AF, % 8,9+1,56 9,3+2,16

222,99 [164,1;307,5] 966,19 [505,5; 1233,8] <0,001
61,4+8,8 72,3+13,2 <0,001
71/42,3 77/60,4 <0,001
5,312,19 4,93+1,56 0,852
3,13+1,13 2,98+1,13 0,088
1,370,5 1,3740,49 0,534
1,7+1,08 1,58+0,98 0,612
95,82+22,82 100,72457,12 0,021
6,29+1,89 7,25+3,59 0,534
139,16+17,56 138,07+18,08 0,789
10,6+1,65 10,0+1,45 0,693
25,8+1,89 27,3+2,54 0,554
93,513,06 93,0£2,45 0,602
15,492,5 15,03+1,53 0,031

Note. Quantitative features are presented as mean values and standard deviation M+SD, p — significance of difference of parameters between patients in the

studied groups in their comparison, statistically significant differences at p < 0.05.

lMpumeyaHus. KonuyecmBeHHble Nnpu3Haku npedcmas/ieHbl B BUOe CpedHe20 3HadeHus U CmaHO0apmHo20 0mKAoHeHuUst M+SD, p — 3Ha4uMocmb omauyust
nNpusHakoB Mexdy nayueHmamu B uccsiedyembix 2pynnax B CpaBHeHuuU, cmamucmu4ecku docmoBepHble padnuyust npu p < 0,05.

Table 2. Patient baseline characteristics stratified by coronary artery calcium (CAC) score
Tabnuua 2. Vicxo0Hble xapakmepucmuku nayueHmoB B 3asucumocmu om VKK
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below 40 23 22 0
M 15 14 1 0 0
F 8 8 0 0 thees)
40-49 63 37 17 8 1 kg
M 40 25 12 2 1 0285
F 23 12 5 6 0 '
50-59 135 55 36 25 19 xR 4 dHE
M 88 23 28 19 18 <0,001
F 47 29 8 6 4
60-69 232 56 79 56 41 ok etk
M 103 15 29 26 33 <0,001
[F 129 41 51 30 7
70+ 280 51 83 83 63 o
M 71 8 14 24 25 <0,001
F 209 43 66 59 41
p-value

(multiple group comparison)

<0,001

Notes. 1. Statistically significant differences at p < 0.05, * p<0.05 as compared to the group of patients below 40 years of age, ** p<0.05 as compared to the group
of patients of 40—49 years of age, *** p<0.05 as compared to the group of patients of 50-59 years of age, # p<0.05 as compared to the group of patients of 60—69
years of age, ## p<0.05 as compared to the group of patients of 70+ years of age; ANOVA - testing the hypothesis of similarity of mean values in \ groups. M —

male, F — female patients.

MpumeyaHusi. 1. Cmamucmuyecku docmoBepHble pasnudusi npu p < 0,05, * p<0,05 no cpaBHeHuto ¢ 2pynnol nayueHmoB do 40 nem, ** p<0,05 no cpaBHeHuto ¢
2pynnoti nayueHmoB 40-49 nem, ** p<0,05 no cpaBHeHuto ¢ 2pynnol nauyueHmos 50-59 nem, # p<0,05 no cpaBHeHuto ¢ 2pynnoli nayueHmos 60—69 nem, ##
p<0,05 no cpaBHeHuto ¢ e2pynnoli nayueHmoB Bospacma 70+; ANOVA — dns npoBepku 2unome3sbl 0 paBeHCmBe cpedHUx 3HadeHul B 2pynnax. 2. M — myxckod,

XK — xeHckud.

Table 3. Age and sex characteristics stratified by coronary artery calcium (CAC) score
Tabnuuya 3. [MonoBo3pacmHble xapakmepucmuku B 3aBucumocmu om VKK

presence of target organ damage (chronic kidney disease,
chronic heart failure).

The specific features of lipid metabolism disorders are shown
in Fig. 1. Every third patient’s TC level was below 5.2 mmol/L,
LDL-Clevel > 3.4 mmol/L was observed in 45% (n=330) patients,
triglyceride level > 1.7 mmol/L in 24% (n= 176) patients, low
level of HDL-C was seen almost twice as often in women. Lipid-
lowering therapy started in 41.4% of patients prior to inclusion
in the study. However, none of the patients reached target levels
of TC and LDL-C, thus, the efficiency of that therapy may be
evaluated as insufficient and requiring adjustment.

The patients were then divided into groups depending on
the CAC: 0 - no calcification (low risk of cardiovascular
complications); 1-10 — low level of calcification (moderate
risk); 11-100 — moderate level of calcification (increased
risk); 101-400 — high level of calcification (high risk); over

400 — very high level of calcification (very high risk). The
group characteristics are sown in Table 2.

CAC increased over the age of patients; at the same time,
with the increasing age in the subgroups the number of male
patients increased as well. Besides, with the increasing age
the increase of creatinine level in the blood increased as well
as the number of patients with AF. In other parameters, the
groups did not differ.

For a more detailed assessment of sex and age differences
on the CAC level, we studies the value in five age groups:
below 40 years, 40-49 years, 50-59 years, 60-69 years, and
over 70 years of age (Table 3).

In the groups below 40 years and 40-49 years of age,
the CAC score did not reliably differ. In the remaining age
periods, there is a statistically significant difference in the
CAC score between men and women (comparison using

100
[ ]
° o °
e
°
10
0
0 500 1000 1500 2000 2500 3000 3500 4000

12

0 500 1000 1500 2000 2500 3000 3500

Figure 2. Correlation between age and coronary artery calcium
(CAC) score.

PucyHok 2. B3aumocsssb Bospacma ¢ MKK.

www.innoscience.ru

Figure 3. Correlation between total cholesterol (TC) and coronary
artery calcium (CAC) score.

PucyHok 3. Bzaumocssizb OXC u VIKK (r=0,64; p=0,047).
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Figure 4. Correlation between LDL-C and coronary artery calcium
(CAC) score.

PucyHok 4. Bsaumocssiab XC JIHI u VIKK (r=0,58; p=0,057).

0 500 1000 1500 2000 2500 3000 3500

Figure 5. Correlation between HDL-C and coronary artery calcium
(CAC) score.

PucyHok 5. Bzaumocssizb XC J1BIM u VKK (r=0,47; p=0,049).

Pearson’s test). On the whole, there was a high level of
correlation between the age and the CAC score (Fig. 2).

The high correlation (r=0.71) indicates that age largely
predetermines the “calcium burden” in the coronary arteries.
However, despite the strong correlation, age is not the sole
factor. CAC is also significantly influenced by sex, genetic
predisposition, smoking, dyslipidemia, hypertension, and
diabetes mellitus. We demonstrated that the CAC score
showed a moderate to high correlation with lipid profile
parameters (Fig. 3-6).

The graph shown in Fig. 3 illustrates a positive correlation
between the TC level and the CAC score. The graph shows a
cloud of dots demonstrating the ascending trend meaning that
the growth of total cholesterol in the blood comes with the CAC
score tending to increase as well. This visualizes an important
pathophysiological process: the high level of cholesterol
promotes development and progression of atherosclerosis, the
key manifestation of which is the calcification of coronary
arteries.

The graph in Fig. 4 demonstrates a moderate trend of CAC
score with increasing levels of LDL-C, a trend that had not
yet achieved statistical significance. This means that in the
specific group of patients the strength of relation was not
sufficient to reach statistical significance; however the result
does not disprove the generally recognized role of LDLs in the
development of atherosclerosis and calcinosis.
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Figure 6. Correlation between triglyceride levels (mmol/L)
and coronary artery calcium (CAC) score. r=0.62 (p=0.043).

PucyHok 6. Bzaumocssiab ypoBHsi TI” (Mmonb/n) ¢ IKK. r=0,62
(p=0,043).

Graph 5 shows a statistically unstable relation between the
level of HDL-C and CAC score. This is most likely explained
by the influence of confounding factors (in the first place,
age), not by the presence of a direct cause-and-effect relation.
This finding does not deny the significant role of the HDLs
but emphasizes its relation to other factors.

The result presented in Fig. 6 is clinically expected and
justified. Triglycerides are not only an independent risk
factor of atherosclerosis but a key component of metabolic
syndrome and diabetes mellitus. The high level of TGs
promotes formation of small dense particles of LDLs that are
most atherogenic. The moderately high correlation (r=0.62)
confirms that the TG level is an important marker associated
with the burden of atherosclerosis. At the same time, this
correlation does not indicate a cause-and-effect correlation;
the high level of TG is most likely a part of the total negative
metabolic profile that leads to artery calcification. The chart
shows a moderately positive relation between the TG level
and CAC score.

m DISCUSSION

The CAC score may be seen as a marker of re-stratification
of cardiovascular risk which, taken together with other
(conventional) risk factors may increase or decrease the
patient’s global cardiovascular risk. We noted a clear correlation
between the parameters of the lipid profile (TC, LDL-C,
HDL-C, TG) and the increase of CAC score. It is important
that despite the earlier initiated lipid-lowering treatment in
41.4% of patients included in the study, none has reached
target values. It is well known that the used of visualization
methods in the early stage (CA MSCT, ultrasonic examination
of vessels) results in the patients’ stronger compliance with the
optimal pharmacological therapy.

In the near future, the cornerstone of CVD prevention will
be a personalized approach based on assessing both traditional
and individual risk factors of a particular patient. This approach
will require the integration of new risk factors into traditional
risk scores, as well as the use of various biological and
instrumental markers that enable highly accurate and reliable
stratification of the risk for developing CHD [8, 9].

In the last two decades, the prognostic value of the CAC
score has been studied causing its inclusion in the national
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and international recommendations for CVD prevention
[10, 11]. Measurement of CAC score, according to clinical
recommendations, is a promising approach to identify people
with high risks and to expand the range of preventive measures
[12, 13]. Among the most notable projects there are the MESA
study that included 6814 patients aged 45—84 and showed that
the CAC score was instrumental in predicting cardiovascular
diseases independently from conventional risk factors [14].
To perform a more detailed analysis of sex and age
influences on the CAC score, we performed it in five age
groups. The CAC score increased with the increase of the
patients’ age, especially in men, and in patients with a high
level of GFR and, respectively, positive status of CKD.
This, the important factors influencing the development of
CVDs included not only the age, but the gender as well.
Besides, it follows from literature that the CAC score may
have prognostic value in patients with arterial hypertension,
oncological diseases, high level of sudden death, and be a
predictor of development of dementia [15-17]. L.M. Severance
et al. (2021) showed a correlation between the polygenic risk
assessment and identification of CAC score UKK [11].
Thus, CAC scoring is an accessible, well-reproducible,
and low-cost method for the stratification and re-stratification
of cardiovascular complication risk, particularly in

asymptomatic patients, for the purpose of planning primary
prevention measures [18]. Integrating artificial intelligence
systems into the analysis and prediction process, which
enables evaluative judgments based on the mathematical
processing of large datasets, improves the final outcome
[19, 20]. Currently, such systems are rapidly evolving,
incorporating and analyzing an increasing number of
prognostic factors.

Evaluation of calcination of coronary arteries may
become clinically important in various stages of life. At the
same time, the predictive value of CAC score in advanced
age group is not yet clear: despite the high CAC scores, the
patients may have no significant lesions of the coronary
arteries [21-22].

m CONCLUSION

CAC scoring, taken with traditional risk factors, may
significantly improve early diagnostics and prevention of
CHD. Our study confirms the importance of inclusion of
measurement of coronary artery calcification in the standards of
patient examination, including those with mild cardiovascular
risk. This will enable optimization of treatment strategies
and improvement of prevention measures aimed at lowering
morbidity and mortality of cardiovascular diseases. =
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