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Abstract

Background. Arterial stiffness, which is a marker of vascular damage and cardiovascular disease independent
predictor, can be used as an indicator of vascular aging. Vascular changes may occur in some individuals earlier than
it comes according to chronological age (early vascular aging syndrome) or later (healthy aging). SUPERNOVA
(supernormal vascular aging) is a new protective phenotype in which very low arterial stiffness values are
recorded regardless of the level of risk factors exposure. Objective. To assess the prevalence of SUPERNOVA
phenomenon and risk factors in St Petersburg population-based sample. Design and methods. The survey of
1600 St Petersburg residents aged 24—65 years was performed in terms of the epidemiological observation study
ESSE-RF (2012-2013). Anthropometry and fasting blood sampling for lipids and glucose detection and blood
pressure measurement according to standard methods were performed. Pulse wave velocity (PWYV) assessed by
SphygmoCor (Australia) was performed in 524 people. 485 participants were selected without cardiovascular
complications history. The participants were divided by age into 5 groups: persons under 30 years, 30-39 years,
4049 years, 50-59 years, 60 years and older. PWV < 10" percentiles for healthy individuals PWV (Reference
Values for Arterial Stability’s Collaboration, 2010) was detected as SUPERNOVA phenomenon in each age
group. Mathematical and statistical data analysis was implemented using IBM SPSS Statistics 20.0. Results.
SUPERNOVA phenomenon prevalence was 9.8 % (48 participants): 11.9 % women (32 participants) and 7.4 %
men (16 participants). Among women systolic blood pressure (SBP) levels (p = 0.01) and body mass index (BMI)
(p = 0.055) were significantly lower. Persons with SUPERNOVA showed significantly lower SBP and diastolic
blood pressure (DBP), BMI, glucose, triglycerides and lower prevalence of arterial hypertension (HTN), obesity,
hypercholesterolemia and hypertriglyceridemia. In participants younger 30 years only obesity prevalence was
significantly lower in respondents with SUPERNOVA, based on BMI criterion (p = 0.046). Participants aged
30-39 years showed no significant differences. In the group aged 40—49 years BMI (p = 0.02), abdominal obesity
prevalence (p = 0.05), as well as SBP levels (p = 0.03) and DBP (p = 0.05) was significantly lower in individuals
with SUPERNOVA. In the group aged 50-59 with SUPERNOVA significantly lower HTN prevalence (p = 0.03),
glucose levels (p = 0.005) and BMI (p = 0.04) were found. In the older age group of 60—65 years subjects with
SUPERNOVA have significantly lower levels of SBP (p = 0.014) and DBP (p = 0.014), as well as significantly
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lower prevalence of HTN (p = 0.03). Conclusions. At population level the phenomenon of supernormal vascular
aging occurs in about 10 % without significant gender prevalence. HTN, obesity and metabolic factors are the
determining factors of vascular aging. Ideal vascular health is associated with age-specific features.
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Pe3rome

AKTYyaJIbHOCTb. ApTepuasibHas )KECTKOCTh, KOTOPas SBJSIETCS MapKEPOM MOPAKEHUS COCYOB U HE3aBU-
CHUMBIM IIPEIUKTOPOM CEPACYHO-COCYAUCTHIX 3a00JIeBaHUM, MOXKET UCIIOJIb30BaThCs B KAUECTBE MOKa3aTess
COCYANCTOro crapeHus. VI3MeHeHus cCoCyoB B paMKax COCYIUCTOIO CTAPECHHUS MOTYT BO3SHUKATh y HEKOTOPBIX
WHIWBUIYYMOB paHblIe, YeM HOJIOKEHO COITIACHO XPOHOJIOIMYECKOMY BO3pacTy (CHHIPOM IPEXIEBPEMEHHOIO
CTapeHHs COCyAoB), WiH mo3xe (3nopoBoe crapenne). SUPERNOVA («cynepHOpManbHOE» COCYANCTOE CTa-
peHME) — HOBBIN 3aIUTHBIA (PEHOTHII, IPH KOTOPOM PETUCTPUPYIOTCS] OUEHb HU3KUE 3HAYCHUS apTepUaIbHON
KECTKOCTH HE3aBUCHMO OT YPOBHS BO3aeicTBUS (akTOpoB prcka. Llesb ucciiefoBaHusi — OLCHUTH PacIpo-
ctpaneHHOCTh penomeHa SUPERNOVA u ¢aktopoB, BIAAIONNX Ha €ro pa3BUTHE, B IOMYISITHOHHONW BEIOOPKE
xureneit Cankr-IletepOypra. Marepuassl u MeToabl. O0cieqoBaHNe MOMYIAINOHAON BRIOOPKH 13 1600 xu-
teneit Cankr-IleTepOypra B Bo3pacte 24—65 neT BBITIONHEHO B paMKaX 3MHEMHOIIOTHIECKOTO HaOIoIaTeIbHO-
ro uccneposanust JCCE-P® B 2012-2013 ropax. [IpoBogunuces aHTpOIIOMETPUS, B3SITUE KPOBU HATOLIAK sl
OTIpeneNICHHUs YPOBHS JIMITUAOB U ITIFOKO3bl, U3MEPEHNE apTepHalbHOTO JaBJICHHS COMIACHO CTAaHAAPTHBIM Me-
tomrkaM. OTieHKa CKOPOCTH pacipocTpaneHus mynscoBoit BoHbI (CPIIB) ¢ momomipro ammapara SphygmoCor
(ABcTpanus) BeITToNTHEHA Y 524 YesoBeK, 1Mo pe3ylbraraM KoTopoi Oblti oToOpans! 485 ydacTHUKOB 6e3 cep-
JEIHO-COCYIUCTBIX OCTIOKHEHUI B aHamHe3e. McenenyeMble OblM pa3ziesieHsl 110 BO3pACTy Ha S TPYIIL: JIMLA 10
30 meT, 30-39 net, 40—49 net, 50-59 ner, ot 60 ner u crapure. 3a kpurepuii Hamuwst penomena SUPERNOVA
B Ka)KIOW BO3pacTHOH rpyiie npuauMaiocs 3Hadenue CPIIB paBHoe ninu menee 10-ro nepuentuins CPIIB mis
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3nopoBskix sl (Reference Values for Arterial Stiffness’s Collaboration, 2010). MareMaTHKO-CTaTUCTHYECKUI
aHaJIM3 JaHHBIX PeajM30BBIBANICS C HCIOIb30BaHueM mporpamMmel IBM SPSS Statistics 20.0. Pe3yabrarsl. Pac-
npocrpaneHHOCTh (heHoMeHa SUPERNOVA cocrasuna 9,8 % (48 uenosek): y 11,9 % xenmun (32 yenoBeka)
u 7,4 % Myxuut (16 genoBek). Y *KeHIIMH ObUT 3HAYMMO HUKE YPOBEHb CUCTOIMYECKOTO apTEPHATBHOIO AaB-
nenus (CAD) (p = 0,01) u uagexc maccel Tena (MMT) (p = 0,055). ITpu manmunu penomena SUPERNOVA ot-
MEUEHBI CyILIECTBEHHO Oojiee Hu3Kkue nokasarenn CAJl u nuacronuueckoro aprepuainbHoro nasineHus (A,
UMT, mioK03b1, TPUIIMLEPUAOB M MEHBIIAS PACTIPOCTPAHEHHOCTh apTepHuaibHoi runeprensun (Al), oxupe-
HUs, TUIIEPXOJIECTEPUHEMHUH U TUIIepTpUrIuLepuieMun. B rpynne nun menee 30 et 3Ha4MMO HUXKE TOJIBKO
pacipocTpaHeHHOCTb OKupeHus y pecrionaenToB ¢ peromeHoM SUPERNOVA no kpureputo UMT (p = 0,046),
a B rpynne jui 30-39 jet He ObUTO BRIABICHO 3HAUUMBIX paszianuuid. B rpynme 40—49 net 3naunmo ke UMT
(p = 0,02) u pacnpocTtpaneHHOCTs abgomMuHanbHOTO Oxkupenust (p = 0,05), a Taxoke yposens CA/l (p = 0,03)
u 1AJ] (p = 0,05) y mu ¢ SUPERNOVA. B rpymnme nun 50-59 ner ¢ SUPERNOVA BrisiBneHbl 3HauuMO OoJjiee
Hu3Kue pacnpoctpanenHocts Al (p = 0,03), ypoBens rmoko3sl (p = 0,005) u UMT (p = 0,04). B crapuieii Bo3-
pactHoii rpynme 60—65 net y nmun ¢ SUPERNOVA 3apeructpupoBansl 3Ha4uMo Oojiee HU3Kui ypoBeHb CA ]
(p=0,014) u A (p = 0,014), a Takxke coxpaHseTcsi 3HaUMMO 0ojiee HU3Kas pacnpocTpaHeHHOCTs Al (p =
0,03). BoiBoa. Ha nmonynsinoHHOM ypoBHE ()EHOMEH «CYNEPHOPMAIBHOTO» CTapEHHsI COCYI0B BCTPEUaeTCs
npumepHO B 10 % cirydaeB 6e3 3HaUMMOro reHiepHoro npeodnaaanus. Al, oxxupenne u metabonuueckue Qak-
TOPBI SBIISIOTCS ONPENENAIOMIMMHU (HaKTOPaMH, BBI3BIBAIOIIUMH CTApEHHE C HAJTMYHUEM BO3PACTHBIX 0COOECHHO-

cTen COXpaHCHUA NICAJIbHOIO COCTOAHUA COCYI0B.
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Background

Prevalence of most cardiovascular diseases increases
markedly with age, which is actually the most important
factor of cardiovascular risk in majority risk assessment
scales. Vascular changes within vascular aging may oc-
cur earlier than usual according to chronological age
(early vascular aging syndrome, EVA syndrome) or lat-
er (normal biological aging). According to the famous
expression of Thomas Sydenham, “a man is as old as
his arteries” nowadays arterial stiffness is considered
a “barometer” of biological or physiological aging [1].
Data collected over the past two decades shows that
arterial stiffness, which is a marker of vascular dam-
age and is an independent predictor of cardiovascular
disease (CVD) can be used as an indicator of vascular
aging [2,3].

A leading expert in this field, Stephan Laurent and
collaborators, in their recent review in 2019, suggested
a new protective phenotype — SUPERNOVA (super-
normal vascular aging), in which very low values of
arterial stiffness are registered regardless of the level of
exposure to risk factors. The authors believe that expo-
sure to cardiovascular risk factors does not always lead
to subclinical organ damage and cardiovascular com-
plications. Subjects with the SUPERNOVA represent
an area for scientific research in which it is necessary
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to identify protective mechanisms and consider them
as a potential therapeutic target in the future. There are
no studies on the prevalence of the SUPERNOVA and
its predictors at the population level [4].

The purpose of our study was to assess the preva-
lence of the SUPERNOVA phenomenon and the factors
influencing its development in a group of residents of
Saint Petersburg.

Materials and methods

Within the multicenter observational study “Epide-
miology of cardiovascular diseases in the regions of the
Russian Federation” a random cohort of 1600 residents
of St. Petersburg of both sexes aged 24-65 years was
examined. Each participant signed an informed consent
to conduct the survey and was interviewed on question-
naires developed on the basis of adapted international
methods, consisting of 12 modules [5].

The body weight was measured on the scales of
the VEM-150-Mass-K (Russia), height— using the
height meter RM-1 Diacoms (Russia), waist and hips
circumference (WC and HC, respectively)— using a
standard measuring tape. Groups of individuals with
abdominal obesity were formed according to the crite-
ria for metabolic syndrome (MS) of the IDF 2005: men
and women with waist circumference of > 94 cm and



> 80 cm, respectively. The body mass index (BMI) was
calculated using the Quetelet formula as the ratio of
body weight in kilograms to height in meters squared.
All patients were classified as obese (BMI > 30 kg / m?)
and non-obese (BMI < 30 kg/m?).

BP was measured using an automatic tonometer
“Omron” (Japan) on the right hand twice with an in-
terval of 2 minutes after 5 minutes of sitting rest. The
group of patients with hypertension included individu-
als with BP level of > 140/90 mm Hg, as well as those
taking antihypertensive therapy.

Fasting glucose level, lipid spectrum (total cho-
lesterol — TC, low — density lipoproteins — LDL,
high — density lipoproteins-HDL, triglycerides-TG)
were also examined (AbbotArchitect 8000 (USA)). All
patients were divided into groups by fasting glucose
level: normoglycemia (< 5.6 mmol/l), fasting hyperg-
lycemia (glucose level > 5.6 mmol/l, but < 6.9 mmol/l)
and with diabetes mellitus (DM) (> 7.0 mmol/l and/or
receiving treatment with hypoglycemic drugs). Groups
of individuals with elevated LDL (> 3.0 mmol/l), tri-
glycerides (> 1.7 mmol/l), and low HDL (in men < 1.0
and women < 1.2 mmol/l) were also formed; the use
of lipid-lowering therapy was taken into account when
dividing patients into groups.

Out of 1,600 participants, 524 subjects were ran-
domly selected to evaluate the pulse wave velocity
(PWV) using applanation tonometry by SphygmoCor
(AtCor, Australia). The carotid-femoral distance was
measured according to the formula recommended by
the consensus of vascular stiffness experts in 2012
[6]: (distance from the common carotid artery to the
common femoral artery, cm) x 0.8. ECG electrodes
were applied to the chest using a standard method,
after which pulse waves were recorded with a spe-
cial sensor using the applanation method for 10 sec-
onds — first in the projection of the common carotid
artery on the left, then — the common femoral artery
on the left. Taking into account the entered distance
and time of the pulse wave passage, the PWV was
automatically calculated.

39 patients with associated clinical conditions
(coronary heart disease, myocardial infarction and a
history of stroke) were excluded from the study. Thus,
the results of 485 people (217 men and 268 women)
were suitable for analysis. Assessment of the PWV
values were adjusted for age, subjects were divided
into 5 groups: persons under 30 years, 30-39 years,
40-49 years, 50-59 years 60 years and older. As ref-
erence range for the PWV data was taken from “The
Reference Values for Arterial Stiffness’ Collabora-
tion”, which were obtained during a large European
study [7]. Criteria of SUPERNOVA phenomenon in
each age group was taken to be PWV value equal to

Table 1
REFERENCE RANGE OF PWV
IN EACH AGE GROUP

Age category Median (10-90
(years) percentile)
<30 6.1 (5.3-7.1)
30-39 6.4 (5.2-8.0)
40-49 6.9 (5.9-8.6)
50-59 8.1 (6.3-10.0)
60-69 9.7 (7.9-13.1)
>70 10.6 (8.0-14.6)

or less than 10 percentiles of PWV for healthy indi-
viduals (table 1).

Statistical analysis of data was implemented using
the IBM SPSS Statistics 20.0 program. Quantitative
indicators were evaluated for compliance on the ba-
sis of distribution characteristics using the Kolmogo-
rov-Smirnov criteria. Quantitative indicators that have
normal distribution, data obtained was combined into
variational series, in which arithmetic mean values
(M) and standard deviations (SD) were calculated.
Aggregates of quantitative indicators distribution of
which was different from normal were presented us-
ing the values of the median (Me) and the lower and
upper quartiles (Q1-Q3). Nominal data were described
with absolute values and percentages. In order to com-
pare the average values in normally distributed sets
of quantitative data, Student’s t-test was calculated.
The Mann-Whitney U-test was used to compare in-
dependent aggregates in cases where there were no
signs of normal data distribution. The nominal data
was compared using Pearson’s chi-squared test (}2).
Differences in indicators were considered statistically
significant with p-value < 0.05.

Results

The prevalence of SUPERNOVA was 9.8 % (48
people). Table 2 shows characteristics of studied pop-
ulation depending on the presence of SUPERNOVA.

In individuals with SUPERNOVA significantly
lower levels of SBP and DBP, BMI, glucose, triglyc-
erides and a lower prevalence of hypertension, obesity,
hypercholesterolemia and hypertriglyceridemia were
detected. The prevalence of SUPERNOVA among
men was 7.4 % and among women 11.9% (p = 0.52).
Table 3 shows characteristics of participants with
SUPERNOVA with gender-specific characteristics.
According to presented data, women have significantly
lower SBP levels and the prevalence of obesity (ac-
cording to BMI).
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Table 2
GENERAL DESCRIPTION OF THE SAMPLE
The participants . .
Parameter f‘ll with SUPERNOVA Other pill'thlpantS p
(n = 485) a (n = 437)
(n = 48)
45 475 44
Age, years [35.0; 53.0] [30.5; 58.7] [36.0; 52.0] 0.28
26.7 235 27.0
2
BML, kg/m [23.2;30.3] [21.1; 26.6] [23.7; 30.5] <0.001
BMI > 30 kg/m2, n (%) 156 (32.2%) 8 (16.7%) 148 (33.9%) 0.015
Women waist circumference
> 80 cm, men waist 259 (53.4%) 16 (34.0%) 243 (56.6%) 0.003
circumference > 94 cm, n (%)
126.5 118.5 127.5
SBP, mm Hg. [115.5; 139.5] [110.2; 130.2] [117.0; 140.0] 0.004
78.0 73.0 78.0
DBP, mm He. [70.5; 85.5] [67.1; 81.0] [70.5; 86.0] 0.008
Hypertension, n (%) 175 (36.1%) 8 (16.7%) 167 (38.2%) 0.003
5.3 5.0 5.3
Total cholesterol, mmol/L [47:6.1] [4.5:63] [4.8:6.1] 0.22
Ioltlaz‘;l;OI“terOI > 4.9 mmol/L 332 (68.5%) 27 (56.3%) 305 (70.4%) 0.04
, 0
3.4 3.2 34
LDL, mmol/L [2.9; 4.2] [2.6; 4.0] [2.9; 4.2] 0.12
LDL > 3,0 mmol/L *, n (%) 343 (70.7%) 30 (62.5%) 313 (72.5%) 0.15
HDL in Men <1,0,
in Women < 1,2 mmol/L *, 112 (23.1%) 7 (14.6%) 105 (24.1%) 0.14
n (%)
. . 1.04 0.90 1.09
Triglycerides, mmol/L [0.77; 1.52] [0.68; 1.27] [0.78; 1.59] 0.02
, . "
rTlr(ﬂij)y cerides > 1,7 mmol/L %, 101 (20.8 %) 5(10.4%) 96 (22.5%) 0.052
52 5.0 53
Glucose, mmol/L [4.9: 5.6] [4.4: 5.6] [4.9: 5.6] <0.001
Fasting hyperglycemia > 5,6 N o o
mmolL, 5 (%) 126 (26.0%) 7 (14.6%) 119 (27.3%) 0.06
Diabetes, n (%) 13 (2.7%) 1(2.1%) 12 (2.7%) 0.44
Current smoking, n (%) 121 (24.9%) 12 (25.0%) 109 (24.9%) 1.0
Ex-smoking, n (%) 132 (27.2%) 13 (27.1%) 119 (27.2%) 1.0

Note: p — significance, n — number, BMI — body mass index, SBP — systolic blood pressure, DBP — diastolic blood pressure,
LDL — low density lipoprotein, HDL — high-density lipoproteins. * — presence of lipid-lowering therapy. significance, n — number,
BMI—body mass index, SBP —systolic blood pressure, DBP — diastolic blood pressure, LDL — low density lipoprotein, HDL — high-
density lipoproteins. * — presence of lipid-lowering therapy.
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Table 3
THE CHARACTERISTICS OF PARTICIPANTS
WITH SUPERNOVA WITH GENDER-SPECIFIC CHARACTERISTICS
Parameter All SUPERNOVA SUPERNOVA
(n=48) Men (n = 16) Women (n = 32) P
475 39.5 51.5
Age, years [30.5; 58.7] [30.0; 60.5] [30.5; 57.5] 0.70
23.5 23.0 23.7
2
BMI, kg/m [21.1; 26.6] [22.0; 29.5] [20.9; 26.2] 0.63
BMI>30 kg/™2, n (%) 8 (16.7%) 5(31.3%) 3(9.4%) 0.055
Women waist circumference > 80
cm, Men waist circumference > 94 16 (34.0%) 5(31.3%) 11 (35.5%) 0.77
cm, n (%)
118.5 128.0 1152
SBP, mm Hg. [110.2; 130.2] [119.0; 145.0] [109.2; 123.6] 0.01
73.0 772 72.5
DBP, mm Hg. [67.1; 81.0] [69.4; 86.2] [63.6; 78.5] 0.08
Hypertension, n (%) 8 (16.7%) 4 (25.0%) 4 (12.5%) 0.27
5.0 47 52
Total cholesterol, mmol/L [4.5:63] [4.4:53] [4.6: 6.6] 0.18
*
I"(ﬁjﬂ)"h"le“"“rd > 4,9 mmol/L %, 27 (56.3%) 6 (37.5%) 21 (65.6%) 0.06
0
32 3.0 3.3
LDL, mmol/L [2.6; 4.0] [2.5;3.4] [2.6; 4.4] 0.29
LDL > 3,0 mmol/L *, n (%) 30 (62.5%) 10 (62.5%) 20 (62.5%) 1.0
HDL in Men < 1,0, o N N
in Wormen < 1.2 mmolL * 1 (%) 7 (14.6%) 1(6.3%) 6 (18.8%) 0.25
. . 0.90 0.82 0.91
Triglycerides, mmol/L [0.68; 1.27] [0.67; 1.22] [0.68; 1.29] 0.76
) : "
rTlr(‘;";S’ cerides > 1,7 mmol/L %, 5(10.4%) 3 (18.8%) 2(6.3%) 0.18
5.0 49 48
Glucose, mmol/L [4.4; 5.6] [4.7;5.3] [4.5;5.4] 0.56
Fasting hyperglycemia > 5,6 o o o
mmoll, & (%, 7 (14.6%) 2(12.5%) 5 (15.6%) 0.77
Diabetes, n (%) 1(2.1%) 1(6.3%) 0 (0%) 0.29
Current smoking, n (%) 12 (25.0%) 6 (37.5%) 6 (18.8%) 0.22
Ex-smoking, n (%) 13 (27.1%) 5(31.3%) 8 (25.0%) 0.22

Note: p — significance, n — number, BMI — body mass index, SBP — systolic blood pressure, DBP — diastolic blood pressure,
LDL — low density lipoprotein, HDL — high-density lipoproteins. * — presence of lipid-lowering therapy.

Taking into account that age is an important fac-
tor for increasing of arterial stiffness comparative
analysis was performed in different age groups. The
prevalence of participants with SUPERNOVA in the
group under 29 years was 23.9 %, in the group from

30 to 39 years — 7.7 %, from 40 to 49 years — 4.6 %,
from 50 to 59 years — 11.7 % and among people over
60 years — 37.5 %. Table 4 shows the characteristics
of participants with the SUPERNOVA phenomenon,
taking into account age.
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Table 4
AGE-BASED CHARACTERISTICS OF PARTICIPANTS WITH SUPERNOVA
<29 years old 30-39 years 40—49 years 50-59 years > 60 years
Parameter (=11 (n=8) (n=6) (n=13) (n = 10)
Ave. vears 27.0 35.0 445 54.0 62.0
£ Y [25.0; 29.0] [32.2;37.7] [41.7; 46.7] [52.5; 57.0] [61.0; 63.2]
21.0 232 236 24.9 247
2
BML kg/m [20.3; 22.7] [22.2; 26.6] 20.9; 26.4] [22.1;27.4] [22.7;30.3]
BMI > 30 kg/m2, n (%) 1(9.1%) 1(12.5%) 1 (16.7%) 2 (15.4%) 3(30.0%)
Women waist
circumference >
80 cm, Men waist 2 (18.2%) 1(12.5%) 1 (20.0%) 7 (53.8%) 5 (50.0 %)
circumference > 94 c¢m,
n (%)
SBP. mm H 114.5 114.5 114.7 128.0 121.5
: & [113.5;129.0] | [107.1;122.9] | [97.1;121.4] | [109.5;137.0] | [115.5;140.2]
69.5 72.0 71.7 81.0 747
DBP, mm He. [62.5; 75.0] [67.1;79.4] [62.0; 78.5] [69.0; 86.5] [71.4; 80.4]
Hypertension, n (%) 2 (18.2%) 0 0 3(23.1%) 3(30.0%)
Total cholesterol, 4.3 4.8 6.1 5.6 5.2
mmol/L [4.0; 5.1] [4.4; 5.6] [4.4;7.3] [4.7; 6.5] [4.4; 6.3]
Total cholesterol > 4,9 o o o o o
mmolL. *, 1 (%) 3(27.3%) 4(50.0%) 4 (66.7%) 9 (69.2%) 7 (70.0%)
2.6 3.1 4.0 33 34
LDL, mmol/L [2.2;3.1] [2.5;3.6] [2.3;5.3] [3.0; 4.2] [2.6; 4.6]
%
I%]()O/L; 3,0 mmol/L %, 4(36.4%) 4(50.0%) 4(66.7%) 10 (76.9%) 8 (80.0%)
(1)
HDL in Men < 1,0, in
Women < 1,2 mmol/L 1(9.1%) 2 (25.0%) 1 (16.7%) 1(7.7%) 2(20.0%)
*, 1 (%)
Trielveerides. mmol/L 0.71 0.85 0.78 1.05 0.96
&Y ’ [0.68; 1.10] [0.64; 1.17] [0.65; 1.69] [0.84; 1.31] [0.80; 1.29]
Triglycerides > 1,7 o o o o o
mmolL *, 1 (%) 1(9.1%) 1 (12.5%) 1 (16.7%) 1(7.7%) 1 (10.0%)
Glucose. mmol/L 48 47 5.0 48 5.3
’ [4.6; 5.3] [4.5; 5.0] [4.3;5.7] [4.3;5.4] [4.8; 5.6]
Fasting hyperglycemia o o N o o
> 5.6 mmolL. 1 (%) 0 (0%) 1(12.5%) 1 (16.7%) 2 (15.4%) 3 (30.0%)
Diabetes, n (%) 0 0 0 0 1 (10,0%)
Current smoking, n (%)| 4 (36,4%) 3(37.5%) 1(16.7%) 3(23.1%) 1 (10.0%)
Ex-smoking, n (%) 3(27.3%) 2(25.0%) 2(33.3%) 4(30.8%) 2 (20.0%)

Note: p — significance, n — number, BMI — body mass index, SBP — systolic blood pressure, DBP — diastolic blood pressure,

LDL — low density lipoprotein, HDL — high-density lipoproteins. * — presence of lipid-lowering therapy.
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Table 5
CHARACTERISTICS OF PARTICIPANTS AGED 24-29 YEARS
DEPENDING ON THE PRESENCE OF SUPERNOVA
Parameter SUPERNOVA No SUPERNOVA P
(n=11) (n=42)
27.0 27.0
Age, years [25.0; 29.0] [25.0; 29.0] 0,92
21 24.2
2
BML, kg/m [20.3; 22.7] [21.0; 27.6] 0,046
BMI > 30 kg/m?, n (%) 1(9.1%) 8 (19.0%) 0,43
Women waist circumference > 80 cm, o o
Men waist circumference > 94 ¢cm, n (%) 2 (18.2%) 10(24.4%) 0,66
114.5 123.0
SBP, mm Hg. [113.5; 129.0] [111.7; 134.5] 0,44
69.5 71.2
DBP, mm Hg. [62.5; 75.0] [63.9; 75.0] 0.68
Hypertension, n (%) 2 (18.2%) 6 (14.3%) 0.75
4.3 4.6
Total cholesterol, mmol/L [4.0:5.1] [4.0: 5.3] 0.46
Total cholesterol > 4,9 mmol/L *, n (%) 3(27.3%) 16 (38.1%) 0.50
2.6 2.7
LDL, mmol/L [2.2:3.1] [2.2:34] 0,70
LDL > 3,0 mmol/L *, n (%) 4 (36.4%) 17 (40.5%) 0.80
HDL in Men <1,0, in Women <1,2 mmol/L *, n (%) 1(9.1%) 5(11.9%) 0.79
. . 0.71 0.73
Triglycerides, mmol/L [0.68: 1.10] [0.56: 1.04] 0.56
Triglycerides > 1,7 mmol/L *, n (%) 1(9.1%) 2 (4.8%) 0.58
4.8 5.0
Glucose, mmol/L [4.6; 5.3] [4.8; 5.4] 0.17
Fasting hyperglycemia > 5,6 mmol/L, n (%) 0 (0%) 7 (13.2%) 0.15
Diabetes, n (%) 0 0 -
Current smoking, n (%) 4 (36.4%) 8 (19.1%) 0.42
Ex-smoking, n (%) 3(27.3%) 11 (26.2%) 0.42

Note: p — significance, n — number, BMI — body mass index, SBP — systolic blood pressure, DBP — diastolic blood pressure,
LDL — low density lipoprotein, HDL — high-density lipoproteins. * — presence of lipid-lowering therapy.

Individuals with SUPERNOVA, regardless of age, er in respondents with SUPERNOVA comparing with
have low prevalence of diabetes (participants under 60 non-SUPERNOVA participants.
years did not suffer from diabetes at all) and fasting Table 6 shows the results of comparing patients with
hyperglycemia. Participants over 50 years had higher age from 30 to 39 years depending on the presence of
BP levels compared to younger individuals, as wellas SUPERNOVA.
the prevalence of hypertension and abdominal obesity. Among participants with aged 30-39 years with SU-
Table 5 shows the results of comparing subjects PERNOVA, the prevalence of abdominal obesity was
aged 24-29 years depending on the presence of SU-  lower, and the significance of normotension (lower BP
PERNOVA. and no hypertension) becomes of importance, although
In the group under 30 years, only the prevalence these differences are not statistically significant com-
of obesity according to the BMI was significantly low-  paring with non-SUPERNOVA participants.
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Table 6
CHARACTERISTICS OF PARTICIPANTS AGED 30-39 YEARS
DEPENDING ON THE PRESENCE OF SUPERNOVA
Parameter SUPERNOVA No SUPERNOVA
(m=8) (n=119) P
35.0 35.0
Age, years [32.2; 37.7] [32.0; 37.0] 0.92
23.2 25.0
2
BMLI, kg/m [22.2; 26.6] [22.3;29.3] 0.29
BMI > 30 kg/m?%, n (%) 1(12.5%) 31 (26.1%) 0.39
Women waist circumference > 80 cm, N 0
Men waist circumference > 94 cm, n (%) 1(12.5%) 35 (47.0%) 0.06
114.5 122.5
SBP, mm Heg. [107.1; 122.9] [112.5; 134.0] 0.17
72.0 74.0
DBP, mm Hg. [67.1; 79.4] [68.5; 84.0] 0.56
Hypertension, n (%) 0 29 (24.4%) 0.11
4.8 5.1
Total cholesterol, mmol/L [4.4:5.6] [4.6:5.8] 0.48
Total cholesterol > 4,9 mmol/L *, n (%) 4 (50.0%) 72 (62.1%) 0.50
3.1 32
LDL, mmol/L [2.5:3.6] [2.8: 4.0] 0.63
LDL > 3,0 mmol/L *, n (%) 4 (50.0%) 74 (64.3 %) 0.41
- . *
HDL in Men < 1,0, in Women < 1,2 mmol/L *, 2(25.0%) 34.(29.1%) 0581
n (%)
. . 0.85 0.94
Triglycerides, mmol/L [0.64: 1.17] [0.67: 1.48] 0.57
Triglycerides > 1,7 mmol/L *, n (%) 1 (12.5%) 23 (20.4%) 0.59
4,7 5.0
Glucose, mmol/L [4.5;5.0] [4.7; 5.5] 0.18
Fasting hyperglycemia > 5,6 mmol/L, n (%) 1(12.5%) 22 (18.6%) 0.66
Diabetes, n (%) 0 2 (1.7%) 0.91
Current smoking, n (%) 3(37.5%) 33 (27.7%) 0.84
Ex-smoking, n (%) 2 (25.0%) 34 (28.6%) 0.84

Note: p — significance, n — number, BMI — body mass index, SBP — systolic blood pressure, DBP — diastolic blood pressure,
LDL — low density lipoprotein, HDL — high-density lipoproteins. * — presence of lipid-lowering therapy.

Table 7 shows the results of comparing patients with
agre from 40 to 49 years depending on the presence of
SUPERNOVA.

In the group of SUPERNOVA participants aged
40-49 years significantly lower BMI level and the prev-
alence of abdominal obesity were detected. In this group
the levels of SBP and DBP were also significantly low-
er, but the differences in the prevalence of hyperten-
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sion was not statistically significant comparing with
non-SUPERNOVA participants.

Table 8 shows the results of comparing individuals
with age from 50 to 59 years depending on the presence

of SUPERNOVA.

The lower prevalence of hypertension in patients
with SUPERNOVA becomes statistically significant
only in patients over the age of 50 years. Significantly
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Table 7
CHARACTERISTICS OF PARTICIPANTS AGED 40-49 YEARS
DEPENDING ON THE PRESENCE OF SUPERNOVA
Parameter SUPERNOVA No SUPERNOVA
(n=6) (n =129) P
44.5 45.0
Age, years [41.7; 46.7] [42.0; 47.0] 0.81
23.6 27.6
2
BMI, kg/m [20.9; 26.4] [24.8; 32.4] 0.02
BMI > 30 kg/m?, n (%) 1 (16.7%) 53 (41.1%) 0.23
Women waist circumference > 80 cm, o o
Men waist circumference > 94 cm, n (%) 1(20.0%) 80(65.3%) 0.05
114.7 125.5
SBP, mm He. [97.1; 121.4] [115.0; 138.2] 0.03
71.7 80.0
DBP, mm Hg. [62.0; 78.5] [71.7; 87.2] 0.048
Hypertension, n (%) 0 48 (37.2%) 0.06
6.1 5.4
Total cholesterol, mmol/L [4.4:73] [4.9: 6.0] 0.40
Total cholesterol > 4,9 mmol/L *, n (%) 4 (66.7 %) 99 (77.3%) 0.54
4.0 3.5
LDL > 3,0 mmol/L *, n (%) 4 (66.7 %) 96 (75.0%) 0.65
. . N
HDL in Men < 1,0, in Women < 1,2 mmol/L *, 1(16.7%) 30 (23.3%) 071
n (%)
. . 0.78 1.19
Triglycerides, mmol/L [0.65: 1.69] [0.85: 1.65] 0.21
Triglycerides >1,7 mmol/L *, n (%) 1 (16.7%) 30 (23.3%) 0.71
5.0 5.3
Glucose, mmol/L [4.3:5.7] [5.0:5.7] 0.23
Fasting hyperglycemia > 5,6 mmol/L, n (%) 1 (16.7%) 35(27.1%) 0.57
Diabetes, n (%) 0 3(2.2%) 0.86
Current smoking, n (%) 1 (16.7%) 32 (24.8%) 0.89
Ex-smoking, n (%) 2 (33.3%) 36 (27.9%) 0.89

Note: p — significance, n — number, BMI — body mass index, SBP — systolic blood pressure, DBP — diastolic blood pressure,
LDL — low density lipoprotein, HDL — high-density lipoproteins. * — presence of lipid-lowering therapy.

lower BMI and glucose levels were found comparing
with non-SUPERNOVA participants.

Table 9 shows the results of comparing partici-
pants aged 60—65 years depending on the presence of
SUPERNOVA.

In subjects of the older age group with SUPERNO-
VA levels of SBP and DBP were significantly lower
and hypertension was less common comparing with
non-SUPERNOVA participants.

Discussion

Our study shows approximately 10 % prevalence of
SUPERNOVA in a group of 485 residents of St. Peters-
burg without cardiovascular complications aged 24—65
years, whose vascular aging was assessed by evaluating
arterial stiffness. Arterial stiffness is the best indicator
of the combined effect of known and unknown risk
factors for arterial wall damage [1]. Studies suggest
that subjects with the SUPERNOVA are protected from
exposure to risk factors of cardiovascular diseases, de-
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Table 8
CHARACTERISTICS OF PARTICIPANTS AGED 50-59 YEARS
DEPENDING ON THE PRESENCE OF SUPERNOVA
_ No SUPERNOVA
Parameter SUPERNOVA (n=13) (n=129) p
54.0 53.0
Age, years [52.5; 57.0] [52.0; 56.0] 0.16
24.9 27.6
2
BML, kg/m [22.1;27.4] [24,3; 30.8] 0.04
BMI > 30 kg/m?, n (%) 2 (15.4%) 49 (38.0%) 0.10
Women waist circumference > 80 cm, o o
Men waist circumference > 94 cm, n (%) 7(53.8%) 84 (66.1%) 0.38
128.0 134.0
SBP, mm He. [109.5; 137.0] [122.2; 144.2] 0.11
81.0 81.5
DBP, mm He. [69.0; 86.5] [75.0; 87.7] 0.32
Hypertension, n (%) 3(23.1%) 71 (55.0%) 0.03
5.6 5.8
Total cholesterol, mmol/L [4.7: 6.5] [5.1: 6.6] 0.76
Total cholesterol > 4,9 mmol/L *, n (%) 9 (69.2%) 102 (79.1%) 0.41
33 3.9
LDL, mmol/L [3.0; 4.2] [3.2; 4.5] 0.26
LDL > 3,0 mmol/L *, n (%) 10 (76.9%) 110 (85.3%) 0.43
HDL in Men < 1,0, in Women < 1,2 mmol/L 1(7.7%) 35 (27.1%) 0.12
*,n (%)
. . 1.05 1.24
Triglycerides, mmol/L [0.84: 1.31] [0.92: 1.71] 0.18
Triglycerides > 1,7 mmol/L *, n (%) 1 (7.7%) 36 (29.0%) 0.099
4.8 5.4
Glucose, mmol/L [4.3: 5.4] [5.0: 5.8] 0.005
Fasting hyperglycemia > 5,6 mmol/L, n (%) 2 (15.4%) 47 (36.4%) 0.13
Diabetes, n (%) 0 (0%) 7 (5.4%) 0.33
Current smoking, n (%) 3(23.1%) 35 (27.1%) 0.92
Ex-smoking, n (%) 4 (30.8%) 34 (26.4%) 0.92

Note: p — significance, n — number, BMI — body mass index, SBP — systolic blood pressure, DBP — diastolic blood pressure,

LDL — low density lipoprotein, HDL — high-density lipoproteins. * — presence of lipid-lowering therapy.

spite their negative effects. According to the concept of
protective mechanisms leading to SUPERNOVA it is
likely that those individuals may only have a fraction
of the known risk factors and they are protected (or less
sensitive) from the harmful effects of other risk factors
of cardiovascular diseases. It remains an open question
whether the consideration of cardiovascular risk factors
should be extensive or not in order to identify SUPER-
NOVA individuals in population. Some risk factors are
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easily detected (age, gender, BP, smoking), and some
factors are well-known but they are difficult to quan-
tify (heredity, perceived stress, social and economical
factors), to assess the timing of exposure and mostly
remain unknown [4].

In our study, the evaluated factors associated with
the supernormal vascular aging were normal BP, nor-
mal body weight, lower blood glucose levels and an
optimal lipid panel levels. Stratification of the sample
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into age groups allowed us to identify age-related fea-  over 40 years lower prevalence of abdominal obesity
tures of the influence of risk factors. Younger patients  becomes statistically significant and in the group aged
with SUPERNOVA had a lower BMI, but other com- 50 years — glucose level. It is worth noting that in all
mon risk factors did not have a significant effect. It is  age groups there was a tendency to lower triglyceride
possible that the cumulative effect of influence of those  levels in the presence of the SUPERNOVA with no sta-
common risk factors is only apparent in older age. Low- tistical significance. When discussing the mechanisms
er BP rates in the presence of the SUPERNOVA were  of “healthy” (normal) aging German researchers noted
registered from the age of 30, but they are statistically  that up to 50 years most individuals have similar indi-
significant only after 50 years. Only in the group aged  cators of arterial stiffness and only in older age, het-

Table 9
CHARACTERISTICS OF PARTICIPANTS AGED 60-65 YEARS
DEPENDING ON THE PRESENCE OF SUPERNOVA
Parameter SUPERNOVA No SUPERNOVA P
(n=10) (n=18)
62.0 61.0
Age, years [61.0; 63.2] [61.0; 63.0] 0.33
24.7 28.7
2
BML, ke/m [22.7: 30.3] [26.2; 31.4] 0.057
BMI > 30 kg/m?, n (%) 3 (30.0%) 7 (38.9 %) 0.64
Women waist circumference >80 cm, o o
Men waist circumference > 94 cm, n (%) 3 (50.0%) 14(77.8%) 0.13
121.5 146.2
SBP, mm He. [115.5; 140.2] [128.4; 156.7] 0.014
74.7 86.2
DBP, mm He. [71.4; 80.4] [77.9;95.1] 0.014
Hypertension, n (%) 3 (30.0%) 13 (72.2%) 0.03
52 6.6
Total cholesterol, mmol/L [44:63] [5.3:72] 0.072
Total cholesterol > 4,9 mmol/L *, n (%) 7 (70.0%) 16 (88.9%) 0.21
3.4 4.5
LDL, mmol/L [2.6: 4.6] [33:5.1] 0.16
LDL > 3,0 mmol/L *, n (%) 8 (80.0%) 16 (88.9%) 0.52
. . *
HDL in Men < 1,0, in Women < 1,2 mmol/L *, 2 (20.0%) 1(5.6%) 0.24
n (%)
. . 0.96 1.20
Triglycerides, mmol/L [0.80: 1.29] [0.91: 1.82] 0.13
Triglycerides > 1,7 mmol/L *, n (%) 1 (10.0%) 5(27.8%) 0.27
5.3 5.6
Glucose, mmol/L [4.8; 5.6] [5.2; 5.8] 0.13
Fasting hyperglycemia 5,6 > mmol/L, n (%) 3 (30.0%) 8 (44.4%) 0.45
Diabetes, n (%) 1(10.0%) 0 0.39
Current smoking, n (%) 1 (10.0%) 1(5.6%) 0.91
Ex-smoking, n (%) 2 (20.0%) 4 (22.2%) 0.91

Note: p — significance, n — number, BMI — body mass index, SBP — systolic blood pressure, DBP — diastolic blood pressure,
LDL — low density lipoprotein, HDL — high-density lipoproteins. * — presence of lipid-lowering therapy.



erogeneity is registered according to the accumulated
“life baggage” of risk factors [8].

The study of risk factors of cardiovascular diseases
in young people in Finland [9] showed that metabol-
ic syndrome in childhood and adolescence (age 9-18
years) predicts the level of arterial stiffness in adulthood
(PWYV measurements were performed 21 years later at
the age of 30-39 years). In addition, restoring of met-
abolic status in children was associated with decreased
arterial rigidity at an older age. Hypertension is one of
the main determinants of vascular stiffness but on the
other hand, a long-term increase in vascular wall rigidity
predicts the occurrence of hypertension. The research
group of the same authors from Finland demonstrated
that increased arterial stiffness in a cohort aged 3049
years is a predictor of risk of developing hypertension
in 4 years [10]. Increased arterial stiffness significantly
contributes to the pathophysiology of age-related exten-
sions in the burden of cardiovascular diseases, such as
congestive heart failure, isolated systolic hypertension,
and orthostatic hypotension [11].

It is worth noting that according to our results, low-
er BMI scores in the older age group were associated
with better health of blood vessel wall, although those
were higher compared to SUPERNOVA individuals in
other age groups. Perhaps this feature in the older age
group is related to the age-dependent process of re-
ducing muscle tissue and insufficient physical activity.
A number of studies showed that middle-aged and el-
derly people who regularly perform endurance training
show lower arterial stiffness compared to age-compa-
rable hypodynamic individuals [11]. Higher physical
activity in old age is associated with lower arterial stiff-
ness and pulse pressure. More importantly, associations
were stronger when the analysis was limited to partici-
pants with consistent levels of physical activity. These
results obtained in US communities were consistent
with studies conducted in the European community
showing that moderate to active physical activity was
associated with slower age-related changes of central
arteries stiffness [12].

In our study, the prevalence of the SUPERNOVA did
not significantly differ between men and women. The
analysis of the profile of common risk factors revealed
a lower level of SBP and the prevalence of obesity in
women. Thus, women need to monitor their body weight
and BP more carefully to keep their blood vessels in
perfect condition. Earlier studies on gender differences
indicated that women are characterized by higher arte-
rial stiffness with a subsequent increase in load on the
left ventricle and an increase in the risk of developing
heart failure with a preserved ejection fraction [14].

The results showed that exposure to known risk
factors (hypertension, obesity, metabolic disorders) can
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slow down vascular aging and prevent cardiovascular
complications.
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Poraps Oxcana IlerpoBHa — JOKTOp MEOULIIMHCKUX Hayk,
IJaBHBIA HAy4HBIM COTPYAHMK Hay4HO-HUCCIIEAOBATEIbCKON Ja-
O6oparopuu SMUAEMHOIIOTHH HEHH()EKIIMOHHBIX 3a0oieBaHuUit
Wuctutyta cepaua u cocynos ®I'bY «HMUILL um. B. A. Anmazo-
Ba» Munsnpasa Poccun, e-mail: rotari_oxana@mail.ru, ORCID:
0000-0002-5530-9772;

Epuna Anacracus MakcuMoBHa — Hay4HBbIH COTPYIHUK Hay4-
HO-HCCIIeJOBATENILCKOH JTa00paToOpHy SIHUAESMUOIOT MM HEMH(EKIH-
OHHBIX 3a00seBanui MHcTHTyTa cepana u cocynoB PI'BY « HMUL]

uM. B. A. AnmazoBa» Munsnpasa Poccun, e-mail: erina_anastasia@
mail.ru, ORCID: 0000-0003-0648-3421;

BosipunoBa Mapus AHaTtonbeBHa — MIIaALIMN Hay4dHBIH CO-
TPYAHHK Hay4YHO-HCCIIEOBATEIbCKOH JTa00paTOpUH SITUIEMUOIIO-
'Y HeMH(EKIMOHHBIX 3a0oseBannii IHCTHTYTA cCepaua 1 COCyI0B
OI'BY «HMUII um. B. A. AnmazoBa» Mun3npasa Poccun, e-mail:
essence_4@mail.ru, ORCID: 0000-0002-5601-0668;

AnueBa Acust CalirujoBHa — KaHIAUJIAT MEJUIIMHCKUX HayK,
Hay4HbIH COTPYAHUK HAy4YHO-HUCCIIEI0BATEIILCKOH JT1abopaTopun
SMHAEMHOJIOTUH HEMH()EKIIMOHHBIX 3a00JI€BaHUH, PYyKOBOJUTEIH
IlenTpa atepockiiepo3a W HapyHmICHUN JUMUAHOTO oOMeHa MH-
cturyTa cepaua u cocynos ®I'bY «HMUIL um. B. A. AnmazoBa»
Munznpasa Poccun, e-mail: asiiat.alieva.s@gmail.com, ORCID:
0000-0002-9845-331X;

Moryuas Exarepuna BukropoBHa — Miafimii HayyHbli co-
TPYAHHK Hay4YHO-HCCIIEOBATEIbCKOH J1Ta00paTOpUH SIUIEMUOIIO-
rUY HeMH(EKIMOHHBIX 3a00sieBanuii IHCTHTYTA cCepua 1 COCyI0B
OI'BY «HMUII um. B. A. Anmazosa» Munsnpasa Poccun, e-mail:
emoguchaya@yandex.ru, ORCID: 0000-0003—0838-5390;

Konecosa Exarepuna [1apioBHa — KaHAMIAT MEIUIMHCKUX
HayK, Hay4YHBII COTPYNHHUK Hay4YHO-HMCCIIE0BATEIbCKOH J1abo-
paTopuy 3MUICMHOJIIOTHH HEeHMH(EKIMOHHBIX 3a0ojeBanuii UH-
ctutyta cepaua u cocynos ®I'byY «HMUIL um. B. A. Anmaso-
Ba» Munsnpasa Poccun, e-mail: doctorkat82@mail.ru, ORCID:
0000-0002-1073-3844;

ConnueB Brnaaucnas HukonaeBuy — crapiumii HayuyHbId co-
TPYOHHMK Hay4YHO-HCCIIEIOBATEIBCKOI J1abOpaTopun MaTeMaTH-
yeckoro moxaenupoBanus OI'BY «HMUL um. B. A. AnmazoBay»
Munznpasa Poccun, e-mail: vs5962@gmail.com, ORCID: 0000—
0002-2066-6542;

Konpanu Anekcanapa OyneroBHa — JOKTOP MEAUIIUHCKUX
HayK, npogeccop, wieH-koppecnonaent PAH, 3amecturens re-
HEpaJIbHOTO TUPEKTOPa Mo HayuHoi padbore ®I'BY «HMUILL um.
B. A. AnmazoBa» Munzzapasa Poccun, aupekrop Mucruryra Tpanc-
NSAIMOHHOM MenuiHbl YHuBepcutera UTMO, e-mail: konradi@

almazovcentre.ru, ORCID: 0000—-0001-8169-7812.
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