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Abstract

Objective. To assess the prevalence of markers of preclinical vascular, kidney and brain damage
in the survivors of the Leningrad Siege (SLS) in the long-term period of life, as well as to determine a
possible connection with starvation in the prenatal period and early childhood. Design and methods. A
prospective cohort study of 305 SLS was initiated in 2009-2011. In a control sex- and age-matched group
we recruited people born in the same time period in other regions of the Soviet Union and permanently
residing in Leningrad after the World War II (n = 51). At the second visit in 2013-2014, 252 residents
of besieged Leningrad were examined (the response rate was 82,6 %). Blood pressure measurement and
anthropometry were performed according to standard methods. The laboratory examination included the
assessment of fasting glucose, lipids, and creatinine with the calculation of the glomerular filtration rate
(GFR) according to the CKD-EPI formula. The concentration of albumin and creatinine was determined,
and the albumin-creatinine ratio was calculated. All patients underwent assessment of the pulse wave
velocity by the applanation tonometry (SphygmoCor, AtCor, Australia), cardio-ankle vascular index
(CAVI) and ankle-brachial index (VaSera VS 1500, FukudaDenshi, Japan). For cognitive assessment,
the Mini-Mental State Examination (MMSE) scale was used. Results. The analysis included data of
184 residents of besieged Leningrad (52 males (28,3 %) and 132 females (71,7 %), average age 74,7
years old) divided into three groups depending on the age period during the Siege: 132 people in the first
group (late childhood and adolescents), 28 people in the early childhood group, 24 people in the third
“intrauterine” group. The control group included 44 people: 13 males (29,5 %) and 31 females (70,5 %),
average age 75,5 years old. The survivors of the besieged Leningrad showed lower anthropometric
characteristics — lower weight (p = 0,005) and body mass index (p = 0,004) compared with the control
group. There were no differences in the prevalence of vascular, renal and cerebral lesions. The lowest
arterial stiffness according to the CAVI index was detected in the “intrauterine” group compared to early,
late childhood and adolescent groups (p = 0,015). Renal dysfunction was detected only in the first group
(late childhood and adolescents). Conclusions. The residents of the besieged Leningrad demonstrate
low prevalence of renal dysfunction and arteriosclerosis of the large arteries and atherosclerosis of the
peripheral arteries, as well as preserved cognitive function. The increased arterial stiffness and decreased
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GFR in SLS who experienced the siege in late childhood and adolescence are most likely due to the
older age.
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Pe3rome

Lean ucciaen0BaHusi — OIEHUTH PACIPOCTPAHEHHOCTh MapKEPOB JOKIMHUUYECKOTO OPAXKEHUS
COCY/IOB, TIOYEK, TOJIOBHOTO MO3ra y skuteneii 6iokagnoro Jlennnrpana (OKbJI) B otnanenHom nepuoze
YKU3HHU, a TAK)KE OMPECIIUTh BOSMOXKHYIO CBSI3b C TOJIOAHUEM BO BHYTPHYTPOOHOM NEPUOJIE U PaH-
HEM JIETCKOM Bo3pacTte. MarepuaJbl u MeToabl. [IpocnektuBHOE KoropTHoe uccienoanue 305 XKbJI
ob110 nHMIIMUPOBaHO B 2009-2011 romax. Taxke Oblia chopMupoBaHa KOHTPOJIbHAS TPYIINA, COMO-
CTaBUMas T10 TIOJTy ¥ BO3PACTY, U3 JIO/IeH, POAUBIIHNXCS B TOT K€ BPEMEHHOM MPOMEXYTOK B IPYTHX
perunonax Coserckoro Coroza u nociie Bennkoit OTeuecTBEHHON BOMHBI, IOCTOSHHO MPOYKUBAKOIIUX
B Jlenunrpane (51 yenosek). Ha Bropom Busute B 2013—2014 romax o6cnenoBano 252 XKbJI (orkmmk
coctaBui 82,6 %). by mpoBeeHbl U3MepeHe apTepPUaIbHOTO AABICHHS U aHTPOIIOMETPHS COINIACHO
CTaHJapTHBIM MeToaukaM. JlabopaTopHoe o0OcieioBaHNe BKITIOUAJIO OMPEAeNICHHE JIUTUIHOTO CIEeKTpa,
IJTIOKO3bI, KpEaTUHUHA C PacueToM CKOopocTH KiryboukoBoi ¢unsrpanuu (CK®) no ¢popmyne CKD-
EPL. IlpoBonuiocs ornpeneneHre KOHIEHTPAIMK allbOyMUHA U KpEaTUHUHA B PA30BOI MOPIIUU MOYH
C TIOCIIEAYIOUIUM PAacueTOM aJb0yMHH-KPEaTHHUHOBOTO COOTHOIIIEHUS. BceM mareHTaM BbIIOJTHEHA
OIIEHKa CKOPOCTH paclpOCTpaHeHUs MyIbCOBOM BoiHbI Ha mpubope SphygmoCor (AtCor, ABcTpa-
JIMs1) METOJIOM aNIuIaHAIMOHHOM TOHOMETPHH, ONPEACIICHHE CEPICYHO-TIOBIKEYHOT0 COCYIUCTOTO
unaekca (CJICHU) u momplkedHO-TIIeUeBOrO MHACKca Ha anmapare VaSera VS-1500 (Fukuda Denshi,
SAnonus). s olleHKM KOTHUTUBHOM (DYHKIIMM MAllMEeHTa UCIOb30Balach Kparkas IIKajaa OEeHKH
ncuxuyeckoro craryca (Mini-Mental State Examination, MMSE). Pe3yabTarsl. B ananus BkiroueHo
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184 JKBbJI: 52 myxuunsl (28,3 %) u 132 xenmmnst (71,7 %), cpeanuii Bo3pact — 74,7 roga. B 3aBu-
CHUMOCTH OT BO3pacTa UccieyeMoro Ha MOMeHT Ooka bl Jlenunrpaga 132 yenoBeka ObUTH OTHECEHBI
K TPYIINE «CTapIINi IeTCKUN U MOJPOCTKOBBINA BO3pACT», 28 YEIOBEK K IPYIINE «PAaHHETO AETCKOTO
BO3pacTa» u 24 yenoBeka K «BHYTPUYTPOOHOI» rpytre. [ pynmy KOHTpouis cocTaBuiu 44 4enoBeka:
13 myxuun (29,5 %) u 31 xenmuna (70,5 %), cpeanunii Bozpact — 75,5 roga. Y XKBJI peructpupona-
JIMCh TOJIBKO 00JIee HU3KHE aHTPOIIOMETPHUECKHE MoKa3zaTenu — Macchl Tena (p = 0,005) u ungexca
maccol Tena (MMT) (p = 0,004), mo cpaBHEHHIO ¢ KOHTPOJIBHOH rpymmoii. Paznuuuii B pacnpocTpaHeH-
HOCTH MOPAXKEHUS COCYJIOB, IOYEK U TOJIOBHOTO MO3ra BBISBIEHO He Obl10. HanmenbIast puruiHocThb
aptepuii cornacHo nokasarento CJICH Oblna BhIsSIBIIEHAa BO «BHYTPUYTPOOHO» TPyIIIE MO CpaBHE-
HUIO C TPYMIIaMU MIIQJIIIET0, CTAPIIETo JETCKOTO U MOAPOCTKOBOro Bo3pacta (p = 0,015). IIpu onen-
Ke (QYHKIIMU MMOYeK ObLTa BBISIBIICHA MOYEUHAasi AUCHYHKIINS TOJIBKO B TIEPBOM TPYIITEe — CTAPIIEro
JIETCKOTO U MOAPOCTKOBOTO BO3pacTa. BhIBOABI. AHAIN3 COCTOSHUS CEPAECUHO-COCYIUCTON CUCTEMBI
y JXXBJI BBISBUIT HU3KYIO pacpOCTPAaHEHHOCTh MOYEUHON AUCHYHKIIUU, apTEPUOCKIIEPO3a KPYITHBIX
apTepuii u arepockiieposa nepudepuaecKux apTepuid, a TAaKKe COXPAaHHYIO KOTHUTHUBHYIO (DYHKIIHIO.
[NoBbImieHHAs JKeCTKOCTh apTepuii u cHbkeHne CK®, BhIsBICHHBIE Y JIUII, IEPEKUBIINX OIOKaTy B CTap-
IIEM JIETCKOM U IOJIPOCTKOBOM BO3pacTe, BEPOSATHEE BCETO, SBIIAIOTCS CIEACTBUEM OoJiee PEKIOHHOTO

BO3pacTa 3TOM IPyMIIbI.

KarwoueBble ciioBa: ApTCPUOCKIICPO3, I'OJIOAAHUC, KUTCIIN 6JIOKaIIHOFO .HeHI/IHl"paI[a, cTapcHucC,
ATCPOCKIICPO3, KOTHUTHBHAA I[I/IC(I)YHKI_II/IH, KECTKOCTD apTepPIﬁ, noucyHas IlI/IC(I)YHKI_II/ISI, Cy6KJ'II/IHI/I‘{e-

CKO€ MOpaXCHHUE apTepuil

Hna yumuposanus: Moeyuas E. B., Pomapb O. 1., bospunosa M. A., Anuesa A. C., Opnoe A. B., Bacunve-
6a E. FO., Koupaou A. O. PacnpocmpaneHnocms nopasxicenus cepoeuo-cocyOucmol Cucmemsl 8 omoaieHHOM
nepuode dxcuznu y slcumeneti 010kaoHo2o Jlenunepada. Apmepuanvnasn eunepmensus. 2021;27(2):170-179.

doi:10.18705/1607-419X-2021-27-2-170-179

Background

In the scientific literature there is more and more
evidence that the state of the cardiovascular system
is determined not only by traditional risk factors
that are important in the adult life, but also depends
on the conditions of intrauterine development and
the early period of life [1]. Adverse developmen-
tal conditions, restriction of nutrient intake in the
early stages of life, can lead to an increased risk
of cardiovascular complications in adulthood [2].
The most valuable information on the effects of nu-
trition during pregnancy on the health of children
and adults can be obtained from the study of people
born during periods of war and natural disasters.
One of the most interesting historically developed
population for studying the effect of starvation on
the development of cardiovascular complications
in adulthood is the group of survivors of the Len-
ingrad Siege (SLS). Studies have been conducted
that demonstrate the association of the fasting in the
prenatal, childhood and adolescent periods with an
increased risk of developing cardiovascular diseases
in adulthood. Thus, SLS had a high prevalence of
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arterial hypertension, in addition, they had exces-
sive compensation of nutrition in later adult life,
leading to obesity [3]. There is also evidence of a
higher prevalence of myocardial infarction, acute
cerebrovascular accident and diabetes mellitus in
elderly people who survived the Leningrad siege
in childhood. An increase in complicated forms of
atherosclerosis of the aorta, coronary and cerebral
arteries has been described in men, who survived
the Leningrad siege at the age of 11 years [4].How-
ever, data on arterial stiffness, cognitive function,
and the initial forms of renal dysfunction in this
unique population are not described in the literature.
Objective. To assess the prevalence of markers of
preclinical vascular, kidney and brain damage in
the survivors of the Leningrad siege (SLS) in the
long-term period of life, as well as to determine a
possible connection with starvation in the prenatal
period and early childhood.

Materials and methods
A prospective cohort study was carried out by
forming a random sample of 2200 survivors. The
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list was provided by the SLS society of the Primor-
sky district of the Saint- Petersburg. The first visit
of 305 SLS was initiated in 2009-2011 to assess
the prevalence of risk factors and cardiovascular
diseases, markers of cardiovascular aging. The re-
sults were presented earlier [5]. The control group,
comparable in gender and age, was formed from
people born in the same time period in other regions
of the Soviet Union and after the Great Patriotic
War, permanently residing in Leningrad (St. Peters-
burg). The exclusion criteria was an indication of
significant starvation during the Great Patriotic War.
The second visit took place in 2013-2014. 252 of
305 participants were examined: 25 people died,
26 people withdraw from the study, two people did
not get through. The response was 82.6 %. From
the control group 51 people were examined at the
first visit. 45 participants came to the second visit
(response 88.2%).

SLS were divided into groups depending on
the year of the birth and age period of the child’s
development, in which they underwent the Len-
ingrad Siege:

= 1st group (late childhood and adolescents):
persons born from 1930 to January 1, 1941;

= 2nd group (early childhood): participants born
in the period from 1 January 1 to 31 October 31,
1941,

= group 3 (“intrauterine”): participants with a
birth date from November 1, 1941 to January 27,
January 27,1943.

All subjects signed an informed consent and
were interviewed according to the questionnaire,
which includes information about concomitant dis-
eases and therapy. The prevalence of cardiovascu-
lar diseases was recorded on the basis of the data

collected during the examination and the doctor’s
conclusion based on the results of laboratory and
instrumental examinations.

All subjects underwent anthropometry: meas-
urement of height (medical stadiometer, (Russia))
and body weight (medical scales VEM-150 —
“Massa-K”, (Russia)) with the calculation of BMI
according to the Quetelet formula. Blood pressure
(BP) and pulse rate were measured by the OMRON
device (Japan) on the right hand after 5 minutes
of rest in a sitting position three times with the
calculation of the average value from the last two
measurements.

A fasting blood sample was taken with the
determination of the lipid profile (total choles-
terol, high density lipoproteins, low density lipo-
proteins, triglycerides), glucose levels, creatinine
with the calculation of the glomerular filtration
rate (GFR) according to the CKD-EPI formula
[6]. Morning urine sample was collected to deter-
mine the concentration of albumin and creatinine,
followed by the calculation of the albumin-cre-
atinine ratio.

The analysis of blood and urine parameters was
performed on Abbot Architect c8§000 biochemical
analyzer (USA). Instrumental methods were used
to assess the condition of the arteries.

1. The assessment of the pulse wave velocity
(PWV) was carried out using the SphygmoCor de-
vice (AtCor, Australia) by the applanation tonome-
try [7]. The pulse wave was recorded sequentially in
the proximal (carotid) and distal (femoral) arteries,
while an electrocardiogram (ECG) was recorded
simultaneously. Carotid-femoral PWV was calcu-
lated taking into account the travel time of the wave
between the registration points, determined using

Table 1

VASCULAR, KIDNEY AND BRAIN DAMAGE CRITERION

Target organ Parameters Deviation criterion

Kidney GFR < 60 ml/min/1.73 m?

ACR > 3.4 mg/mmol

PWV > 10 m/s
Vessels CAVI 9.0

ABI <0.9

PP > 60 mm. Hg.

Brain MMSE < 25 points

Note: GFR — glomerular filtration rate (CKD-EPI); ACR — albumin-creatinine ratio; PWV — pulse wave velocity; CAVI— cardio-
ankle vascular index; ABI — ankle-brachial index; PP — pulse pressure; MMSE — Mini-Mental State Examination.
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the R wave on the ECG. The distance between the
carotid artery and the jugular notch was subtracted
from the distance between the jugular notch and the
registration point above the femoral artery.

2. Determination of the cardio-ankle vascular
index (CAVI, Cardio-AnkleVascularlndex) and
ankle-brachial index (ABI) was carried out using
the VaSera VS-1500 device (FukudaDenshi, Japan)
[8]. CAVI was measured automatically on the right
and on the left, CAVI was calculated between the
heart valve and the malleolar artery, using a phono-
cardiographic signal (II tone) and plethysmograms
obtained by applying cuffs to the brachium and
lower leg. ABI measurement was also performed
automatically on the right and left and was calcu-
lated as the ratio of the systolic blood pressure in
the lower leg arteries to the systolic blood pressure
in the brachial artery.

A short scale for assessing mental status (Mi-
ni-Mental State Examination, MMSE) was used
to determine the patient’s cognitive function.
Test include an assessment of orientation in time
and space, sensation, memory, concentration and
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speech. It is a 30-item questionnaire. The test re-
sult is obtained by summing the answers for each
of the items, and is estimated in points [96].

To assess the target organ damage were taken
the criteria, presented in the table 1 [9, 10, 8].

Data analysis was performed using the follow-
ing mathematical and statistical methods: quan-
titative variables were assessed for normality of
distribution using the Kolmogorov-Smirnov and
Shapiro-Wilk tests (with normal distribution- aver-
age, standard deviations, confidence interval. With
nonnormal distribution -median and interquartile
range. Ratings were described with absolute val-
ues and percentages. Student’s t-test was calculat-
ed by comparing the mean values with a normal
distribution of data. Variance analysis was carried
out when comparing several groups in two stages
(at the first stage- the Fisher’s F-test was calcu-
lated, at the second stage- post hoc analysis). The
Mann-Whitney U test was used to compare inde-
pendent populations in the nonnormal distribution
of the data. Comparison of nominal data was car-
ried out using the Pearson y? test.

Table 2

COMPARATIVE ANALYSIS OF PARAMETERS IN SURVIVORS OF THE LENINGRAD SIEGE
AND THE CONTROL GROUP

Parameters SLS (n = 184) Controls (n =44) p-value
M £ SD 95 % CI M=+ SD 95 % CI
Age, years 74.7+2.6 74.4-75.0 75.5+2.8 74.6-76.3 0.08
Height, sm 159.4+9.0 158.3-160.5 162.0+9.6 159.1-164.9 0.08
Weight, kg 73.2+14.5 71.4-75.0 80.1 £ 18.7 74.5-85.7 0.005
BMI, kg/m2 28.8+5.3 28.1-29.4 30.5+£6.5 28.5-32.4 0.004
SBP, mm.Hg. 149.6 +£23.5 146.7-152.6 150.1 £21.6 143.6-156.7 0.84
DBP, mm.Hg. 80.7+11.4 79.3-82.1 83.1+11.5 79.6-86.6 0.19
Me Q1-Q3 Me Q1-Q3
TC, mmol/l 5.5 [4.6-6.4] 5.4 [4.8-6.4] 0.87
HDL, mmol/l 1.3 [1.1-1.6] 1.2 [1.0-1.5] 0.21
LDL, mmol/l 3.4 [2.6-4.1] 3.52 [3.04.3] 0.37
TG, mmol/l 1.2 [0.9-1.6] 1.1 [0.8-1.69] 0.77
Glucose, mmol/l 5.4 [5.0-6.0] 5.6 [5.2-6.0] 0.15
PWYV, m/s 10.3 [8.9-11.8] 10.4 [9.5-13.0] 0.42
PP, mm.Hg. 66.2 [57.5-79.0] 63.0 [57.5-76.0] 0.46
ABI 1.05 [0.98-1.1] 1.03 [0.97-1.08] 0.36
CAVI 9.35 [8.5-9.9] 9.25 [8.6-10.0] 0.92
MMSE, points 28 [27-29] 28 [27-29] 0.84
GFR, ml/min/1,73 m? 76.4 [66.0-83.9] 77.6 [66.5-88.9] 0.48
ACR, mg/mmol 0.91 [0.51-1.48] 0.89 [0.63—1.66] 0.61

Note: SLS — survivors of the Leningrad siege; CI — confidence interval; BMI — body mass index; SBP — systolic blood pressure;
DBP — dyastolic blood pressure; TC — total cholesterol; HDL— high density lipoproteins; LDL— low density lipoproteins; TG —
triglycerides; PWV — pulse wave velocity; PP— pulse pressure; ABI — ankle-brachial index; CAVI — cardio-ankle vascular index;
MMSE — Mini-Mental State Examination; GFR — glomerular filtration rate (CKD-EPI); ACR — albumin-creatinine ratio.

174



Original article / OpurunansHas craTesa

Table 3
PREVALENCE OF VASCULAR, KIDNEY AND BRAIN DAMAGE IN SURVIVORS
OF THE LENINGRAD SIEGE IN COMPARISON WITH THE CONTROL GROUP
Parameters SLS Controls p-value
(n=184) (n=44)

Hypertension, n (%) 165 (89.6 %) 38 (86.4 %) 0.42
DM, n (%) 36 (19.5 %) 7 (15.9 %) 0.67
ACE/TIA, n (%) 19 (10.3 %) 5(11.4 %) 0.55
MI, n (%) 19 (10.4 %) 8 (18.2 %) 0.19
Stable CHD, n (%) 69 (37.7 %) 20 (45.5 %) 0.34
CHF, n (%) 81 (44.3 %) 25 (56.8 %) 0.13
PWYV > 10 m/s, n (%) 100 (57.1 %) 23 (59.0 %) 0.83
PP > 60 mm.Hg., n (%) 168 (67.2 %) 28 (62.2 %) 0.6
ABI<0.9,n (%) 26 (14.1 %) 6 (13.6 %) 1.0
CAVI > 9.0, n (%) 126 (68.5 %) 31 (70.5 %) 0.79
MMSE < 25 6amos, n (%) 11 (6.1 %) 4 (9.3 %) 0.49
GFR < 60 ml/min/1.73 m?, n (%) 22 (12.0 %) 4 (9.1 %) 0.79
ACR > 3.4 mg/mmol, n (%) 17 (9.3 %) 8 (18.2 %) 0.10

Note: SLS — survivors of the Leningrad siege; DM — diabetes mellitus; ACE — acute cerebrovascular event; TIA — transitory
ischaemic attack; MI— miocardial infarction; CHD — coronary heart disease; CHF — chronic heart failure; PWV— pulse wave velocity;
PP — pulse pressure; ABI — ankle-brachial index; CAVI — cardio-ankle vascular index; MMSE — Mini-Mental State Examination;

GFR— glomerular filtration rate; ACR — albumin-creatinine ratio.

Table 4

COMPARATIVE CHARACTERISTIC OF THE STATE OF VESSELS, KIDNEYS
AND BRAIN IN DIFFERENT AGE GROUPS OF THE SURVIVORS OF THE LENINGRAD SIEGE

1%t grou 2" orou 3rd grou
Parameters (n E 1321; (n g= 28)p (ng= 24)p p-value
Me QI1-Q3 Me QI1-Q3 Me Q1-Q3
PWYV, m/s 10.1 (8.8-11.9) 10.4 (9.5-11.6) 10.6 (9.4-12.2) 0.73
ABI 1.07 (0.96-1.1) 1.07 (1.04-1.09) 1.05 (1.00-1.09) 0.56
CAVI 9.3 (8.6-9.9) 9.4 (8.95-9.8) 8.8 (8.1-9.75) 0.12
MMSE, points 28 (27-29) 28 (27.5-29) 28.5 (27.5-30) 0.71
GFR, ml/min/1,73 m? 75.1 (65.4-83.7) 77.4 (65.9-85) 78.0 (71.0-85.4) 0.23
ACR, mg/mol 0.91 (0.55-1.47) 0.87 (0.54-1.68) 1.01 | (0.41-1.45) 0.94

Note: PWV — pulse wave velocity; ABI — ankle-brachial index; CAVI — cardio-ankle vascular index; MMSE — Mini-Mental
State Examination; GFR— glomerular filtration rate; ACR — albumin-creatinine ratio.

Constraint force (V Cramer) was also evalu-
ated. Mathematical and statistical analysis of the
data was carried out using the SPSS Statistics 26.
The level of significance when testing statistical
hypotheses was taken as p <0.05.

Results

The analysis included data of 184 residents of
besieged Leningrad with a full range of laboratory
and instrumental examinations: 52 men (28.3 %)
and 132 females (71.7%). In the control group there
were 44 people: 13 men (29.5%) and 31 females

-

(70.5%). Only significantly lower anthropometric
parameters (body weight and BMI) were recorded
in the SLS compared to the control group (Table 2).
There were no differences in the prevalence of both
clinical and preclinical vascular, kidney, and brain
damage (Table 3). Comparative analysis of these
patients depending on the period of birth did not
show statistically significant differences in BMI,
blood pressure, glucose and lipid profile. Table 4
present the data of the comparative analysis the av-
erage values of markers of target organ damage; no
significant differences were found. When assessing
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Table 5

PREVALENCE OF THE VASCULAR, KIDNEYS AND BRAIN DAMAGE IN DIFFERENT AGE GROUPS
OF SURVIVORS IN THE LENINGRAD SIEGE.

Parameters SUrvivors group p-value
1 2 3
PWV > 10 m/s, n (%) 68 (54.8 %) 17 (63.0%) 15 (62.5%) 0.65
PP > 60 mm.Hg., n (%) 118 (69 %) 30 (68.2 %) 20 (57.1%) 0.4
ABI<0.9,n (%) 23 (17.4%) 2 (7.1%) 1 (4.2%) 0.12
0.015
CAVI > 9.0, n (%) 92 (69.7%) 23 (82.1%) 11 (45.8%) p,,=0.035
p,,=0.018
MMSE < 25 points, n (%) 8 (6.3%) 2 (7.4%) 1 (4.2%) 1.0
GFR < 60 ml/min/1.73m? n (%) 22 (16.8 %) 0 0 0.008
ACR> 3 mg/mmol, n (%) 14 (10.7 %) 2 (7.1%) 1 (4.2%) 0.61

Note: PWV — pulse wave velocity; PP — pulse pressure; ABI — ankle-brachial index; CAVI — cardio-ankle vascular index;
MMSE — Mini-Mental State Examination; GFR— glomerular filtration rate; ACR — albumin-creatinine ratio.

the prevalence of increased arterial stiffness ac-
cording to the CAVI, depending on the age group
(Table 5), statistically significant differences were
obtained — the least stiffness of the arteries was
found in the “intrauterine” group compared to the
groups of early and late childhood and adolescents.
Between the compared signs, a relationship of mean
force was noted (V =0.21). Renal dysfunction was
detected in the assessment of renal function only
in the first group (late childhood and adolescents).

Discussion

Analysis of the state of the cardiovascular sys-
tem in SLS revealed a low prevalence of renal
dysfunction, markers of arterio- and atheroscle-
rosis of peripheral arteries, as well as safe cog-
nitive function. Despite the fact that age is one
of the main predictors of increased stiffness of
the arterial wall, and the prevalence of arterial
hypertension was 90 %, no more than 60 % of
those examined over the age of 70 had markers
of arteriosclerosis of large arteries according to
sphygmometry data.

It is expected, that most of the cardiovascular
risk factors represent their influence on the devel-
opment of cardiovascular complications through the
effect on the vascular wall. In this regard, markers
of subclinical vascular damage- an increase in ar-
terial stiffness, a decrease in ABI, a thickening of
the intima-media complex of the carotid arteries
and calcification of the coronary arteries — attract
special attention [11].
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The processes occurring in the vascular wall
with aging can be divided into arteriosclerosis and
atherosclerosis. Different instrumental methods
make it possible to assess the presence of these
two processes. ABI is an easily defined and well
reproducible method for detecting asymptomat-
ic atherosclerotic vascular disease. According to
E. Selvin and T. P. Erlinger (2004), who examined
more than 2000 American residents over 40 years
old, the prevalence of peripheral atherosclerosis
(ABI <0.9) in the group of people over 70 years
old was 14.55 %, which was comparable to our
findings (14.1 1 %), although our sample consisted
of persons of an older age group [12].

The “gold standard” for assessing arteriosclero-
sis is the carotid-femoral pulse wave velocity, using
applanation tonometry [7]. The increase in arterial
stiffness according to PWV data among SLS was
57.1%. When compared with the control group,
no significant differences were found (59.0 %, p =
0.83). Also, there were no significant differences
in the prevalence of arterial stiffness between the
age groups of SLS.

In recent years, the volumetric sphygmometry
method use to assess CAVI, because it is simple
and predictively significant. CAVI does not depend
on the blood pressure level at the time of the study
[13]. A. V. Turusheva et al (2019) assessed the de-
gree of arterial stiffness, the dependence of the
value of the CAVI on age and calculated the rate of
its growth in different age groups [14]. This study
made it possible to detect a formula for calculat-



Original article / Opurunansuas craTbs

ing the predicted value of CAVI depending on age
and gender. The developed norms were similar to
the values of CAVI in elderly patients with exist-
ing cardiovascular diseases and diabetes mellitus.

The mean values of CAVI at the age from 70 to
75 were 9.29 + 1.23, which is comparable with our
data (9.35 [8.5-9.9]). However, CAVI in the SLS of
both sexes was found lower than the predicted val-
ue, calculated by the formula depending on gender
and age. CAVI was 9.09 + 1.07 in females in our
study, predicted CAVI 9.62 + 1.04; in men it was
9.55 £+ 1.41, the predicted CAVI was 9.76 + 1.01.

T. Yukutake et al (2014) assessed the relation-
ship between CAVI and cognitive function in 179
older adults in community-dwelling elderly in Ja-
pan [15]. All subjects were divided into two groups:
with a high MMSE value (> 26 points) and a low
MMSE value (< 26 points). In the first group CAVI
value was 9.13 £ 1.16, in the second- 9.61 + 1.30.
Arterial stiffness parameters obtained in our study
(9.35 [8.5-9.9]) are consistent with the mean CAVI
values (9.37 £+ 1.23) in the work of Yukutake T. et
al (2014). We did not find differences in CAVI re-
lationship depending on the MMSE values (9.2 +
1.12 with normal MMSE value (> 25 points) and
9.37 + 1.93 with low MMSE value (< 25 points),
p =0.65).

In their work Q. Zhang et al (2019), based on
the China Longitudinal Healthy Longevity Study
(CLHLS), with a total of 2,603 participants aged 64
and over, described cognitive changes in Chinese
older adults from 2005 to 2014 and studied the risk
factors for cognitive impairment. Thus, the MMSE
value in the sample of Chinese 75-76 years old was
27.3-26.4 points. When comparing the results of
the study by Q. Zhang and co-authors (2019), SLS
had higher MMSE values (28 [27-29] points) [16].
Also, in our sample, a low prevalence of cognitive
impairments (6.1 %) and a low incidence of acute
cerebrovascular accidents and transient ischemic
attacks (10.3-3 %) were recorded.

Geraci G. et al (2017) examined elderly patients
with arterial hypertension (126 participants over
65 years old and 350 people under 65 years old)
and demonstrated that the group of elderly patients
with arterial hypertension had lower GFR, high-
er parameters of arterial stiffness and prevalence
albuminuria compared with middle-aged patients
with arterial hypertension [17]. The pulse wave
velocity was independently of other factors asso-

ciated with albuminuria in elderly patients, while
in middle-aged people it did not correlate with any
indices of kidney damage in middle-aged patients.
Age is an important modifier of the relationship
between renal function and renal hemodynamics
with subclinical vascular damage in elderly people
without cardiovascular disease. In our study, renal
dysfunction was recorded only in people of the most
age group who underwent the Siege in adolescence
and late childhood, and the least stiffness of the
arteries was noted in the youngest, “intrauterine”
group, but the differences were not significant com-
pared to other groups. In her work L. P. Horoshin-
ina et al (2000) showed a tendency to an increase
in the frequency of vascular kidney damage in the
structure of kidney and urinary system diseases in
elderly people who survived the Leningrad Siege in
childhood or adolescence (14 %). In patients with
renal vascular diseases, there was a statistically
significant increase in end-stage renal failure in
the main group compared with the control group
(3.5 + 1.1% in the SLS group and 0.80 + 0.57 %
in the comparison group, p <0, 05) [18].

A.L. Ariev and co-authors also described a more
pronounced decrease of renal function in persons
with dyscirculatory encephalopathy who survived
the Leningrad Siege in childhood: the prevalence
of the 3rd stage of chronic kidney disease, lower
GFR values. In addition, it was shown that SLS
have close direct correlations between the con-
centration of melatonin in saliva (as an indicator
of body homeostasis), age and GFR. The differ-
ence in the level of concentration of melatonin in
saliva in this population may be due to the influ-
ence of the transferred multifactorial stressful sit-
uations (hunger, cold, bombing, psychoemotional
stress and others), which led to a restructuring of
the adaptive processes in the body, an increase in
the compensatory capabilities of the kidney, despite
lower functional parameters, or it is genetically de-
termined characteristics of persons who survived
the Leningrad Siese in childhood [19].

A study of the adult population, who survived
the Dutch famine winter of 1944—1945, showed that
intrauterine nutritional deficiencies are associated
with an increase in the incidence of microalbuminu-
ria (MAU) in adulthood and a decrease in creati-
nine clearance, which cannot be explained only by
cardiovascular risk factors [20]. Fasting in midg-
estational leads to a decrease in the envolvement
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of sufficient glomeruli and thus may increase the
risk of MAU and possibly affect kidney function
in adulthood. The prevalence of MAU in the SLS
was comparable to the Dutch population (9.3 %
and 7.2 %, p = 0.77). However, in our study, we
did not find a greater occurrence of MAU in indi-
viduals who survived starvation during the prena-
tal period. Perhaps the low prevalence of kidney
damage is associated with the low incidence of
diabetes mellitus in the population of residents of
besieged Leningrad.

In our study, there were no statistically signif-
icant differences in the prevalence of arterial le-
sions, renal and cognitive dysfunctions among the
survivors of the Leningrad Siege compared with
the control group. SLS had only lower body mass
indices, in contrast to the control group, which is
similar to our earlier data [5]. This can be explained
by the fact that fasting in early childhood can direct-
ly lead to a decrease in anthropometric indicators,
impaired of compensation abilities. In addition, it
is possible that the parents of the overwhelming
majority of children who survived the Leningrad
Siege were themselves born of malnourished moth-
ers. Therefore, these children may have had a low
birth weight. And maternal undernutrition leads to
the formation of low body weight at the birth of
even her term infant [21].

It is nessasary to discuss possible limitations of
our study.We may not have been able to assess the
negative effects of fasting due to survival bias. Our
study did not include patients who were most vul-
nerable to starvation and other stress factors and who
died in the first decades of a peaceful life. Possibly
a protective effect of caloric restriction in survivors
diets is a proven anti-aging factor and a possible
cause of relative cardiovascular well being [22].

Further study of transgenerational mechanisms
of transmission of adaptive mechanisms will reveal
protective behavioral patterns that contributed to
the longevity of SLS.

Conclusions

The prevalence of confirmed cardiovascular
diseases and preclinical markers of arteriosclerotic
vascular damage, renal dysfunction and cognitive
impairment in SLS was low even in old age.

There were no significant differences in the
prevalence of cardiac pathology between SLS and
the control group.
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The increased arterial stiffness and decreased
renal function in SLS who experienced the siege
in late childhood and adolescence are most likely
due to the older age.
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