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Abstract

Background. One of the important tasks of modern science is to search for key biomarkers of aging of various body systems. Parameters of
carbohydrate metabolism play an essential role in maintaining vital activity. The prevalence of carbohydrate metabolism disorders increases with
age, but the time course of changes in individual markers remains poorly understood. Therefore, it is important to investigate the patterns of changes
in carbohydrate metabolism markers in different age groups among healthy participants, which is the objective of the RUSS-AGE study.

Aim. To evaluate changes in carbohydrate status markers (adiponectin, leptin, glucose, glycated hemoglobin, insulin, and carboxymethyllysine -
CML) in different age groups of a healthy Russian population.

Materials and methods. The study was conducted at the Pirogov Russian National Research Medical University in collaboration with the Moscow
City Outpatient Clinic No. 220. The study group included subjects 18 years of age and older who signed an informed consent form; the exclusion
criteria were current acute disease, exacerbation of a chronic disease, surgical intervention within the last month, and moderate to severe chronic
age-associated diseases. Blood samples were taken to measure aging markers: glucose (enzymatic ultraviolet method), insulin (chemiluminescent
enzyme immunoassay), glycated hemoglobin (calorimetric method), CML, adiponectin, and leptin (enzyme immunoassay). The study was approved
by the local ethics committee (Minutes No. 59 dated 13.09.2022). Statistical analysis was carried out using the R programming language version 4.4.0.
The significance threshold for the p-value values given in the article is 0.05.

Results. The study included 711 participants, which were divided into eight age groups. According to the intergroup comparison, a statistically significant
direct relationship of age with adiponectin (p<0.001), glucose (p<0.001), and glycated hemoglobin (p<0.001) was found. No significant correlation with
age was found for leptin (p=0.116), insulin (p=0.078), and CML (p=0.506). After conducting a statistical analysis using linear regression to assess the
dependence of variables on age, it was found that only adiponectin, glucose, and glycated hemoglobin significantly increase with age (p<0.001).
Conclusion. The study showed a significant increase in adiponectin, glucose, and glycated hemoglobin, while leptin, insulin and CML had no
significant correlation with age.

Keywords: aging, carbohydrate metabolism, glucose, insulin, glycated hemoglobin, carboxymethyllysine, adiponectin, leptin

For citation: llyushchenko AK, Veriaskina AE, Matchekhina LV, Melnitskaia AA, Tkacheva ON, Tyazhelnikov AA, Polunin VS, lumukian AV,
Strazhesko ID. RUSS-AGE study: Markers of carbohydrate metabolism and their time course in different age groups of a healthy population of the
Russian Federation. Consilium Medicum. 2024;26(12):820-826. DOI: 10.26442/20751753.2024.12.203010

© 000 «KOHCUITMYM MEOVIKYM», 2024 r.

Information about the authors / Undopmauus 06 aBTopax

“Anna K. llyushchenko - junior researcher, Pirogov Russian National
Research Medical University.

E-mail: llyushchenko_ak@rgnkc.ru; ORCID: 0000-0002-3544-5347;
Researcher ID: GXV-4937-2022; Scopus ID: 58304147800

Arina E. Veriaskina - trainee, Pirogov Russian National Research
Medical University, Lomonosov Moscow State University.
ORCID: 0009-0008-6926-2195

Lubov V. Matchekhina - Cand. Sci. (Med.), Pirogov Russian National
Research Medical University. ORCID: 0000-0002-2028-3939;
Researcher ID: Y-4534-2019

Aleksandra A. Melnitskaia — junior researcher, Pirogov Russian
National Research Medical University. ORCID: 0009-0009-0858-2053

Olga N. Tkacheva - D. Sci. (Med.), Prof, Corr. Memb. RAS,
Director of the Russian Gerontological Research and Clinical
Center, Pirogov Russian National Research Medical University.
ORCID: 0000-0002-4193-688X

Andrey A. Tyazhelnikov - D. Sci. (Med.), Russian National Research
Medical University. Researcher ID: ACK-4489-2022;
Scopus ID: 57200694228

Valeriy S. Polunin - D. Sci. (Med.), Pirogov Russian National Research
Medical University. ORCID: 0000-0002-2681-8527;
Researcher ID: AAB-7629-2021; Scopus ID: 54889951800

820

“UnbloweHko AHHa KOHCTaHTMHOBHa - MJI. Hayy. coTp. fab.
6MNOMApPKEPOB CTapeHUs, Bpau-repmatp 1ab. BUOMapKepoOB CTapeHmns
OCIN «Poccninckuii repoHTONOTMYECKUA HayYHO-KIMHUYECKNI LIEHTP»
®rAQY BO «PHUMY vm. H.N. Muporosa».

E-mail: llyushchenko_ak@rgnke.ru; SPIN-kog;: 5507-2852

BepsackuHa ApuHa EBreHbeBHa - cTaxep nab. 6Gromapkepos
ctapeHua  OCI  «PoCCMMCKMIA  FePOHTONOrMYECKU  HayuHO-
KnnHuyecknn ueHTp» OFAOY BO «PHUMY wm. H.A. TMuporosa»,
cTyAeHTKa ¢ak-Ta dyHAameHTanbHol mepauumHbl OrBOY BO «MIY
M. M.B. J=TomoHocoBa»

MauexuHa Jlio60Bb BukTopoBHa - KaHA. mMed. Hayk, 3aB. nab.
6romapkepoB cTapeHua OCI «POCCMINCKMIA TepOHTONOrMYeCKUiA
Hay4HO-KNMHMYecKunin ueHTp» ®rAQY BO «PHMY um. H.U. NMuporosa».
SPIN-kog: 6453-5835

MenbHuuKaa AnekcaHgpa AHApeeBHa — M. Hayy. coTp. nab.
61IOMapKePOB CTapeHus, Bpay-repuatp nab. 6romMapKkepoB cTapeHus
OCI «PoCCMNCKNIA rePOHTONOMMYECKNI HayYHO-KIMHUYECKNI LIeHTP»
OrAQY BO «PHUMY unm. H.W. NMuporosa». SPIN-kog: 7716-9894

TkaueBa Onbra HukonaeBHa - un.-kop. PAH, a-p meg. Hayk, npod.,
aup. OCI «Poccuiickuii repoHTONOrMYECKUA HayUYHO-KIMHUYECKMIA
ueHTp» OTAOY BO «PHUMY um. H.W. Muporosar. SPIN-koa: 6129-5809

TaxkenbHUKoB AHApelt AneKcaHAPOBUY — [-p MeA. HayK, Npod. Kad.
obLwecTBEHHOro 340poBbA U 3apaBooxpaHeHna um. tO.M. JincnyuHa
OrAQY BO «PHUMY unm. H.N. NMuporosayr. SPIN-kop: 4251-4544

MonyHuH Banepuin CokpaToBuuY - [J-p Med. Hayk, npod. Kad.
o6LyecTBEHHOro 370pOBbA U 3ApaBooxpaHeHna um. 0. JincvumHa
OrAQY BO «PHUMY nm. H.W. Muporosay. SPIN-kog: 3491-4908

CONSILIUM MEDICUM. 2024;26(12):820-826.



https://doi.org/10.26442/20751753.2024.12.203010

OPUTUHANBbHAA CTATbA

WccnenoBanue RUSS-AGE: mapkepsI yIneBogHOro o6MeHa M MX
MVHAMIKA B Pa3HbIX BO3PACTHBIX IPyNIax
3gopoBoii nonynauun PO

A K. UnbtoweHko™ ", A.E. BepsickuHa'?, J1.B. MauexuHa', A.A. MenbHuukan', O.H. Tkauesa’,
A.A. TaxenbHukos', B.C. MonyHuH', A.B. IOmykaH3, .. Crpaxecko’

'®rAOY BO «Poccnincknii HauMoHanbHbI NCCNefoBaTeNbCKUA MEAUUIMHCKNIA yHUBepcuTeT umM. H.M. NMuporosa» MuH3gpaea Poccun,
Mocksa, Poccus;

2OrbOY BO «MOCKOBCKIMIN rocyfapCTBeHHbIN yHuBepcuTeT M. M.B. JlomoHocoBa», Mocksa, Poccus;

3IBY3 «fopopckaa nonuknmHrka N°220» [lenaptameHTa 3apaBooxpaHeHuns r. MockBbi», Mocksa, Poccus

AHHOTauuA

0O6ocHoBaHue. OfHOW 13 BaXHbIX 3afjay COBPEMEHHOI HayKu ABAAETCA NMOUCK KIUYEeBbIX G1IOMapKePOB CTapeHNs Pas3fnyHbIX CUCTEM OpraHu3Ma.
MapameTpbl yrneBogHOro obMeHa UrpatoT Ba>kHYI0 POnb B MOAAEPMaHUN XM3HeaeATeIbHOCTW. C BO3PacTOM pacnpoCTPaHEHHOCTb HapyLLEHWI yrie-
BOJHOrO OOMeHa YBEeNMUMBAETCS, OfHAKO AVHAMIKa M3MEHEHM OTAeNbHbIX MAPKEPOB OCTaeTCA HEAOCTAaTOYHO U3yUEHHO. B cBA3M € 3TUM aKTyarnb-
HO MCCefoBaTh 3aKOHOMEPHOCTV U3MEHEHUII MapKepPOB YrNeBOLHOr0 06MeHa B PasfiMuHbIX BO3PACTHbIX MPYNMax CPeau 3A0POBbIX yYaCTHUKOB, YTO
1 ABNseTCA Lenbto nccnegosaHma RUSS-AGE.

Llenb. OueHNTb N3MEHEHNA MapPKePOB YrNeBOJHOrO cTaTyca (aAUMNOHEKTHA, IENTUHA, MTIOKO3bl, IMUKNPOBAHHOTO reMornobuHa, MHCYNIMHA 1 Kap-
6okcumeTmnn3nHa — KMJT) B pasHbix BO3pacTHbIX Fpynnax 340Pp0BOW POCCUINCKOM NOMYNALMN.

Matepuanbi u metogbl. ViccnenosaHue BoinoniHeHo Ha 6a3e OCI PFHKL, ®FAQY BO «PHUMY um. H.U. NMuporosa» coBmectHo ¢ MBY3 «fopoackas
nonuknvHuka N°220» r. MockBbl. B nccnepyemyio rpynny Bkaloyanvcb nuua ot 18 net, KoTopble nognucbiBany ¢opmy MHGOPMUPOBAHHOIO Corna-
CUs; KPUTEPUAMU UCKITIOUEHUA NOCTTY>KUMM HanMume oCTporo 3aboneBaHns, 060CTPEHNE XPOHNYECKOrO 3ab601eBaHUSA UM XUPYPIMYECKoro BMeLLa-
TeNbCTBA B TeUeHVe NocsiefHero MecaLa, XpoHNYecKre BO3pacT-acCoLMmpoBaHHble 3ab601eBaHnA yMEPEHHOW 1 TAXKENOW CTENEHWN BblPaXKeHHOCTN.
CoBepLueH 3a60p 06pa3LioB KPOBU C AanbHelLLe OLEeHKOM MapKepoB CTapeHus: MoKo3a (pepMeHTaTUBHbBIN YbTpadroneToBblii METOR), UHCYNNH
(XeMUTIOMUHECLIEHTHDIN IMMYHObEPMEHTHBI aHann3), IMUKUPOBAHHBIN FreMOrnobuH (Kanopumetpudecknin metoa), KMJ1, agunoHeKTUH, NenTuH —
MMMYHOpEPMEHTHBIN aHanus. iccnenoBaHvie ofo6peHO IOKaNbHbIM 3TUUECKMM KoMuTeToM (MpoTokon N259 ot 13.09.2022). CTaTUCTMYeCKUid aHanm3
NPOBOAMIICA C MOMOLLBIO A3blKa NporpammurpoBaHus R Bepcun 4.4.0. Mopor 3HaUMMOCTV A1l NIPUBOAVMBIX B CTaTbe 3HaueHuin p-value paseH 0,05.
Pesynbratbl. B nccnepoBaHue BktoyeHbl 711 yyacTHUKOB, KOTOpble pacnpefeneHbl Ha 8 Bo3pacTHbIX rpynn. o AaHHbIM MeXrpynnoBoro cpaBHe-
HUA BbiSIBNIEHa CTaTUCTMYECKM 3HaUMMas Mpsimas CBsA3b BO3pacTa C aaunoHeKTnHOM (p<0,001), rmioko3oii (p<0,001) 1 FNKMPOBaHHbIM remMornobu-
HOM (p<0,001). 3HauMman KoppenALma C BO3PacTOM He BbiABNeHa y nentuHa (p=0,116), nncynuHa (p=0,078) n KMJ1 (p=0,506). Mocne nposeaeHuns
CTaTUCTUYECKOrO aHanm3a METOAOM NOCTPOEHNA JIMHENHbIX Perpeccuii ANa OLEeHKM 3aBUCUMOCTM NEePEMEHHbIX OT BO3pacTa YCTaHOBJIEHO, YTO TOJIb-
KO aANMOHEKTVH, FI0KO3a U MNKNPOBaHHbIV FeMOrNO6MH 3HAUYMMO MOBBILLATCA C BO3pacToM (p<0,001).

3aknoueHume. B xofie nccneoBaHyA yaanoch BbIABUTb 3HAUMMOE NOBbILLEHVE aANMOHEKTYIHA, MHOKO3bl U MUKMPOBAHHOTO reMornobrHa, npy 3Tom
y NenTrHa, nHcynuHa n KMJ1 3Haunmas Koppenauma C BO3pacTom yTepsaHa.

KnioueBble cnoBa: ctapeHue, yrneBoAHbI 0OMeH, MI0K03a, MHCYJINH, IIMKMPOBaHHbIV reMOrfiobuH, KapboKCUMETUNNN3WH, aANMOHEKTVH, NeNTUH
Ana untnposanma: MnbioweHko A.K., Bepacknna A.E., MauexnHa J1.B., MenbHuukas A.A., Tkauesa O.H., TaxkenbHukos A.A., MonyHnH B.C., lOMykaH A.B.,
Crpaxecko W.[. UccnenosaHne RUSS-AGE: mapkepbl yrneBogHOro obmeHa v ux ArHaMmKa B pasHbiX BO3PaCcTHbIX Fpymnnax 3aoposoii nonynauum PO.
Consilium Medicum. 2024;26(12):820-826. DOI: 10.26442/20751753.2024.12.203010

Introduction conditions, including cardiovascular diseases and premature

Due to an increase in life expectancy, the population structure
has significantly changed. While in 2015, the number of people
older than 65 was 617 million (8.5% of the total population),
by 2050, it is expected to increase to 1.6 billion people,
approximately 17% of the total population [1]. For this reason,
ensuring healthy and active longevity for a growing number of
older people is becoming a critical issue for modern society.

Although the risk of various diseases increases significantly
with age, the health status of older people can vary significantly,
showing that chronological age is not always an accurate
indicator of the changes in the body and does not consider
the actual decrease in its biological functions. There-fore, it
is imperative to determine the biological age based on the
analysis of several biomarkers that reflect the actual state of the
organism.

During aging, carbohydrate metabolism changes occur,
increasing the body’s susceptibility to var-ious pathological

mortality [1]. In addi-tion, neurodegenerative disorders such
as Alzheimer’s and Parkinson’s diseases are associated with
impaired carbohydrate metabolism [2].

Due to the multifactorial effect of carbohydrate metabolism
on the state of the body, the study of its biomarkers is necessary
to predict the rate of aging and the risk of age-associated
diseases.

Changes in glucose metabolism increase insulin secretion,
leading to significant cellular stress, mitochondrial dysfunction,
and increased free radical production [1, 2]. Hyperinsulinemia
and asso-ciated insulin resistance are also important risk
factors for type 2 diabetes mellitus (T2DM) and car-diovascular
diseases. Elevated insulin concentrations have been shown
in mouse models and humans to convert the phenotype of
hepatocytes, adipocytes, and neurons to that of senescent cells
[2]. Thus, insulin may play a significant role in developing
age-related diseases and accelerating aging. Given the direct
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association of glycated hemoglobin (HbAlc) with glucose
levels, it is also a predictor of many age-associated diseases.
Also, some pathways for the production of carboxymethyllysine
(CML), a glycation end-product, require the involvement of
glucose [3]. The role of CML in aging and the development
of age-associated diseases is a subject of scientific debate. The
connection be-tween carbohydrate metabolism and adipose
tissue is well-known, and age-related changes in adipo-cytes
affect the synthesis and secretion of adipokines. One of them
is adiponectin, which significant-ly influences metabolic
processes and the general condition of the body [2]. It has been
shown to in-crease insulin sensitivity, prevent type 2 diabetes
mellitus, have a beneficial effect on the lipid pro-file, and have
an anti-atherosclerotic effect [4, 5]. All of the above indicate the
role of adipokine in aging, so studying trends in its changes is
of great importance.

Another adipokine is leptin, which, in addition to peripheral
activity, can pass through the blood-brain barrier and affect
the structures of the central nervous system. In this way, it
modulates eating behavior, energy expenditure, fat and glucose
metabolism, and cardiovascular tone, including blood pressure
and sympathetic nervous system activity [6]. Since many of
these processes are extremely important for the body, leptin
resistance can increase the risk of metabolic diseases, including
obesi-ty, type 2 diabetes mellitus, and hypertension [6].

Therefore, carbohydrate metabolism and adipose tissue
disorders lead to accelerated aging and re-duced life expectancy.
In addition, age is the strongest known risk factor for
carbohydrate metabo-lism disorders [1]. That is why analyzing
the trends of these biomarkers during healthy aging will improve
the understanding of the mechanisms of age-related changes.

Materials and methods

A cross-sectional cohort study was conducted from 2022 to
2024 as part of the collaboration be-tween a Separate structural
division, the “Russian Gerontological Scientific and Clinical
Center” of the Pirogov Russian National Research Medical
University, and the Moscow City Outpatient Clinic No. 220.

Inclusion criteria:

1) a signed informed consent form;

2) age 18 years and older at the time of enrollment in the
study.

Non-inclusion criteria:

1) presence of an acute disease, exacerbation of a chronic
disease, or surgical intervention within the last month;

2) moderate or severe chronic age-associated diseases.

Blood samples were taken from participants to measure
aging markers: glucose (enzymatic UV method), insulin
(chemiluminescent ~ enzyme  immunoassay),  HbAlc
(calorimetric method), CML, adiponectin, and leptin (enzyme
immunoassay).

The study was approved by the local ethics committee
(Minutes No.59 dated 13.09.2022).

Statistical analysis was carried out using the R programming
language version 4.4.0. In the first stage, the data were analyzed
using descriptive statistics methods. The Shapiro-Wilk test
was used to check the samples for deviations from the normal
distribution. The numerical variables had a non-normal
distribution and were described as follows: the number of non-
missing values (N), the medi-an (Me), and the values of the 1st
and 3rd quartiles (Q1; Q3). The Mann-Whitney test for two
groups and the Kraskell-Wallis test for more than two groups
were used to compare the groups. Categorical variables were
described using absolute and relative numbers of participants.
For comparison, the x2 test and Fisher’s exact test were used.

The significance threshold for the p-value values given in the
article is 0.05.

To assess the relationship of laboratory markers with age,
the graphical presentation of the results of linear regression
estimation was used to construct a curve of the relationship
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of variables. If p-value <0.05 for the biomarker assay, then the
biomarker changes with age. The upward direction of the line
indicates a positive association of the marker with age, and
the downward direction of the trend line indicates a negative
association.

Results

The study included 711 participants, which were divided into
eight age groups. The general char-acteristics of the study group
are provided in Table 1.

An intergroup comparison was performed to assess the
trends of carbohydrate metabolism mark-ers; the results are
presented in Table 2.

The intergroup comparison showed the following results:
the median values of glucose, HbAlc, and insulin in all age
groups are within the reference values. Due to the low use in
clinical practice, there are no reference values for adiponectin,
leptin, and CML. According to the intergroup comparison, a
statistically significant correlation was found in different age
groups with adiponectin (p<0.001), glucose (p<0.001), and
HbA1lc (p<0.001).

The study analyzed linear regressions for each marker of
carbohydrate metabolism. It was shown that the concentration
of adiponectin significantly (p<0.001) increases with age (the
results are pre-sented in Fig. 1). The results of the 1st and 3rd
quartiles also tend to increase with age, with the dif-ference
between them also increasing, doubling in the 89-99 group
compared to the 18-29 group. Also, the assessment of Q1 and
Q3 quartiles showed a considerable data variation (see Table 2).

Glucose levels also change significantly with age (p<0.001);
Fig. 2. Q1 and Q3 also increase line-arly with age, while their
differences also increase (see Table 2).

The analysis for HbAlc data showed a significant increase
with age (p<0.001) in groups of healthy volunteers of the Russian
population (Fig. 3). The Q1 and Q3 values also increased with
age, and the gap between them remains roughly the same (see
Table 2).

The concentrations of leptin (p=0.116), insulin (p=0.078),and
CML (p=0.506) do not change sig-nificantly with age (Fig. 4-6).
The data for Q1 and Q3 for leptin, insulin, and especially CML
indi-cate a substantial data variation (see Table 2).

Discussion

This study aims to investigate the trends of carbohydrate
metabolism biomarkers in different age groups of healthy
individuals. Previous studies did not analyze a similar
combination of indicators, especially in the Russian population.
The combination of biomarkers in our study allows for a com-
prehensive assessment of age-related changes in carbohydrate
metabolism and adipose tissue. It was found that glucose,
HbA,, and adiponectin levels significantly increase with age,
while insulin, CML, and leptin concentrations do not change
significantly.

Similar studies of adiponectin levels were conducted in Japan
on a sample of 21,100 subjects and in the United States with
the participation of 182 volunteers aged from 32 to 75 years
[5, 7]. Despite the vast difference in the number of participants
and the narrower age range in the second study, both studies
showed a significant positive correlation between adiponectin
level and age. The pro-posed underlying mechanism is a
decrease in the rate of adiponectin biodegradation with age
due to the deterioration of kidney function. The reported
inverse relationship of the glomerular filtration rate with the
adiponectin concentration supports this mechanism [8]. In a
Polish study of 125 volunteers divided into groups by age and
sex, considering the body mass index, there was no significant
correlation between adiponectin level and age in females (p=0.5)
and males; an increase in concentration was observed only at the
age of over 70 years [8]. Compared with the RUSS-AGE study,
the sample was much smaller, and the age distribution was

CONSILIUM MEDICUM. 2024;26(12):820-826.
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P-value
18-29 30-39 40-49 50-59 60-69 70-79 80-89 90-97 t‘f\?:e'n
Variable Parameter years years years years years years years years e
(n=106) (n=107) (n=99) (n=106) (n=98) (n=92) (n=70) (n=33) adjusted,
FDR)
) 54 (52- 74.5
Age,years | Median (Q1-Q3) | 25(22-28) | 34(32-37) | 44 (41-46.5) 64 (62-67) 84 (82-85) | 93(91-94) | <0.001
56.75) (72-77)
Sex Females 66 (62.26) | 74(69.16) | 77(77.78) | 77(72.64) | 84(84.85) | 84(91.3) | 55(78.57) | 25(78.12)
(n=711), <0.001
n (%) Males 40(37.74) | 33(30.84) | 22(22.22) | 29(27.36) | 15(15.15) 8(8.7) 15(21.43) | 7(21.88)
Type of City 106 (100) | 106 (99.07) | 97(97.98) | 102(96.23) | 99 (100) 92(100) | 67(95.71) | 32(100)
residential
place 0.047
(n=711), Rural 0(0) 1(0.93) 2(2.02) 4(3.77) 0(0) 0(0) 3(4.29) 0(0)
n (%)
Family 65(61.32) | 90(84.11) | 87(87.88) | 88(83.02) | 69(69.7) | 35(38.04) | 29(42.03) | 13(40.62)
Boarding school/
Co- ?ei.’éﬁft.';??afé 00 000 0(0) 0(0) 0(0) 0(0) 1(1.45) 0(0)
residence home, etc. <0.001
(n=710), !
n (%) Single 23(21.7) | 13(12.15) | 12(12.12) | 17(16.04) | 29(29.29) | 57(61.96) | 39(56.52) | 18(56.25)
Cohabitation
(dormitory/with | 18(16.98) 4(3.74) 0(0) 1(0.94) 1(1.01) 0(0) 0(0) 1(3.12)
friends)
Common-law
marriage 10(9.43) | 11(10.28) 9(9.09) 7 (6.6) 4(4.04) 1(1.09) 1(1.45) 0(0)
Marital Widowed 1(0.94) 0(0) 2(2.02) 5(4.72) 26(26.26) | 48(52.17) | 43(62.32) | 27(84.38)
status Married 24(22.64) | 63(58.88) | 62(62.63) | 64(60.38) | 40(40.4) | 14(1522) | 14(20.29) 3(9.38) <0.001
(n=710), :
n (%) Never 2:3” Mar 1 69(65.09) | 23(215) | 8(8.08) 5(4.72) 3(3.03) 3(3.26) 3(4.35) 1(3.12)
Di-vorced/
separated 2(1.89) 10(9.35) | 18(18.18) | 25(23.58) | 26(26.26) | 26(28.26) | 8(11.59) 1(3.12)
Higher 89(83.96) | 92(85.98) | 84(84.85) | 84(79.25) | 76(76.77) | 54(58.7) | 47(68.12) | 20(62.5)
Education Basic or lower 0(0) 0(0) 0(0) 0(0) 0(0) 1(1.09) 1(1.45) 4(12.5)
(n=710), <0.001
n (%) Secondary 16 (15.09) 6(5.61) 5 (5.05) 14(13.21) | 18(18.18) | 30(32.61) | 19(27.54) 4(12.5)
Academic degree 1(0.94) 9(8.41) 10(10.1) 8 (7.55) 5 (5.05) 7(7.61) 229 4(12.5)
Currently Yes 94 (88.68) | 102(95.33) | 98(98.99) | 83(783) | 34(34.34) 8(8.7) 2(2.9) 1(3.12)
employed <0.001
(n(=0/7)1 0), No 12(1132) | 5(467) 1(1.01) 23(21.7) | 65(65.66) | 84(91.3) | 67(97.1) | 31(96.88)
n (%

not uniform, which could explain the difference in the results.
Also, an increase in adiponectin in elderly men may be due to
a gradual decrease in testosterone and dehydroepiandrosterone
sulfate concentrations, which inhibit adipokine secretion [3, 5].
Given the growing prevalence of metabolic diseases with age,
an increase in adi-ponectin may be protective [1]. Due to its
anti-atherosclerotic, anti-inflammatory, and cardioprotec-
tive effects, as well as its ability to increase insulin sensitivity,
adiponectin provides a more favora-ble aging profile [9].

In addition, centenarians, who are significantly less
susceptible to metabolic disorders, have higher adiponectin
concentrations [4].

Our study showed no significant change in leptin levels with
age. However, a similar study demon-strated that the plasma
level in patients older than 60 was reduced by 53% compared
with the younger group [10]. The other two papers revealed sex
differences in the trends of leptin. An Ameri-can study showed
an age-related increase in leptin in females, without its change
in males; in a Polish study, however, it increased in males and
did not correlate with age in females [11, 12]. Com-pared to
RUSS-AGE, both studies were conducted on much smaller
samples, 70 and 114 subjects.

Our study showed a statistically significant increase in
glucose, which was also found in other similar studies. One
study included 771 subjects with their fasting and post-
glucose tolerance test glucose levels measured [13]. In this

CONSILIUM MEDICUM. 2024;26(12):820-826.

study, the sample size and age range were close to those used
in RUSS-AGE, which probably leads to similar results. Another
study included 67 elderly and 21 young participants, which is
significantly less than in RUSS-AGE, and also found a positive
cor-relation with age (p<0.001) [14]. Despite different sample
sizes and study designs, many studies demonstrated increasing
glucose levels with age in healthy subjects. Presumably, this is
due to a de-crease in its utilization rate, which, on the one hand,
may be associated with an age-related decrease in metabolic
activity [15]. On the other hand, it may be related to a decrease
in tissue insulin sensi-tivity, both due to aging itself and age-
related changes in body composition. In particular, the in-crease
in adipose tissue is a serious risk factor for insulin resistance [1].
Also, with age, the function of pancreatic (-cells deteriorates,
and the muscle tissue that consumes a significant part of glucose
reduces [16].

In addition, our results show an increase in HbA1lc with age.
Similar results were shown in an anal-ysis of multiple linear
regression in a study of 4,748 Taiwanese subjects aged 30 to
70 years [17]. An American study including 5,743 participants
also showed a positive correlation with age, with an increase
in HbA,. of 0.010-0.014 units per year, depending on the
population [18]. Also, the Chi-nese study using a linear
regression analysis showed that HbA|_ levels increased by an
average of 0.020% over 10 years. These data were obtained
from 18,265 patients not previously diagnosed with DM [18].
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Table 2. Carbohydrate meta

eters in different age group.

P-value
(between
Marker, Me | 18-29years | 30-39years | 40-49years | 50-59 years | 60-69 years | 70-79years | 80-89years | 90-97 years —
(Q1-Q3) (n=106) (n=107) (n=99) (n=106) (n=98) (n=92) (n=70) (n=33) groups,
adjusted,

FDR)
Adiponectin, 13.42 13.52 11.48 12.32 11.94 23.16 238 31.49 <0.007
pug/mL (9.17-23.33) (8.09-21.26) (6.7-25.27) (7.2-17.83) (9.58-19.58) (12.4-31.49) | (12.33-35.03) | (21.55-48.33) :
Leptin, 14.58 15.23 19.54 13.84 13.41 18.41 25.18 27.07 0116
ng/mL (7.46-61.04) (6.33-37.11) (6.76-39.23) (5.39-30.76) (6.38-28.26) (10.7-36.47) | (10.89-51.09) | (11.23-92.8) :

5.1 5.1 53 55 5.5 57 5.8 5.9
0
HBAw % (4953 | (49-54) (5-5.6) (5357) | (5458 | (54359 | (55762 | (55561 | <>
Glucose, 43 4.32 4.46 4.55 4.61 4.88 4.89 4.75 <0.001
mmol/L (4.06-4.56) (4.16-4.59) (4.26-4.89) (4.26-4.92) (4.34-5.02) (4.57-5.28) (4.56-5.6) (4.5-5.41) :
Insulin, 9.04 7.69 8.26 7.08 8.48 9.59 8.71 8.86 0078
puU/mL (6.78-12.34) (6.12-10.37) (5.68-11.09) (5.31-10.45) (6.32-11.84) (6.67-12.25) (6.31-12.16) (6.04-12.95) !
ML 216.35 155.84 181.02 227.06 199.16 236.62 281.74 180.36
na/mL (96.01- (04.18= | o0 37781y | (9384 (86.06- (124.18- (77.75- (46.22- 0.506
9 443.51) 499.03) : ’ 445.98) 421.25) 387.21) 498.24) 588.26)

Fig. 1. Changes in adiponectin levels with age.
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Thus, our findings align with the results of all these studies,
including subjects of different nationalities, indicating that the
found trend is consistent. These findings are likely due to age-
related hyperglycemia, which leads to elevated HbA,_ levels [1].
A higher glycation rate associated with aging can also increase
HbAlc [18].

The results showed no significant changes in insulin levels
with age (p=0.078). In a study by D. Muller et al., which included
771 volunteers from 20 to 96 years of age, also no correlation
was found between age and fasting insulin level [13]. Similar
results were probably obtained due to the analysis of subjects
of similar age ranges with a uniform distribution across age
groups. In addition, two studies included isolated groups of
young (23.7+0.8 years, 28+1 years) and elderly (70.1+0.7 years,
70+1 years) subjects with a total of 291 participants [14, 19]. The
results of both studies showed that neither the fasting insulin
concentration nor the peak concentration differed be-tween the
groups. Therefore, despite the different study designs and sample
sizes, the general trend towards a lack of correlation of insulin
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Fig. 4. Changes in leptin levels with age.
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with age is consistent in many studies and is confirmed in our
study. It has been shown that maintaining a stable low level of
insulin and minimizing the activity of its signaling pathways
contribute to an increase in life expectancy [2]. Centenarians
have low fasting insulin levels and a higher insulin sensitivity
compared to the elderly [4]. High insulin concentra-tions
lead to cellular stress and premature aging due to excessive
lipogenesis, accumulation of non-functional polypeptides,
impaired autophagy, mitochondrial dysfunction, and elevated
free radical levels [2].

According to our data, CML did not change significantly
across the age groups (p=0.506); howev-er, other studies with
similar designs showed that CML increased with age. One
of the studies was conducted in China using 1,196 blood
plasma samples from donors. It showed a significant positive
correlation of CML level with age in males (p<0.001) but not
in females (p=0.053) [20]. In contrast to our study, no sampling
was exclusively from healthy patients, which could have biased
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Fig. 5. Changes in insulin levels with age.
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the results. The other two studies were conducted in the USA
and included participants aged 18 to 45 and over 60 years; the
number of participants was 325 and 172, respectively [21, 22].
Both studies, unlike RUSS-AGE, had small samples and also
studied selected age groups, which is important to consider
due to the large variability in CML levels according to our data.
Also, both studies were conducted in the USA, where the typical
diet differs significantly from the Russian diet, and the CML
level is affected by its content in the food consumed [23]. CML
accumulation adversely affects the body’s condition due to its
ability to damage tissues by modifying the protein structure
and conformation, forming free radicals, and inducing chronic
inflammation [3].

Conclusion

The study identified trends typical for healthy subjects
aged 18 to 97 years. The absence of chang-es in leptin levels
correlates with the data on the healthy aging of centenarians
and may be due to maintaining a normal body mass index and
adipokine sensitivity. The ability of adiponectin to coun-teract
the development of diseases of the cardiovascular system and
inflammation and its increase with age, presumably, can slow
down the aging process, and its ability to improve insulin
sensitivity could contribute to the absence of changes in the
latter. With age, glucose and HbA, levels also increase in healthy
individuals. Still, their median values should remain within the
reference ranges to prevent hyper- or hypoinsulinemia and the
accumulation of glycation end-products. However, prospective
studies are necessary for definitive conclusions on the trends of
carbohydrate metabo-lism markers in a healthy population of
the Russian Federation.

Study limitations

One of the limitations was the sample composition since
the study included mainly residents of Central Russia. The
Russian Federation is a state with a large number and uneven
distribution of people of different nationalities, which can also
affect the nature of changes in carbohydrate me-tabolism with
age.

Therefore, collecting data throughout the country considering
this factor is necessary to create a rep-resentative sample of the
Russian population.

Another limitation of the study was the number of participants
in the age group of 89-99 years, which is significantly lower
than the other groups. This is due to a low number of healthy
individuals of old age. Therefore, it raises the question of the
representativeness of the selected volunteers of old age. Starting
from a certain age, study participants probably have more
favorable health characteris-tics than the average person of the
same age.
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