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ABSTRACT

BACKGROUND: Obesityis a chronic disease that represents a significant risk factor of type 2 diabetes mellitus and cardiovascular
diseases, as well as a primary contributor to disability. This condition affects individuals of all age groups, including children,
which represents a particularly concerning trend. The incidence of obesity over multiple years has not been sufficiently studied
in Russia. It is therefore pertinent to analyze the incidence of obesity over time in different age groups in order to identify the
principal determining factors.

AIM: To evaluate the main dynamic and age-related characteristics of obesity morbidity in the Arkhangelsk Region.
MATERIALS AND METHODS: We conducted a retrospective, analytical, non-randomized study. The 1991-2022 changes in
the primary obesity morbidity in the Arkhangelsk Region population was analyzed. The contribution of the incidence in different
age groups to the total change in the primary morbidity and degree of chronification in the population was investigated. The
extent of underreporting of obesity morbidity during the period of the pandemic was estimated. The study employed a variety of
analytical techniques, including the use of standardized indicators, time series analysis, and index methods.

RESULTS: Our findings revealed a consistent increase in the primary morbidity of obesity over the 1991-2006 period, followed
by a subsequent decline. The overall primary morbidity demonstrated a 506.4% increase. The changes in the primary obesity
morbidity across the population are most closely aligned with those observed in the 0- to 14-year-old age group. The substantial
fluctuations in the primary morbidity among the overall population are associated with those observed in the older age groups.
Obesity is a chronic disease, and the proportion of individuals who are chronically obese is increasing. It is estimated that the
primary morbidity of obesity was underreported by 16.8% during the period of the pandemic.

CONCLUSION: The analysis of the dynamic characteristics of the obesity morbidity allows for assuming its significant
dependence on administrative factors, most notably on changes in diagnostic criteria. It is evident that there is an unmet
need in the programs designed to report, treat, and prevent obesity, particularly in children, with the aim of reducing the
cardiometabolic population burden and other risks. This is particularly pertinent in the context of the need to develop the Arctic
zone of the Russian Federation and to protect health in the region.
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AHHOTALMA

O6ocHoBaHue. OxMpeHMe — XPOHWYECKOe 3abosieBaHuMe, ABNSIOLLEECH OCHOBHbIM (PAKTOPOM pUCKa caxapHoro Auabeta
2-ro TMNa, CepAeYHO-COCYAMCTLIX 3ab01eBaHN U OJHOM M3 OCHOBHBIX NPUYMH UHBaNUEHOCTW. [laHHas natonorus 3atparu-
BaeT BCe BO3pacTHble PynMbl HaceneHus, BKIYan LeTel, UTo ABNSETCA CaMOW HeraTMBHOW TeHAeHumei. B Poccun Hepo-
CTaTOYHbIA YPOBEHb M3y4eHWs 3ab0NeBaEMOCTU OXKMPEHWUEM B MHOTONETHEN NepcnekTuBe. B cBA3n ¢ aTuM npepcTaBnsetcs
aKTyanbHbIM aHanM3 AUHAMUKKM YPOBHS 3aD01EBAEMOCTM 0XKUPEHUEM B Pa3NIMYHBIX BO3PACTHBIX FPYNNax C LeNblo BbISBEHNS
OCHOBHBIX BO3MOXHbIX AE€TEPMUHMPYHOLLMX (aKTOPOB.

Llenb. OueHnTb OCHOBHbIE AMHAMUYECKME M BO3PACTHbIE XapaKTEPUCTUKW 3ab0/71eBaeMOCTM 0XMPEHNEM HaceneHus ApxaH-
renbcKon obnactu.

Marepuanbl M MeToabl. VccneoBaHne peTpOCEKTUBHOE aHASUTUYECKOE HepaHAOMU3MpOBaHHoe. [poaHanu3npoBaHa au-
HaMMWKa NoKa3aTeneli NepBMYHON 3ab01eBaEMOCTM OXKMPEHNEM HaceneHus ApxaHrenbckon obnactu 3a 1991-2022 rr. Us-
y4eH BKNaj 3ab0/1eBaeMOCTH B pa3nMyHbIX BO3PaCcTHbIX rpynnax B 0bLuee n3MeHeHWe NepBUYHON 3a601EBaEMOCTM U CTENEHb
XPOHM3aLMW 3a00/1eBaEMOCTU HaceneHus oxupeHneM. OLEHEH YpoBeHb Hefoy4ETa 3ab01EBAEMOCTU OXUPEHWEM B NEPUOA
naHgemun COVID-19. Mcnonb3oBaHbl CTaHAapTU30BaHHble MOKasaTenu opuuManbHON MeAULMHCKON CTaTUCTUKKM, a TaKKe
MeTO/ibl aHaNn13a BpEMEHHbIX PANIOB, UHAEKCHbIN MeTof,

Pesynbtatbl. YcraHoBneHo, uto ¢ 1991 no 2006 r. Habmoganca HenpepbiBHLIA POCT 3a0051€BAEMOCTM OKMPEHWEM C NoCHie-
LylOLWUM cHKeHveM. ObLee yBenuyeHne nepBuyHOM 3aboneBaeMocTu coctasuno 506,4%. [uHamuka nepBuyHoii 3abone-
BaEMOCTU HaCesIeHUs 0XKMPEHUEM MaKCMManbHO CBA3aHa C IMHAMUKOI MepBUYHONM 3aD0N1eBaEMOCTH OXMPEHUEM B rpynne
0-14 net. OTaenbHble 3HauMTeNbHbIE KONebaHWs nepBUYHOI 3ab0/71eBaEMOCTM BCEr0 HACENEHUS CBA3aHbl C KonebaHMaMH
nepBHUYHOI 3ab0n1eBaEeMOCTW B CTapLUMX BO3PaCTHbIX rpynnax. OxupeHne — XpoHWYecKoe 3aboneBaHue, YpoBEHb €ro Xpo-
HW3aummn yBenmumusaetca. Hegoyq€eT nepeuyHoii 3abonesaeMoctn B nepuog naHaemun COVID-19 cocrasun 16,8%.
3aknioueHue. AHaM3 AMHAMUYECKNX XapaKTePUCTUK NepBUYHOI 3a60/1eBaEMOCTM 0XXMPEHWEM MO3BOJIAET CAeNaTh Npeano-
NOXEHWE 0 e€ 3HAUUTENbHOI 3aBUCUMOCTM OT alMUHUCTPATUBHBIX (aKTOPOB, NPEXAE BCEro OT U3MEHEHUI ANarHOCTUYECKUX
KpuTepueB. TpebytoTcs NporpamMMmbl Kak yYeTa 1 neyeHus, TaK U NPOGUNAKTUKM 0XKUPEHNS, 0CODEHHO [ETCKOro, ANs CHKe-
HWA KapanMoMeTaboIMyecKoro NOMyNALMOHHOMO rPy3a U UHbIX PUCKOB B YCNOBMAX 3anpoca Ha pa3suTe APKTUYECKOW 30HbI
Poccuiickon ®epepaumu 1 300poBbechepexeHne B pervoHe.

KnioueBbie cnoBa: 3abonesaeMocTb 0XXUpeHUeM; HacesieHue, ApX&HFEJ'IbCI{aFI obnacTe.
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BACKGROUND

Obesity is a chronic disease associated with excessive
accumulation of body fat, which is a significant health threat
and a major risk factor of other chronic diseases, including
type 2 diabetes mellitus and cardiovascular diseases.
Obesity had not been formally recognized in the International
Classification of Diseases (ICD) until 1948. Alongside the
ongoing debate on obesity classification, the population
suffering from the condition has dramatically increased.
By 2000, there were more than 300 million patients with
obesity, prompting the World Health Organization (WHO) to
define obesity as an epidemic of the 21st century [1]. Obesity
is a key cause of disability and mortality worldwide, affect-
ing individuals of all ages, including children and adoles-
cents [2]. In the Russian Federation, 62.0% individuals were
overweight and 26.2% were obese in 2016 [3]. One of the
most adverse trends is the growing prevalence of obesity in
children. For example, a 2017-2018 study conducted in Mos-
cow with 2,166 7-year-old children as part of the WHO Child-
hood Obesity Surveillance Initiative (38 European countries,
2007) showed that 24% boys and 23% girls were overweight;
whereas 10% and 7% were obese, respectively [4].

The available data is insufficient for the analysis of mul-
tiyear changes in obesity-related morbidity (ORM) in Rus-
sia. The majority of studies have a cross-sectional design.
Therefore, it is important to study ORM trends in different
age groups to identify the key determinants of the disease.

Aim: To evaluate the major dynamic and age-related
characteristics of ORM in the Arkhangelsk Region.

MATERIALS AND METHODS

The study examined ORM (ICD-10, code E6é) incidence
and primary morbidity and chronicity rates in the population
of the Arkhangelsk region.

The analysis covers the period from 1991 to 2022. We
selected this period for analysis due to the onset of obesity
diagnoses in 1991.

Data sources:

1) Morbidity rates were provided by the Medical Infor-
mation and Analytical Center of the Arkhangelsk Region
(Statistical Form No. 12, Information on the Number of Dis-
eases Registered in Patients Living in the Service Area of the
Healthcare Provider).

2) The population data by age were provided by the Rus-
sian Database on Fertility and Mortality of the Center for
Demographic Research of the Russian Economic School [5].

Mathematical and statistical methods:

1) The morbidity rates were standardized using the direct
method with a population standard of the Arkhangelsk Re-
gion in 2019.

2) Abnormal values (outliers) were detected by Irwin test.

3) The Chow test was used to estimate the structural in-
stability of the time series.
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4) The White test was used to assess the significance of
morbidity differences.

5) The index method was used to calculate the contri-
bution of morbidity changes in different age groups to the
overall ORM trend.

6) Chronicity rates were calculated as the ratio of total
morbidity to primary morbidity [6].

7) The Shapiro-Wilk test was used to determine the
conformity of the model residuals to the normal distribution.

RESULTS

Dynamic Characteristics of Morbidity

From 1991 to 2022, the primary morbidity rate increased
fivefold (506.4%). This rate is defined as the number of
diseases detected for the first time. From 2011 to 2022, the
average primary morbidity rate in the Arkhangelsk Region
(277.9 cases per 100,000 people) was higher than that in the
Russian Federation (270.9 cases per 100,000 people). How-
ever, the difference was not statistically significant (p >0.05).
The dynamics of the primary ORM can be divided into three
periods, progressive growth (1991 to 2005), a sharp increase
followed by a decline (2006 to 2014), and another increase
followed by a decline (2015 to 2022) (see Fig. 1). The first
period was characterized by a linear increase in primary mor-
bidity (p <0.001) with relatively small rate dispersion (mean
[M]=93.9, standard deviation [SD]=45.8) compared to the sec-
ond period (M=294.8; SD=63.1). Rate dispersion in the third
period was comparable to that of the first period (M=292.8;
SD=43.9). Thus, the highest instability in morbidity dynam-
ics was observed in 2006-2014. Irwin test for 1991-2022
showed that the morbidity spike in 2006 was abnormal
(\=2.134; M ii,=1.1). Therefore, the highest index instabil-
ity period (2006-2014) was apparently due to a morbidity
spike in 2006. Subsequently, the fluctuations slowed down
and stabilized in 2015-2022. These findings and the linear
growth in 1991-2014 showed that the primary morbidity rate
peaked in 2006 and then began to decline. Thus, the mor-
bidity rate increased by 547.4% in 1991-2005 followed by a
decline by 41.2% and 37.7% in 2006-2014 and 2015-2022,
respectively. The Chow test showed structural instability at
the 2006 and 2015 points (F(1, 30)=127.284, p=0.0000 and F(1,
30)=8.98849, p=0.0054, respectively), which mathematically
confirms our assumption of a trend change in these periods
compared to the 1991-2005 trend. However, when comparing
the dynamics in 2006-2022, the Chow test showed no struc-
tural instability at the 2015 point. This indicates that the dy-
namics did not change during that period (F(1,15)=0.0109575;
p=0.9180). Therefore, the 2006—-2015 and 2015-2022 periods
do not differ in terms of rate dynamics. The chain growth
rate analysis showed that the highest rate was in 1991-2005
(11.8%) with a decrease in 2006—-2014 (10.9%) to the lowest
rate in 2015-2022 (1.7%). These findings suggest that the rate
of new cases slowed down in the.
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Fig. 1. Dynamics of primary obesity-related morbidity rates per 100,000 people in the Arkhangelsk Region in 1991-2022 (standardized).

Contribution of the Main age groups
to the overall dynamics of obesity-related
morbidity and its chronicity

We analyzed the contribution of ORM in the age groups
0-14, 15-17, and =18 years to the overall dynamics of
primary ORM.

The index method showed that the total primary morbidity
increased by 506.4% in 1991-2022. This increase was mainly
due to the primary morbidity growth in the 0-14 and older
age groups (279.0%). The second largest contribution was the
> 18 age group (176.6%).

When examining different periods, including the most
significant increase in 2006, the major contributor was the
> 18 years age group. The observed morbidity decline in
2006—-2022 is attributed to a morbidity decrease in adults
balanced by a morbidity increase in children (see Fig. 2).

Throughout the entire period, the chronicity coefficient ex-
ceeded 1.0 (M=5.0; SD=1.4). The dynamics of this coefficient
showed two distinct periods, a decrease in 1991-2006 fol-
lowed by an increase (see Fig. 3). The decrease in 1991-2006
was gradual (average growth rate: 1.9%; SD=14.0); whereas
the subsequent growth was more rapid (average growth rate:
8.7%; SD=13.4). Overall, the indicator increased by 118.6% in
1991-2022, reaching the record high in 2022.

Underestimated morbidity during
the COVID-19 pandemic

We used nonstandardized primary morbidity rates for
2017-2022 to study the underestimated primary morbidity
during the COVID-19 pandemic. The Irwin test showed an

DOl https://doiorg/10.17816/humecoé36467

outlier in 2022 (4=1.8 at A j;;c,=1.5). The primary ORM showed
a 23.6% decrease in 2020 followed by an increase of 14.0% in
2021. We assumed that this outlier is attributable to a morbidity
decrease associated with fewer outpatient visits during the
COVID-19 pandemic. Given the nearly linear dynamics observed
in 2018-2022, the calculation was based on the time average
for this period with the 2020 figure excluded. The time average
was 291.8 cases per 100,000 people. Considering the actual
rate of 242.7 cases per 100,000 people in 2020, the difference
was 49.1 cases per 100,000 people (555 individuals, 16.8%).
Apparently, the 16.8% share of morbidity decrease in 2020
was attributable to the restrictive measures during the
COVID-19 pandemic. Thus, the subsequent morbidity increase
in 2021 may have been compensatory.

DISCUSSION

The dynamics analysis of the primary ORM in the
population of the Arkhangelsk Region showed a systematic
increase before 2005 followed by sharp fluctuations (see
Fig. 1). The time series analysis showed that the dynamics
changed in 2006. The observed changes in subsequent
years allow for some assumption on their nature. First, the
fluctuations, their strength, and the instantaneous increase
in 2006 indicate their artificial nature and show that the
changes are unrelated to the natural epidemiological process
of morbidity changes. The period between 1997 and 2020
is characterized by epidemiological and clinical differences
in the conceptualization of general obesity and abdominal
obesity. These differences are represented by the dynamics
of the primary ORM in the Arkhangelsk Region.
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Fig. 2. Contribution of morbidity in separate age groups to the change in the primary obesity-related morbidity in the Arkhangelsk
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Fig. 3. Chronicity dynamics of obesity-related morbidity in the population of the Arkhangelsk Region, units.

Until 1997, the Body Mass Index (BMI), or the Quetelet in-
dex (1835), proposed by Ancel Keys in 1972, could be used in
Russia to diagnose obesity. However, it is believed that Broca
Index (1871) was more commonly used in Russian medical
practice, i.e. ideal body mass=height (cm) — 100 cm+9.9% [7].
According to the classification proposed by Egorov and Le-
vitsky (1964), the degree of obesity is determined by the

DOl https://doiorg/10.17816/humeco636467

percentage by which the actual body weight exceeds the ideal
body weight calculated using the Broca Index.

In 1997, the WHO recommended changing the BMI stan-
dards to end at 25 kg/m? instead of 28.7 kg/m Because of
this, approximately 29 million previously healthy Americans
were reclassified as overweight or obese [8].

Fig. 1 shows that the primary ORM has steadily increased
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in the Arkhangelsk Region since 1991 with an abnormal
2.5-fold spike (150%) in 2006 compared to 2005. It is be-
lieved that the steady increase in obesity rates in Russia is
a consequence of the socio-economic stress in 1991. We
agree with this assumption; however, the rapid growth of
ORM in the Arkhangelsk Region in 2005 may indicate chang-
es in the medical community’s ideas about the metabolic
syndrome (MS) and abdominal obesity rather than being a
result of socio-economic problems. In other words, it is a
consequence of changes in the diagnostic criteria of obesity.
In 2005, the International Diabetes Federation (IDF) and the
American Heart Association (AHA), along with the National
Heart, Lung, and Blood Institute (NHLBI), proposed a unified
concept of MS aligned with the European Group for the Study
of Insulin Resistance (1999). This concept defined abdomi-
nal obesity with a waist circumference (WC) >94 cm for men
and > 80 cm for women as the primary criterion for MS. This
definition and understanding of the MS caused an abnormal
increase in the primary ORM in the Arkhangelsk Region only
in the adult population in 2005-2006 as a result of a change
in diagnostic guidelines (see Fig. 1). Notably, ICD-10 does not
have an MS category. Thus, before 2005, the MS symptom
group was likely divided into hyperglycemia (E10, E11, E13,
E14), hypertension (110, 111), dyslipidemia (E78), and obesity
(E66). After 2005, the key IDF, AHA, and NHLBI criterion (ab-
dominal obesity with a WC of >94 cm in men and >80 cm in
women) presumably became the basis for new obesity diag-
noses. In addition, metformin therapy for abdominal obesity
(MS) became available [7, 9].

However, the debate continued. In 2009, a new agree-
ment on MS criteria was reached through the collaboration
of leading international MS research organizations, including
the IDF, NHLBI, AHA, World Heart Federation, International
Atherosclerosis Society, and International Association for the
Study of Obesity. This alliance excluded abdominal obesity
from the priority MS criteria. All criteria are now equal and a
diagnosis of MS requires that three of the five criteria from
the unified definition should be met. There are also changes
in the diagnostic WC thresholds of abdominal obesity. For
example, the IDF recommends keeping WC values >94 cm
for men and >80 cm for women in the Caucasian population.
The WHQ's stratification of the Caucasian population is based
on the magnitude of cardiovascular risk; the risk is defined
as moderate for men with a WC >94 cm and women with a
WC >80 cm and significantly high for men with a WC >102 cm
and women with a WC >88 cm. Today, these criteria
(AHA/NHLBI/IDF, 2009) are included the final interpretation
of the MS definition [10, 11].

In 2010, a WHO expert group published a report on its
analysis on the pathophysiology and epidemiology of MS.
Due to limitations and contradictions of the concept, the
conclusion was that MS should not be used as a clinical di-
agnosis. In addition, MS is not included in the ICD-11. A sort
of response to the WHO's conclusions is the graph showing
the increase in primary ORM in Arkhangelsk in 2009-2014.
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It frozes and transitions to a horizontal trend (see Fig. 1).
A new morbidity spike was observed in 2015 and apparently
associated with higher medical activity.

In 2014, the American Association of Clinical Endocrinol-
ogy and the American College of Endocrinology proposed a
staging obesity classification that considers anthropometric
and clinical data, including complications associated with
excess body weight [12]. According to the proposed staging
system, obesity may be diagnosed in individuals with anthro-
pometric data of excess body weight and associated compli-
cations. Obesity-associated diseases/complications included
prediabetes and type 2 diabetes mellitus, arterial hyperten-
sion, hypertriglyceridemia/dyslipidemia, obstructive sleep
apnea syndrome, nonalcoholic fatty liver disease, polycystic
ovary syndrome, and osteoarthritis. The proposed classifica-
tion determined possible reasonable medical intervention and
did not contradict the primary healthcare standard for obesity
(E66) approved by Order No. 752n of the Ministry of Health
of the Russian Federation on November 9, 2012. This Order
governs the treatment of obesity with sibutramine, orlistat,
and metformin [13]. The combination of new diagnostic tech-
niques and therapeutic options contributed to the morbidity
spike in 2015.

Thus, sharp morbidity rate fluctuations were the result of
administrative interventions. This is indirectly confirmed by
the return to the previously predicted morbidity rate in 2009
and the increased dispersion of morbidity rates after 2005
(see Fig. 1). In this case, linear regression dynamics passing
through the 2013 and 2019 points are the most realistic.

Unlike the uneven increase in ORM in adults may be ex-
plained by the consequences of the 1990s and differences in
diagnosis, the increased pediatric ORM in the Arkhangelsk
Region is true as it reflects the metabolic pandemic with
the onset at early development stages [14, 15]. Further-
more, other research results indicate a significant increase
in obesity and overweight status in children of all ages in the
Northwestern Federal District, particularly in large industrial
centers [16-18].

To analyze this complex and multifactorial process, it
is required to highlight several factors and discuss each of
them in detail.

The first is the diagnosis of pediatric obesity. As with
adults, the analyzed period was marked by changes in the
approaches used to verify the diagnosis. Since the 1990s,
BMI percentile charts have been gradually adopted in the
Russian Federation, where a BMI above the 95th percentile
is considered obese and a BMI between the 85th and 95th
percentiles is considered overweight [8, 19]. As more global
epidemiological data accumulated and the initial charts de-
veloped, the diagnostic obesity threshold has shifted from the
85th to the 95th percentile [20].

Since 2007, the Russian Federation has used the WHO di-
agnostic criteria of pediatric obesity. These criteria were de-
veloped based on a prospective study of 8440 healthy infants
from six countries during the first 24 months of life followed

3N
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by a cross-sectional examination at 18-71 months [21]. Im-
portantly, the children were raised in environments conducive
to physiological growth, including breastfeeding, balanced
diets, preventive vaccinations, and avoidance of unhealthy
lifestyle by their mothers. Based on the obtained data, height
and weight standards were developed for children aged 0 to
5. In addition, height and weight standards were developed
for children aged 5 to 19 based on mathematical models
and a sample of children from the USA. This assessment
system is advantageous as it determines criteria of healthy
growth rather than the growth patterns of children in con-
temporary society, where obesity rates increase every de-
cade [22]. According to WHO recommendations, obesity in
children and adolescents aged 0 to 19 years was defined as
a BMI >2.0 BMI standard deviation score (SDS). Overweight
was defined as a BMI between +1.0 and +2.0 BMI SDS, and
normal body weight was defined as a BMI in the range of
+1.0 BMI SDS [23-25]. The diagnosis of pediatric obesity in
real-life pediatric practice may have been affected both by
the apparent complexity of the calculation and the existing
algorithms and the delayed widespread availability of online
calculators that allow for quick and accurate determination
of overweight/obesity and its degree in different age groups.
Thus, the probability of underdiagnosis of pediatric obesity is
higher than overdiagnosis, given the potential methodological
challenges.

Second, primary morbidity results from two sources,
primary detection by pediatricians when admitting children
with other diagnoses and targeted referral by parents con-
cerned about their children’s weight. Statistical Form No. 12
does not include medical examinations, including check-ups.
Moreover, some experts believe that the Russian Federation
exhibits a trend of delayed referrals to doctors for childhood
obesity, despite the fact that a chubby baby has long ceased
to symbolize health and well-being [26].

Therefore, neither changes in the diagnostic criteria of
pediatric obesity nor the peculiarities of seeking medical
help have resulted in a 300% increase in pediatric obesity
rates in the Arkhangelsk Region, nor could they have caused
general changes in ORM rates in the region over the thirty-
year observation period driven by the 0-14 age group. For
30 years, the Arkhangelsk Region’s pediatric services have
worked “qualitatively” and kept pace with global statistics
on pediatric obesity. This coincides with WHO data indicat-
ing that childhood obesity prevalence has tripled since 1975,
as showed by our study [14, 27-30]. Today, Russian experts
state that obesity in children and adolescents in the Russian
Federation is the most prevalent endocrine disease with a
strong trend of steady growth in obesity rates, including in
young children (up to five years of age), i.e. before the adi-
posity rebound, ensuring that obesity will persist into adult-
hood [8, 31]. Moreover, this study indicates that obesity is a
chronic condition. The data on the prevalence of childhood
obesity in the Russian Federation is only the tip of the ice-
berg. The actual figures may be much higher [31-33].
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Third, the increase in pediatric obesity, both locally and
globally, must have a cause. Experts worldwide agree that
simple polygenic exogenous-constitutional obesity is the
primary cause, accounting for more than 90% of all cases.
In this case, the environment is the key developmental fac-
tor [14].

Unlike North America and Europe, where 29% boys and
27% girls aged 2-15 are overweight or obese [34], several
epidemiological and cohort studies in Russia have shown an
uneven prevalence of the condition. The studies found that the
prevalence of overweight cases was in the range of 3.9%-5.5%
and the prevalence of obesity was in the range of 1.2%-25.3%,
depending on the age, sex, and living conditions of the children
in different regions of the Russian Federation [16-18, 31].

Such unevenness depends on several factors, including
the environment in the residence region, residence duration,
economy, and other environmental conditions. Together,
these factors predict modifiable and non-modifiable risks
of lipid and energy metabolism disorders, making a specific
map of obesity in each climate and geographic area. Accord-
ingly, the share of pediatric obesity in the total population of
the Arkhangelsk Region and other regions will be determined
by the presence and accessibility of obesity triggers at differ-
ent stages of a child's life in a given region [14]. The concept
proposed by Kozlov et al. highlights the importance of human
ecosystem factors [35]. The authors investigate the uneven
growth and population of the metabolic pandemic in relation
to previously proposed hypotheses (thrifty genotype, drifting
genotype, and late thriftiness) considering the genogeography
and human ecosystem of the region of residence. This ap-
proach aims to eliminate contradictions in relation to the lim-
ited genetic contribution (up to 20%) to obesity pathogenesis.
The authors use reference conditions of successful adapta-
tion as a basis for comparison, considering environmental
parameters that determine the adaptive characteristics of
basic metabolic intensity and adipose tissue content in dif-
ferent populations from 60,000 to 10,000 years ago [35-43].
From this perspective, one factor contributing to the spread
of obesity could be the migration of groups that have adapted
to specific conditions to areas with different natural stresses,
such as extreme cold or heat. The Arkhangelsk Region, which
is huge in terms of territory but small in terms of population,
is undoubtedly genetically diverse and may be used a model
for these processes. The region is inhabited by indigenous
Arctic peoples (Nenets and Komi) and other ethnic groups
from different regions of the former USSR, who arrived at
different times and for various reasons.

For example, native inhabitants of the Far North have a
phylogenic protein and lipid metabolism, low availability of
“fast” carbohydrates, and significant natural cold stress. Mov-
ing to an urban environment farther south with an abundance
of sugars in food, including imported fruit and juices, which
are useful but foreign to the individual, will affect optimal en-
ergy metabolism. Conversely, someone else will experience
heat stress, insolation, periods of hypocaloric intake, motor
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stress, and a lack of traditional foods in relatively harsh cli-
matic conditions in a region with an abundance of food and
excess calories. In other words, phylogenic morphophysi-
ological characteristics that were once adaptive have become
maladaptive and healthy stresses associated with metabolic
optimization are displaced or supplemented by anxiety dis-
orders related to eating disorders. This assumption seems
plausible when considering the ethnic diversity of the small
population in the Arkhangelsk Region.

Importantly, in addition to population-level assumptions
that explain the growth of metabolic disorders, individual hy-
potheses (thrifty phenotype) are becoming more prevalent.
These assumptions provide that cardiometabolic disorders
in a fetus caused by maternal malnutrition is epigenetically
programmed during fetal development. These risks manifest
later in life with abundant food and sedentary behavior [44,
45]. Maternal malnutrition may be true. In this case, the diffi-
culties of the 1990s and the low birth rate in the Russian Fed-
eration during this period would support the thrifty phenotype
hypothesis. However, malnutrition could also be caused by
unconscious neurotic anorexia (fear of gaining weight in the
Barbie era) or existing metabolic disorders in the pregnant
woman (e.g., arterial hypertension, gestational and pregesta-
tional diabetes, and obesity) and excessive weight gain during
pregnancy.

Moreover, it is difficult to overfeed a child with healthy
food. However, it is quite possible to overfeed a child with
“fast” carbohydrates, including as a reward for the behavior
expected from the child. Several psychological factors act as
prerequisites for obesity in children and adolescents, includ-
ing personal traits such as low self-esteem, high levels of
comfort eating, increased anxiety, and alexithymia, as well
as sociocultural factors such as family food priorities, so-
cial expectations, and reference groups. Sociocultural fac-
tors play a fundamental role in developing destructive eating
habits during childhood and adolescence. Personal traits also
contribute to this process. From birth to early adolescence,
the family is the main determinant of a child’s food behavior
as children depend on adult eating behavior models at this
age. These models are adopted uncritically and later influ-
ence unconscious lifestyle attitudes.

The psychosomatic model of emotiogenic eating behavior
reflects the phenomenon of using food to encourage desired
child behavior and provide comfort in times of adversity. This
model combines social learning theory and stress theory. For
example, in contemporary society, the idea of finishing an en-
tire meal is stronger than the idea of eating only what is nec-
essary to satisfy hunger. The image of a good child who eats
everything offered to avoid irritating or offending an adult is
often promoted. The discrepancy between natural hunger-
quenching needs and the demands of food stereotypes and
adult expectations creates psychosocial tension. This shifts
control from internal satiety signals to external stimuli, such
as rewards or reprimands, which contributes to the develop-
ment of externalized eating disorders. These disorders may
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lead to emotiogenic eating disorders in adulthood when faced
with long-term or chronic stress [46].

Thus, a 300% true increase in obesity in children (aged
0-14) was observed in the Arkhangelsk Region in 1991-
2022. Background factors may include regional diversity of
thrifty genotypes and phenotypes, drifting genes, late thrifty
genes, and human ecosystem conditions such as the region’s
environment and management system. The catalysts are the
difficulties of the 1990s followed by prosperity; computer
game hypodynamia, which has led to a loss of the natural
need for movement in children; a higher share of fast food in
diets; the sheer quantity, appeal, and availability of surrogate
sweet calories, and neurotic pressure from adults in the form
of demands and expectations.

The underestimation of ORM rates in the Arkhangelsk
Region during the COVID-19 pandemic seems to be related
to healthcare system restructuring and its shift in focus to
primary infectious disease treatment.

Although the analyzed morbidity rates are related to the
utilization of healthcare services, which may affect the reli-
ability of the initial data given the described diagnostic pecu-
liarities, the child population (aged 0-14) is not the true and
main contributor to the growth of ORM rates in the Arkhan-
gelsk Region in 1991-2022. Instead, it may be an early mani-
festation of a large-scale maladaptation of the population
outside of ecological homeostasis. Research indicates that 7
to 9 out of 10 obese preschool children will remain obese by
the age of 14, as well as 7 to 8 obese adolescents out of 10
will remain obese in adulthood [14, 47].

CONCLUSION

The study of the dynamic characteristics of primary ORM
in the population showed its growth until 2006 followed by a
decrease and a slower increase in morbidity rates. During the
thirty-year observation period, changes in primary ORM were
driven by morbidity changes in the 0—14 age group. However,
separate fluctuations, including the decrease in morbidity in
2006-2022, were driven by changes in ORM in adults. The
chronic nature of ORM in the population is characterized by
a persistent trend towards increased chronicity. During the
COVID-19 pandemic, 16.8% (555 people) primary ORM cases
were uncounted.

We need obesity recording, treatment, and prevention
programs, especially pediatric obesity, to reduce the cardio-
metabolic burden on the population and mitigate other risks.
This is particularly important given the demand for devel-
opment of the Russian Arctic and the need to protect the
region’s health.
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TEMAaTVKO-CTaTUCTUHECKWIA aHANM3 [aHHbIX, HanuCaHue TeKcTa
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W pefaKTMpoBaHWe cTaTbu, noarotoBka ctateu, A.B. Ctpenkosa
— 0630p MTEpPaTYpbI, CHOP M aHaNM3 NUTEPaTYPHbIX UCTOYHWUKOB,
HanmcaHWe TeKCTa v pefakTMpoBaHue ctatou; JTW. JloxkuHa —
0b30p nuTEpaTypbl, COOP M aHanM3 NUTepPaTypHbIX UCTOYHUKOB,
HanucaHWe TeKcTa M pepakTupoBaHwe ctatbk; C.MA. Manssckas
— HanucaHue TeKCTa W pefakTMpoBaHue Ctatbk. Bce aBTophbl
MOATBEPXAAIOT COOTBETCTBME CBOETO aBTOPCTBA MEX/AYHAPOHbIM
KpuTepuaMm ICMJE (Bce aBTOpbl BHECAM CYLLECTBEHHLIA BKNAz
B pa3paboTKy KOHLENUWW, NPOBEAEHUE UCCNEeA0BaHUS U NOAro-
TOBKY CTaTbM, NPOYNY 1 0406pMAM drHanbHyI0 Bepcuio nepes, ny-
bnuKaumen).

WUcTouHuk dmHaHCcUpoBaHMA. ABTOpbI 3asBNAIOT 00 OTCYTCTBUM
BHELLIHEro GUHaHCMPOBaHUS MPY MPOBELAEHNW UCCNEL0BaHMS.
KoHdnukt mHTepecoB. ABTOpbI JEKNapupyKOT OTCYTCTBME ABHbBIX
1 NOTEHUMANbHBIX KOHGDIMKTOB MHTEPECOB, CBA3aHHLIX C Nyb/mKa-
LiMen HacTosALLeN cTaTby.
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