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Abstract
Objective. The purpose of the study was to determine the dynamics of the metabolically healthy 

obesity (MHO) status according to the Meigs criteria, and to establish the predictors of the transformation 
of healthy obesity phenotype into an unhealthy (MUHO) one in the population of residents of St 
Petersburg (Russia) at 6,5-year follow-up. Design and methods. Within the epidemiology study 
ESSE-RF a random sample of 1600 St Petersburg inhabitants stratified according to gender and 
age was formed. Examination of participants included anthropometry with measurement of waist 
circumference and calculation of body mass index (BMI), measurement of blood pressure (BP), 
fasting blood glucose, insulin (index of insulin resistance was calculated), creatinine, cortisol, lipid 
spectrum, C-reactive protein, adiponectin, leptin, and uric acid. Meigs MHO criteria (2006) were 
used in obese subjects (BMI > 30 kg/m²). Obese patients, who were identified as metabolically 
healthy in 2012–2013, were invited for follow-up in 2018–2019. Results. At the first stage obesity 
was diagnosed in 430 (26,9 %) participants, according to the BMI, 116 (27,0 %) of them were 
metabolically healthy according to the Meigs criteria. At follow-up, 44,4 % individuals with the 
MHO phenotype transformed to the MUHO category on average after 6,5 years. Individuals who 
retained the MHO phenotype over time had significantly lower baseline systolic BP and diastolic 
BP levels, more favorable lipid levels and lower levels of uric acid, insulin, and index of insulin 
resistance. Glucose increase by every 0,5 mmol/l and higher was associated with elevated probability 
of transformation MHO to MUHO phenotype by 10,9 times (adjusted for sex and age). Conclusions. 
Significantly higher levels of BP, insulin resistance, low density lipoprotein and uric acid at baseline, 
as well as an increase in glucose levels over time, were associated with the transformation of the 
metabolically healthy to the unhealthy phenotype in obese individuals at 6,5-year follow-up.  
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In all individuals with the MHO phenotype, there was a significant increase in waist circumference 
over time, accompanied by an increase in BMI only in those who transformed into the MUHO status.
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Резюме
Цель исследования — определить динамику статуса метаболически здорового ожирения 

(МЗО) согласно критериям Meigs и предикторы трансформации здорового фенотипа в нездоро-
вый в популяции жителей Санкт-Петербурга через 6,5 года наблюдения. Материалы и методы. 
В рамках российского эпидемиологического исследования ЭССЕ-РФ была сформирована случай-
ная выборка 1600 жителей Санкт-Петербурга, стратифицированная по полу и возрасту. В 2012–
2013 годах всем участникам были выполнены антропометрия с оценкой окружности талии (ОТ) 
и индекса массы тела (ИМТ), измерение артериального давления (АД), анализы крови натощак: 
глюкоза, инсулин (с расчетом индекса инсулинорезистентности), креатинин, кортизол, липидный 
состав крови, С-реактивный белок, адипонектин, лептин, мочевая кислота. У лиц с ожирением 
(ИМТ > 30 кг/м²) использовались критерии МЗО по Meigs (2006). Часть участников была при-
глашена на второй этап обследования в 2018–2019 годах. Явка составила 288 человек (18 % от 
исходной выборки). В анализ включались пациенты с ожирением по критерию ИМТ, у которых 
был выявлен метаболически здоровый статус в 2012–2013 годах. Результаты. На первом этапе 
в 2012–2013 годах у 430 (26,9 %) человек было выявлено ожирение согласно критерию ИМТ, 116 
(27,0 %) из которых были метаболически здоровыми (по критерию Meigs). 44,4 % лиц с МЗО фе-
нотипом перешли в категорию метаболически нездоровых лиц с ожирением (МНЗО) в среднем 
через 6,5 лет наблюдения. У лиц, сохранивших с течением времени МЗО фенотип, отмечался 
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значимо более низкий исходный уровень систолического АД и диастолического АД, более бла-
гоприятный липидный профиль, более низкий уровень мочевой кислоты, инсулина и индекса 
инсулинорезистентности. При увеличении уровня глюкозы на 0,5 ммоль/л и более вероятность 
трансформации МЗО в МНЗО фенотип повышалась в 10,9 раза с поправкой на пол и возраст. 
Выводы. Исходно значимо более высокие уровни АД, инсулинорезистентности, липопротеинов 
низкой плотности и мочевой кислоты, а также рост уровня глюкозы с течением времени были 
ассоциированы с трансформацией метаболически здорового в нездоровый фенотип у лиц с ожи-
рением через 6,5 лет наблюдения. У всех лиц с МЗО фенотипом происходило значимое увеличе-
ние ОТ в динамике, сопровождаясь увеличением ИМТ только у лиц, перешедших в категорию 
метаболического нездоровья.

Ключевые слова: ожирение, метаболически здоровое ожирение, динамика ожирения, ме-
таболический статус
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Introduction
Despite the scientific and technological pro-

gress observed in the medical field, obesity remains 
a cardiometabolic risk factor, the importance of 
which cannot be overestimated. In the course of 
numerous, including large prospective epidemi-
ological studies, the association of obesity with 
such socially and economically significant diseases 
as cardiovascular diseases (CVD), type 2 diabe-
tes mellitus (DM) and some types of oncological 
diseases has been repeatedly demonstrated [1, 2]. 
The steadily progressing spread of obesity, which 
currently has the scale of an epidemic throughout 
the world, demonstrates the low effectiveness of 
measures taken to treat and prevent overweight 
and confirms the need to change the paradigm of 
management of this pathological condition. It is 
possible that the use of a personalized approach, 
taking into account the peculiarities of a specific 
pathophysiological situation, will make it possi-
ble to qualitatively change the tactics of managing 
obese patients, prevent the development of cardio-
metabolic complications and reduce cardiovascular 
mortality in the future.

Obesity has long been regarded as a marker of 
metabolic ill health, being the central link in met-
abolic syndrome (MS). Nevertheless, obesity is 
heterogeneous in its structure — there is a variation 
in the individual risk of pathological conditions 
accompanying obesity, and this variability is not 
explained only by the degree of obesity. Current-
ly, it is known that there is a group of people who, 

despite the excess amount of fat mass, have a fa-
vorable glucose and lipid profile, maintain normal 
blood pressure and have no cardiovascular diseas-
es [3]. Such patients are considered metabolically 
healthy obese individuals (MHO). The prevalence 
of the MHO phenomenon, depending on the diag-
nostic criteria, is 10–40 % among obese individuals 
[4], 12–41.8 % — in the Russian population [5, 6]. 
Most authors use the criteria for MS and / or the 
presence of other cardiometabolic disorders to de-
termine the MHO [3]. Most often, the presence of 
2 or less criteria for metabolic syndrome in obese 
individuals, established by the body mass index 
(BMI) (BMI ≥30 m²), is taken for the presence of 
a MHO. MHO in comparison with metabolically 
unhealthy persons with obesity (MUHO) demon-
strate a significantly lower risk of developing CVD, 
type 2 diabetes and a lower risk of death from all 
causes [7, 8]. It is currently not completely clear 
what factors determine the metabolic health of a 
person in the presence of obesity. It is assumed that 
the distribution of adipose tissue is of the greatest 
importance in the formation of one or another met-
abolic response in obesity — the MUHO pheno-
type is characterized by an excessive accumulation 
of visceral fat — and its functional activity; some 
genetic and epigenetic factors, as well as changes 
in the gastrointestinal microbiota, play an impor-
tant role [9–11]

Questions remain extremely relevant: is the 
MHO phenotype only a transitional stage to met-
abolically unhealthy obesity, and what are the pre-
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dictors of of transformation to unhealthy phenotype. 
Epidemiological studies have shown that about 50 % 
of individuals with the MHO phenotype “progress” 
to the MUHO status gradually [8, 12, 13]. The 
same studies reported an increase in the incidence 
of cardiovascular events and a higher risk of long-
term mortality from all causes in the MHO group 
compared with metabolically healthy individuals of 
normal weight. It is possible that the development 
of CVD and other complications in individuals with 
the initial MHO status can be partially explained 
by their transition to the category of MUHO. On 
the other hand, it has been shown that the MUHO 
phenotype can be transformed into MHO under 
certain influences, in particular, with a sufficient 
level of physical activity, which is accompanied by 
a decrease in the waist circumference (WC) [14]. 
Thus, MHO and MUHO phenotypes should not be 
considered as separate groups in the long term — a 
mutual transition between these states is possible. 
Preventing the transition of a healthy phenotype 
to an unhealthy one and potentiating the transfor-
mation of MUHO into MHO status can become 
therapeutic goals in real clinical practice. Identi-
fication of predictors of the transition from a met-
abolically healthy to an unhealthy phenotype will 
allow the identification of new therapeutic targets 
and may contribute to better prevention of cardio-
metabolic complications among obese individuals. 
Studies of the stability of the MHO phenotype 
are relevant and are carried out all over the world, 
however, no data for the Russian population was 
previously presented, which served as the basis 
for this work.

The objective of our study was to determine 
the dynamics of the status of metabolically healthy 
obesity according to the Meigs criteria and predic-
tors of transformation to unhealthy phenotype in 
the population of St. Petersburg residents after 6.5 
years of follow-up.

Materials and methods
In 2012–2013 in 12 regions of Russia, different 

in climatic, geographic, economic and demographic 
characteristics, a national study “Epidemiology of 
cardiovascular diseases in various regions of the 
Russian Federation” (ESSE-RF) has been launched. 
Within the framework of this study, a stratified mul-
tistage random sample of 1600 residents (the adult 

population — men and women aged 25–65 years) 
was formed in St. Petersburg [15]. All participants 
signed informed consent and completed a stand-
ard questionnaire based on adapted and validated 
international methods.

All participants underwent anthropometry: 
height was measured (once with an accuracy of 
0.5 cm in a standing position and body weight (once 
with an accuracy of 100 g) with the calculation of 
BMI according to the Quetelet formula; WC in a 
standing position. Blood pressure (BP) and fre-
quency heart rate (HR) was measured by the OM-
RON apparatus (Japan) twice on the right hand in 
a sitting position, calculating the average blood 
pressure and average heart rate. Fasting blood was 
taken to determine the lipid composition, levels 
of glucose, creatinine, uric acid (Abbott Architect 
8000, USA; reagents Abbot Diagnostic), C-reactive 
protein (CRP), insulin, cortisol (Cobas Integra 400 
plus, Switzerland; Roche-diagnostics reagents), 
leptin and adiponectin levels were determined by 
enzyme-linked immunosorbent assay using DRG 
reagents (Germany)/ Insulin resistance index was 
calculated using the formula: fasting blood glu-
cose × insulin × 0.138 (coefficient used to convert 
pmol / L to μU / ml) / 22.5 (HOMA-IR (Homeosta-
sis Model Assessment of Insulin Resistance)) [16].

For the diagnosis of obesity, a BMI of ≥ 30 kg / 
m2 was used. The MHO phenotype was determined 
according to the Meigs criteria [17] (Table 1) in 
combination with the absence of CVD and diabetes 
at the time of inclusion in the study, according to 
the history and information about the absence of 
therapy with hypoglycemic drugs. Obese patients 
who did not meet these criteria were considered as 
patients with MUNO phenotype.

Some of the participants were invited to the 
second stage of the survey in 2018–2019. The anal-
ysis included obese patients according to the BMI 
criterion (BMI ≥ 30 m2), who had a metabolical-
ly healthy status in 2012–2013. The condition for 
inclusion in the final analysis was the presence of 
obesity at stages 1 and 2 of the survey, the absence 
of CVD and DM at the first (excluded 100 peo-
ple with obesity and previously diagnosed CVD 
and DM) and the second (excluded 7 people with 
CVD and DM) stages of the survey. Some of the 
individuals with the initial MHO status “left” the 
category of obesity, having reduced body weight 
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Table 1
CRITERIA FOR THE MHO PHENOTYPE

Parameter Criteria

BP, mm Hg SBP ≥ 130 or DBP ≥ 85, or antihypertensive therapy

TG, mmol / L ≥ 1.7

HDL, mmol / L < 1.04 (M) / 1.30 (F) or statin therapy

Glucose, mmol / L ≥ 5.6 or hypoglycemic therapy

WC, cm > 102 (M) / 88 (W)
MHO criteria: sum of <3 criteria

Note: MHO — metabolically healthy obesity; BP — blood pressure; SBP — systolic blood pressure; DBP — diastolic blood pressure; 
TG — triglycerides; HDL — high density lipoprotein; WC — waist circumference; M — men; F — women.

Table 2
CARDIOMETABOLIC PROFILE OF OBESE PATIENTS 

WITH DIFFERENT METABOLIC STATUS ACCORDING TO THE MEIGS CRITERIA

Parameter
MHO MUHO

р
Mean ± SD 95 % CI Mean±SD 95 % CI

WC, cm 100.7 ± 11.3 98.6–102.8 106.6 ± 10.7 105.1–109.1 < 0.0001**
Cholesterol, mmol / l 5.4 ± 1.0 5.2–5.6 5.6 ± 1.2 5.4–5.8 0.12
Uric acid, μmol / l 312.6 ± 76.0 298.7–326.6 360.7 ± 87.1 348.6–372.9 < 0.0001*

Ме Q1-Q3 Ме Q1-Q3
Age, years 51 44–56 51 42–57 0.916
Body weight, kg 90.9 82.4–101.5 97.65 86.35–108.80 0.001*
BMI, kg / m2 32.4 31.2–34.3 33.1 31.4–36.3 0.019*
WC/HC 0.89 0.82–0.97 0.92 0.86–0.98 0.008*
SBP, mm Hg 123.3 117.8–136.0 140.0 130.0–150.0 < 0.0001**
DBP, mm Hg 80.0 73.3–85.2 87.8 80.0–94.8 < 0.0001**
Heart rate, beats per minute 69.3 63.8–76.5 72.0 66.0–79.5 0.048
LDL, mmol / l 3.5 2.9–3.9 3.5 2.9–4.3 0.318
HDL, mmol / l 1.4 1.2–1.6 1.1 1.0–1.3 < 0.0001**
TG, mmol / l 1.1 0.9–1.4 1.8 1.3–2.5 < 0.0001**
Glucose, mmol / l 5.1 4.8–5.4 5.6 5.1–6.1 < 0.0001**
Creatinine, mmol / l 65.5 60.5–70.0 67.0 61.0–74.0 0.096
CRP, mg / ml 1.7 1.0–2.7 2.2 1.0–4.7 0.019*
Insulin, pmol / l 84.6 59.2–114.2 105.7 77.6–155.8 < 0.0001*
HOMA-IR 2.6 1.9–3.7 3.6 2.5–5.5 < 0.0001*
Cortisol, nmol / l 447.8 355.5–563.5 467.1 357.9–591.1 0.502
Leptin, ng / ml 24.6 16.7–41.0 24.4 14.1–43.3 0.667
Adiponectin, μg / ml 10.6 6.1–16.9 6.8 4.5–12.0 < 0.0001*

Note: MHO — metabolically healthy obesity; MUHO — metabolically unhealthy obesity; BP — blood pressure; SBP — systolic 
blood pressure; DBP — diastolic blood pressure; TG — triglycerides; Cholesterol — total cholesterol; HDL — high density lipoprotein; 
LDL — low density lipoprotein; WC — waist circumference; WC / HC — the ratio of the waist circumference to the hip circumference; 
BMI — body mass index; CRP — C reactive protein; HOMA-IR — index of insulin resistance Homeostasis Model Assessment of Insulin 
Resistance. 

* — differences in indicators are statistically significant (p < 0.05). 
** — the values of the indicators included in the criteria for determining the MHO, the statistical significance is predetermined.
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Fig. 1. Dynamics of the status of MHO and MUHO of individuals through 
the time, the median of follow-up is 6.5 years

in dynamics, and were not included in the analysis 
of the dynamics of the MHO (10 people).

The following mathematical and statistical 
methods were used: standard descriptive statistics 
(mean, standard error of the mean with a normal 
distribution and median, quartiles with a distribu-
tion other than normal). To compare related popu-
lations, the paired t-test method was used for indi-
cators with normal distribution and Wilcoxon’s test 
for non-normal distribution. Methods of checking 
the distribution normality were applied: Kolmog-
orov-Smirnov test with Lilliefors’ correction — for 
n> 50 and Shapiro-Wilk test for n <50. To assess the 
odds ratio (OR), one-way and multivariate models 
of binary logistic regression were used. The reliabil-
ity of the models was assessed using the maximum 
likelihood method. The calculation of 95 % confi-
dence intervals (CI) was performed. Mathematical 
and statistical data analysis was carried out using 
the IBM SPSS Statistics version 26.0.

Results
1600 residents of St. Petersburg were included 

in the study in 2012–2013. Among the surveyed 
persons, women predominated (n=1027, 64 %), 
the average age for women and men did not differ 
significantly: 48.1 ± 11.4 years for women, and 
45.1 ± 11.9 years for men. Obesity was revealed 
in 430 (26.9 %) people, according to the BMI cri-
terion: 144 (25.0 %) men and 286 (27.9 %) women, 
without gender differences. The average BMI was 
33.9 ± 3.6 kg / m².

Complete data were available for 416 obese 
people. After excluding people with CVD (52 peo-
ple) and DM (48 people) at the time of examination, 
116 (27.0 %) people showed metabolic health (ac-
cording to the Meigs criterion): 79 women (61.8 %), 
37 men (31.9 %). The status of MUHO was deter-
mined in 300 people (72.1 %): 195 women (65.0 %) 
and 105 men (35.0 %). There were no gender dif-
ferences in both groups.

A comparative assessment of the indicators 
in individuals with MHO and MUHO phenotype 
was carried out using various statistical criteria 
after checking the parameters for the normality of 
distribution. The cardiometabolic profile of obese 
patients with different metabolic status according 
to the Meigs criterion is presented in Table 2 as 
mean and standard deviation (SD) with a normal 
distribution and as a median (Me) and quartiles 
(Q1-Q3) with a non-normal distribution.

Some of the participants were invited to the sec-
ond stage of the survey in 2018–2019. The turnout 
was 288 people (18 % of the original sample). This 
analysis included obese patients who had a met-
abolic healthy status in 2012–2013 and had com-
plete data to assess cardiometabolic status (Fig. 1). 
Figure 1 also shows the data on the dynamics of 
the metabolic health status of individuals with the 
initial MUHO phenotype.

Using methods for comparing related popula-
tions — paired t-test for indicators with a normal 
distribution and Wilcoxon’s test for a distribution 
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Table 3
CARDIOMETABOLIC PARAMETERS OF INDIVIDUALS WHO RETAINED  

THE MHO PHENOTYPE THROUGH THE TIME (n = 25)

Factor
Observation stages

p1 (2012–2013) 2 (2018–2019)
Mean ± SD\Ме Q1-Q3 Mean ± SD\Ме Q1-Q3

Body weight, kg 91.4 ± 12.9 91.9 ± 14.2 0.588
BMI, kg / m2 32.7 31.4–34.5 33.1 31.4–34.6 0.220
WC, cm 100.2 ± 10.0 – 103.9 ± 9.8 – 0.016*
WC\HC 0.9 ± 0.1 – 0.9 ± 0.1 – 0.164
SBP, mm Hg 122.0 ± 10.7 – 125.4 ± 12.4 – 0.158
DBP, mm Hg 77.5 ± 7.8 – 79.5 ± 7.8 – 0.211
Heart rate, beats per minute 70.1 ± 10.1 – 72.4 ± 9.2 – 0.254
Cholesterol, mmol / l 5.0 4.8–5.8 5.0 4.7–5.8 0.230
LDL, mmol / l 3.1 2.8–3.7 3.3 3.0–3.6 0.414
HDL, mmol / l 1.4 1.3–1.7 1.4 1.4–1.7 0.259
TG, mmol / l 1.0 0.8–1.2 1.0 0.7–1.2 0.732
Glucose, mmol / l 5.1 4.9–5.4 5.1 4.9–5.3 0.234
CRP, mg / ml 1.2 0.9–2.3 1.9 1.2–2.8 0.005*
Leptin, ng / ml 28.5 20.7–40.5 35.5 22.7–45.1 0.520
Adiponectin, μg / ml 10.5 6.1–16.4 9.4 7.9–16.8 0.434

Note: BP — blood pressure; SBP — systolic blood pressure; DBP — diastolic blood pressure; TG - triglycerides; Cholesterol — total 
cholesterol; HDL — high density lipoprotein; LDL — low density lipoprotein; WC — waist circumference; WC / HC — the ratio of the 
waist circumference to the hip circumference; BMI — body mass index; CRP — C reactive protein.

* — changes are statistically significant, p < 0.05.

Table 4
CARDIOMETABOLIC PARAMETERS OF INDIVIDUALS WHO SWITCHED  

TO MUHO PHENOTYPE THROUGH THE TIME (n = 20)

Factor
Observation stages

p1 (2012–2013) 2 (2018–2019)
Mean ± SD\Ме Q1-Q3 Mean ± SD\Ме Q1-Q3

Body weight, kg 95.3 ± 14.4 – 100.2 ± 17.0 – < 0.0001*
BMI, kg / m2 33.2 ± 2.6 – 34.7 ± 3.0 – 0.003*
WC, cm 102.4 ± 10.6 – 110.2 ± 11.6 – 0.003*
WC\HC 0.9 ± 0.1 – 0.9 ± 0.1 – 0.326
SBP, mm Hg 137.6 ± 23.0 – 141.1 ± 19.3 – 0.457
DBP, mm Hg 85.0 ± 11.9 – 87.6 ± 10.3 – 0.350
Heart rate, beats per 
minute 70.3 ± 8.7 – 73.6 ± 11.4 – 0.170

Cholesterol, mmol / l 5.6 ± 0.9 – 5.5 ± 0.9 – 0.649
LDL, mmol / l 3.8 ± 0.75 – 3.5 ± 0.9 – 0.235
HDL, mmol / l 1.4 ± 0.2 – 1.3 ± 0.3 – 0.101
TG, mmol / l 1.0 0.8–1.6 1.2 1.0–2.0 0.157
Glucose, mmol / l 5.2 4.8–5.3 5.7 5.3–5.9 0.010*
CRP, mg / ml 1.8 1.2–2.7 3.0 1.9–4.3 0.169
Leptin, ng / ml 22.7 19.6–25.0 26.9 17.8–40.1 0.285
Adiponectin, μg / ml 10.1 7.6–14.8 7.5 6.2–13.0 0.169

Note: BP — blood pressure; SBP — systolic blood pressure; DBP — diastolic blood pressure; TG — triglycerides; Cholesterol — 
total cholesterol; HDL — high density lipoprotein; LDL — low density lipoprotein; WC — waist circumference; WC / HC — the ratio of 
the waist circumference to the hip circumference; BMI — body mass index; CRP — C reactive protein.

* — changes are statistically significant, p < 0.05
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other than normal, the following data were ob-
tained: cardiometabolic parameters of persons who 
retained the MHO phenotype through the time 
(n = 25) are presented in Table 3 in the mean and 
standard deviation (SD) for a normal distribution 
and as a median (Me) and quartiles (Q1-Q3) for a 
distribution other than normal.

There was a statistically significant increase in 
WC (without an increase in weight and BMI) and 
an increase in the level of CRP in individuals who 
retained the MHO phenotype through the time. 
Cardiometabolic parameters of individuals who 
switched to MUHO phenotype through the time 
(n = 20) are presented in Table 4, as mean and 
standard deviation (SD) with a normal distribution 
and as a median (Me) and quartiles (Q1-Q3) with 
a distribution other than normal.

A statistically significant increase in body 
weight, BMI, and waist circumference was re-
vealed in obese individuals who demonstrated the 
transformation of a healthy metabolic status into 
an unhealthy one. There was a significant increase 
in WC as a marker of visceral obesity, accompa-
nied by a general increase in BMI. We carried out a 
comparative analysis of the cardiometabolic profile 
of the MHO of individuals at stage 1, depending 
on whether the healthy phenotype was transformed 
into an unhealthy one (n = 20) in the future or re-
mained intact (n = 25). Data are presented in Table 
5 as mean and standard deviation (SD) for nor-
mal distribution and as median (Me) and quartiles 
(Q1-Q3) for non-normal distribution.

Individuals, who retained a metabolically 
healthy obesity phenotype through the time, had 
a significantly lower baseline SBP and DBP, a more 
favorable lipid profile — a significantly lower lev-
el of atherogenic lipids (LDL and TG), without a 
significant difference in the HDL level, a signifi-
cantly lower uric acid level, insulin and HOMA-IR. 
Caution should be exercised in interpreting the 
revealed higher level of leptin in persons who re-
tained the MHO status, due to the small number 
of observations.

When performing logistic regression analysis, 
there was no statistically significant change in the 
probability of transformation of the MHO pheno-
type into the MUHO with an increase in the dy-
namics of such cardiometabolic indicators as SBP, 
DBP, total cholesterol, LDL, HDL, triglycerides, 
insulin, adiponectin, leptin, CRP. However, with an 

increase in glucose levels of 0.5 mmol / L and high-
er, the probability of transformation of the MHO 
into MUHO phenotype increased by 10.9 times, 
adjusted for gender and age, 95 % CI [2.0; 58.3], 
p = 0.005. An increase in glucose by less than 0.5 
mmol / L did not lead to a statistically significant 
increase in the likelihood of the transformation of 
the MHO into an unhealthy phenotype.

Discussion
The phenomenon of metabolically healthy obe-

sity has been actively studied for more than twenty 
years. In addition to the fact that either the met-
abolic syndrome components are totally absent, 
or only 1–2 of them are present, the MHO status 
is characterized by a lower amount of visceral fat 
(waist circumference as a marker of visceral obe-
sity is smaller) [18], lower markers of subclinical 
inflammation and insulin resistance [3, 19] as well 
as a lower level of uric acid [20] and higher levels 
of the protective adipokine adiponectin compared to 
the unhealthy obesity phenotype [21], which is con-
sistent with the given description of cardiometabolic 
indices of the examined group of MHO individuals.  
Despite the favorable cardiometabolic profile, many 
researchers still raise the question of the appropri-
ateness of viewing the MHO group as predictively 
favorable, based on epidemiological studies demon-
strating an increased risk of cardiovascular events 
and type 2 diabetes in this cohort of patients. In 
this relation, the analysis of 22 prospective stud-
ies revealed a 1.45 times higher risk of MHO in-
dividuals developing cardiovascular disease as 
compared to healthy participants without obesity. 
[22]. Another large meta-analysis examined the 
risk of diabetes mellitus depending on the stability 
of metabolically healthy phenotype in 3,479,514 
healthy individuals over the age of 20 years in the 
course of the National Health Screening Program 
(NHSP) in Korea. Upon 4 years of observation in 
the MHO group, the obesity phenotype of 31.5 % of 
patients transformed into the unhealthy one. In the 
adjusted multivariate model this “unstable” group 
with the MHO phenotype showed a high risk of 
developing type 2 diabetes (OR 4.67 [4.58; 4.77]) 
as compared to the stable MHO group (OR 1.81 [CI 
1.76; 1.85]) [23]. One can assume that the cardi-
ometabolic risk is higher precisely in those MHO 
individuals, whose metabolic status transforms 
into the unhealthy one over time. Various studies 
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Table 5
CARDIOMETABOLIC PROFILE OF MHO INDIVIDUALS AT STAGE 1,  
DEPENDING ON THE FURTHER PHENOTYPE TRANSFORMATION

Parameter
Maintain MHO Transformation to MUHO

р
Mean±SD 95%CI Mean±SD 95%CI

Age, years 49.5 ± 9.3 45.8–53.2 50.4 ± 10.0 45.5–55.4 0.743
Body weight, kg 91.4 ± 12.9 86.2–96.5 95.3 ± 14.4 88.2–102.5 0.340
WC, cm 100.2 ± 10.0 96.2–104.2 102.4 ± 10.6 97.1–107.7 0.483
WC\HC 0.9 ± 0.1 0.86–0.93 0.9 ± 0.1 0.9–1.0 0.257
SBP, mm Hg 122.0 ± 10.7 117.8–126.2 137.6 ± 22.9 126.2–149.0 0.013*
DBP, mm Hg 77.5 ± 7.8 74.4–80.6 85.0 ± 11.9 79.1–90.9 0.026*
Heart rate, beats per minute 70.1 ± 10.1 66.1–74.1 70.3 ± 8.7 66.0–74.6 0.947
Cholesterol, mmol / l 5.3 ± 1.0 4.9–5.7 5.8 ± 1.1 5.3–6.4 0.090
LDL, mmol / l 3.4 ± 0.9 3.1–3.7 4.0 ± 1.0 3.5–4.5 0.034*

HDL, mmol / l 1.4 ± 0.3 1.3–1.5 1.3 ± 0.2 1.2–1.4 0.227

Ме Q1-Q3 Ме Q1-Q3
BMI, kg / m2 32.7 31.4–34.5 32.7 30.8–34.6 0.982
TG, mmol / l 1.0 0.8–1.2 1.3 0.9–1.6 0.028*
Glucose, mmol / l 5.1 4.9–5.3 5.2 4.9–5.3 0.354
Uric acid, μmol / l 293.0 269.0–321.5 367.0 270.0–401.0 0.009*
CRP, mg / ml 1.2 0.9–2.3 1.4 1.1–2.9 0.261
Insulin, pmol / l 77.9 53.1–90.6 112.8 69.9–136.8 0.012*
HOMA-IR 2.4 1.8–2.8 3.5 2.2–4.5 0.009*
Cortisol, nmol / l 442.3 344.8–473.4 433.3 364.3–531.0 0.711
Leptin, ng / ml 28.5 21.2–40.6 20.8 10.9–24.9 0.039*
Adiponectin, μg / ml 10.3 5.8–14.4 8.3 4.1–12.7 0.502

Note: MHO — metabolically healthy obesity; MUHO — metabolically unhealthy obesity; BP - blood pressure; SBP — systolic blood 
pressure; DBP - diastolic blood pressure; TG — triglycerides; Cholesterol — total cholesterol; HDL — high density lipoprotein; LDL — low 
density lipoprotein; WC — waist circumference; WC / HC - the ratio of the waist circumference to the hip circumference; BMI — body 
mass index; CRP — C reactive protein; HOMA-IR — index of insulin resistance Homeostasis Model Assessment of Insulin Resistance.

* — differences in indicators are statistically significant (p < 0.05).

have shown that the portion of individuals demon-
strating transformation of the healthy phenotype 
(MHO) into the unhealthy one (MUHO) is deter-
mined by time interval. Thus, in a 20-year cohort 
study, out of 66 patients with the MHO phenotype 
21 (31.8 %), 27 (40.9 %) and 34 (51.5 %) partici-
pants acquired the MUHO status in 5, 10 and 20 
years of observation, respectively [24]. In another 
study 2422 participants in 8 years of observation 
showed transformation of the MHO status into the 
MUHO status in 44.2 % of these persons [8]. Ac-
cording to our data, 44.4 % of individuals with the 
MHO phenotype moved to the MUHO category 
after an average of 6.5 years of observation, which 
is consistent with the data of foreign studies. In a 
situation where this kind of natural transformation 
is inevitable over time, it is reasonable to identify 

predictors of metabolic status transition in obese 
individuals and prevent its development at the per-
sonal level. In various studies the “progression” 
of the healthy status to the unhealthy one in obese 
individuals is linked to a significant increase in 
waist circumference (aggravation of visceral obe-
sity) occurring dynamically: there was a 2.7 times 
growth of probability of phenotype transformation 
with an increase in waist circumference of MHO 
individuals after 8 years of observation [8]. In the 
Tehran study of 916 MHO individuals, baseline 
low HDL levels, baseline hypertriglyceridemia, 
or insulin resistance were classified as significant 
predictors of metabolic disorders [12]. In another 
10-year-long observation, dyslipidemia (low HDL 
level) (OR 0.24 [0.11–0.53], p < 0.001), increased 
fasting plasma insulin (OR 2.45 [1.07–5.62], p = 
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0.034) and visceral obesity (OR 2.04 [1.11–3.72], 
p = 0.021) [25] were also included in the list of 
phenotype conversion predictors. Our study also 
demonstrated a baseline higher level of triglycer-
ides and insulin (as well as a baseline higher insulin 
resistance HOMA-IR) in individuals that moved 
to the MUHO phenotype over time; no signifi-
cant baseline differences in HDL were obtained. 
An increase in waist circumference over time was 
marked in all the participants with baseline MHO 
status. Against the background of an increase in 
waist circumference as a marker of visceral obe-
sity, the processes associated with subclinical in-
flammation are possibly aggravated (a significant 
dynamic increase in CRP was revealed), which, in 
its turn, may lead to further transformation of the 
phenotype into the MUHO group in some individ-
uals in the future.

It can be assumed that if the increase in waist 
circumference as a marker of visceral obesity reach-
es a certain critical value with a significant BMI 
growth (which was observed only in the group of 
persons who moved to the MUHO phenotype), 
then the functional state of visceral adipose tissue 
may change, which is reflected in carbohydrate 
metabolism (a significant increase in fasting glu-
cose) as well as in markers of subclinical inflamma-
tion. Simultaneously, the carbohydrate metabolism 
disorder in metabolically healthy patients viewed 
dynamically, according to our data, predetermines 
their transition to the MUHO category with more 
than tenfold probability.

So an increase in waist circumference and BMI 
and impaired carbohydrate metabolism in the form 
of an increase in glucose levels can be linked to 
the transformation from the MHO into the MUHO 
phenotype over time.

A considerably higher level of uric acid both 
in individuals with the MUHO phenotype and in 
those MHO individuals, whose phenotype has 
transformed into MUHO one, is consistent with 
the data of foreign studies — the level of uric acid 
is an important predictor of unhealthy obesity. In 
a study of 354 individuals aged 18 to 60 years, a 
complex logistic regression model identified uric 
acid as the best predictor of MUHO with an OR of 
3.4 [1.4–8.0] per unit increase in serum uric acid 
(per 1 mg/dL). [26]. A large epidemiological study 
demonstrated that hyperuricemia often precedes the 
development of insulin resistance, and that serum 

uric acid levels are an independent risk factor for 
metabolic syndrome, including insulin resistance 
[27]. It is possible that an increase in the level of 
uric acid is among the initial disorders that predeter-
mine the transition from a healthy cardiometabolic 
status to an unhealthy one. Experimental studies 
have suggested that uric acid inhibits the release 
of nitric oxide from endothelial cells, activates the 
renin-angiotensin system, and increases oxidative 
stress, which damages endothelial cells and caus-
es vasoconstriction, leading to the development of 
hypertension [28] and contributing to subclinical 
atherosclerosis. Therefore, assessment and regu-
lation of uric acid levels in individuals with MHO 
status may also become a therapeutic goal.

Our study is limited by small sample size, which 
can be the reason for a wide confidence interval 
when conducting regression analysis. Another lim-
itation is the undetermined duration of the MHO 
status presence at the time of the initial examina-
tion. There is data evidence that the onset of obe-
sity (in a person’s childhood/adolescence, among 
postmenopausal women, etc.) is important in rela-
tion to the MHO status [29]. We will take this fact 
into account in the subsequent data analysis. This 
work does not include an assessment of behavioral 
factors that can also be associated with the tran-
sition of the healthy phenotype to the unhealthy 
one [30, 31]. Besides, it is possible that genetic 
determinants have a protective effect on the main-
tenance of metabolic health over time: at present 
this topic is not among those fully explored, and it 
has not been studied by us within the framework 
of this research.

Conclusions
Initially higher levels of blood pressure, insu-

lin resistance, low-density lipoproteins, and uric 
acid were associated with the transformation of a 
metabolically healthy phenotype into an unhealthy 
phenotype in obese individuals.

All persons with metabolically healthy obesity 
had a significant increase in waist circumference 
over time, accompanied by an increase in body 
mass index only in those who passed into the cat-
egory of metabolic ill health.

In obese individuals in whom the transformation 
of a healthy phenotype into an unhealthy one was 
registered, a significant increase in blood glucose 
was noted, with a more than tenfold increase in the 
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probability of conversion of the phenotype to an 
unhealthy one with an increase in glucose level of 
more than 0.5 mmol / L.

The prevention of visceral adipose tissue in-
crease and the correction of glucose metabolism 
have a priority direction in order to preserve the 
status of the MHO.
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