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Abstract:

Aim. The Southern Aral Sea region is one of the most ecologically vulnerable regions of Central Asia,
characterized by a harsh continental climate, high levels of atmospheric pollution (PM3 5), water
scarcity, and dietary patterns with excessive consumption of carbohydrates and flour products. Against
this background, there is a significant prevalence of obesity, including the phenotype of metabolically
healthy obesity (MHO) — a condition in which there are no signs of metabolic syndrome, but
overweight remains. Despite the apparent " metabolic norm”, such patients are susceptible to latent
renal dysfunction with prolonged exposure to environmental factors. The aim of the study was to
conduct a comprehensive assessment of the impact of environmental (Pmjy 5, water salinity, soil
salinity) and metabolic factors on kidney function in patients with MHO in the Southern Aral Sea
region, using the estimated glomerular filtration rate (¢GFR) and functional renal reserve (FPR)
before and after a 6-month intervention.

Materials and methods. The study included 133 participants (25-50 years old), divided into three
groups: Ist-grade I MHO (BMI 30-34.9 kg / m2), 2nd - grade II MHO (BMI 35-39.9 kg / m2), and
a control group of clinically healthy individuals. The main group received azilsartan 10 mg / day
and structured physical activity (walking >60 minutes a day, >5 times a week). Renal function was
assessed by CKD-EPI 2021 and the FPR test (0.5% NaCl salt load, 0.5 % of body weight). The
follow-up lasted 6 months.

Results. In patients from the Southern Aral Sea region, eGFR and AFR values were significantly
lower than in the control group (eGFR-126.1 + 1.7 and 123.7 + 2.0 ml / min/1.73 m2 vs. 131.1 £+ 2.2
ml/ min/1.73 m2; AFR — 28.3 £ 3.5 % and 24.3 + 3.6 % vs. 34.1 £ 2.2 %, p < 0.05,05). After a
6-month intervention, patients with grade I MHO showed an increase in RFS by 12 % ( p < 0.01,),
while those with grade Il MHO showed less pronounced improvements.

Conclusion. Patients with MHO living under environmental stress are at risk of early subclinical
renal dysfunction, even if the metabolic profile is preserved. Assessment of functional renal reserve
allows detecting these disorders at the preclinical stage and can serve as an effective tool for early
screening of chronic kidney disease. The results confirm the expediency of using azilsartan and
structured physical activity as a nephroprotective strategy in the populations of MHO.

Keyword: Metabolically healthy obesity, Southern Aral Sea region, chronic kidney disease, func-
tional renal reserve, CKD-EPI, environmental pollution, subclinical nephropathy.

Introduction

The Aral Sea and its basin remain one of the most affected ecosystems in Central Asia. The
Southern Aral Sea region (Karakalpakstan and Khorezm region) is recognized as a region with a high
level of environmental stresscaused by soil salinization, air pollution and water resources. Numerous
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studies (UNEP, 2019; WHO, 2023) indicate that the combination of environmental hypoxia, elevated
PM, sconcentrations, and freshwater scarcity contributes to the growth of chronic noncommunicable
diseases, including kidney disease.

Current data showthat the prevalence of obesity in Central Asia reaches 27-32 % of the adult
population, and the proportion of metabolically healthy obesity (MHO) is about 10-15 % (Stefan
et al., Lancet Diabetes Endocrinol., 2023). Although these patients do not have the classic signs
of metabolic syndrome, data are accumulating on the development of subclinical dysfunction of
target organs, especially the kidneys (Ortega et al., 2019; Vasilyeva et al., 2020). Mechanisms
include microvascular disorders, oxidative stress, and endothelial dysfunction under the action of
aeropollutants.

The impact of environmental factors on kidney function in MHO remains poorly understood.
Studies by Bowe et al. (2018) and Xu et al. (2023, Environ Res.) have shown that increasing
PMj; slevels for every 10 micrograms/m3 increases the risk of CKD by 10-12%, but data on popula-
tions with metabolically healthy obesity are limited. In particular, there are no studies evaluating the
relationship between environmental stress and functional renal reserve (FDR), an early indicator of
subclinical nephropathy.

Thus, the aim of this study was to identify and quantify the impact of environmental and
metabolic factors on kidney function in people with metabolically healthy obesity living in the
Southern Aral Sea region, using eGFR and FPR indicators to determine the risk of developing
chronic kidney disease at the preclinical stage.

Environmental stress (high concentrations of PMj sand other aeropollutants), increased water
salinity, and chronic dehydration can induce systemic inflammation and increased oxidative stress.
This leads to endothelial damage, reduced bioavailability of nitric oxide, and impaired microvascular
regulation in the glomeruli. In the conditions of MHO, when renal perfusion and microcirculation are
already stressed due to increased body weight and possible hyperfiltration, an additional environmental
factor worsens intra-ventricular hypertension and reduces the functional reserve of the kidneys (FPR).
Thus, the combination of metabolic load and external (environmental) stress creates a synergistic
effect that explains the early decrease in RDF in our cohort. [Bowe B. et al. (2018), Palm F. et al.
(2010) & Li et al., 2022 Front Physiol»]

Our data are partially consistent with the results of Bowe et al. (2018), which showed an
association of elevated PMj slevels with an increased risk of CKD in a large population; this supports
the idea of an environmental factor as an independent risk of renal dysfunction. Studies by Palm et al.
(2010) emphasize the role of impaired renal oxygenation and microvascular changes under metabolic
load, which coincides with the proposed mechanism for reducing FPR. Recent Asian studies (e.g., Li
et al., 2022) provide additional evidence for regional exposure patterns and response variability —
in some populations, the effect of PMj; son renal function indicators was more pronounced, which
may be due to exposure duration, pollutant composition, and genetic/nutritional factors. Differences
between our results and individual publications may be due to differences in assessment methods
(e.g., direct biomarkers vs stress tests), in the duration of follow-up, and in the level of control over
confounders.

Our research has several limitations. (1) The sample size (n=133) limits statistical power for
detecting weak effects and for subgroup analysis; larger cohorts are required to confirm observations.
(2) The duration of follow-up (6 months) does not allow us to assess the long-term dynamics of
CKD progression; longitudinal studies with a longer follow-up are necessary. (3) The lack of a broad
profile of biomarkers (markers of oxidative stress, inflammation, and specific renal proteins) limits the
ability to directly test the proposed mechanisms; the inclusion of such markers will further enhance
understanding of pathophysiology. (4) A limited range of exposure data (for example, separate
analysis of PM, scomponents and data on domestic salt consumption) reduces the accuracy of
environmental impact assessments. Despite these limitations, the data provide important preliminary
information on the relationship between MOE and environmental stress in the region.

Recommendations for further research. To confirm and expand the results obtained, we suggest:

1.  Large multicenter cohorts with sufficient statistical power to be stratified by age, gender, and
MHO degrees.
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2. Prolonged follow-up (>24 months) to assess the long-term dynamics of eGFR and the risk of
transition to clinical stages of CKD.

3. Inclusion of biomarkers of oxidative stress and inflammation (for example, 8-isoprostanes,
MDA, hs-CRP, IL-6), as well as markers of tubular damage (NGAL, KIM-1) to test the proposed
mechanisms.

4. Use of personal air pollution monitors and detailed analysis of PMj scompositionto more
accurately compare exposure and effect.

5. Cross-regional comparative studies (including "ecologically safe" and "unfavorable" zones) to
assess the impact of local factors (diet, genetics, level of medical care).

6. Interventional studiesevaluating the effectiveness of nephroprotective therapy (azilsartan) and
lifestyle modification programs under controlled conditions.

"The mean eGFR value in group 1 was 126.08 + 1.73 ml / min/1.73 m2 (n = 46), while in the
control group it was **131.13 £2.17 ml / min/1.73 m2 (n = 50); the difference was -5.05 (95% CI
-8.12; -1.98), p = 0.002, Cohen’s d = 0.52.""

"The change in FPR after 6 months in group 1 was +12.1% (95% CI 7.8; 16.4), p < 0.001
(paired t-test)."

"Correlation between FPR and PMj sconcentration:r= -0.34, p= 0.001 (Pearson)."

Materials and Methods

The study was performed on the basis of the clinical and diagnostic center of Nukus in the
period from January to July 2024. The study included 133 patients with metabolically healthy obesity
(MHO) and 45 controls without obesity, comparable in gender and age.

Research design

This study is a prospective, comparative, single-center study with a longitudinal follow-up of 6
months.

Patients were divided into two groups depending on the degree of obesity (WHO grade I and II,
2023). The control group included individuals without signs of obesity (BMI < 25 kg / m2).

Inclusion criteria: age 25-55 years, BMI > 30 kg / m2, normal glucose and lipid levels, no
arterial hypertension or diabetes mellitus.

Exclusion criteria: CKD of any stage, cardiovascular diseases, acute infections, use of nephro-
toxic drugs.

Ethical aspects

The study was approved by the local ethics Committee at the Nukus branch of the Tashkent
Medical Academy (Protocol No. 02/2024 of 12.01.2024).

All participants signed a written informed consent to participate and process their personal data
in accordance with the Helsinki Declaration (2013 edition).

Research methods

Anthropometric measurements (height, body weight, waist and hip circumference) were per-
formed according to WHO standard methods. The body mass index was calculated using the Quetelet
formula.

Functional renal reserve (FPR) was evaluated by the protein load method (0.6 g of protein/kg
of body weight, in the form of boiled chicken protein).

The estimated glomerular filtration rate (¢eGFR) was determined by the formula CKD-EPI
(2021).

Blood and urine samples were taken in the morning on an empty stomach and again 2 hours
after protein loading.

Laboratory tests (creatinine, urea, electrolytes, lipid profile, glucose) were performed on a
Mindray BS-380 biochemical analyzer using certified reagents.

Control of concomitant factors

To minimize the impact of diet and physical activity, all participants followed a standard diet (
2200 kcal/day, protein = 1.0 g/kg) 48 hours before testing and refrained from intense physical activity.

The initial hydration level was assessed by urine density (refractometry) and plasma osmolarity.

Environmental impact assessment

Data on the PM, sconcentration and salinity of drinking water were obtained from local
environmental monitoring stations (Nukus Hydrometeorology Center, 2024).
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For each participant, the average PM slevel was calculated 6 months prior to inclusion in the

study.

Statistical analysis was performed in SPSS v.26.0 (IBM, USA).

The data is presented as Mean + SD or Median (IQR), depending on the distribution.

Normality was assessed by the Shapiro-Wilk test. Student’s t-test or Mann-Whitney U—test were
used to compare groups; ANOVA with Tukey’s post — hoc test was used for multi-group analysis.
Correlations were determined by Pearson or Spearman.

For multiple comparisons, the Benjamini—-Hochberg correction was applied. Significance level

a=0.05.

95% confidence intervals and effect size (Cohen’s d or n2) were calculated.

Results

General characteristics of participants
A total of 133 patients with metabolically healthy obesity (MHO) and 45 controls were included
in the study. The average age of the respondents was 41.6 + 8.3 years, the gender ratio of men and
women was 1: 1.1 (p =0.84).
There were no significant differences in age, gender, or blood pressure between the groups (p >

0.05).

Body mass index (BMI) in the group of I degree of obesity was 32.4 + 1.8 kg/m2, in the group
of Il degree — 37.9 £ 2.3 kg/m2 (p < 0.001, ANOVA, n2 = 0.62).
Waist circumference and OT / OB ratio were significantly higher in patients with grade II

obesity (p < 0.001).

Table 1. Comparative analysis of the effect of "passive" walking on kidney function and body weight in patients

with metabolically healthy obesity compared with the control group.

Show children | Care periods Main group Metabolically healthy obe- | p Control group
sity
1 group Group 1 | m2 group (n=17) The Aral Seais | Kibray is Kibray Thick
(n=18) M+ m M+ m great. healthy.
n=20 M+ m n=10 M+ m n=20 M+ m
Globular filtra- | From observa- | to 113,49+1,61 119,03+2,89 >0,05 111,12+£2,32 | 124,13 £2,32 | 126,13 £2,32
tion rate, ml | tion up
per minute on
1.73m2 of
body surface 6 months later | 111.75£1.65 115.65+3,35 >0,05 118,11 £1,24 | 126.10£1.13 | 122,41£2.21
Functional re- | To 5,74+0,77 of 4.66+0,79 <0,05 22,28 +2.75 of 27.96 £5,96 | of 14.28 +2,64
serve of the
kidneys, % 6 months later | 11,12+1,02 M%7 78+0,92 MA¥% 1 <0,05 25,16 £is 3.08 | of 28.53 £5,58 | 15,16 £2,28
the body mass | To 32,79 £ 0,20 37,06+ 0,33 <0,05 of 23.37+£ 0,43 | 22,83 +0,50 32,35+ 0,40
Index, kg/m™2 | 6 months later | of  30.38 + | 3480+£0,41M** | <0,05 24,18 +0,71 of23.21 £0,64 | 31,34 +1,23
0,26/ ik
body Weight, To 95,83 +1,02 103,53 £1,72 >0,05 68,55 £ 1,38 68,40 + 1,94 t0 95.40 £ 0,98
kg 6 months later | 88,77 £1,07 M** | 9724 + 1,92 <0,05 70,08 £ 1,13 72,34 £ 1,74 92,36 £ 1,12
waist Circum- | To 108,61 +2,60 106,76 £ 2,11 >0,05 83,30 + 1,39 of 79.00 £ 1,02 | 93,43 +1,84
ference, cm
6 months later | 104,67 + | 102,18 £2,16 <0,05 of 83.26 £ 1,18 | 81,42 +1,12 91,21 £ 1,21
2 53N

note: - differences are significant compared to the values before treatment (- p <Of 0.05, - p <0,01) * - differences are significant
compared to the control group (* - p < 0,05, ** - p <0,01)

eGFR and FPR indicators
The mean estimated glomerular filtration rate (¢GFR) in the control group was 131.1 £ 2.2

ml/min/1.73 m2 (95% CI 129.7-132.6).

In patients with grade I MHO — 126.1 + 1.7 ml/min/1.73 m2 (95% CI 124.3-127.8), and
in patients with grade I MHO-122.4 + 1.9 ml / min/1.73 m2 (95% CI 120.1-124.8); differences
between groups are significant (p < 0.001, ANOVA, n2 = 0.41).
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The functional renal reserve (FPR) in patients of the control group was +18.3 £ 3.5 %, in the
first — degree group — +12.1 + 2.8 %, and in the second-degree group - +8.7 + 2.1 %.
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Figure 1. Comparative analysis of the effect of "passive" walking on kidney function and body weight in patients
with metabolically healthy obesity compared with the control group

Figure 3.2. Comparative analysis of the effect of "active" walking on kidney function and body
weight in metabolically healthy obese patients before and after the intervention.

Diagram 3.3. Mean value of biochemical parameters in the main groups (note: * - differences
are significant compared to the control group (*- p <0.05, * * - p <0.01, * * * - p<0.001, *- differences
are significant compared to the indicators before treatment (- p <0.05, - p <0.01, M2- p<0.001))

Figure 3.4. Comparative analysis of clinical laboratory parameters in patients of the control
group before and 6 months after follow-up. Note: * - changes compared to cross-sectional differences
are clinically insignificant, p >0.05

Figure 3.5. Comparative results before and 6 months after the intervention in terms of renal
functional reserve in the main group. (note: * - differences are significant compared to the control
group (*- p <0.05, * * - p <0.01, * * * - p<0.001, ~- differences are significant compared to the
pre-treatment group (- p <0.05, M- p <0.01, M- p<0.001))

The difference between the control group and Group II was -9.6 % (95 % CI-12.4; -6.8), p <
0.001, Cohen’s d = 0.89.

Correlation analysis revealed a moderate negative relationship between FPR and Pmy 5 concen-
tration(r =-0.34, p= 0.001) and between FPR and BMI (r =-0.39, p< 0.001).

3.3. Dynamics of indicators after azilsartan therapy After 6 months of azilsartan therapy,
patients in group I showed an increase in eGFR by +4.7 + 1.9 ml / min/1.73 m2 (95% CI +3.2; +6.2),
p =0.002 and an increase in FPR by +3.6 £ 1.2 % (95 % CI +2.1; +5.0), p = 0.004.

Cohen’s d = 0.52 indicates a moderate clinical effect.

In the group of II degree of obesity, the dynamics was less pronounced (p = 0.07), but there
was a tendency to improve FPR, which indicates a potential nephroprotective effect of the drug with
long-term use.

3.4. Biochemical and electrolyte parameters

Differences in glucose, total cholesterol, and triglycerides between the groups were statistically
insignificant (p > 0.05), which confirms a metabolically "healthy" phenotype.

Uric acid levels were higher in patients with grade I MEO (392 + 18 mmol / L vs. 347 + 15
mmol/L; p =0.014, Cohen’s d = 0.48).
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Plasma sodium and potassium were within the normal range and did not differ between the
groups.

3.5. Relation to environmental factors

Regression analysis showed that an increase in Pmy 5 concentration by 10 micrograms / m3
was associated with a 1.7% decrease in FPR (=-0.21, 95% CI -0.33; -0.09, p < 0.001) after adjusting
for age, gender, BMI, and physical activity level.

Increased salinity of drinking water (> 1.2 g /1 NaCl) was also associated with a decrease
in eGFR (=-0.19, 95% CI -0.30; -0.08, p = 0.002). Figure 3.1. Correlation index between the
functional reserve of the kidneys and body weight.

Figure 3.2. Correlation index between the functional reserve of the kidneys and waist circum-
ference.

Figure 3.3. Correlation index between renal functional reserve and body mass index.

Figure 3.4. Correlation index between the functional reserve of the kidneys and the content of
dust particles in the air.

Discussion:

The results of this study confirm the existence of hidden functional changes in the kidneys in
patients with metabolically healthy obesity, especially those living in ecologically unfavorable regions
of the Southern Aral Sea region. Despite the preserved parameters of blood pressure, glucose level,
and lipid spectrum, these patients showed a significant decrease in both the estimated glomerular
filtration rate (¢eGFR) and functional renal reserve (FPR), especially in patients with grade II obesity.

FPR showed high sensitivity to early disorders. A 17.1% and 28.7% decrease in FPR in groups
1 and 2 , respectively, compared to the control group indicates latent nephron overload and limited
adaptive potential of the kidneys. This is consistent with data from Palm F. et al. (2010), which
showed that glomerular hypoxia in obesity leads to early glomerular dysfunction.

Our data support the findings of Bowe B. et al. (2018) studies, which establish a clear relationship
between the level of air pollution (Pmy 5-suspended particles) and the risk of developing CKD. In
particular, an increase in Pmjy 5 concentrations for every 10 micrograms / m3 was associated with a
12% increased risk of chronic kidney disease. This underlines the importance of not only metabolic,
but also environmental factors in the pathogenesis of renal disorders.

According to Oberdorster G. et al. (2005), fine dust particles can enter the systemic bloodstream,
inducing systemic inflammation and endothelial dysfunction, including renal vessels.

Environmental stress, including exposure to Pmj; 5,water salinity, and chronic dehydration,
induces systemic inflammation and increases oxidative stress, leading to endothelial damage and
reduced bioavailability of nitric oxide. As a result, autoregulation of microvascular blood flow in the
glomeruli is disrupted, which contributes to intra-glomerular hypertension and a gradual decrease in
FPR. In patients with MHO who already have a metabolic load, these processes act synergistically,
accelerating the transition of subclinical dysfunction to a chronic form.

Comparison with literature (Bowe, Palm, Li)

These results are consistent with data from Bowe et al. (2018), where Pmj 5 exposure was
associated with an increased risk of CKD in a large cohort (n 2.5 million). Palm F. et al. (2010)
showed that glomerular hypoxia in obesity causes microvascular disorders similar to those observed
in patients with MHO from an ecologically disadvantaged region. A recent Asian study by Li et al.
(2022, Front Physiol) demonstrated that prolonged exposure to Pmj 5 increases oxidative stress and
reduces GFR, especially when combined with obesity.

Our results extend these observations by demonstrating for the first time the combined effect
of environmental and metabolic stress on renal functional reserve (RDF). Differences between the
study data may be related to the duration of follow-up, population characteristics, and the methods
used to assess renal function (exercise tests against biomarkers).

Conclusions

The role of azilsartan in the study deserves special attention. As an angiotensin II receptor
blocker, it exhibits nephroprotective properties, reducing intravascular pressure and reducing the
expression of transforming growth factor 1 (TGF-B1). Positive dynamics in patients of group 1
after 6 months of therapy confirms the effectiveness of the combined approach-pharmacological and
behavioral.
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BMI Body Mass Index

eGFR Estimated Glomerular Filtration Rate
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CKD-EPI  Chronic Kidney Disease Epidemiology Collaboration
PMj; 5 Particulate Matter 2.5 micrometers

NaCl Sodium Chloride
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SPSS Statistical Package for the Social Sciences
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