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v Resume

Increasing evidence accumulate to suggest that overweight increases the risk of chronic kidney
disease independently of dyslipidemia, diabetes, and hypertension. This so-called overweight-related
glomerulopathy is characterized at early stages by glomerular hypertrophy with or without secondary
focal segmental glomerulosclerosis. Since, however, kidney biopsies are usually not performed at this
phase, an early diagnosis of the disease is often difficult. Here, we review new developments in the
pathophysiology of overweight-associated kidney dysfunction and discuss the potential of appropriate
monitoring of glomerular filtration rate and albuminuria for early detection of the disease. We also
present the benefits conferred by even moderate dietary restriction on the course of the disease.

Key words: overweight-related glomerulopathy, overweight, albuminuria, glomerular filtration
rate, dietary restriction, glomerular sclerosis

OPTHUKYA BA3H BA BYHPAK ®YHKIUSICH
Amonos Myxammao Komun yanu

AGy anu u6n Cuno HoMuaaru Byxopo masnar THO6MET HHCTUTYTH Y36eKkucToH, ByXopo 1.,
A.Hagownii kyuacu. 1 Tem: +998 (65) 223-00-50 e-mail: info@bsmi.uz

v’ Pestome

Opmukua éa3n ouciaunudemus, Kanoau ouadem 6a 2UNEPMORUA KACAIIUSUOAH KAmbU HA3ap,
CYDYHKAU OYUpAK KAcCAalucu Xaeunu owupuuwiu XaKuoa Oaiuinap mynaanud oopmoxoa.
Opmukua 6asn oOunan 0021uK Oy 210mepyronamus 3Ipma O0CKUUAAPOA UKKULAMYU JUOKAU
cezZMeHmap  2n0mepynocKnepo3 Ounaw EéKu  YHUH2CU3 2IoMepynAap 2unepmpodua  Ounan
mascugnanaou. bupox, oyipax ouonmamaapu ooamoa yuwidy 60cKU40a ymkazuamazanu cadaonu,
KYRuH4a KACAIIUKHU IPMa mawxuciaw Kuiun keuaou. by epoa 6u3z opmuxua eazn ounan 6021ux;
oyiipax Oucynkyuscu namousuonozuaACUOAzy AHU UWIAAHMANAPHU Kypubd uYukamus 6a
KAcanuKHu 3pma GHUKIauw yYyH KORmMOKuanap Quibmpayusacu mesnuzu 64 ai0yMUHypusHu
mezuwiiu  MOHUMOPUHZ KUAUWL UMKOHUAMIADUHU MyXokama Kunamus. bu3, wynunzoex,
KACANIUKHUHZ Keuuwiuza Xammo ypmaua O6KAMAAHUW YEKA06UHUHZ AQ3anIuKIGpUHU Xam
maxkoum smamus

Kanum cyznap: opmurua 6asn 6unamn 6021ukK 21oMepyionamus, OpmuKia 6asm, aioymunypus,
KORMoK4anap Quismpayuiacu menuzu, napxes YeKaaHuiu, KOnmoK4aiap cKiepou

U3BbITOYHBIN BEC U ®YHKIUS ITOYEK
Amonoe Myxammao Komun yenu

Byxapckuii rocy napcTBEHHbINH METUITMHCKUI HHCTUTYT HMeHH A0y Anu nOH CuHbl, Y30eKHCTaH,
r. Byxapa, yn. A. HaBon. 1 Tem: +998 (65) 223-00-50 e-mail: info@bsmi.uz
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v’ Pestome

Pacmywjue oannvie ceudemenbCmeyiom 0 mom, Ymo U30bIMOYHDBLL 6eC yGeIUUUBAEM PUCK
Pazeumus XpoHUUecKux 3a001e6aHUIl HOYEK HE3A6UCUMO OM OUCTURUIEMUL, CAXAPHO20 Juabema
U apmepuanvHOil unepmeH3uu. Ima MaK Hazvleaemas ¢ U3OBIMOUHOU Maccoil mena
2/10MepYI0naAmus XapaKmepu3yemcsa Ha PAaHHUX CIAOUSX 210MeEPYIAPHOIL Zunepmpogdueli ¢ unu oe3
6MOPUUHO20 04A206020 CEZMEHMAPHOZO 210MEPYNOCKaepo3d. QOOHAKO, ROCKOLKY OUOnCUU NOYKU
00bIYHO He GbINOAHAIOMCA HA OAHHOM JIMAne, YACMO 3ampyoOHAEmcs PAHHAA OUAZHOCHUKA
3abo0neeanusn. 30ece Mbvl paccmampueaem Hoevle paspadomKu ¢ namou3uonozuu U30bIMOYHON
Maccel mena u OucyHKkuuu novex, a Mmakice 00CYyHcOaemM ROMEHUUATT COOMEEMCHEYIOUEe20
MOHUMOPUH2A CKOPOCMU KYOOUK060U (uibmpauuu u anboymunypuu 0as paHHezo 6blae/1eHUs.
3abonesanusn. Ilpedcmaesnsaem marice npeumyuecmea 0a)ce yMepeHHO20 0ZPAHUYEHUS OUembl 6
meuenue 3a601e6anus.

Knwuesvie cnosa: znomepynonamus, CeA3aHHAA ¢ U30LIMOYHBIM 6€COM, U3OBIMOYHDLIL 6eC,
anbOYMUHypus, CKOpOCHms KIyoouKoeoil hunvmpayuu, ozpanuyenue Ouemsl, 210MepyiocKiepo3

Relevance

t has been estimated that the number of people with overweight reaches 500 million worldwide and

7is continuously increasing (1). It is recognized that overweight predisposes to type 2 diabetes,
hyperlipidemia and hypertension. The mechanisms underlying these disorders are complex and include
insulin resistance, endothelial dysfunction, and contributions from the sympathetic nervous system and the
renin-angiotensin-aldosterone system (RAAS) (2). Interestingly, it has recently been demonstrated that the
presence of endothelial nitric oxide synthase type 3 (NOS3) gene variant T894 is associated with increased
risk of hypertension in the obese (3).

While the importance of overweight in the context of metabolic syndrome is well appreciated, the effects
of simple overweight are less clear. Increasing evidence suggests that overweight per se, i.e. without
significant comorbidities, also can exert serious health effects. They include overweight-associated
inflammation, endothelial cell dysfunction and altered endocrine functions of the adipose tissue (4, 5). A
substantial and chronic increase in the volume of adipocytes that is unaccompanied by adequate angiogenesis
leads to adverse remodelling of the adipose tissue. It is characterized by tissue hypoxia and death of the most
poorly supplied adipocytes, which initiates the inflammatory response. Although of low intensity, this
smouldering and chronic inflammation leads to the adipose tissue infiltration by macrophages (mainly of the
pro-inflammatory phenotype M1), their activation and uncontrolled production of cytokines (monocyte
chemoattractant protein-1, interleukin-1p, interleukin-6, tumor necrosis factor-a) (6). This interferes with the
secretion of adipocytokines (leptin, resistin, apelin, visfatin, adiponectin and omentin) by adipose tissue,
which contributes to systemic inflammation and endothelial cell dysfunction that may jeopardize kidney
function (4, 7).

Materials and methods

Results of a meta-analysis clearly show that the risk of kidney disease for people with overweight is at
least 40% greater than for subjects with normal body weight (8). This effect is largely independent of classic
overweight-associated risk factors, such as dyslipidemia, diabetes, and hypertension. Moreover, it is
characterized be a dose-response relationship, which means that the risk of kidney disease increases in
parallel with increasing BMI (strictly speaking, this relationship appears to be U-shaped as underweight with
low BMI may also promote kidney damage). Interestingly, the risk of kidney disease in the obese differs
between the sexes and is greater for obese women. The reason for this phenomenon is not clear, but a
proportionally greater amount of body fat in females seems to play a role (8).

OVERWEIGHT-RELATED GLOMERULOPATHY

The impact of overweight on renal function has been known for a long time. First reports on a possible
relationship between overweight and proteinuria date back to 1970s (9). Later, many studies confirmed that
overweight confers an increased risk of chronic kidney disease (CKD). They showed that patients with BMI
> 30 kg/m2 suffered from renal failure more often and proportionally to the magnitude of BMI (10). Recent
data indicate that structural and functional alterations in the kidney may occur even in mild overweight (BMI
> 25 kg/m2) and in the absence of diabetes (11). With increased prevalence of overweight, these changes
became the focus of attention and were designated as overweight-related glomerulopathy (ORG) (12).
Although the clinical course of ORG appears to be less severe than that of diabetic kidney disease, yet the
long-term prognosis is also negative (13).
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First observations on the association between overweight and structural changes in the kidney came from
autopsy studies (14). These identified glomerular hypertrophy and segmental sclerosis as the most typical
lesions in the obese. The diameter of glomeruli in obese individuals was found to be approximately 1.3-fold
greater compared with that of non-obese subjects. In addition, the glomerular density appeared to be reduced
(15). Segmental sclerosis in ORG resembles that seen in focal segmental glomerulosclerosis (FSGS),
although its intensity and frequency is usually less compared with primary FSGS. Lesions of segmental
sclerosis are most often located in the perihilar region and may be associated with increased diameter of the
afferent arteriole and reduced podocyte density. A decrease in podocyte density is thought to result mainly
from the enlargement of glomerular volume that cannot be matched by a corresponding increase in the
number of podocytes (13). Other morphological findings in ORG include tubular atrophy and interstitial
fibrosis, although their severity may be minimal. Overweight-associated changes in renal histology are
accompanied by changes in renal function that include an initial increase in glomerular filtration rate (GFR),
followed by albuminuria and proteinuria, and a gradual decrease in GFR leading ultimately to CKD (12, 16).
The prevalence of ORG is difficult to estimate. A retrospective analysis of kidney biopsies detected features
of ORG in more than 2.5% of the specimens, with a clear upward trend over the past 30 years (12). These
values may, however, be underestimated, because the biopsies were performed only in patients with overt
symptoms suggestive of kidney disease.

The pathogenesis of ORG remains incompletely understood (12). It has been hypothesized that glomerular
hyperfiltration results either from primary vasodilation of the afferent arteriole or from increased reabsorption
of sodium in the proximal tubule leading to decreased exposure of the macula densa to sodium, blunted
tubuloglomerular feedback and the afferent arteriole dilation (Fig. 7). The mechanisms that initiate these
processes are unknown, however, they are likely to include activation of the renin-angiotensin-aldosterone
system, increased sympathetic activity, increased leptin-to-adiponectin ratio, hypertriglyceridemia,
hyperinsulinemia, and possibly a high-protein diet (17-19). An increase in the intraglomerular pressure causes
glomerular stretch and enlargement, which imposes mechanical stress on podocytes leading eventually to
their dysfunction and damage. In addition, persistent inflammation in the adipose tissue results in lipolysis
and hyperlipidemia, which promotes lipid accumulation in mesangial cells, podocytes and proximal tubule
epithelial cells. Dysfunction of these cells together with increased permeability of glomerular capillaries and
albuminuria induce mediators of fibrogenesis and glomerulosclerosis (12, 20, 21).

OBESITY
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Fig. 1. Pathogenesis of overweight-related glomerulopathy.
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Recent data support the importance of adipose tissue-derived endocrine signalling, pointing to a key
role of adiponectin (22). Under physiological conditions adiponectin maintains podocyte integrity acting
primarily through adiponectin type 1 receptor (AdipoR1) and the signalling pathway controlled by
5’ AMP-activated protein kinase (AMPK) (23). Adiponectin concentration decreases when BMI
increases, which makes the glomerular filtration barrier vulnerable to injury (24). Overweight can also
lead to a rise in the concentration of leptin, which stimulates the expression of transforming growth
factor-f (TGF-B) that acts as the main driver of extracellular matrix accumulation, mesangial cell
proliferation and progressive glomerulosclerosis (12, 25). Renal changes resembling those seen in
human overweight can also be detected in mice after few months on high fat diet. It has recently been
demonstrated that the development of such changes in mice is related to mitochondrial dysfunction in
glomerular endothelial cells, proximal tubule epithelial cells, and podocytes. Accordingly, the
administration of SS-31, a mitochondrial membrane-stabilizing peptide, preserved mitochondrial
structure and function, and prevented renal cell injury and subsequent glomerulosclerosis (26). It
remains to be determined whether such a therapeutic approach is effective in human disease.

Prompt diagnosis of ORG is difficult, as early stages of the disease may not give overt manifestations
that would justify renal biopsy. However, by carefully analysing the parameters of renal function such
as GFR and albuminuria one may get a hint of what might be a developing disease.

PARAMETERS OF RENAL FUNCTION IN OVERWEIGHT-RELATED
GLOMERULOPATHY

Earlier formulas for estimating GFR had some limitations when applied to obese patients (27). The
Cockcroft and Gault equation may overestimate GFR in the obese (28), while a MDRD (Modification
of Diet in Renal Diseases) Study equation (27) may underestimate the real GFR (29) and, thus, may be
not optimal for the assessment of overweight-associated hyperfiltration (27). The Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) formula (30) is more accurate, especially for GFR >
60 ml/min/1.73 m2 and appears to be currently the best option for estimating GFR in the obese (31).

Albuminuria can be the first manifestation of kidney injury in ORG (32). Since a 24-hour urine
collection is inconvenient to obtain, the albumin-to-creatinine ratio (ACR) is increasingly used in
clinical practice as a test of similar validity (33). The degree of correlation between ACR and
albuminuria in daily urine collection can be increased by computing the logarithm for ACR (34).

THE IMPORTANCE OF WEIGHT LOSS

Some aspects of ORG can be alleviated by dietary restriction and a decrease in body fat mass (12,
35). Low-calorie diet was found to ameliorate histological alterations in the kidneys of animals with
experimental overweight and diabetes (36). It is not clear, however, whether a similar effect occurs in
humans. It has been observed that already few weeks of dietary regimen reduces albuminuria (37). It
has been estimated that weight reduction by 1 kg decreases albuminuria by approximately 4% (38). By
contrast, such a modest weight loss does not appear to produce a significant change in GFR (37, 38).
However, a more substantial weight loss as a result of bariatric surgery can normalize GFR and markedly
reduce albuminuria (39).

Weight loss-induced renoprotection is probably related to several factors, including dampening of
systemic chronic inflammation (40) and normalization of adipocytokine profiles (12). In this respect, a
significant improvement in adipocytokine levels can be achieved already with moderate dietary
restriction (41), while a substantial decrease in BMI after bariatric surgery lead to a more profound
decrease in serum CRP and a significant improvement in endothelial cell function (42).

OTHER TREATMENT OPTIONS
Considering the postulated role of microbiota in overweight-induced inflammation, probiotics may
act to decrease inflammation and slow down the progression of ORG (43, 44). Similarly, by promoting
the growth of healthy microbiota in the intestine, high-fiber diets may ameliorate partly kidney
dysfunction (45). Some studies suggest that green tea polyphenols can have a positive effect on the
intestinal microbiota and improve kidney function in diabetic nephropathy (46-48). Finally, the
transplantation of fecal microbiota might be considered as a therapeutic option for ORG (43, 49).
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While metformin can improve metabolic control in diabetes, its role in ORG not associated with
diabetes is not certain (43). Data from experimental models of kidney disease suggest that metformin
may display antifibrotic activity and as such may of potential benefit for patients with ORG (50).

Inhibitors of the RAAS are commonly used for treating patients with proteinuria and diabetic
nephropathy. They can also decrease albuminuria and reduce the prevalence of CKD in patients with
ORG (12, 43). Moreover, some data suggest that obese patients might be even more sensitive to the
renoprotective activity of the RAAS blockade than patients with normal BMI (51).

Based on the observation that selective endothelin-A receptor antagonists (e.g. avosentan and
antrasentan) reduce albuminuria and preserve renal function in diabetes (52), they might also be
considered as a therapeutic option for ORG (53).

PERSONAL EXPERIENCE

To illustrate the problems associated with renal function in overweight, we have assessed eGFR and
ACR in 57 adults (16 male and 41 female, mean age 37 + 11 years) with simple overweight who
participated in our previous study(41). These patients had no significant comorbidities and underwent a
moderate 8-week dietary intervention with calorie restriction by 300 — 500 kcal/day. On average, the
procedure resulted in a reduction in body weight by 5.3 + 4.0 kg, which corresponded to a decrease in
BMI by 1.84 + 1.36 kg/m2 (Table 1). The GFR estimated both at the beginning and at the end of the
study was formally well within normal limits. However, it tended to decrease with time. Similarly, the
intervention resulted in a decrease in ACR, although absolute ACR values remained in the normal range.
Thus, taking the whole clinical context into account, it is tempting to hypothesize that those decreases
represented a beneficial reversal of a potentially detrimental trend towards hyperfiltration and
proteinuria. Obviously, more adequately powered studies would be required to verify this hypothesis.
Interestingly, this relatively modest dietary restriction resulted in a small, but consistent decrease in
blood pressure (independent of any additional medication), as well as a reduction in systemic levels of
TNF-a and leptin.

Table 1. Exemplary changes observed in patients with simple overweight (n = 57) undergoing an 8-
week moderate dietary restriction. Values are expressed as medians and interquartile ranges.

Before dietary After dietary P-value
restriction restriction (Wilcoxon test)
Weight (kg) 1074 1004
(9.0 — 120.5) (27.2 - 114.2) < 0.0001
BMI (kg/m) 37.1 4.5
(330 -41.3) (31.6—0.0) = 0.0001
Waist (cm) 113.5 1100
(106.5 — 125.0) (10010 — 120007% < 0.0001
SBI' (mmHg) 130 120
(121 = 137) (113 - 130) 0. 0006
DBEP (mmHg) B0 =0
(75 —90) (75— 86) 0.50
Creatinine (mg/dl} 0.77 0.78
(0.67 —0.89) (0.71 = 0.90) 0.066
el7FR (CKID-EPT) 104 oo
(ml'min'1.73m") (96 — 114} (89 — 113} 0.053
el 7 FR (MDRID) a7 03
(mbmin/1.73m") (87 = 112) (81 = 105) 0104
ACR {mgig) 13.4 1.0
(8.0 — 2000 (6.3 — 18.0) 0061
Log [ACR (mg/g)] 1.15 1.07
(098 — 1.38) (0.83 - 1.29) 0.024
M F-at (pg'ml) 16.7 5.0
(10.7 =21.7) (24 - 11.0) < 00001
Leptin (ng/ml) 51.6 3.8
(33.6 - T6.3) (18.0 - 57.6) < 0.0001
Adiponectin (ng/ml) 1765 1519
(1100 —2474) (1228 — 2642) 0.16
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Results and discussions
Overweight-related glomerulopathy is characterized by the enlargement of glomeruli and secondary
focal segmental glomerular sclerosis in patients with a BMI > 30 kg/m2. Since there is usually no
indication for renal biopsy, other diagnostic criteria for early diagnosis of the disease are needed.
The classic criteria for ORG include (1) overweight (BMI > 30 kg/m2), (2) normal serum albumin,
(3) proteinuria with or without changes in GFR. However, structural changes in the kidneys of patients
with overweight develop probably much earlier than could be demonstrated by the above criteria.

Conclusion

An early diagnosis of ORG may be facilitated by monitoring GFR (according to the CKD-EPI
formula) and albuminuria (as measured by ACR or log (ACR)), especially after the dietary intervention
or bariatric surgery. Although at early stages of ORG these parameters may be normal, their reduction
in response to weight loss could suggest that they were in fact relatively increased and reflected
developing ORG.

Weight loss exerts renoprotective effects in ORG with even short-term moderate dietary restriction
providing clinical benefits related mainly to a decrease in blood pressure, dampening of systemic
inflammation and normalization of adipocytokine profiles.
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