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INTRODUÇÃO     

A doença renal associada à obesidade vem se tornando cada vez mais 

preocupante para os sistemas de saúde à medida que a prevalência de 

sobrepeso e obesidade vem aumentando em todo o mundo, particularmente em 

países em desenvolvimento, outrora acometidos por doenças associadas à 

desnutrição1-4. Embora exista forte associação entre excesso de tecido 

gorduroso e diabetes mellitus bem como com a hipertensão arterial, as quais tem 

efeito causal no desenvolvimento de doença renal, existem evidências ainda que 

conflitantes de que parte do impacto da obesidade na doença renal possa ser 

independente de alterações metabólicas ou de pressão arterial4-9. Enquanto 

alguns estudos sugerem que excesso de gordura esteja independentemente 

associado à albuminúria, à hiperfiltração glomerular e à aceleração do declínio 

de função renal relacionado à idade5-9, outros não encontraram resultados que 

possam sustentar esta teoria10-14. Também há divergências se o tipo de 

distribuição de gordura teria efeito deletério renal: a obesidade per se seria um 

fator de risco ou o fator de risco seria o acúmulo de gordura abdominal 

independente do excesso de peso? Os dados na literatura são conflitantes 

também neste ponto15-19. O estudo REGARDS, com 30.293 participantes, 

demonstrou que a circunferência abdominal, mas não o IMC, foi preditora de 

doença renal em estágio terminal20. Entretanto, em uma meta-análise que incluiu 

mais de 5 milhões de indivíduos seguidos por uma média de 8 anos, tanto o 

índice de massa corpórea (IMC) elevado como a circunferência abdominal (CA) 

aumentada foram fatores de risco para declínio de função renal19.  Interessante 

ressaltar que entre os 39 estudos com coortes de população geral incluídos 

nesta meta-análise, totalizando 5.459.014 participantes, apenas 21 traziam 
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dados sobre circunferência abdominal, de um total de 594.496 indivíduos, 

sugerindo que a associação entre obesidade abdominal e nefropatia não é tão 

investigada na literatura quanto a associação entre obesidade e nefropatia. A 

obesidade abdominal poderia se associar a injúria renal através das alterações 

metabólicas associadas ao excesso de gordura visceral e ao aumento de 

adipocinas pelo tecido gorduroso visceral, bem como pela compressão renal 

exercida pela deposição ectópica de gordura (fatty kidney), levando à retenção 

de sódio e a alterações hemodinâmicas intrarrenais21. Entretanto, em um estudo 

longitudinal sueco publicado em 2018, que avaliou 1261 indivíduos não 

diabéticos, Stefansson VTN e cols demonstraram que a presença de síndrome 

metabólica, mas não uma circunferência abdominal inicial aumentada, foi 

preditora independente de declínio de função renal ao longo de 5.6 [5.2–6.0] 

anos de seguimento13.  

Poucos estudos avaliaram a associação de variação de medidas de 

adiposidade com variação de ritmo de filtração glomerular (RFG).  Chang e cols 

demonstraram que um aumento de 5kg de peso corporal durante um período de 

3,6 anos foi independentemente associado a um aumento do RFG em uma 

coorte de afrodescendentes norte americanos22. Em contrapartida, Ryu e cols 

demonstraram que aumento de peso foi associado a declínio de RFG em uma 

coorte de homens coreanos23. Há poucos estudos que investiguem a associação 

de aumento de gordura abdominal e alterações renais deletérias. De fato, um 

único estudo investigou variação de gordura abdominal com variação de RFG foi 

publicado por Oh e cols, em 201424.  Os autores demonstraram que um aumento 

na porcentagem de gordura corporal foi associada com declínio de ritmo de 

filtração glomerular em uma coorte coreana de idosos. Porém, não 
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domonstraram  associações significativas entre  variação de ritmo de filtração 

glomerular de acordo com tercis de variação de circunferência abdominal. Cabe 

ressaltar que estudos citados avaliaram populações com características étnicas 

diversas, as quais, por sua vez, diferem do perfil populacional brasileiro.  

Assim, em nossos estudos, tivemos por objetivo avaliar as associações 

entre medidas de adiposidade e fatores metabólicos com a ocorrência de 

alterações renais caracterizadas por aumento de taxa de excreção urinária de 

albumina e/ou alteração do rtimo de filtração glomerular bem como investigar 

associações entre variações de medidas de adiposidade com variações de ritmo 

de filtração glomerular e suas interrelações com fatores metabólicos associados 

à  resistência à insulina em uma amostra brasileira de pacientes não diabéticos 

portadores de hipertensão arterial. Em nosso estudo transversal incluímos 

homens e mulheres para avaliação de associação entre albuminúria, marcador 

de lesão renal, e medidas de adiposidade. Em um segundo estudo, desta vez 

longitudinal, analisamos o comportamento do ritmo de filtração glomerular em 

um grupo de mulheres com alta prevalência de obesidade ou sobrepeso e 

síndrome metabólica frente a variações de peso e de gordura abdominal. Como 

o padrão de evolução de doença renal diverge entre os os gêneros, optamos por 

avaliar apenas participantes do sexo feminino25,26. Em ambos os projetos, 

avaliamos como um dos objetivos principais a interrelação de fatores 

metabólicos associados à resistência à insulina bem como o controle da pressão 

arterial com associações entre alterações sugestivas de lesão renal e 

adiposidade. Nosso outro objetivo foi tentar definir se a concentração abdominal 

de gordura prevalece ou não sobre o IMC quanto ao risco de alterações renais 

deletérias.  
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ABSTRACT 

Obesity is a risk factor for chronic kidney disease, but it is not clear whether 

this association is independent of hypertension and metabolic factors related to 

insulin resistance. We aimed to evaluate the association between body mass 

index (BMI) and waist circumference (WC) with values of urinary albumin to 

creatinine ratio (ACR), as well as its interrelationships with metabolic factors 

related to insulin resistance, in non-diabetic hypertensive patients. Of 309 

participants of the study, 74% were female, 83% had IMC ≥25kg/m2, 40% had 

metabolic syndrome according to NCEP-ATP III definition and 8,4% had ACR 

≥30mg/g. The mean age was 56.4 ± 8.7 years. The subjects were stratified 

according to gender and to the median of WC (98.5 cm in men and 94.0 cm in 

women). When compared to the groups with WC below the median, males and 

females with WC above the median had higher ACR (5.6 [2.7-10.3] vs 8.2 [5.4-

22.0]mg/g; P= 0.01 in men and 4.3 [3.0-7.6] vs 6.1 [3.9 - 9.0] mg/g; P= 0.005, in 

women), although the prevalence of ACR ≥30mg/g did not differ between groups. 

The strongest correlation was observed between WC and ACR (r=0.208, 

P<0.001). In a multivariate linear regression model, male gender, WC, systolic 

blood pressure (SBP) and the ratio between serum triglycerides and HDL-

cholesterol levels (TG/HDL), taken as an index of insulin resistance, were all 

independent predictors of ACR (adjusted R2=0.093). However, when WC was 

replaced by BMI, male gender, SBP and TG/HDL, but not BMI, were independent 

predictors of ACR (adjusted R2=0.083). Conclusion:  abdominal fat accumulation, 

but not higher BMI, is independently associated with increases in urinary albumin 

excretion. 
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Key words: albuminuria, abdominal obesity, obesity, hypertension, 

metabolic syndrome, waist circumference 

 

INTRODUCTION 

Chronic kidney disease (CKD), a growing global cause of morbidity and 

mortality, is associated with obesity, a prevalent condition in our century1-3.  

Increased urinary albumin excretion, a marker of early renal injury, is a well 

known complication associated with diabetes and hypertension, two conditions 

classically related to obesity4-7. In addition, higher values of urinary albumin 

excretion, even within the normal range, are associated with higher 

cardiovascular risk, suggesting that even a mild increase in albuminuria may 

reflect systemic endothelial dysfuncion8. However, it remains controversial if the 

obesity-related kidney injury is independent of hypertension and other metabolic 

factors associated with insulin resistance, such as hyperglycemia and 

dyslipidemia. While some studies demonstrated that an elevated body mass 

index (BMI) or an increased waist circumference (WC) are independent 

predictors of albuminuria in general population9-14, others failed to find the same 

results15-17.   

   The aim of our study was to evaluate in a sample of nondiabetic 

hypertensive subjects the association between anthropometric measurements of 

obesity (body mass index and waist circumference) with urinary albumin 

excretion as well as its relationship with blood pressure and metabolic factors 

linked to insulin resistance. 
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MATERIALS AND METHODS 

Study Population    

           We conducted a cross sectional study with a population derived from 

patients treated at the Integrated Center for Hypertension and Cardiovascular 

Metabolism of Hospital do Rim/Universidade Federal de São Paulo, Sao Paulo, 

Brazil. This study is a post hoc analysis of a cross sectional study in which 638 

consecutive hypertensive patients were included in order to evaluate association 

of metabolic syndrome criteria with cardiovascular risk18. We analysed data 

collected between 2006 and 2009 of subjects with hypertension and free of 

rheumatic autoimmune diseases18. Among the 638 participants, we excluded 

those with missing data and those with diabetes mellitus (defined as fasting 

plasma glucose ≥126mg/dL and/or current use of antidiabetic medication and/or 

previous diagnosis of diabetes made by physicians), estimated glomerular 

filtration rate (eGFR) <30 mL/min/1.73m2 and/or BMI<18.5kg/m2, coming up by 

analysing the data of 309 patients. The study was approved by the Ethics and 

Research Committee of the Ministry of Health, Brazil (CEP/UNIFESP No. 

0177/2020). All patients provided written informed consent. The study was 

conducted in accordance with the Declaration of Helsinki and with the Brazilian 

National Ministry of Health Resolution CNS 196/96.  

 

Data collection and measurements 

            We assessed data containing medical history (comorbidities), 

anthropometric and blood pressure measurements, as well as laboratory analysis 

- fasting blood glucose, lipid profile, serum creatinine and urinary albumin-to-

creatinine ratio (ACR). Body mass index was calculated as the body weight in 
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kilograms divided by height in meters squared. Waist circumference was 

measured in the middle point between the lower rib margin and the iliac crest and 

recorded to the nearest 0.1 cm at the end of a normal expiration. Blood pressure 

was obtained with the patient in the sitting position after 5 minutes of rest using a 

calibrated mercury sphygmomanometer and adequate arm cuff size according to 

a standard protocol and was registered as the average of values of three 

measurements. Participants were asked to discontinue the use of 3-hydroxy-3-

methylglutaryl coenzyme A reductase inhibitors (statins), fibrates or niacin 4 

weeks prior to the blood samples collections, which were performed after 12 hour 

fasting. Plasma glucose was measured by enzymatic method while high density 

lipoprotein - cholesterol (HDLc) and triglycerides were measured by enzymatic 

colorimetric assays. The triglycerides/HDLc ratio (TG/HDL) was calculated by 

dividing absolute triglycerides levels by HDL cholesterol levels in peripheral blood 

and this ratio was used as a parameter of insulin resistance19. We used 

TG/HDLratio>3 as a cut-off value in order to classify subjects with insulin 

resistence, according to a previous study19. Creatinine was measured by IDMS 

traceable Jaffé method and the glomerular filtration rate was estimated by the 

Chronic Kidney Disease Epidemiology Collaboration (CKDEPI) formula20,21. 

Urinary albumin excretion was measured by immunoturbidimetry and urinary 

creatinine was measured by modified Jaffé method. ACR was calculated by 

dividing albumin concentration in milligrams by creatinine concentration in grams, 

both measured in the first urine sample collected in the morning. We considered 

ACR ≥ 30mg/g as abnormal albuminuria and eGFR<60mL/min/1.73m2 as chronic 

kidney disease (CKD) according to KDIGO definitions22. The criteria of NCEP 

ATPIII was used to define metabolic syndrome (MetS)23.  
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Statistical analyses  

          All analyses were performed with SPSS® software version 22 (IBM, 

Armonk, NY, USA). Coefficients of skewness and kurtosis between -2 to + 2 were 

used as criteria for normality and variables with both criteria were considered to 

be normal. Student T test, Mann-Whitney test or Chi Square (x2) were used to 

compare groups, as appropriate. Pearson or Spearman tests were performed for 

evaluate correlations between variables with normal and non-normal 

distributions, respectively. Continuous variables with non-normal distributions 

were converted into logarithmic form (log) to be included in the regression 

analyses. We performed linear regression models with variables that were 

correlated to ACR. We included interest variables in simple linear regression 

models and in multivariate linear regression models. Statistically significance of 

a test was determined by a P<0.05. 

 

RESULTS 

           Of 309 subjects included in this study, 229 (74.1%) were female. Mean 

age was 56.4 ± 8.7 years. Obesity or overweight were present in 255 (82.5%) 

and metabolic syndrome in 124 (40.1%) of the subjects, with no difference 

between genders. The mean BMI was 29.4 ± 4.9 kg/m2 and mean WC was 95.6 

± 11.4cm. Men, besides having lower BMI than women (28.0 ± 3.9 vs 29.9 ±  

5.2kg/m2; P= 0.003), had larger, although not statistically significant, WC (97.6 ± 

10.5 vs 94.9 ± 11.6cm, P = 0.06). The mean eGFR was 70.9 ± 13.8 

mL/min/1.73m2, and the prevalence of CKD was 21,7%, with no difference 

between genders. The highest value of eGFR was 109,31 mL/min/1.73m2. ACR 
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was 5.6 [3.4-9.2] mg/g and the prevalence of abnormal albuminuria was 8,4%. 

Men had higher systolic blood pressure (SBP) as well as higher diastolic blood 

pressure (DBP) values than women (SBP 143.5 ± 19.0 vs 138.5 ± 18.2mmHg; 

P=0.04 and DBP 90.3 ± 11.9 vs 86.6 ± 10.9mmHg; P=0.02). Men also had higher 

median ACR (6.3 [3.8 – 14.8] vs 5.0 [3.3-8.6] mg/g; P=0.01), but not different 

eGFR than women. The prevalence of abnormal albuminuria did not differ 

between genders. Mean fasting plasma glucose was 86.5 ± 10.8mg/dL and 

median triglycerides was 135.0 [95.0 – 178.5] mg/dL, not different between 

genders. As expected, men had lower HDLc and higher TG/HDL than women: 

52.9 ± 14.5 vs 60.0 ± 14.0mg/dL (P<0.001) and 2.9 [1.8-4.5] vs 2.4 [1.5 – 3.3] 

(P=0.005), respectively.  

           Participants were stratified into 4 groups, according to gender and to the 

median of waist circumference for each gender (98.5cm in men and 94.0cm in 

women). General characteristics of the groups are described in Table 1. In those 

with WC below the median, genders did not differ in age, BMI, fasting plasma 

glucose, triglycerides, TG/HDL, eGFR, ACR or prevalence abnormal albuminuria. 

However, compared to women, men with WC below the median had higher mean 

WC (89.4 ± 7.2 vs 85.5 ± 6.2cm; P=0.001), higher SBP (146.3 ± 17.0 vs 137.9 ± 

19.5 mmHg; P=0.02) and DBP ( 89.0 ± 9.3 vs 85.2 ± 11.8 mmHg; P=0.04) but, 

as expected, lower HDLc (57.3 ± 16.4 vs 63.7 ± 15.6mg/dL; P=0.03).  

   In those with WC above the median, the mean WC did not differ between 

genders, though men had lower BMI than women (30.8 ± 2.9 vs 33.6 ± 4.3kg/m2; 

P<0.001), as shown in Table1. Blood pressure, eGFR, plasma fasting glucose 

and triglycerides did not differ between genders. Besides having lower HDLc 

(48.6 ± 11.0 vs 56.4 ± 11.2mg/dL; P<0.001), men had higher TG/HDL (3.9 [2.4 - 
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5.4] vs 2.7 [1.8 - 3.6]; P=0.004), as expected. Men also had higher ACR than 

women (8.2 [5.4 – 22.0] vs 6.1 [3.9 - 9.0]mg/g; P=0.006), as shown on Figure 1. 

Prevalence of abnormal albuminuria did not differ between genders in the groups 

with higher WC.   

  When compared to groups with WC below the median, males and females 

with the WC above the median had higher triglycerides levels, lower HDLc, as 

well as higher TG/HDL and higher ACR  (Table 1) while fasting plasma glucose, 

eGFR and blood pressure values were not different, as well as prevalence of   

abnormal albuminuria.  

             In the whole sample, the strongest correlation observed was between 

ACR and WC (r=0.208; P <0.001), as shown in Figure 2. We also observed 

positive significant correlations between ACR and BMI (r= 0.142; P=0.01), SBP 

(r= 0.178; P=0.002), DBP (r=0.155; P=0.006), TG/HDL (r= 0.113; P=0.04) and 

the number of MetS components (r=0.165; P=0.004). No correlations were 

observed between ACR and age, fasting plasma glucose, serum triglycerides, 

HDLc or eGFR. In a multivariate linear regression analysis with log-transformed 

ACR (logACR) as the dependent variable and WC, male gender, SBP and 

logTG/HDL as independent variables, all of them were predictors of logACR, 

explaining 9.3% of its variance (Table 2).  However, when we added BMI instead 

of WC in another multivariate linear regression model, male gender, SBP and 

logTG/HDL remained as independent predictors of  logACR, while BMI was not 

a predictor (Table 2). In univariate linear regression models, both presence of 

MetS and TG/HDL>3 were predictors of logACR (R2=0.015; β coefficient =0.124; 

P=0.029 and R2=0.012; β coefficient =0.112; P=0.050, respectivily). However, in 

multivariate models with WC, male gender and SBP as independent variables, 
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when the presence of MetS or TG/HDL>3 were added separetely, neither of them 

was a predictor of logACR, while WC, male gender and SBP remained as 

independent predictors (data not shown).  

 

DISCUSSION  

  In this cross-sectional study of hypertensive nondiabetic subjects, a larger 

waist circumference was independently associated with a higher urinary albumin-

to-creatinine ratio. Although in our study we did not aim to evaluate 

cardiovascular risk, it is well known that elevated urinary albumin excretion levels, 

even within the normal range, is associated with a higher mortality and a higher 

risk for cardiovascular events. In a Danish prospective study that included 2,762 

participants, those with 12 hour urinary albumin excretion values >4.8mcg/min (a 

value below the cut off for abnormal albuminuria) had higher incidence of 

cardiovascular events and mortality, and it was independent of age, gender, GFR, 

presence of DM or hypertension8.  

             Several studies had shown a deleterious association between abdominal 

obesity and albuminuria11-14. In a hallmark study, Pinto-Siestma et al 

demonstrated, in a cohort of 7,676 subjects without diabetes, that subjects with 

obesity with central fat distribution had a greater risk for abnormal albuminuria 

than subjects with obesity and a peripheral fat distribution14. Although our results 

corroborate their findings, to prove their hypothesis they used categorical 

variables. In fact, most of the studies evaluate central adiposity variables like WC 

and WHR, as categorical11-14. In a different way, we demonstrated a linear 

association of WC and albumin excretion. That finding reinforces the concept that 
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abdominal fat may have an impact on kidney injury, regardless of the stratification 

of values of WC or WHR into metabolic syndrome parameters.   

    We demonstrated that the insulin resistance parameter TG/HDL was 

independently associated to ACR. Our findings are in accordance with the meta-

analysis that included 10,603,067 participants, which demonstrated that the 

metabolic syndrome was associated with increased albuminuria13.  In our study, 

when we added presence of MetS or TG/HDL>3 in multivariate linear analysis, 

as a predictor of logACR , we observed that it was dependent on WC and SBP, 

which, in turn, remained as independent predictors of higher urinary excretion of 

albumin, suggesting that abdominal fat accumulation, besides the metabolic 

factors linked to body fat centralization and hypertension, may contribute 

independentely to increases in albuminuria. Some authors believe that the impact 

of abdominal fat accumulation on albumin excretion may, therefore, may be due 

to mechanical factors24.  Hall et al suggested that an extrinsic renal compression 

exerted by renal sinus fat and perirenal fat depots could lead to a rise in 

intraglomerular hydrostatic pressure and consequently to an increased filtration 

pressure24. This would lead to an increased permeability of the glomerular 

basement membrane, with a consequent rise in albumin excretion. Indeed, it has 

been demonstrated that obesity is related to glomerulomegaly and also to 

podocytes injuries, which can be clinically related to hyperfiltration and 

albuminuria25. Those findings seem to be present at an early stage of obesity-

related nephropathy, preceding focal and segmental glomerular sclerosis, which 

is related to a faster age-related decline in glomerular filtration rate25.  Since our 

study was a cross sectional study, we might have included individuals in different 
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stages of kidney lesion. This might have been the reason why we were not able 

to find association between WC or BMI with eGFR.  

Our study was cross sectional and that was one of its limitations. On the 

other hand, although we have employed TG/HDL, which is not the ideal 

parameter for measuring insulin resistance, and WC, which is not as accurate as 

computed tomography to measure abdominal fat26, it was possible, using these 

extremely accessible clinical tools, to demonstrate the influence of metabolic 

parameters of  insulin resistance, of blood pressure and of abdominal fat 

accumulation as independent factors contributing to albuminuria. We believe that 

the reproducibility of our methods as a tool to investigate such important risk 

factor for CKD in clinical practice is the strength of our study.  

We, therefore, conclude, evaluating a sample of hypertensive nondiabetic 

patients, that although metabolic alterations and blood pressure have deleterious 

influences on albuminuria, abdominal fat accumulation, but not obesity defined 

by BMI, may independently contribute to a higher urinary excretion of albumin, 

through mechanisms that are not yet completely understood.  
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What is already known about this subject 

- Obesity is a risk factor for kidney disease 

- Abdominal fat accumulation is associated with insulin resistence-related 

metabolic disorders 

- Insulin resistence-related metabolic disorders are associated with development 

of kidney disease 

What this study adds 

- Accumulation of abdominal fat along years rises glomerular filtration rate 

- Effect of weight gain is not as important as effect of increases in waist 

circumference on the rise of glomerular filtration rate 

- Effect of abdominal fat on kidneys is independent of metabolic factors 

 

ABBREVIATIONS  

CKD chronic kidney disease; GFR glomerular filtration rate; eGFR estimated glomerular 

filtration rate; ∆GFR variation of estimated glomerular filtration rate; BW body weight; 

BMI body mass index; WC waist circumference, WHR waist-to-hip ratio, ACEI 

angiotensin converting enzyme inhibitor; ARB angiotensin II receptor blocker; DM 

diabetes mellitus; MS metabolic syndrome; HDLc high density lipoprotein cholesterol; 

LDLc low density lipoprotein cholesterol; TG triglycerides; TG/HDL triglycerides/ high 

density lipoprotein cholesterol ratio; NCEP ATPIII National Cholesterol Education 

Program's Adul Treatmen Panel III ; HOMA IR homeostatic model assessment index; 

SBP systolic blood pressure; DBP Diastolic Blood Pressure, CKDEPI Chronic Kidney 

Disease Epidemiology Collaboration, IDMS isotope dilution mass spectrometry; ELISA 

enzyme linked immunosorbent assay; vs versus; Symbol ∆ variation 
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ABSTRACT   

Obesity is a risk factor for chronic kidney disease. In this study, we aimed 

to evaluate associations between variation of body weight (∆BW) and waist 

circumference (∆WC) with ∆GFR and its interrelationships with metabolic factors 

linked to insulin resistance in a cohort of nondiabetic hypertensive women under 

treatment with ACEI or ARBs. We included 65 subjects aged 61.0 ± 9.6 years, 

80% of them with  BMI >25kg/m2. After a mean of 6.0 ±1.1 years of follow up, 

they were stratified into 2 groups and those with ∆WC above median (≥6cm) had 

an increase in the eGFR (71.2 ± 16.1 vs 77.2 ± 16.3;P=0.003), while the others 

did not. The ∆GFR correlated to ∆WC (r=0.328;P=0.008), but not to ∆BW 

(r=0.194;P=0.12) nor to ∆BMI (r=0.065,P=0.60). SBP at baseline correlated to 

∆GFR (r=0.271;P=0.03). No correlation was observed between ∆GFR and 

∆insulin, ∆HOMA-IR or ∆TG/HDL in whole sample as well as in subjects free from 

DM at end of follow up period.  An basal eGFR>90mL/min/1.73m2  was a negative 

predictive factor for ∆GFR (r2= 0.083; β coef= -0.289;P=0.02), while SM at the 

baseline did not affect the ∆GFR. In multivariate linear regression model, basal 

SBP and ∆WC were positively and eGFR>90mL/min/1.73m2 was negatively 

associated with ∆GFR, while period of follow up was not an independent factor. 

In conclusion, the accumulation of abdominal fat estimated by ∆WC was a 

positive independent predictor factor of ∆GFR, independent of blood pressure 

and metabolic factors related to insulin resistence. 

 

Keywords: kidney disease, glomerular filtration rate, waist circunference, 

obesity, abdominal obesity, weight gain 
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INTRODUCTION 

Obesity, a condition that has reached epidemic proportions in the 21st 

century, is a risk factor for chronic kidney disease (CKD), a growing global cause 

of morbidity and mortality1-3. The obesity-related nephropathy, characterized by 

glomerular hyperfiltration at an early stage, is associated to a faster age-related 

decline of glomerular filtration rate (GFR)4-9.  However, it remains controversial if 

those kidney alterations are independent of metabolic factors associated with 

obesity, like hyperglycemia or insulin resistance10. While several studies 

demonstrated that an elevated body mass index (BMI) or an increased waist 

circumference (WC) are independent predictive factors for hyperfiltration, 

albuminuria or decline of GFR in general population, others failed to find the same 

results11-15. It is also not clear which adiposity measurement has the strongest 

association with renal injury, either the BMI (that can estimate excess of body fat) 

or one of the parameters that measure excess of adipose depots, like WC or 

waist-to-hip ratio (WHR).  A possible factor for those conflicting results might be 

the fact that they derive from studies with heterogeneous population. For 

instance, some studies have shown disparities between genders on progression 

of renal disease16-18. Therefore some researchers have included more 

homogenous population in their studies6,19.  

   The aim of our study was to evaluate the association between variation of 

anthropometric measurements of obesity (body weight and waist circumference) 

with variation of glomerular filtration rate as well as its interrelationships with 

metabolic factors linked to insulin resistance in a cohort of nondiabetic 

hypertensive women.  
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MATERIALS AND METHODS 

Study Population    

           We conducted a longitudinal retrospective study with a population derived 

from patients treated at the Integrated Center for Hypertension and 

Cardiovascular Metabolism of Hospital do Rim/Universidade Federal de São 

Paulo, Sao Paulo, Brazil. We included subjects who have participated in a 

previous study at our center whose data were collected between 2006 and 

201420,21. Briefly, Hirota et al included 638 subjects in a cross sectional study to 

evaluate association of metabolic syndrome criteria and cardiovascular risk20. 

The inclusion criteria were age of at least 18 years and hypertension while 

exclusion criteria were pregnancy, HIV infection and autoimmune rheumatic 

diseases. In a follow up of this study, Triches et al successfully reached and 

revaluated 191 participants21. Among these 191 subjects, we selected women 

with hypertension under regular treatment with angiotensin converting 

enzyme inhibitor (ACEI) or angiotensin II receptor blocker (ARB). The exclusion 

criteria for the present study were at least one of the following conditions: 

diabetes mellitus (defined as fasting plasma glucose ≥126mg/dL and/or current 

use of antidiabetic medication and/or previous diagnosis of diabetes made by 

physicians) at baseline and/or use of spironolactone or furosemide. The study 

was approved by the research ethics committee of the Ministry of Health Brazil 

(No. 0177/2020) and conducted in accordance with the Declaration of Helsinki 

and with the Brazilian National Ministry of Health Resolution CNS 196/96.   
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Data collection and measurements 

            We assessed data containing demographic characteristics, medical 

history, anthropometric and blood pressure measurements, as well as laboratory 

analysis. All data as well as blood samples were collected at a baseline and at 

the end of a period of follow up. Aliquots of blood samples were kept stored at -

80oC after blood collection. BMI was calculated as the body weight (BW) in 

kilograms divided by height in meters squared. Waist circumference was 

measured in the middle point between the lower rib margin and the iliac crest and 

recorded to the nearest 0.1 cm at the end of a normal expiration.  Blood pressure 

was obtained with the patient in the sitting position after 5 minutes of rest using a 

calibrated mercury sphygmomanometer and adequate arm cuff size according to 

a standard protocol. 

Blood samples were collected after 12 hour fasting. Plasma glucose was 

measured by enzymatic method while glycated hemoglobin was measured by 

high performance liquid chromatography, while HDLc, triglycerides and uric acid 

were measured by enzymatic colorimetric assays. The TG/HDLc ratio was 

calculated by dividing absolute triglycerides levels by HDL cholesterol levels in 

peripheral blood and was used as a parameter of insulin resistance22. Creatinine 

was measured by IDMS-traceable Jaffé method and the estimated glomerular 

filtration rate (eGFR) was calculated by the Chronic Kidney Disease 

Epidemiology Collaboration (CKDEPI) formula23,24. Insulin was measured by 

ELISA method (Elabscience®. Houston, TX, USA) in the available frozen plasma 

aliquots and values were used to calculate the Homeostatic Model Assessment 

index (HOMA IR)25. We applied the criteria of NCEP ATPIII to define metabolic 

syndrome (MS)26. We chose 90mL/min/1.73m2 as a cut-off value to evaluate 
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eGFR, according to one previous large study9.  The variation (∆) of a variable 

was defined as the difference between its value at the end of the follow up period 

and at the baseline.  

 

Statistical analyses  

          All analyses were performed with SPSS® software version 22 (IBM, 

Armonk, NY, USA). Coefficients of skewness and kurtosis between -2 to + 2 were 

used as criteria for normality and variables with both were considered to be 

normal.  Student T, Mann-Whitney or Chi Square (x2)  tests were used to compare 

groups while dependent T test or Wilcoxon were used to compare baseline 

versus follow up time, as appropriate. Pearson or Spearmen tests were 

performed for evaluate correlations involving normal and non-normal variables, 

respectively. We performed linear regression models with variables that were 

correlated to the outcome we were studying, ∆GFR, as the dependent variable. 

Continuous variables with non-normal distributions were converted into 

logarithmic form (log) to be included in the regression analyses. We evaluated 

the impact of categorical variables in the ∆GFR by using a model of simple linear 

regression for each variable of interest as independent variable. Statistically 

significance of a test was determined by a P<0.05. 

 

RESULTS  

Of the 65 participants included in this study, 24 (37%) had BMI between 

25 and 29.9kg/m2, 17 (26%) had BMI between 30 and 34.9 kg/m2, 9 (14%) had 

BMI between 35 and 39.9 kg/m2 and 2 (3%) had BMI higher than 40 kg/m2.  

Metabolic syndrome was present in 26 (40%) subjects at baseline. The mean age 
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(61.0 ± 9.6 years) and other baseline characteristics of participants are shown in 

table 1. After 3.7 to 7.2 years of follow-up (mean 6.0 ± 1.1 years), there was an 

increase in adiposity (∆BW 2.0 ± 5.2kg and ∆WC 5.7 ± 6.3cm). The subjects were 

then stratified into 2 groups according to the median of WC variation:  group 1 

(G1), that included 32 participants with ∆WC < 6cm and group 2 (G2), that 

included 33 participants with ∆WC ≥6cm. Most of the baseline characteristics did 

not differ between the groups, as shown in table 2. The groups also did not differ 

in smoking status, thiazide diuretics and statin or fibrate use (data not shown). At 

the end of follow up period there were only 2 participants using fibrate, both in 

the G2, but their data on HDLc and triglycerides were not included in analysis. 

On the G2, 16 (48%) subjects developed DM versus 8 (25%) subjects on G1 

(P=0.05). When we compared the 24 subjects that developed DM at the end of 

follow up  (37% of the 65 participants) with the non-DM subjects, they had higher 

∆WC (8.0 ± 5.9 vs 4.7 ± 6.2; P=0.03), though not different ∆GFR (-0.15 ± 13.3 vs 

2.9 ± 10.5; P=0.30). At the end of the follow up period, SM was present in 25 

(76%) participants on G2 vs 21 (65%) on G1 (P=0.42). Participants with ∆WC 

≥6cm (G2) had an increase in the eGFR (71.2 ± 16.1 vs 77.2 ± 16.3; P=0.003), 

while the ones with ∆WC<6cm did not (66.8 ± 11.8 vs 66.3 ± 14.2; P=0.21), as 

shown in figure 1. In a subgroup of 51 participants whose frozen samples were 

available for insulin measurements, there were no differences in insulin levels or 

HOMA-IR between G2 and G1 (tables 3 and 4). All statistical tests that included 

insulin or HOMA-IR as variables were performed using only data from those 51 

participants. 

          No correlation was observed between eGFR and BMI, WC, SBP, DBP, 

glycemia, HOMA-IR or TG/HDL at the  baseline or at the end of follow up period. 
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In fact, age was the only variable at the baseline that correlated to basal eGFR 

(r= -0.477; P<0.001). However, age at the baseline did not correlate to ∆GFR. 

Systolic blood pressure was the only baseline variable that correlated to ∆GFR 

(r=0.271; P=0.03). The ∆GFR was correlated to ∆WC (r=0.328; P=0.008), but not 

to ∆BW (r=0.194; P=0.12) nor to ∆BMI (r=0.065; P=0.60). ∆GFR also correlated 

to follow up period (r=0.326; P=0.008) and to ∆uric acid (r= -0.379; P=0.002), but 

not to ∆SBP, ∆DBP, ∆glycemia, ∆insulin, ∆HOMA IR, ∆HDLc, ∆triglycerides nor 

to ∆TG/HDL. When we included in the analysis only subjects free from DM at the 

end of study, no correlation was observed between ∆GFR and ∆insulin, ∆HOMA-

IR or ∆TG/HDL. An eGFR >90mL/min/1.73m2 at baseline was a negative 

predictive factor of ∆GFR (r2=0.083; β coefficient= -0.289; P=0.02), while 

presence of SM at the baseline did not affect the ∆GFR. In simple linear 

regression analyses, variance of ∆WC would explain 10.7% of variance of ∆GFR 

(R2=0.107; β coefficient= 0.328; P=0.008). In multivariate linear regression 

model, where basal SBP, ∆WC,  years of follow up and eGFR> 90mL/min/1.73m2 

were included as independent variables, both ∆WC and initial SBP were 

positively while eGFR> 90mL/min/1.73m2 was negatively associated with ∆GFR. 

Years of follow up was not as independent predictor factor of ∆GFR, as shown in 

table 5. In another multivariate linear regression model where ∆GFR was the 

dependent variable and ∆WC, ∆uric acid and initial SBP were independent 

variables, those were all independent predictors of ∆GFR (data not shown).  

 

DISCUSSION  

   In our retrospective study of a well characterized cohort of 65 non-diabetic 

hypertensive women, the accumulation of abdominal fat was an independent 



39 
 

predictor factor of an increase in eGFR.  Interestingly, we did not find association 

between change in body weight and variation of glomerular filtration rate in those 

subjects, which suggests that body fat centralization rather than obesity itself 

could be a stronger risk factor for renal injury characterized by elevation of eGFR.  

Similarly, Stefensson et al demonstrated in a transversal study of 1555 non-

diabetic subjects that the WHR, but not the BMI, was as independent factor of 

glomerular hyperfiltration while Lee et al demonstrated that increased volume of 

abdominal visceral fat measured by computed tomography was associated with 

elevated GFR in normotensive Asian women15,27. On the other hand, in a study 

of 315 healthy subjects conducted by Kwakernaak et al a higher WHR was 

associated with a lower GFR28. However, those studies were transversal and 

could not evaluate the impact of accumulation of abdominal fat on the 

development of renal dysfunction.  Several studies attempted to identify impact 

of variation of body weight on GFR, but they did not analyze the effect of variation 

of waist circumference on GFR19,29,30. Indeed, Chang et al found that 5kg 

increase in body weight over a mean time of 3.6 years was independently 

associated with an increase in measured GFR in a cohort of African American 

subjects30. On the other hand, Ryu et al demonstrated that even small increases 

in body weight were independently associated with an accelerated GFR decline 

in a large cohort study of Korean healthy men19. Futhermore, in studies on 

subjects that underwent bariatric surgery, weight loss improved glomerular 

hyperfiltration and also ameliorated low GFR on those with CKD31-33. A rise in 

GFR is recognized as an early phenomenon of renal injury associated with 

obesity34,35. In an experimental study it was observed that an increase in BW in 

dogs fed with high fat diet induced a rise in blood pressure and was associated 
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with 41% rise in glomerular filtration after 5 weeks of experiment36. Although there 

are no experimental studies on effect of induced weight gain on GFR in humans, 

several observational studies have shown association of high GFR and high 

BMI5,6,12,34-36. Indeed, kidney biopsies identified  glomerulomegaly as one 

hallmark of obesity-related nephropathy37,38. Since the number of nephrons does 

not change with an increased body mass, the rise in GFR is due to the 

glomerulomegaly, an adaptative modification with a central role in the 

pathogenesis of obesity related kidney disease4,34-38. The exact pathways that 

link excess of fat, in particular abdominal fat, to elevation of GFR and to 

glomerulomegaly are not completely understood, although it has been suggested 

that mechanical, hemodynamic and metabolic factors are envolved.  According 

to Hall et al an extrinsic compression exerted by excess of perinephric fat and 

renal sinus fat might cause a reduction in the tubular flow rate in the loop of Henle 

and a subsequent increase in the fractional reabsorption of NaCl in this segment, 

leading to a further decrease in sodium concentration in the macula densa and 

to vasodilation of renal afferent arterioles through a paracrine mechanism36. The 

reduction in sodium in the macula densa would also activates the renin 

angiotensin system (RAS), leading to vasoconstriction of efferent arteriole. The 

reduction in natriuresis induced by accumulation of perinephric and renal sinus 

fat would then lead to intraglomerular hypertension and subsequently to systemic 

hypertension and glomerular hyperfiltration. Interestingly, in our study, we have 

observed an increase in eGFR in subjects under blockage of renin angiotensin 

system, which suggests that, although RAS might potentialize glomerular 

hyperfiltration, it might not be essencial for chronic elevation of GFR. Our findings 

corroborate this theory, since we demonstrated that elevated initial systolic blood 
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pressure predicted rise of eGFR independently of variation of waist 

circumference. However, in our study, variation of eGFR was not correlated to 

variation in blood pressure nor to the number of antihypertensive drugs in use. 

Since all participants were being treated for hypertension, the impact of blood 

pressure on GFR might have been attenuated. The rise in eGFR itself might also 

have been attenuated by the presence of chronic hypertension, which is 

associated with a lower nephron number39. Therefore, the elevation of eGFR that 

was observed could be related to single nephron glomerular hyperfiltration. 

Glomerular hyperfiltration is associated with a faster age-related decline in GFR 

as it precedes the development of glomerulosclerosis4,7,34. Indeed, we 

demontrated that an eGFR> 90mL/min/1.73m2 at a baseline, a value above the 

percentile 90 of eGFR in this cohort, was a negative predictive factor for ∆GFR.  

There are many evidences in literature that suggest that metabolic factors 

linked to obesity and to insulin resistance contribute to glomerular 

hyperfiltration14,40-42.  In our study, we did not find associations between increases 

in eGFR and variation of TG/HDL, glycemia, insulinemia or HOMA-IR. Although 

the effects of diabetes and hyperglycemia on glomerular hyperfiltration are well 

described and the group of women that gained more waist circumference also 

had a higher prevalence of DM at the end of the evaluation, we observed that the 

group of participants that developed DM did not have an increase in eGFR. In 

addition, when DM was inserted in a model of multiple linear regression, the ΔWC 

remained as an independent predictor factor of ΔGFR (data not shown). We did 

not find correlation between ΔGFR and glycemia, Δglycemia, HOMA-IR, 

ΔHOMA-IR, TG/HDL nor ΔTG/HDL. In analyses of a subgroup of women who did 

not developed DM, we still did not find correlation between those variables.  
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            In this study, we did not use a gold standard method to estimate insulin 

resistance (hyperinsulinaemic-euglycaemic clamp) nor a highly accurate method 

to measure abdominal fat (computed tomography). We also used an estimated 

glomerular filtration rate to access kidney function, which is not as accurate as 

measured glomerular filtration43. Those are limitations of this study. On the other 

hand, those can also be strengths of our study, once all those measurements are 

easily applicable in clinical practice. Other limitations are the retrospective design 

and the small cohort. However, we chose an homogenous cohort (non diabetic 

htpertensive women in current use of ARBs/ACEI) and that contributed to a 

reliable result. 

              There is a lack of longitudinal studies on association between variation 

of measures of central obesity and variation of glomerular filtration rate. Oh et al 

showed that an increase in percentage of body fat was associated with a faster 

age-related GFR decline in a cohort of eldery Koreans44. The researchers also 

stratified the subjects into terciles according to the variation of waist 

circumference and found no difference in variation of GFR between the terciles. 

However, they did not shown data of the ∆WC. Until the submission of this paper, 

we did not found other studies that evaluated the impact of quantitative variation 

of waist circumference on the GFR. That is the greatest strength of our study.         

                In conclusion, we found that the accumulation of abdominal fat, 

estimated by the increase in waist circumference along the years, had an impact 

on glomerular filtration rate that was independent of metabolic factors associated 

to excess of visceral fat.  
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a.  
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Figure 1.a. Mean ± SD waist circumference of G1 and G2  at 

baseline (basal) and at the end of follow up period (final). 1.b. 

Mean ± SD estimated glomerular filtration rate of G1 and G2 at 

baseline (basal) and at the end of follow up period (final) 

* P < 0.05 comparison basal vs final    

# P < 0.05  comparison G1 vs G2 
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4. Sumário & 
Conclusões 
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Sumário  

  Em nosso estudo transversal, demonstramos que o excesso de gordura 

abdominal, estimado pela medida de circunferência abdominal, bem como a 

pressão arterial e resistência à insulina foram preditores independentes de maior 

excreção urinária de albumina. Neste trabalho, demonstramos que a obesidade, 

estimada pelo índice de massa corporal, não foi fator preditor independente de 

lesão renal.  

Em uma avaliação longitudinal, demonstramos que o acúmulo de gordura 

abdominal em mulheres hipertensas ao longo de uma média de 6 anos de 

seguimento foi preditor para aumento de taxa de filtração glomerular, um indício 

de lesão renal. De modo interessante, observamos que esta alteração renal não 

se associou de forma independente ao aumento de peso, sugerindo que a 

centralização de gordura abdominal é o fator de risco mais importante para injúria 

renal. Neste trabalho, evidenciamos que a pressão arterial sistólica foi fator 

preditor de aumento de taxa de filtração glomerular. Tanto o acúmulo de gordura 

abdominal como a pressão arterial se associaram de forma independente à 

alteração renal avaliada. Tais resultados foram independentes de pressão 

arterial e de fatores metabólicos.  

   

 

Conclusões 

 

 Concluímos que o acúmulo de gordura abdominal, e não a obesidade per 

se, tem efeitos renais deletérios, independentes de fatores metabólicos e da 

pressão arterial. 

 



55 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Anexos 
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1. Tabela com dados dos participantes (estudo transversal) 
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1. Tabela com dados dos participantes (estudo longitudinal) 
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3. Fluxograma de seleção de participantes no estudo transversal 

 

 

 

 

 

 



65 
 

 

4. Fluxograma de seleção de participantes no estudo longitudinal  

 

 

 

 

 

 


