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Abstract

The present study was designed to provide information on the ability of several different anthropometric markers to reflect
the renal impairment associated with body weight increase and to predict the development of renal alterations linked to
overweight and obesity. In 574 subjects representative of the general population of the Pressioni Arteriose Monitorate e Loro
Associazioni (PAMELA) study, with an age range between 57 and 73 years, we investigated the association between differ-
ent anthropometric markers of body fat, as alternative to body mass index, and renal failure, to obtain information useful for
determining their potential predictive value. Renal dysfunction was significantly associated with almost all anthropometric
markers of adiposity related to body weight and body shape. After adjustment for confounders, such as age, sex, office blood
pressure, serum glucose, antihypertensive drugs and smoking habit, association remained significant only for waist-to-hip
ratio (WHR), lipid accumulation product (LAP) and visceral adiposity index (VAI). These 3 markers also displayed at the
receiver operating curves (ROC) analysis the best ability to detect subjects with or without kidney dysfunction. The results
of the present study provide evidence that WHR, LAP and VAI represent the best markers of renal dysfunction associated

with visceral body fat accumulation.
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1 Introduction

It is well established that the obese state not only represents
a key variable for defining cardiovascular and metabolic risk
but it also contributes to an impaired kidney function [1].
Specifically, excess visceral fat, rather than obesity in gen-
eral, represents the main link between obesity and kidney
function [2]. Obesity may impair renal function directly or

< Guido Grassi
guido.grassi@unimib.it

Cardiometabolic Risk and Diabetes Research Group,
INCLIVA Biomedical Research Institute, Valencia, Spain

Internal Medicine Hospital Clinico de Valencia, Valencia,
Spain

Clinica Medica, Department of Medicine, University
Milano-Bicocca, Via Pergolesi 33, 20052 Monza, Italy

4 CIBER Fisiopatologia de la Obesidad y Nutricién
(CIBEROBN), Instituto de Salud Carlos III, Madrid, Spain

Department of Pediatrics, Consorcio Hospital General,
University of Valencia, Valencia, Spain

indirectly throughout the influence of hormones, develop-
ment of insulin resistance, low-grade inflammation, adi-
pokines, oxidative stress, protein glycation, sympathetic
and endothelial dysfunction, as well as throughout related
comorbidities such as type 2 diabetes mellitus, hyperten-
sion, dyslipidaemia and accelerated vascular atherosclerosis
[3,4].

Assessment of body mass index (BMI) allows to identify
the obese state as a leading cause of increased mortality in
various metabolic disorders [5], although BMI does not pro-
vide differentiation between fat mass and muscle mass and
information on the distribution of fat in specific body areas.
These significant limitations cast doubt upon the effective-
ness of BMI in practical use, potentially favoring the occur-
rence of erroneous assessments of adiposity, closely related
to individual height. Moreover, the inadequacy in gauging
central obesity is of particular concern, given that abdomi-
nal fat represents a more accurate indicator of cardiovas-
cular and metabolic risk when compared to overall body
fatness [6].
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Fat mass and its distribution can be assessed by imag-
ing techniques such as computed tomography and magnetic
resonance as well as by ultrasound and dual energy X-ray
absorptiometry (DXA). However, the limited availability
of expensive devices, high maintenance costs, and require-
ment of skilled operators may hinder the application of these
methods in clinical practice and in research [7]. Given all
the above mentioned limitations various body adiposity indi-
ces have been proposed throughout the years to assess body
shape. Some indicators reflect intra-abdominal fat or “cen-
tral obesity” such as waist circumference (WC), waist-to-hip
ratio (WHR) or weight-adjusted-waist index (WWTI). Other
markers may better reflect body fat distribution and total fat
mass such as ta body shape index (ABSI), waist-to-height
ratio (WHtR) and relative fat mass (RFM). Additional others
such as the lipid accumulation product (LAP) or the visceral
adiposity index (VAI) may be better predictors of visceral
fat function associated with cardiovascular risk [8—13]. The
present study was designed to investigate the association
between the above mentioned obesity markers, as alternative
to BMI, and renal failure.

2 Methods
2.1 Study Design and Population

Details related to the study population have been previously
reported [14]. The PAMELA (Pressioni Arteriose Monit-
orate E Loro Associazioni) study was performed in 3200
subjects of the population of Monza (a town near Milan,
Italy) stratified according to gender and age decades. Demo-
graphic and clinical characteristics of participants and non-
participants were similar, as assessed by phone interviews.
After obtaining an informed consent, participants were
invited to attend the outpatient clinic of S. Gerardo Hospi-
tal of Monza in the morning of a working day (Monday to

Table 1 Anthropometric indices assessed in the study

Friday), after an overnight fast and abstinence from alcohol
and smoking since the previous day. From the original sam-
ple of 2051 subjects who underwent the initial evaluation
in the nineties, for the present cross-sectional study a sam-
ple of 574 survived subjects who attended the third survey
in 20162018 was examined. All variables reported in the
present paper were collected during this third survey. The
study protocol complied with the Declaration of Helsinki,
and it was approved by the Ethics Committee of the Institu-
tion involved. All participants provided written consent after
being informed of the study nature and purpose.

2.2 Measurements

Data collection included medical history, a thorough physi-
cal examination, body weight and height, standard blood
tests and three sphygmomanometer systolic (S) and dias-
tolic (D) BP measurements in the sitting position (office
BP). Body weight was recorded to the nearest 0.1 kg using
a calibrated electronic scale with patients wearing indoor
clothing without shoes and body mass index (BMI) was then
calculated. Height was recorded to the nearest 0.5 cm using
a standardized wall-mounted height board. Waist circumfer-
ence (WC) was assessed halfway between the lower ribs and
the iliac crest. Hip circumference (HC) was measured from
the widest part of pelvis. Additionally, several other obe-
sity indices were calculated using the following equations
showed in Table 1 [8-13].

Diabetes mellitus was defined as fasting plasma glucose
(FPG) > 126 mg/dl or use of hypoglycaemic medications.
Renal failure defined as estimated glomerular filtration rate
(eGFR) < 60 ml/min/1.73 m?, estimated by the Modification
of Diet in Renal Disease (MDRD) equation [15]. Laboratory
analyses included serum glucose, total serum cholesterol,
high density lipoprotein (HDL) cholesterol, serum triglycer-
ides, and creatinine and low-density lipoprotein (LDL) cho-
lesterol estimated according to the Friedewald equation [16].

Waist-to-hip ratio (WHR) All
A body shape index (ABSI) All
Body roundness index (BRI) All
Waist-to-height ratio (WHtR) All
Relative fat mass (RFM) Male
Female
Weight-adjusted-waist index (WWTI) All
Lipid accumulation product (LAP) Male
Female
Visceral adiposity index (VAI) Male
Female

Ratio of WC (m) to HC (m)

WC (m)/(BMI?? x Height (m)"?)

[364.2 — 365.5 x (1 — ((0.5 x WC (m)/m)*/(0.5 x Height (m))?))*3]

Ratio of WC (m) to Height (m)

64 — (20 x Height (m)/WC (m)) + (12 x 0)

64 — (20 x Height (m)/WC (m)) + (12 x 1)

WC (m) x 100/(Weight 0.5)

Triglycerides (mg/dl) X [WC (cm) — 65]

Triglycerides (mg/dl) X [WC (cm) — 58]

[WC (cm)/39. 68 + (1.88 x BMI)] X [triglycerides (mg/dl)/1.03] x
[1.31/HDL-Cholesterol (mg/dl)]

[WC (cm)/36.58 + (1.89 x BMI)] X [triglycerides (mg/dl)/0.81] x
[1.52/HDL-Cholesterol (mg/dl)]
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2.3 Statistical Analysis

Data were expressed as median (lower quartile-upper
quartile) or percent values. Comparisons between sub-
jects with and without renal dysfunction were performed
by Mann—Whitney test or prevalence test (chi-square test).
Logistic regression model was used to investigate the asso-
ciation between anthropometric indicators of adiposity and
renal dysfunction. Models were unadjusted (model 1) and
adjusted as follows: age and sex (model 2); age, sex, office
SBP, serum glucose, antihypertensive drug and smoking
habit (model 3). Receiver operating curve (ROC) and their
area under the curve (AUC) were used to compare discrimi-
nation in detecting subjects with or without renal dysfunc-
tion. The optimal cut point was chosen optimizing sensibil-
ity and specificity by Youden index. A P value < 0.05 was
considered statistically significant. All statistical analyses
were conducted using SAS statistical software version 9.4
(SAS Institute, Cary, North Carolina, USA).

3 Results
3.1 Population Characteristics

As shown in Table 2, among 574 participants, median age
was 66 (57-73) years, male prevalence 49.4% and 10.6%
smokers. Median systolic and diastolic clinic BP amounted
to 136.2 (124.3-148) and 83.3 (76.7-89) mmHg respec-
tively, 49.5% of the total population being under antihy-
pertensive drug treatment and 17.6% under statins. About
9.0% of the total population was diabetic. Table 2 also shows
baseline office BP, office heart rate, biochemical values and
obesity indices of the participants.

3.2 Subgroups Without and with Renal Dysfunction

Table 3 shows data collected in the study population, when
classified according to the presence or absence of renal
impairment. Prevalence of renal dysfunction amounted to
11.1% and patients with renal impairment showed statically
significant differences in all the evaluated variables, with
the exception of office heart rate and total cholesterol. They
were older, more frequently males without habit of smoking
and with higher SBP values more frequently treated with
antihypertensive drugs. Lipid profile was similar in the two
groups, patients with renal impairment showing lower LDL
and HDL levels and higher TG levels.

As far as anthropometric values are concerned, with the
only exception of RFM, all other indices evaluated in the
present study were significantly greater in the subjects with

Table 2 Demographic, anamnestic, blood pressure, biochemical and

obesity indices of the whole population sample

Variable Value
Number 574

Male, % 49.3

Age, years 66 (57-73)

Office SBP, mmHg
Office DBP, mmHg
Office HR, b/min
AntiHT treatment, %
Statin treatment, %
Creatinine, mg/dL
Diabetes mellitus, %
Serum glucose, mg/dL
Total cholesterol, mg/dL
LDL-cholesterol, mg/dL
HDL-cholesterol, mg/dL
Triglycerides, mg/dL.
Smoking, %

WC, cm

BMI, kg/m>

WHR

ABSI

BRI

WH(R

RFM

WWI

LAP

VAI

136.2 (124.3-148)
83.3 (76.7-89)

69.7 (63.7-76.3)
495

101 (17.6)

0.9 (0.8-1)
53(9.25)

90 (84-100)

201 (176-225)

118 (97-141)

58 (47-68)

96 (73-128)

10.6

90 (82-100)

25.9 (23.4-28.9)
0.906 (0.849-0.96)
80.3 (76.6-84.5)
4.26 (3.26-5.49)
0.546 (0.495-0.603)
32.4 (27.9-38.6)
10.8 (10.2-11.4)
30.8 (19.5-48.3)
1.183 (0.775-1.778)

Data are shown as absolute numbers, percent values (%) or median
(Q1-Q3)

SBP systolic blood pressure, DBP diastolic blood pressure, HR heart
rate, Anti-HT antihypertensive, LDL low density lipoprotein, HDL
high density lipoprotein, WC waist circumference, BMI body mass
index, WHR waist-to-hip ratio, ABSI a body shape index, BRI body
roundness index, WH?R waist-to-height ratio, RFM relative fat mass,
WWI weight-adjusted-waist index, LAP lipid accumulation product,
VAI visceral adiposity index

as compared to those without renal dysfunction. Finally, in
terms of adiposity indices both LAP and VAI were signifi-
cantly higher in subjects with renal dysfunction.

3.3 Association Between Anthropometric Markers
and Renal Dysfunction

Figure 1 shows the association between anthropometric indi-
cators of adiposity related to body weight and body shape
and renal dysfunction. Renal dysfunction was significantly
associated with all anthropometric markers of adiposity
related to body weight and body shape, with the exception
of RFM and VAI. Association remained significant for WC,
WHR, LAP and VALI after adjustment for age, sex, office
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Table 3 Demographic,
anamnestic, blood pressure,
biochemical, anthropometric
and adiposity indices of

the population classified
accordingly to the presence of
renal dysfunction defined by
the eGFR cutoff value < 60 ml/
min/1.73 m?

Variable eGFR > 60 eGFR < 60 P value
N (%) 510 (88.85) 64 (11.15)

Male,% 47.1 67.2 0.0024
Age, years 64 (57-71) 76 (70.5-82.5) <.0001
Office SBP, mmHg 135.7 (123.7-146.7) 137.2 (130.2-153.3) 0.0304
Office DBP, mmHg 83.3 (76.7-89.7) 81.8 (74.3-85.5) 0.0439
Office HR, beats/min 69.7 (64-76.7) 66.8 (61.5-74.7) 0.1214
AntiHT treatment, % 46.3 75 <.0001
Statine, % 82 (16.1) 19 (29.7) 0.007
Creatinine, mg/dl 0.9 (0.8-1) 1.3 (1.2-1.5) <.0001
Diabetes mellitus, % 38 (7.5) 15(23.4) <.0001
Serum glucose, mg/dl 90 (83-99) 91.5 (86-105.5) 0.0473
Total cholesterol, mg/dl 201 (177-225) 196.5 (156.5-220.5) 0.0637
LDL-cholesterol, mg/dl 118 (99.5-142) 109 (92-138) 0.1176
HDL-cholesterol, mg/dl 59 (48-69) 50.5 (40-60.5) 0.0001
Triglycerides, mg/dl 91 (71-125) 114.5 (96.5-144.5) <.0001
Smoke, % 11.8 1.6 0.0124
WC, cm 89 (81-100) 95.5 (88.5-102.5) 0.0003
BMI, kg/m? 25.8 (23.1-28.7) 27.4 (24.6-29.4) 0.0061
WHR 0.9 (0.842-0.957) 0.944 (0.903-0.98) <.0001
ABSI 80 (76.2-84) 82.6 (79.3-87) 0.0001
BRI 4.17 (3.2-5.48) 5.14 (4.06-5.94) 0.0003
WHtR 0.542 (0.491-0.602) 0.587 (0.536-0.622) 0.0003
RFM 32.4(27.8-38.5) 32.2 (28.6-39.4) 0.8998
WWI 10.7 (10.1-11.3) 11.2 (10.6-11.8) 0.0001
LAP 28.6 (18.6-46.2) 40.3 (31.3-57.7) <.0001
VAI 1.135 (0.734-1.712) 1.492 (1.137-2.344) <.0001

Data are shown as absolute numbers, percent values (%) or median (Q1-Q3)

eGFR estimated glomerular filtration rate. For other abbreviations see legend Table 2

SBP, serum glucose, antihypertensive drugs, and smoking
habit.

Figure 2 shows the ROC curves for WHR, LAP and VAL
These three markers displayed the largest area under the
curves values among the various obesity markers evaluated
in the present study (Table 4), confirming their ability in
detecting subjects with or without renal dysfunction.

4 Discussion

The results of the present study provide evidence that among
different anthropometric markers of adiposity WHR, LAP
and VAl represent those more closely associated with renal
dysfunction. After correction for various covariates, these
variables confirmed their nature as risk factors for renal
impairment, showing a greater predictive ability for kidney
dysfunction than other anthropometric indices. Interestingly,
one of these markers, WHR (and its closely related covari-
able WHtR) has been shown to represent the best predictor
of cardiovascular disease and hypertension development in
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Asian populations [11, 13]. The present findings expand this
information providing evidence that the predictive value
of WHR also applies to renal dysfunction as well and that
this association can be detected also in a general European
population.

The present study was not aimed at investigating the
pathophysiological mechanism responsible for the adverse
impact of the obese state, particularly of visceral type, on
renal function. Several pathways have been identified by
previous studies, however [3, 4, 17] Indeed obesity impairs
kidney function via the direct effects that adiposity exerts
on the kidney, and indirectly due the systemic complica-
tions of obesity including diabetes mellitus, vascular ath-
erosclerosis and hypertension [18]. Excess adipose tissue
in and around the kidneys may increase the volume of renal
sinus fat and peri-renal fat and might result in compres-
sion of the thin loop of Henle and vasa recta of the renal
medulla, determining alterations in tubular function. Fur-
thermore, the reduction in sodium chloride concentration
triggers a macula densa feedback which increases glomeru-
lar filtration and maintains sodium balance by activating
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OR (95% Cl) P-value

wC Model 1 o 1.038 (1.018-1.058) 0.0001
Model 2 O 1.028 (1.005-1.053) 0.0190

Model 3 - 1.026 (1.001-1.052) 0.0426

BMI Model 1 o= 1.075(1.018-1.136)  0.0097
Model 2 —Oo— 1.069 (1.003-1.139) 0.0398

Model 3 T 1.053 (0.985-1.126) 0.1264

WHR (0.1) Model 1 1.876 (1.369-2.571) <0.0001
Model 2 1.884 (1.252-2.836) 0.0024

Model 3 ® 1.939 (1.274-2.952)  0.0020

ABSI Model 1 o= 1.081 (1.035-1.129) 0.0004
Model 2 S 1.021 (0.969-1.075)  0.4439

Model 3 - 1.028 (0.974-1.084) 0.3137

BRI Model 1 —O0— 1.315(1.145-1.511)  0.0001
Model 2 —o— 1.199 (1.020-1.410)  0.0277

Model 3 —e— 1.183 (0.997-1.402)  0.0539

WHtR (0.1) Model 1 1.890 (1.371-2.606)  0.0001
Model 2 1.493 (1.029-2.166) 0.0350

Model 3 ® 1.440 (0.974-2.130) 0.0677

RFM Model 1 > 1.005 (0.970-1.042) 0.7731
Model 2 —o— 1.066 (1.001-1.136) 0.0471

Model 3 T 1.059 (0.991-1.132)  0.0903

WWiI Model 1 1.837 (1.361-2.481) <0.0001
Model 2 1.266 (0.900-1.782) 0.1757

Model 3 ® 1.285 (0.903-1.830) 0.1639

LAP Model 1 ¢ 1.011 (1.005-1.017)  0.0008
Model 2 o 1.013 (1.006-1.020) 0.0004

Model 3 ° 1.012 (1.005-1.020) 0.0010

VAI Model 1 —O0— 1.133 (0.993-1.292) 0.0634
Model 2 —0— 1.207 (1.047-1.390)  0.0093

Model 3 — 1.214 (1.046-1.409) 0.0109

| | \
0.5 1.0 2.0 5.0

Fig.1 Unadjusted and adjusted odds ratios (OR) for association
between kidney function alterations and anthropometric indices in the
study population. CI confidence interval, WC waist circumference,
BMI body mass index, WHR waist-to-hip ratio, ABSI a body shape
index, BRI body roundness index, WHtR waist-to-height ratio, RFM
relative fat mass, WWI weight-adjusted-waist index, LAP lipid accu-

mulation product, VAI visceral adiposity index. Model 1: unadjusted
variables, Model 2: adjusted variables for age and sex, Model 3:
adjusted variables for age, sex, office systolic blood pressure (SBP),
serum glucose levels, antihypertensive drug treatment and cigarette

smoking
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Fig.2 ROC curves of anthro-
pometric indices to compare the
ability in detecting subjects with
or without kidney dysfunc-

tion. LAP lipid accumulation
product, VAI visceral adiposity
index, WHR waist-to-hip ratio,
BMI body mass index, AUC the
area under the curve

Table 4 Anthropometric
markers for discrimination of
subjects with or without renal
dysfunction defined by the
eGFR cutoff value < 60 ml/
min/1.73 m?

the renin-angiotensin-aldosterone system. Two additional
mechanisms involved in the association between obesity

0.9 |
0.8 |
0.7 |
0.6
=
=
% 0.5
c
]
n
0.4 |
0.3 |
LAP (AUC=0.684)
0.2 |
- e . VA (AUC=0.667)
01 WHR (AUC=0.649)
BMI (AUC=0.606)
0 L T T T T
0 0.2 0.4 0.6 0.8
1-Specificity
Marker AUC (CI95%) P value Cut-off Specifity Sensitivity PPV NPV
wC 0.637 (0.574-0.700) <.0001 88.000 0.431 0.813 0.152 0.948
BMI 0.606 (0.541-0.672) 0.0015 26.913 0.614 0.594 0.162 0.923
WHR 0.649 (0.581-0.717) <.0001 0.898 0.494 0.797 0.165 0.951
ABSI 0.645 (0.576-0.715) <.0001 80.584 0.545 0.703 0.162 0.936
BRI 0.641 (0.576-0.706) <.0001 4.381 0.547 0.703 0.163 0.936
WHtR 0.641 (0.576-0.706) <.0001 0.552 0.547 0.703 0.163 0.936
RFM 0.507 (0.434-0.579) 0.8557 26.247 0.186 0.891 0.121 0.931
WWI 0.647 (0.576-0.719) <.0001 11.076 0.647 0.609 0.178 0.930
LAP 0.684 (0.625-0.743) <.0001 30.261 0.529 0.797 0.176 0.954
VAI 0.667 (0.606-0.728) <.0001 0.889 0.341 0.953 0.154 0.983

AUC area under the curve, PPV positive predictive value, NPV negative predictive value, WC waist cir-
cumference, BMI body mass index, WHR waist-to-hip ratio, ABSI a body shape index, BRI body roundness
index, WHIR waist-to-height ratio, RFM relative fat mass, WWI weight-adjusted-waist index, LAP lipid
accumulation product, VAI visceral adiposity index

and renal dysfunction are worthy to be mentioned. First,
the sympathetic overactivity characterizing the obese state
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which may represent a factor favoring the progression of
the renal disease [19]. An additional factor is represented
the adipocytes synthesis of several important adipokines
which are implicated not only in insulin resistance but also
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in inflammation and other physiological processes. All these
pathogenetic changes may promote progression of renal dys-
function [20, 21].

There is a consensus that adipose tissue anatomical dis-
tribution, and particularly central obesity, is important for
determining the impact of obesity on renal dysfunction [22].
BMI does not reflect the fat distribution or even the total
adipose tissue level because it is affected by muscle mass
[8]. Indeed, many patients with chronic kidney disease in
the advanced clinical stages often suffer from chronic caloric
consumption, thus, relying only on BMI to evaluate body
fat may lead to the so called “obesity paradox™ [23, 24].
Likewise, volume overload often detected in kidney dis-
ease may also interfere with the ability to assess BMI. WC
represents a marker commonly used to reflect abdominal
fat accumulation. However it is unable to distinguish sub-
cutaneous adipose and visceral adipose tissue [25]. Evans
and coworkers found significant correlations between WHR
and estimated GFR decline, increase in urinary albumin-cre-
atinine ratio and uric acid levels [2]. In another study, Lin
and colleagues found in non-diabetic patients with chronic
kidney disease that visceral obesity and large proportion of
body fat mass was associated with an adverse clinical out-
come when compared to normal weight patients and patients
with overweight and obesity alone [26].

The present study has some limitations. First, the pre-
sent study was cross sectional not allowing to determine the
ability of the various anthropometric variables to predict
10 year renal disease risk. Second, due the observational
nature of this study, the possibility of unmeasured con-
founding factors, despite adjustment for known prognostic
variables, still remains. In addition, because the majority of
participants was middle-aged, caution should be made in
extrapolating the conclusions of the present study to other
age groups. Finally, it is difficult to establish the causality
between the WHR, VAI, LAP and renal dysfunction based
on this cross-sectional study. Future studies are thus needed
to explore the relationships between dynamic chances in
these anthropometric markers throughout years and renal
disease progression.

5 Conclusions

In conclusion, WHR, LAP and VAI documented the best
positive association with renal dysfunction among other obe-
sity indicators. Anthromorphometric measures that include
assessment of central fat deposition such WHR, LAP and
VAI are more related to kidney disease than BMI. Rely-
ing on BMI alone may underestimate the risk for kidney
disease and those anthropomorphic measurements focused
on central fat deposition may be more important risk fac-
tors for chronic kidney disease than BMI. Future studies are

required to investigate in longitudinal studies the ability of
these indices in predicting outcomes and identifying high
risk subjects for possible intervention.
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