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Abstract

Background: Obesity was associated with a greater risk for development of Chronic Kidney Disease (CKD) among subjects
with and without hypertension, diabetes or cardiovascular disease. We aimed to consider the association between obesity and
albuminuria in patients with CKD according to Estimated Glomerular Filtration Rate (e-GFR) and demonstrated hypertension.
We also aimed to observe the optimum Body Mass Index (BMI) in this population.

Methods: One hundred-thirty-three overweight and/or obese subjects with manifested hypertension were participated
and they were matched to forty-three hypertensive control subjects with a normal body weight. Our participants were clas-
sified in both eGFR and albuminuria categories according to the Kidney Disease Improving Global Outcomes (KDIGO) 2012
criteria. The obesity was defined as a high BMI (=25 Kg/m? as overweight and/or 230 Kg/m? as obese) and the central obesity
as a high waist circumference (WC) (294 cm in males and 280 cm in females).

Results: The most of subjects with a lean/normal BMI did not have albuminuria (x>=24.2, p=0.001) and the most of those
with a high BMI, but with a normal WC did not have albuminuria (x?=39.7, p=0.001). The high WC was found to be a main risk
factor for albuminuria adjusting to confounders.

Conclusion: The central obesity was shown to be the most important factor for albuminuria in patients with classified CKD
rather than a high BMI independently on hypertension. The optimum BMI seems to be in the normal range for these patients

similarly to the general population.
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Introduction

Obesity, which is defined as the degree of fat storage related
to elevated health risks, is an increasing problem worldwide
[1,2]. Obesity is associated with higher risk of Cardiovascular
Disease (CVD), type 2 diabetes mellitus, dyslipidemia, cancer
and CKD [3]. Furthermore, obesity was connected with a short-
ened life expectancy in the general population [4,5]. Therefore,
early detection and prevention of obesity is extremely impor-
tant. Obesity is commonly measuring by BMI, Waist to Hip Ratio
(WHR) and/or WC [6]. CKD shows also an elevated prevalence

rate [7,8]. Most studies used glomerular filtration rate (GFR <
60 ml/min per 1.73 m?) to identify CKD and few have combined
GFR and albuminuria categories, both of which are required for
the diagnosis of CKD [9,10]. Moreover, hypertension in combi-
nation with diabetes mellitus are traditional risk factors and po-
tential leading causes for development of CKD [11]. Reversely,
renal function plays an important role in initiating hypertension
particularly during obesity by multiple mechanisms including
increased renal tubular sodium reabsorption and activation of
the Renin-Angiotensin-Aldosterone System (RAAS) [12].
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In the meantime, it has been reported that the association
between a high BMI and CKD risk and its progression was simi-
lar among subjects with and without hypertension, diabetes or
cardiovascular disease, despite being overweight increases the
risk of advanced CKD in people with these comorbidities [13].
However, the effect of obesity in population with both classified
CKD and comorbidities is unclear. Recent study reported that
obesity did not confer an increased risk of End-Stage Renal Dis-
ease (ESRD) in patients with moderate to advanced CKD [14]. In
this study, we aimed to consider the association between obe-
sity and albuminuria, as an early marker of kidney disease, in
patients with CKD according to Estimated Glomerular Filtration
Rate (e-GFR) and manifested hypertension, as a comorbidity.
We also targeted to observe the optimum BMI range in such as
population.

Materials and methods

Subjects: This is a single-center cross-sectional study in
which one hundred-thirty-three overweight and/or obese
subjects with manifested hypertension were enclosed. The
participants were collected from the Department of Nephrol-
ogy outpatient clinic of our private Hospital. We also collected
forty-three people with a normal body weight and manifested
hypertension as a control group matched to the age, gender,
classified eGFR value, diabetes mellitus and hypertriglyceride-
mia with the enrolled in the study high body weight subjects.
We studied sixty-six males and sixty-seven females on mean age
72.5+11.7 years old. Subjects younger than eighteen years old
and uncooperative patients were excluded. Those with estab-
lished dementia or psychiatric symptomatology diagnosed by
neuropsychologists were also excluded from the study.

Detailed individual medical histories, family histories of kid-
ney/cardiovascular diseases and the current pharmaceutical
therapy were obtained from the patients. The causes for the
development of chronic renal disease in our data included hy-
pertensive nephrosclerosis (53.4%), type 2 diabetes mellitus
(32.3%), chronic glomerulonephritis (5.3%), interstitial nephritis
(6.0%) and other/unknown (3.0%). Both the enrolled subjects
and the control group were receiving anti-hypertensive medica-
tions including calcium channel blockers, beta-blockers, inhibi-
tors of angiotensin Il AT1 receptors or new central-acting. The
participants and control group were also using hypoglycemic
and hypolipidemic medications, in cases where it was required.

Demographic data including age, gender, marital status, ed-
ucation level, sleep and lifestyle characteristics regarding with
active or passive smoking, alcohol drinking and physical activity
were collected using interviews. Subjects who declared no alco-
hol consumption during the past month were considered non-
drinkers. Physical activity was measured based on the World
Health Organization (WHO) recommendations for healthy
adults and physical inactive participants were considered sed-
entary [15].

Anthropometric measurements including height (to the
nearest 0.1 cm), body weight (to the nearest 0.1 kg) were re-
corded by our staff using an anthropometer (Seca, Hamburg,
Germany). BMI was calculated by dividing the body weight in
kilograms by the square of the height in meters (kg/m?) and cat-
egorized based on the WHO classification into underweight (<
18.5 Kg/m?), normal weight (18.5-24.9 Kg/m?), overweight (25-
29.9 Kg/m?) and obese (=30 Kg/m?) [16]. WC measurements
made approximately at the midpoint between the lower margin
of the last palpable rib and the top of iliac crest at the end of a

normal expiration according to the WHO guidelines and were
also recorded by our trained staff [17].

Biochemical measurements

Overnight fasting plasma glucose, creatinine, triglycerides,
High-Density Lipoprotein-Cholesterol (HDL-C) were recorded
from the patient files using the latest results. Biochemical mark-
ers were measured using spectrophotometric technique by
Chemistry Analyzer (MINDRAY BS-200, Diamond Diagnostics,
USA) and were represented as mg/dL. Spot urine samples from
the first morning uresis were used for the measurement of al-
bumin and creatinine concentrations by the chemistry analyzer.

Definitions

The obesity was defined by a high BMI (>25 Kg/m?as over-
weight and/or 230 Kg/m?as obese defined classes) and by the
existence of central obesity, which was determined using a
measurement of WC>94 c¢cm in males and >80 cm in females
according to International Diabetes Federation (IDF) criteria for
Metabolic syndrome diagnosis [18]. We enclosed exclusively
hypertensive people. As hypertensive were defined the sub-
jects, who had a systolic blood pressure (SBP) 2140 mmHg and/
or a diastolic blood pressure (DBP) 280 mmHg and/or with tak-
ing antihypertensive therapy due to pre-existed individual his-
tory of hypertension [18]. The presence of chronic renal disease
was defined according to the Kidney Disease Improving Global
Outcomes (KDIGO) 2012 criteria for a duration time more than
3 months [19]. The eGFR was calculated using the Chronic Kid-
ney Disease Epidemiology Collaboration (CKD-EPI) equation
and the Modification of Diet in Renal Disease (MDRD) equation
and classified in 5 categories according to KDIGO 2012 criteria.

The enrolled subjects were also classified based on albumin-
uria, which was defined as urinary Albumin-to-Creatinine Ratio
(ACR) =30 mg/gr according to KDIGO 2012 [19]. The ACR calcu-
lation using a spot urine sample, such as in this study, is con-
sidered an acceptable method, as ACR is correlated well with
24-hours urinary albumin excretion.

Data analysis

Data were analyzed using SPSS 15.0 statistical package for
Windows (SPSS Inc, Chicago, Illinois) and expressed as mean
+ standard deviation or as median value * inter-quartile range
for data that showed skewed distribution. Differences between
mean values were assessed using unpaired t-test for two groups
and data that showed skewed distributions were compared
with Mann-Whitney U- test.

Correlations between variables were defined by Spearman
coefficient and correlations between categorical variables were
defined by chi-square tests. P values less than .05 were consid-
ered significant. We built a model using logistic regression anal-
ysis for the role of obesity on the development of albuminuria
adjusting for confounders.

Results

In Table 1 the differences between high BMI hypertensive
subjects and normal BMI hypertensive control group are shown.
We observed that the patients with high BMI had significantly
higher WC and albuminuria than the normal BMI control group.
However, the prevalence rate of diabetes mellitus, classified
eGFR value, the age, gender and/or hypertriglyceridemia (less
or more than 150 mg/dl) did not differ between high BMI par-
ticipants and lean/normal BMI control group according to our
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criteria for the definition of the proper control group. Moreover,
the systolic and diastolic blood pressure levels did not differ be-
tween both groups.

In support, chi-square test showed significant association be-
tween high WC and BMI classes (x>=24.9, p=0.001). However, as
it is depicted in Table 1, a ratio closed to the half of our normal
BMI control group (n=21, a ratio of 48.8%) had visceral obesity
defined by a high WC, although twenty-two of our subjects with
a high BMI (overweight and/or obese, a ratio of 16.5%) had a
normal WC.

In the meantime, in lean/normal BMI control group classi-
fied eGFR was significantly associated with high or normal WC
(n=43, x>=14.9, p=0.002, Figure 1). We particularly notified that
in normal BMI group of subjects a high WC was found in earlier
eGFR stages compared to advanced stages of eGFR classifica-
tion (a ratio equal to 92.3% for an eGFR>60 ml/min/1.73 m?vs a
ratio equal to 30% for an eGFR <60 ml/min/1.73 m?).

We also observed significant association between classified
albuminuria and BMI classes (n=176, x*=24.2, p=0.001, Figure
2). As it is depicted in Figure 2, the most of our normal BMI con-
trol group (n=28 from the total of forty-three people) had not
albuminuria (ACR<30 mg/gr) and few of them (n=11 from the
total of forty-three people) had microalbuminuria.

Furthermore, classified albuminuria was significantly associ-
ated with high WCin the group of patients with overweight and/
or obese BMI (n=133, x?=39.7, p=0.001, Figure 3). According to
the figure 3, the most of our subjects with a high BMI in com-
bination with a normal WC (n=19 from the total of twenty-two
participants) had not albuminuria (ACR<30 mg/gr), 2 partici-
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Figure 1: Bar chart showing the relationship between renal function
based on eGFR classification and high waist circumference in lean/
normal BMI control group (n=43, x*=14.9, p=0.002).

pants had microalbuminuria and only 1 had macroalbuminuria.

The bivariate correlations between albuminuria and both
BMI and WC were also found to be significant (r=0.263, p=0.002
and r=0.528, p=0.001 respectively).

The built adjusted model for albuminuria prediction showed
that both the presence of central obesity defined by a high WC
and the low eGFR value were found to be significant risk factors
(p=0.001, OR=1.08, 1.05-1.12 and p=0.001, OR=0.9, 0.93-0.98
respectively) adjusting to the age, diabetes mellitus, smoking,
high serum triglycerides and primary renal disease.
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Figure 2: The association between BMI classes and classified albu-
minuria (n=176, x>=24.2, p=0.001).
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Figure 3: Bar chart showing the association between high WC and
classified albuminuria in our subjects with an overweight and/or
obese BMI range (n=133, x>=39.7, p=0.001).

Table 1: The differences between high BMI subjects (n=133) vs normal BMI control

group with chronic renal disease and hypertension (n=43) (*: p< 0.05).

Patients with Patients with
Characteristic BMI225 Kg/m? BMI=18.5-24.9 Kg/m? P value
(n=133) Mean + SD (n=43) Mean + SD
Sex (males/females) 66-67 28-15 0.06
Age (years) 72.4+11.7 71.4+14.7 0.6
Systolic blood pressure (mmHg) 157.7+6.6 157.849.09 0.9
Diastolic blood pressure (mmHg) 89.614.2 90.7+3.3 0.1
BMI (Kg/m2) 30.9+3.9* 23.5+0.6 0.001
ACR (mg/gr) Mean Rank=97.6* Mean Rank=59.5 0.001
eGFR (ml/min/1.73 m?) 44.6+18.8 50.3+21.1 0.09
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HDL (mg/dL) 43.4+8.6 44.5+7.4 0.4
Triglycerides (mg/dL) 167.1+71.7 149.4+43.08 0.1
Waist circumference (cm) 107.6+16.06* 93.2+10.3 0.001
Glucose (mg/dL) 117.5+28.3 108.0+24.2 0.06
Diabetes mellitus (yes/no) 43/90 14/29 0.6
Triglycerides (>/< than 150 mg/dL) 87/46 26/17 0.3
High waist circumference (yes/no) 111/22 21/22 0.001
ACR>0r<30 mg/gr (yes/no) 94/39 15/28 0.001
Smoking (yes/no) 25/108 10/33 0.3
Alcohol (yes/no) 40/93 14/29 0.4
Physical activity (yes / no) 43/90 17/26 0.2
Classification based on eGFR:

- eGFR >90 ml/min/1.73 m? n=4 n=2

- eGFR=60-90 ml/min/1.73 m? n=26 n=11 03
- eGFR=30-60 ml/min/1.73 m? n=71 n=26 '

- eGFR=15-30 ml/min/1.73 m? n=29 n=4

- eGFR<15 ml/min/1.73 m? n=3 n=0

Discussion

According to WHO the definition of obesity includes the
rate of body fat, which is mainly calculated by a Body Composi-
tion Monitor as body fat percentage >25% in men and >35%
in women and its accuracy has been validated against of the
Dual Energy X-Ray Absorptiometry (DEXA) that is the gold stan-
dard reference method [14,20,21]. However, because of such
as direct measurement of fat is difficult in clinical practice, BMI,
WHR and/or WC measurements are used as screening tools for
obesity [6].

In this study, we used the BMI calculation to classify the nor-
mal people as a control group, overweight and/or obese sub-
jects and we also used the WC measurement >94 cm for men
and >80 cm for women to define the central obesity. We ob-
served that almost the half of our subjects with a normal BMI (a
ratio of 48.8%) had central obesity, although a ratio of 16.5% of
our subjects with a high BMI had not central obesity.

In agreement, previously, it has been reported diagnostic
discordance between BMI and the degree of body fat in chronic
renal disease patients, due mainly to the limitations of BMI to
define obesity in these patients. Hence BMI does not evaluate
the muscle wasting usually seen in patients with CKD, it may
misclassify patients with CKD with sarcopenic obesity as nor-
mal, although their body fat would classify them as obese [22].
Therefore, the measurement of BMI for adiposity determina-
tion may confuse the association between BMI and mortality
risk in CKD. It has been shown that being obese may be protec-
tive for all-cause mortality in the pre-dialysis and hemodialysis
populations, while being underweight suggests increased risk
in contrast to the general population, that is called “obesity
paradox phenomenon” [6,23,24]. Moreover, previous study re-
ported that the optimal BMI to protect the renal function was in
the overweight field rather than in the lean or normal range of
BMI, because such BMI may obtain the avoidance of sarcopenia
[25]. Controversially, recent study using a cohort of 1.4 million
primary care registered adults showed directly that being over-
weight increases the risk of advanced CKD mainly defined by
eGFR measurements among people without and/or with other
CKD risk factors, including diabetes, hypertension and cardio-
vascular disease [13].

The above study defined the optimum BMI for minimizing
CKD risk in the lean/normal range rather than in overweight
and/or obese to the study participants, who were in earlier CKD
stages than advanced renal disease. The early CKD may be less
likely to be affected by the altered appetite, malnutrition and
sarcopenia that can be caused by the end stage of renal disease
and its causes.

However, in our study, considering the lean/normal BMI con-
trol group we noted that central obesity was evaluated in a ratio
equal to 92.3% (n=12 patients from a total of 13 patients) for an
eGFR>60 ml/min/1.73 m? and in a ratio equal to 30% (n=9 pa-
tients from a total of 30 patients) for an eGFR <60 ml/min/1.73
m?, as it is depicted in Figure 1. Sarcopenic obesity may be dem-
onstrated even in early CKD, despite the advanced renal failure
seems to decrease the rate of adipose tissue in combination
with muscle wasting resulting perhaps in additional detrimental
metabolic effects in CKD patients.

Moreover, our findings showed that the most of our subjects
with a normal BMI had not albuminuria (n=28, a ratio of 65.1%),
rather than the patients in overweight and/or obese BMI, as it is
depicted in Figure 2. We also noted that the most of our group
of patients with high BMI in combination with a normal WC had
not albuminuria compared with those with high BMI and high
WG, as it is shown in Figure 3. In support, the bivariate correla-
tion between albuminuria and both high BMI and high WC was
found to be significant. The high WC was also found to be a
significant risk factor for albuminuria prediction in our adjusted
model including confounders.

Such as findings suggest that the optimum BM for decreased
albuminuria in chronic renal disease stages with the comorbid-
ity of hypertension is better to be found in the lean/normal
range rather than in overweight. Moreover, the visceral obesity
defined by a high WC was shown to be an extremely important
factor for manifested albuminuria rather than the high BMI in
agreement with few previous reports [26,27]. Visceral adipose
tissue has been considered the active organ, which is connect-
ed with the pathophysiological mechanisms of obesity-induced
kidney disease. Visceral obesity and adipose tissue expansion is
highly correlated with insulin resistance [28]. Adipokines pro-
duced by adipose tissue promote chronic inflammation and
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oxidative stress that exacerbate insulin resistance. Insulin re-
sistance and inflammation are associated with multiple abnor-
malities including endothelial dysfunction, reduced synthase of
endothelial nitric oxide, worsening of renal hemodynamic and
injury of podocytes resulting in hypertension and albuminuria
[26,27].

However, multiple factors influence the manifestation of al-
buminuria in overweight/obese CKD patients including the ex-
istence of diabetes mellitus, hypertension and hyperlipidemia.
Indeed, these comorbidities are connected to insulin resistance.
It has been particularly reported that insulin resistance is asso-
ciated with hyperlipidemia defined by overproduction of low-
density lipoprotein cholesterol and hypertriglyceridemia, which
may impair the mitochondrial function and promote the kidney
cell damage resulting in albuminuria [29]. In this study, diabetes
mellitus, blood pressure levels and either hypertriglyceridemia
might not influence the demonstration of albuminuria, due to
our criteria for the properly matched control group and the vis-
ceral obesity could be considered as the main risk factor for al-
buminuria prediction.

Furthermore, we matched our participants with the control
group for classified eGFR, due to eGFR value influences the dem-
onstration of albuminuria. Indeed, our adjusted model showed
the low eGFR value to be a significant risk factor for albumin-
uria prediction in combination with central obesity including
confounders. Albuminuria is an early marker of kidney injury
and commonly is associated with a low eGFR in chronic kidney
disease, despite in some cases the findings are different. The
primary cause for the low eGFR, including hypertensive nephro-
sclerosis, Type 2 diabetes mellitus, chronic glomerulonephritis,
interstitial nephritis and other/unknown, was also considered
as an additional confounder in our adjusted model and it was
found to be non-significant for albuminuria prediction, due may
to our criteria for the good matched control group.

According to the results of this study, independently on the
manifested hypertension as comorbidity, the central obesity
was mainly found to be a significant predictor for the demon-
stration of albuminuria, as an early marker of kidney disease
in patients with classified CKD. Despite the BMI limitations, we
could suggest the lean/normal BMI range as the optimum BMI
to properly avoid the manifestation of albuminuria and protect
the renal function instead of overweight and/or obese BMI
range in renal disease patients with hypertension. Strategies to
reduce weight among those who are overweight and/or obese
in combination with the avoidance of muscles wasting by using
physical activity may reduce CKD risk.

Limitations

The main limitation of this study is the small number of en-
closed patients by the Department of Nephrology of one single-
center. The assessment of body fat percentage with the use of
the Body Composition Monitor was also unavailable.

Conclusion

The central obesity was found to be the main risk factor for
the manifestation of albuminuria in patients with classified CKD
rather than a high BMI independently on the existence of hy-
pertension as a comorbidity. The lean/normal BMI range could
be the optimum BMI for the avoidance of albuminuria and to
protect the renal function instead of overweight and/or obese
BMI.

Highlights

o Regardless of hypertension, the central obesity was found
to be a significant predictor for the albuminuria demon-
stration.

o Albuminuria is an early kidney disease marker in subjects
with classified chronic renal disease rather than the high
BMII.

o A lean/normal BMI was found to be an optimum range for
the protection against albuminuria than an overweight or
obese BMI.

o The sarcopenic obesity phenomenon is defined by a high
visceral adipose tissue in combination with a normal BMI.

o The sarcopenic obesity phenomenon was seen even in
earlier eGFR stages in the population of this study.
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