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*Nephrology Department, Hospital del SAS, Jeréz de la Frontera, †Hypertension Unit and ¶Endocrinology Unit,
Hospital 12 de Octubre, and ‡Cardiology Department, Hospital Ramón y Cajal, Madrid, §Salvador Pau, Health Center,
Valencia, �Vallobin Concinos Health Center, Oviedo, and ††Scientific Department, Bristol-Myers Squibb, Madrid, Spain

Overweight and obesity are associated with increased cardiovascular risk. Some studies have demonstrated that they also can
result in renal damage. The aim of this study was to assess the prevalence of renal insufficiency (RI), defined as a GFR <60
ml/min per 1.73 m2, in a cohort of 4585 patients who attended primary care with essential hypertension and a body mass index
>25 kg/m2. The patients were classified as overweight and obese according to body mass index (25 to 29.9 and >30 kg/m2,
respectively). Abdominal obesity was defined as a waist circumference >88 and 102 cm in women and men, respectively. Both
groups had a high prevalence of metabolic syndrome (Adult Treatment Panel III). The prevalence of RI was high in both the
overweight group (22.7%; 95% confidence interval [CI] 20.6 to 24.9) and in the obese group (22.8%; 95% CI 21.0 to 24.7). The
presence of diabetes increased the risk for RI (odds ratio 1.83; 95% CI 1.55 to 2.16). The prevalence of RI was greater in patients
with abdominal obesity (23 versus 17%; P < 0.001). In the presence of abdominal obesity, cardiovascular risk factors and
components of the metabolic syndrome also were more prevalent. The higher risk for RI with abdominal obesity persisted
even after adjustment for dyslipidemia, elevated blood glucose levels, and other variables that are associated with RI (adjusted
odds ratio 1.40; 95% CI 0.84 to 2.33). It was concluded that patients who have hypertension and visceral obesity and attend
primary care present a higher prevalence of metabolic syndrome and RI.
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C hronic kidney disease (CKD) is a widely known car-
diovascular risk factor. Renal insufficiency (RI) and
micro- or macroalbuminuria, both manifestations of

CKD, are associated with increased cardiovascular morbidity
and mortality (1–4).

The application of equations to estimate GFR has revealed an
important and growing prevalence of CKD, associated with
vascular events both in population-based studies and in pa-
tients with cardiovascular risk factors (5,6). Some epidemio-
logic studies have demonstrated an association between obesity
and CKD. A high body mass index (BMI) increases the risk for
a reduced GFR in both men and women (7). Obesity can be
associated with glomerulosclerosis and also can facilitate a loss
of renal function in patients with other kidney diseases (8,9).
The risk for presenting RI as defined by a GFR �60 ml/min per
1.73 m2 and end-stage renal failure as defined by the need for
kidney transplant or dialysis increases with the rise in BMI
(10,11).

It therefore is likely that increased prevalence of CKD could
be due, at least partially, to an increase in comorbidities such as
overweight and obesity and the combination of associated he-
modynamic and metabolic disorders that result in metabolic

syndrome (MS). Awareness of the association between over-
weight/obesity and RI is important to adopt preventive and
therapeutic measures for this risk factor of CKD. The present
study assessed the prevalence of one specific manifestation of
CKD, low GFR, in patients with essential hypertension and
overweight/obesity seen in primary care.

Materials and Methods
This cross-sectional, multicenter study recruited a total of 4585 pa-

tients who attended Spanish primary care centers, previously received
a diagnosis of essential hypertension, and a had body mass index (BMI)
�25 kg/m2. Each investigator included four patients with hypertension
and overweight (BMI 25 to 29.9 kg/m2) and four patients with hyper-
tension and obesity (BMI �30 kg/m2). BP measurements were per-
formed with a validated semiautomatic apparatus (Omron, Banock-
burn, IL) with a cuff size adapted to the arm circumference. Patients
were considered to have hypertension when they had previously re-
ceived a diagnosis of this condition and/or were taking antihyperten-
sive treatment. The presence of abdominal obesity was defined by a
waist circumference �88 cm (female) and �102 cm (male). Patients
were considered to present MS when they fulfilled defining criteria of
the Adult Treatment Panel III (12). The comparative data using the
criteria established by the International Diabetes Federation also were
included (13). Patients were considered to have diabetes when they had
previously received a diagnosis of this condition and/or were taking
antidiabetic treatment. All patients were asked about their smoking
habits and the presence of any previous cardiovascular disease (isch-
emic heart disease, heart failure, stroke, or peripheral arterial disease)
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and any manifestation of chronic renal disease (renal insufficiency,
hematuria, or proteinuria).

Within 7 d, the following parameters were analyzed in plasma after
8 h of fasting: Glucose, HbA1c, cholesterol, LDL cholesterol, HDL
cholesterol, triglycerides, and creatinine. GFR was estimated from the
serum creatinine using the simplified Modification of Diet in Renal
Disease (MDRD) (14) and Cockroft-Gault (C-G) equations (15). The
degree of renal function was established according to National Kidney
Foundation guidelines (16). RI was defined as a GFR by MDRD �60
ml/min per 1.73 m2.

The primary objective of the Factores Adicionales que dificulTan el
control en Hipertensos obesos (FATH) study was to analyze the preva-
lence of MS in patients with essential hypertension and overweight/
obesity. In this post hoc substudy, the objective was to study the prev-
alence of RI in this population.

Statistical Analyses
Variables are expressed as the mean (SD) or frequency (95% confi-

dence interval [CI]). Patients were classified by BMI into overweight or
obese patients and by waist circumference into abdominal obesity/no
abdominal obesity. The �2 test was used to compare proportions of
overweight and obese patients. Comparison of means between over-
weight and obese patients and between abdominal obesity or not was
done using the t test. Consistency between GFR by MDRD and by C-G
was estimated using the Bland-Altman method. Logistic regression was
applied to estimate the risk of GFR �60 ml/min per 1.73 m2 as a result
of the presence of abdominal obesity before and after adjustment for
other covariates. Two-tailed comparisons were made throughout, and
P � 0.05 was considered statistically significant. The analysis was
carried out using SPSS for Windows (version 12.0; SPSS, Chicago, IL).

Results
A total of 2206 men and 2379 women with a mean age of 61.9

yr (10.6 yr) were studied. Of these, 32.9% (95% CI 30.7 to 33.4)
had previously received a diagnosis of diabetes; 3.6% (95% CI
3.10 to 4.2%) were aware that they had chronic renal disease.

Table 1 shows the characteristics of patients who were classi-
fied according to BMI into overweight or obese patients. The
mean values of waist circumference were higher in the obese
group, who also presented higher plasma glucose concentra-
tions and a higher degree of dyslipidemia. The prevalence of
MS by Adult Treatment Panel III criteria was 80.2% (95% CI
78.01 to 82.26) and 92.83% (95% CI 91.5 to 94.5) in the over-
weight and obese groups, respectively (P � 0.0001) and when
International Diabetes Federation criteria were applied was
85.37 (95% CI 83.4 to 87.18) and 95.12 (95% CI 94.01 to 96.01) of
the overweight and obese patients, respectively. There was a
higher prevalence of diabetes in the obesity group. The over-
weight patients had similar systolic BP and diastolic BP values
to those of the obese patients. There was a higher prevalence of
smokers in the overweight group (28.9 versus 23%; P � 0.0001).
The GFR by C-G was higher than that calculated by MDRD
with a mean difference of 4.72 ml/m per 1.73 m2 in the over-
weight group and 24.7 ml/m per 1.73 m2 in the obesity group
(Figure 1).

There were no significant differences in the prevalence of
renal insufficiency (GFR �60 ml/m per 1.73 m2) between over-
weight and obese patients (23% [95% CI 21 to 25%] versus 23%
[95% CI 21 to 25%]; Table 2). In both the overweight and the
obese groups, patients with diabetes had a higher prevalence of
RI (30.1% [95% CI 24.4 to 32.9] versus 19.2% [95% CI 17.6 to 20.8;
P � 0.0001] in the obese group and 29.1% [95% CI 24.6 to 33.9]
versus 20.1% [95% CI 18.0 to 22.9] in the overweight patients).
The risk for a GFR 30 to 60 ml/m per 1.73 m2 was 83% greater
(odds ratio 1.83; 95% CI 1.55 to 2.16) in the presence of diabetes.
When the distribution of GFR along quartiles of waist circum-
ference was analyzed, there was a larger proportion of patients
with GFR �90 ml/m per 1.73 m2 in the higher percentiles of
waist circumference (P � 0.008 for the trend). A higher preva-

Table 1. Characteristics of the patientsa

Variable
Overweight

(BMI 25 to 29.9 kg/m2)
(n � 2060)

Obesity
(BMI �30 kg/m2)

(n � 2525)
P

Age (yr) 61.9 (10.5) 61.9 (10.7) NS
Male (%) 51.8 45.0 �0.0001
BMI (kg/m2; mean �SD� 27.8 (1.3) 35.1 (4.1) �0.0001
Waist (cm; mean �SD�)

male 101.1 (10.5) 113.6 (11.5) �0.0001
female 94.2 (10.7) 107.9 (12.9) �0.0001

SBP (mmHg; mean �SD� 145.75 (17.4) 145.84 (18.2) NS
DBP (mmHg; mean �SD� 85.01 (10.3) 85.5 (10.8) NS
Glucose (mg/dl; mean �SD� 110.0 (28.9) 117.7 (34.1) �0.0001
HDL cholesterol (mg/dl; mean �SD� 53.6 (15) 51.3 (13.2) �0.0001
Triglycerides (mg/dl; mean �SD� 148.0 (68) 161.7 (78) �0.0001
Diabetes 26.04 (24.1 to 27.9) 37.03 (10.9 to 13.5) �0.0001
MS 1 (% �95% CI�) 80.2 (78.0 to 82.2) 92.8 (91.5 to 94.0) �0.0001
MS 2 (% �95% CI�) 85.4 (83.4 to 87.2) 95.1 (94.0 to 96.0) �0.0001

aBMI, body mass index; CI, confidence interval; DBP, diastolic BP; MS 1, metabolic syndrome (Adult Treatment Panel III
criteria); MS 2, metabolic syndrome (International Diabetes Federation criteria); SBP, systolic BP.
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lence of RI was observed in patients with abdominal obesity
(Table 2). The distribution of risk factors in patients with ab-
dominal obesity is shown in Table 3. Patients with abdominal
obesity tended to be older and to present more metabolic
alterations and obesity (BMI �30 kg/m2). The presence of
abdominal obesity increased the risk for presenting a GFR �60
ml/min per 1.73 m2 by 55%. After adjustment for all of the
components of the MS, this risk was only slightly reduced
(odds ratio 1.51; 95% CI 1.13 to 2.01).

Discussion
This study shows a very high prevalence (23%) of RI (GFR by

MDRD �60 ml/m per 1.73 m2) in a relatively large cohort of
adult hypertensive patients with overweight/obesity. Given
the difficulties with accurate estimation of GFR and the limita-
tions of calculating GFR on the basis of serum creatinine alone,
there is an increased interest in the use of equations (MDRD
and C-G). These equations include variables such as age,
weight, gender, and race and show a good correlation with
accurate markers of GFR (17). When comparing both equations,
the GFR values that were obtained with the C-G method were

higher, and the differences were larger with higher BMI values.
Other studies have shown that, in the presence of obesity/
overweight, the C-G method overestimates GFR and consider
the MDRD equation, especially in cases of reduced GFR, to be
more accurate (18,19).

In the Spanish population pilot study, the prevalence of GFR
�60 ml/m per 1.73 m2 was 5.1% (20), similar to that (5% of the
population) performed in �500,000 patients in a Canadian
population (21). However, when patients with hypertension are
studied, there is a greater prevalence of RI. In a cohort of 721
patients who had essential hypertension, a mean age of 56 yr,
and a BMI of 28.9 kg/m2 and attending a hospital clinic, a GFR
�60 ml/min per 1.73 m2 was observed in 16.2% of the patients
(22). In another recently published study (23), the prevalence of
a GFR �60 ml/min per 1.73 m2 by MDRD in 13,687 patients
who had hypertension and were seen in primary care in Spain
was 27.7%. Patients who were included in this study were of
similar characteristics to our study group. Most of them were
overweight or obese, only 17% had normal body weight, and
30.6% had diabetes. The older age (mean 68.1 yr) could explain
the higher prevalence of RI than that observed in our popula-
tion. In the MicroAluminuria en pacientes con glucemia Basal
ALterada (MAGAL) study published in this issue (24), the
prevalence of RI in patients with hypertension and microalbu-
minuria was 19.9%, but 10% of these patients had BMI �25
kg/m2.

Given the coexistence of hypertension and overweight/obe-
sity in our patients, it is difficult to establish the significance of
each of these in the development of kidney damage. Both in
hypertension and in overweight/obesity, as well as in diabetes,
glomerular hyperfiltration can occur, which, over time, can
contribute to kidney damage (25,26). Ribstein et al. (26) dem-
onstrated in a comparative study in patients with hypertension
that the presence of obesity causes a higher filtration fraction
and, consequently, more microalbuminuria, thus confirming
that the increase in weight intensifies hypertensive renal dam-
age. Microalbuminuria was not measured in our study. None-
theless, the greater prevalence of GFR �90 ml/m per 1.73 m2 in
patients in the highest percentile of waist circumference sug-
gest the presence of hyperfiltration, at least at some point
during the renal life of patients with hypertension and obesity,
a hyperfiltration that contributes to a steady decline of renal
function. In the Hypertension Detection and Follow-Up Pro-
gram (27), the incidence of chronic renal disease at 5 yr, defined
by proteinuria and/or GFR �60 ml/min per 1.73 m2, was
higher in patients with obesity and overweight (31 and 34%,
respectively) than in hypertensive patients with ideal weight
(28%).

No differences in prevalence of RI were observed between
overweight or obese patients who were classified according to
BMI in our study. A possible explanation is that a cutoff point
of 25 kg/m2 in hypertensive patients with other risk factors
already defines the increased risk for RI. Besides, BMI indicates
only body corpulence, and it might be hypothesized that hy-
pertensive patients with BMI between 25 and 29.9 kg/m2 have
more body fat than nonhypertensive overweight individuals.
Furthermore, it has been reported that hypertensive patients

Figure 1. Bland-Altman plot comparing two methods to esti-
mate the GFR (Cockroft-Gault and MDRD) in overweight (A)
and obese (B) hypertensive patients.
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had more visceral adipose tissue accumulation, measured by
multiscan magnetic resonance imaging, than nonhypertensive
control subjects for a similar fat mass (28). In fact, our study
shows that patients with abdominal obesity have a significantly
lower GFR and that there are more patients with CKD com-
pared with non(abdominal)obese patients, supporting the rel-
evance of abdominal obesity in kidney damage. A study to
assess body fat and its association with BMI in hypertensive
patients is warranted. On the other side, it has been shown in
patients without diabetes that, regardless of BMI, central dis-
tribution of fat (abdominal obesity) increases the risk for a
reduction of GFR (29). The greater prevalence of RI in hyper-
tensive patients with abdominal obesity could be due to the
different metabolic alterations that frequently are associated
with this type of obesity and that constitute the MS. A greater
prevalence of metabolic alterations was seen in patients with
abdominal obesity, although they still have a high risk for RI
after adjustment for these variables. Therefore, other factors
that were not determined in this study, such as hyperinsulin-
emia, increased sympathetic activity, renin-angiotensin system
activation, inflammatory mediators, and other adipocyte-de-

rived products, could play a role in the development of RI that
is associated with abdominal obesity and MS (30). As expected,
in the presence of diabetes, the prevalence of RI increased
significantly in both overweight and obese patients.

Conclusion
Our study reveals that patients who have hypertension and

overweight/obesity and are seen in a primary care setting
show a high prevalence of MS and RI in which abdominal
obesity plays an important role. Stepping up of preventive and
therapeutic measures to control these frequent and important
vascular risk factors therefore should be considered.
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buro Pedro, Arana Domenech Jesús, Arana Torres Monica, Aranda
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Parameter Mean GFR
(ml/min per 1.73 m2)

Proportion of Patients with GFR
�60 ml/min per 1.73 m2

BMI
overweight 77.1 (26)b 22.7 (20.6 to 24.9)c

P NS NS
obesity 77.5 (25)b 22.8 (21.0 to 24.7)c

Abdominal obesitya

absent 81 (27)b 17 (14 to 20)c

P �0.0001 �0.001
present 77 (25)b 23 (22 to 26)c

aCut point 88 and 102 cm for men and women, respectively.
bMean (SD).
c% (95% CI).

Table 3. Proportion of patients with cardiovascular risk
factors according to abdominal obesity

Variable

Abdominal
Obesity

(%) P

Yes No

Age �65 yr 46 39 0.0003
SBP �130 mmHg 82 84 0.178
Diabetes 33 27 0.0003
Reduced HDL cholesterola 32 21 �0.0001
Triglycerides � 150 mg/dl 48 45 0.079
Glucose � 110 mg/dl 44 37 �0.0001
BMI � 30 kg/m2 66 14 �0.0001
a�40 mg/dl in men and �40 mg/dl in women.
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Egea Magdalena, Cinos Ramos Ma Lourdes, Clar Puig Cristina, Climent
Ferri Victor, Cobas Varela Enrique, Cobos Toro Luis, Collado Navas
Raquel, Conejero Garcı́a Vicente, Corominas Sarrio Pilar, Correa Arm-
ero Rosario, Cortes Evaristo, Cortés Ugalde Fernando, Cortizo Torres
Maria Emilia, Coscolla Checa Francisco, Costa Broch Pascual, Creixell
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Enrique, Del Blanco Niembro Pablo, Del Rı́o Bohorquez Cristobal, Del
Rı́o Alonso Jose Marı́a, Del Valle Pelayo Juan, Delgado Simón Félix,
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Hernández Iglesias Juan José, Hernández Rodrı́guez Maria Dolores,
Hernández Herrera Ricardo, Herran Oteruelo Luis Ángel, Herrera
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Otero Felipe, Paredes Saura José, Parralejo Cano Francisco, Pascual
Fuster Vicente, Pastor Mira Percebal Isidro, Paz Rodrı́guez Fabiola,
Pazos González Pilar, Peco Bermúdez Benjamı́n, Pedraza Sánchez So-
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Rodrı́guez Hernández Vidal, Rodrı́guez Poncela Antonio, Rodrı́guez
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Rosa Gil Luis, Rubio Hernández Jose Félix, Rudolphi Carralero Te-
odoro, Ruiz Comellas Anna, Ruiz Diez Dolores, Ruiz Ferrando Ernes-
tina, Ruiz Franzi Ignacio, Ruiz De Gordeguela Julio, Ruiz Pastor Luis,
Ruiz Fernandez Manuel, Ruiz Aragón Rosalı́a, Ruvira Martı́nez
Ernesto, Sacristán Rubio Alberto, Sáenz Galeano Antonio, Sainz Salazar
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celo Carmen, Valero Lance Maria Pilar, Valladares Mateu Lluis Carles,
Vargas Negrı́n Francisco, Vázquez Rojo Carlos, Vázquez Garcı́a Marı́a
Dolores, Velasco Escobar Pablo, Velayos Jiménez Enrique, Velazquez
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