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Central Body Fat Distribution Associates
with Unfavorable Renal Hemodynamics
Independent of Body Mass Index
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ABSTRACT
Central distribution of body fat is associated with a higher risk of renal disease, but whether it is the
distribution pattern or the overall excess weight that underlies this association is not well understood.
Here, we studied the association between waist-to-hip ratio (WHR), which reﬂects central adiposity,
and renal hemodynamics in 315 healthy persons with a mean body mass index (BMI) of 24.9 kg/m2 and a
mean 125I-iothalamate GFR of 109 ml/min per 1.73 m2. In multivariate analyses, WHR was associated
with lower GFR, lower effective renal plasma ﬂow, and higher ﬁltration fraction, even after adjustment
for sex, age, mean arterial pressure, and BMI. Multivariate models produced similar results regardless
of whether the hemodynamic measures were indexed to body surface area. Thus, these results suggest
that central body fat distribution, independent of BMI, is associated with an unfavorable pattern of
renal hemodynamic measures that could underlie the increased renal risk reported in observational
studies.
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RESULTS

Participant characteristics are shown in Table 1. All
persons were healthy and, by default, had normal
renal function, BP, and plasma glucose levels. Mean
WHR 6 SD was 0.8760.09.
The univariate associations of WHR and BMI,
respectively, with body surface area (BSA)–indexed
renal hemodynamic measures are shown in Figure
1. WHR was inversely associated with GFR/BSA
(R=20.201; P,0.001) and effective renal plasma
ﬂow (ERPF)/BSA (R=20.431; P,0.001) and positively with ﬁltration fraction (FF) (R=0.357;
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Central body fat distribution is associated with
increased long-term renal risk, as shown in several
recent studies.1–3 This increased risk is often attributed
to associated conditions, such as weight excess, hypertension, dyslipidemia, and diabetes.4–10 However, after adjustment for these conditions, central
body fat distribution, estimated from waist-to-hip
ratio (WHR), remains an independent determinant
of increased long-term renal risk.1–3 The mechanisms underlying this increased renal risk in association with a central body fat distribution are not well
established. Small studies suggest that central body
fat distribution is associated with an unfavorable
renal hemodynamic proﬁle;11,12 however, these
studies did not control for concomitant presence
of overall weight excess as commonly reﬂected by
body mass index (BMI), a well established determinant of an unfavorable renal hemodynamic proﬁle
in itself.5,13 We therefore investigated whether body
fat distribution is associated with renal hemodynamics, independent of BMI, in a cohort of 315
normotensive persons with normal fasting glucose
levels.
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Table 1. Participant characteristics (n=315)
Variable

Data

Men, n (%)
Age (yr)
WHR
Waist circumference (cm)
Hip circumference (cm)
Weight (kg)
Height (cm)
BMI (kg/m2)
BSA (m2)
Overweight, n (%)
Obesity, n (%)
Fasting plasma glucose (mmol/L)
Systolic BP (mmHg)
Diastolic BP (mmHg)
MAP (mmHg)
GFR/BSA (ml/min per 1.73 m2)
ERPF/BSA (ml/min per 1.73 m2)
GFR (ml/min)
ERPF (ml/min)
FF (%)
Albuminuria (mg/d) (n=198)
Urinary sodium excretion (mmol/d) (n=192)

167 (53)
39615
0.8760.09
86611
9969
78614
176610
24.963.9
1.9460.20
109 (35)
31 (10)
4.760.5
123612
7568
8969
109615
415692
122620
4646112
2765
5 (3–8)
205679

Overweight and obesity are deﬁned as BMI 25–29.9 and $30 kg/m2, respectively. Unless otherwise noted, data are shown as mean 6 SD or median
(interquartile range).

P,0.001). For BMI, the R values were 0.230 for ERPF/BSA
(P,0.001) and 0.207 for FF (P,0.001), whereas no signiﬁcant
association was found with GFR/BSA. Multivariate analyses
are shown in Table 2. WHR (upper panel) was associated with
GFR/BSA (b=24.01 [95% conﬁdence interval (CI), 26.17 to
21.85]; P,0.001), ERPF/BSA (b=246.6 [95% CI, 258.0 to
235.1]; P,0.001), and FF (b=2.05 [95% CI, 1.41 to 2.70];
P,0.001), independent of sex, age, mean arterial pressure
(MAP), and BMI. BMI (lower panel) was associated with
ERPF/BSA (b=216.2 [95% CI, 226.3 to 26.0]; P,0.002)
and FF (b=0.78 [95% CI, 0.22 to 1.33]; P,0.001), independent of sex, age, and MAP, but the associations were lost after
inclusion of WHR into the model. No association between
BMI and GFR/BSA was present.
For the crude renal hemodynamic measures, univariate
analysis conﬁrmed the association of WHR with ERPF
(R=20.210; P,0.001) and with FF (R=0.357; P,0.001).
The association of WHR with GFR was borderline signiﬁcant
(R=0.107; P=0.06). BMI was associated with GFR (R=0.254;
P,0.001) and with FF (R=0.207; P,0.001). Multivariate
analyses are shown in Table 3. WHR (upper panel) was independently associated with GFR (b=24.53 [95% CI, 26.90
to 22.16]; P,0.001), ERPF (b=252.7 [95% CI, 265.2 to
240.1]; P,0.001) and FF (b=2.03 [95% CI, 1.39 to 2.67];
P,0.001), after adjustment for BSA, sex, age, MAP, and
BMI. BMI (lower panel) was independently associated with
GFR (b=3.92 [95% CI, 1.11 to 6.72]; P=0.006), after adjustment for BSA, sex, age, MAP, and WHR. The association of
988
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BMI with ERPF (b=2 22.0 [95% CI, 2 36.9 to 2 7.2];
P=0.004) and FF (b=2 1.46 [95% CI, 0.74 to 2.18];
P,0.001) was independent of BSA, sex, age, and MAP; however, this association was eliminated after inclusion of WHR in
the model. Similar results were found with analysis for heightindexed GFR and ERPF (data not shown).
No signiﬁcant interaction was present between WHR and
sex on GFR, ERPF, or FF, suggesting that sex was not a major
modiﬁer of the independent relationship between WHR and
renal hemodynamics. Albuminuria was available and above
the detection limit in 185 persons; in this subpopulation, no
association was seen between WHR and albuminuria excretion
(R=20.076; P=0.289). Urinary sodium excretion was available in 192 persons and was positively associated with both
unindexed GFR (R=0.248; P=0.001) and ERPF (R=0.233;
P=0.001), but not with FF. These associations with urinary
sodium excretion disappeared when renal hemodynamics
were indexed for BSA or height.
To test whether recruitment source (i.e., prospective kidney donors versus healthy volunteers in several renal hemodynamic studies) affected the relationship between WHR and
renal hemodynamics, linear regression analysis was repeated
with recruitment source included in the model. This did not materially change the results (data not shown), indicating lack of
effect of the recruitment source.
The combined effects of WHR and BMI on FF are illustrated
in Figure 2, which shows mean FF by sex-stratiﬁed median of
WHR (0.86) and median of BMI (24.6 kg/m2), respectively. It
clearly illustrates that a WHR above the median was associated
with a substantially and signiﬁcantly higher FF in persons with
lower BMI and in those with higher BMI (P,0.001 for both).
No signiﬁcant interaction between WHR and BMI on FF was
detected.

DISCUSSION

We found that higher WHR was associated with an unfavorable
renal hemodynamic proﬁle, with lower GFR and ERPF, and with
higher FF, independent of BMI, in a population of nonhypertensive, nondiabetic healthy persons. These data are in line with
epidemiologic studies showing that central body fat distribution
is an independent risk factor for renal damage and suggest that
renal hemodynamic factors could be involved in the increased
renal risk.
For our analysis, we used renal data normalized for BSA, as
well as the crude renal data. BSA normalization is warranted to
account for differences in body size between individuals, but it
can lead to systematic error in analyses of associations with
participant characteristics that relate to body dimensions, such as
weight excess or, in this case, body fat distribution.14–17 To account
for such bias, height normalization has been recommended,14 as
well as normalization to extracellular volume.18,19 However,
there is no validated gold standard. Unfortunately, data on
extracellular volume were available in only a relatively small
J Am Soc Nephrol 24: 987–994, 2013
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Figure 1. Univariate associations between WHR and BMI with renal hemodynamics measures. Scatter plots showing the univariate
associations between WHR (upper panel) and BMI (lower panel), respectively, with BSA-indexed GFR and ERPF and with FF.

Table 2. Multivariate data for WHR and BMI with renal hemodynamic measures, indexed for BSA
Variable
WHR
Model 1
Model 2
Model 3
Model 4
Model 5
BMI
Model 1
Model 2
Model 3
Model 4
Model 5

GFR/BSA

ERPF/BSA

FF

b (95% CI)

P Value

b (95% CI)

P Value

b (95% CI)

P Value

22.95 (24.67 to 21.23)
23.48 (25.26 to 21.70)
23.39 (25.18 to 21.61)
23.13 (24.99 to 21.28)
24.01 (26.17 to 21.85)

0.001
,0.001
,0.001
0.001
,0.001

238.7 (248.2 to 229.2)
246.0 (255.5 to 236.5)
245.7 (255.2 to 236.2)
243.0 (252.8 to 233.2)
246.6 (258.0 to 235.1)

,0.001
,0.001
,0.001
,0.001
,0.001

1.72 (1.19 to 2.24)
2.05 (1.52 to 2.57)
2.05 (1.51 to 2.58)
1.93 (1.38 to 2.48)
2.05 (1.41 to 2.70)

,0.001
,0.001
,0.001
,0.001
,0.001

0.38
0.43
0.44
0.71
0.12

220.8 (231.0 to 210.7)
219.8 (229.9 to 29.7)
219.8 (229.8 to 29.7)
216.2 (226.3 to 26.0)
6.5 (24.3 to 17.3)

,0.001
,0.001
,0.001
0.002
0.24

0.98 (0.43 to 1.52)
0.93 (0.39 to 1.48)
0.93 (0.39 to 1.48)
0.78 (0.22 to 1.33)
20.22 (20.83 to 0.38)

,0.001
0.001
0.001
0.006
0.47

20.78 (22.52 to 0.96)
20.70 (22.45 to 1.04)
20.69 (22.43 to 1.05)
20.34 (22.12 to 1.44)
1.61 (20.42 to 3.64)

In models of WHR, sex, age, MAP, and BMI are entered as independent values; BSA-indexed GFR and ERPF and FF are entered as dependent variables. In models
of BMI, sex, age, MAP, and WHR are entered as independent values. Regression coefﬁcients and conﬁdence intervals are reported as standardized values. Model 1:
crude; model 2: model 1 plus adjustment for sex; model 3: model 2 plus adjustment for age; model 4: model 3 plus adjustment for MAP; model 5: model 4 plus
adjustment for BMI in model of WHR or adjustment for WHR in model of BMI.

subset of persons in this study. Therefore, we presented BSAnormalized data, as well as crude data. In both analyses, higher
WHR was associated with lower GFR and ERPF in multivariate
analysis, supporting the robustness of the association, which
was further conﬁrmed in the height-indexed data. Moreover,
higher WHR was also associated with higher FF. The latter is
calculated as GFR/ERPF and hence is insensitive to assumptions underlying normalizations. Taken together, this ﬁnding
supports the validity of the associations of renal hemodynamics
with WHR detected here.
The associations of GFR, ERPF, and FF with WHR were
independent of BMI, as demonstrated by the multivariate
J Am Soc Nephrol 24: 987–994, 2013

analysis. The independence was not due to lack of effect of BMI
on renal hemodynamics because BMI was associated with
ERPF and FF as well, with lower ERPF and higher FF in persons
with higher BMI. The association of BMI with renal hemodynamics is in line with our prior ﬁndings in healthy persons5,20
and in transplant recipients,21 along with data in the literature on
obese and morbidly obese persons.22–25 Our data also agree with
prior studies on the association of body fat distribution with
renal hemodynamics in obese and hypertensive persons, respectively. In obese persons with central body fat distribution,
Scaglioni and colleagues found a lower nonindexed ERPF and a
somewhat higher FF compared with obese persons who have
Central Obesity and Glomerular Hyperﬁltration

989

CLINICAL RESEARCH

www.jasn.org

Table 3. Multivariate data for WHR and BMI with renal hemodynamic measures, unindexed
Variable
WHR
Model 1
Model 2
Model 3
Model 4
Model 5
Model 6
BMI
Model 1
Model 2
Model 3
Model 4
Model 5
Model 6

GFR

ERPF

FF

b (95% CI)

P Value

b (95% CI)

P Value

b (95% CI)

P Value

2.21 (20.09 to 4.51)
23.41 (25.53 to 21.29)
23.46 (25.57 to 21.35)
23.34 (25.45 to 21.23)
23.11 (25.28 to 20.94)
24.53 (26.90 to 22.16)

0.06
0.002
0.001
0.002
0.005
,0.001

222.8 (235.3 to 210.4)
253.5 (264.9 to 242.1)
254.0 (265.0 to 242.9)
253.6 (264.7 to 242.4)
251.0 (262.4 to 239.7)
252.7 (265.2 to 240.1)

,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

1.72 (1.19 to 2.24)
2.29 (1.72 to 2.85)
2.30 (1.74 to 2.86)
2.30 (1.74 to 2.87)
2.19 (1.61 to 2.76)
2.03 (1.39 to 2.67)

,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

5.06 (2.82 to 7.29)
20.44 (22.64 to 1.76)
1.30 (21.29 to 3.88)
1.35 (21.23 to 3.93)
1.63 (20.96 to 4.23)
3.92 (1.11 to 6.72)

,0.001
0.69
0.32
0.30
0.22
0.006

21.2 (213.9 to 11.4)
230.4 (243.0 to 217.7)
225.4 (240.4 to 210.4)
225.1 (240.1 to 210.1)
222.0 (236.9 to 27.2)
4.5 (210.4 to 19.4)

0.85
,0.001
0.001
0.001
0.004
0.55

0.98 (0.43 to 1.52)
1.45 (0.84 to 2.06)
1.59 (0.87 to 2.32)
1.59 (0.86 to 2.31)
1.46 (0.74 to 2.18)
0.44 (20.32 to 1.19)

,0.001
,0.001
,0.001
,0.001
,0.001
0.26

In models of WHR, BSA, sex, age, MAP, and BMI are entered as independent values; unindexed GFR and ERPF, and FF are entered as dependent variables. In
models of BMI, BSA, sex, age, MAP, and WHR are entered as independent values. Regression coefﬁcients and conﬁdence intervals are reported as standardized
values. Model 1: crude; model 2: model 1 plus adjustment for BSA; model 3: model 2 plus adjustment for sex; model 4: model 3 plus adjustment for age; model 5:
model 4 plus adjustment for MAP; model 6: model 5 plus adjustment for BMI in model of WHR or adjustment for WHR in model of BMI.

Figure 2. Mean FF per median WHR and BMI. Three-dimensional
bar graph showing the combined effects of WHR and BMI on FF,
with mean FF (y-axis) per sex-stratiﬁed median of WHR (x-axis) and
median BMI (z-axis). Median WHR was 0.86 and median BMI was
24.6 kg/m2.

peripheral body fat distribution. 11 Reid and colleagues
found an inverse association between WHR and renal blood
ﬂow in hypertensive patients with and without microalbuminuria.12 Hence, both studies found a univariate association
between WHR and renal hemodynamics. However, to our
knowledge, we are the ﬁrst to report that the effect of WHR
on renal hemodynamics is independent of BMI. Furthermore,
we demonstrated that this association is present in a population
of healthy persons.
990
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Increasing evidence links body fat distribution with well
established renal risk factors, as well as long-term renal damage.
Several studies reported that WHR was associated with
albuminuria26–28 and BP,29,30 both irrespective of BMI. In the
current study, however, we have not found a robust association
between WHR and albuminuria, possibly because of the very
low albuminuria excretion rates, which reﬂect the strict inclusion criteria of this healthy population. As to long-term data,
when the distribution of body fat is considered, central distribution was a stronger independent predictor of renal damage
than general adiposity estimated by BMI (i.e., persons with
central fat distribution, whether lean, overweight, or obese,
showed a greater risk of decreased ﬁltration rate).1 In an even
larger cohort study in 13,000 individuals with long-term
follow-up, WHR was independently associated with incident
CKD and a composite endpoint of all-cause mortality and incident CKD.2 Finally, in an elderly population, central body fat
distribution was more accurate in predicting CKD than BMI.3
Several mechanisms may play a role in the deleterious effects
of central fat accumulation on the kidney, such as oxidative
stress and inﬂammation by upregulation of proinﬂammatory
adipokines and cytokines.31,32 Furthermore, central fat is associated with insulin resistance,33 dyslipidemia,34–36 metabolic
syndrome,37 and type 2 diabetes,38–40 most likely in mutual interaction. An association with the nervous system has also been
proposed.41 Our study does not allow dissection of different
mechanisms underlying the deleterious effect of central body
fat distribution on the kidney; however, it can add to current
literature that abnormalities in renal hemodynamics occur in
absence of hypertension and impaired glucose tolerance and
diabetes.
Our data demonstrate an independent association of
higher WHR with lower GFR and ERPF, and with higher FF.
This renal hemodynamic proﬁle has similarities with renal
J Am Soc Nephrol 24: 987–994, 2013
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hemodynamics in sodium-sensitive hypertensive patients42,43
and with renal hemodynamic proﬁle in overweight and morbid
obesity,5,13,44 whereas in the latter condition GFR tends to be
elevated, usually in association with comorbid diabetes.23 On
the basis of extensive animal data, including micropuncture
data from Brenner’s group, an elevated FF is assumed to reﬂect
elevated glomerular pressure, which contributes to long-term
renal risk by glomerular capillary hypertension.45 The validity
of the glomerular hypertension hypothesis in humans is supported by intervention data in CKD, demonstrating predictive
power of FF reduction for long-term renal prognosis46,47 and
by observational data in renal transplant recipients.21 The combination of lower ERPF and higher FF indicates a higher postglomerular efferent arteriolar tone that can affect renal sodium
handling by altering peritubular Starling forces, hampering sodium excretion, and hence contributing to sodium-sensitive
hypertension.42 Of note, a high sodium intake, in turn, can
be a determinant of this unfavorable renal hemodynamic proﬁle, as shown in hypertension42 and otherwise healthy overweight persons.20 In this study we also found an association
between sodium status and both GFR and ERPF; however, this
association disappeared after normalization for BSA or height.
Intervention data in obese subjects showed that the renal hemodynamic proﬁle was at least partly normalized by bariatric
surgery, supporting its hemodynamic nature, and the potential
reversibility.22 The latter is also supported by data on the renal
effects of renin-angiotensin-aldosterone system blockade in
relation to BMI.48 Whether this also applies to the renal hemodynamic changes in relation to body fat distribution remains
to be explored in further studies.
This study has several limitations. First, because of its crosssectional design, this study cannot assess causality. Second,
WHR provides only an indirect measurement of central body
fat distribution, and it would be interesting to assess intraabdominal fat or liver fat more directly and more speciﬁcally (e.g.,
by means of computed tomography and dual-energy x-ray absorptiometry of the abdomen or by means of magnetic resonance imaging and spectroscopy of the liver, respectively).49,50
Yet, despite the indirect nature as a marker of abdominal fat,
WHR is an accepted measure to asses central body fat and is
commonly used in epidemiologic studies showing the association with long-term renal outcome. Third, it would also be
interesting to have indirect markers of intra-abdominal fat
available. Liver enzymes are increasingly appreciated as indirect
measures of hepatic fat accumulation (i.e., nonalcoholic steatosis
hepatis), which in turn is strongly associated with intra-abdominal
fat accumulation and central body fat distribtution.51–53 It
would have been interesting if we could have investigated
whether liver enzymes, in particular alanine aminotransferase
and g-glutamyl transpeptidase, are associated with renal hemodynamic measures, independent of BMI, in a similar fashion as WHR. This is a relevant subject for future studies.
Furthermore, no detailed data on metabolic status (other than
the exclusion of diabetes) were available. Fourth, because the
association between renal hemodynamics and BSA changes
J Am Soc Nephrol 24: 987–994, 2013
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with increasing adiposity, this could possibly bias correlations
between renal hemodynamics and WHR. However, in that respect, it is noteworthy that we found essentially similar results
when studying the association between WHR and height-indexed
and unindexed renal hemodynamics for GFR and ERPF and, by
default, for FF, supporting the robustness of our data against
assumptions on body composition.
In conclusion, a higher WHR was associated with lower GFR
and ERPF, and with higher FF, in healthy persons; these are
considered an unfavorable renal hemodynamic proﬁle. Of note,
this association was independent of BMI. These data suggest the
possibility that an altered renal hemodynamic proﬁle is involved
in the long-term renal risk associated with body fat distribution,
as seen in epidemiologic studies.

CONCISE METHODS
Study Population
The total population consisted of 408 healthy persons in whom renal
hemodynamic and anthropometric measurements were performed.
For the current study we excluded persons who used antihypertensive
medication to avoid possible interaction with the renin-angiotensinaldosterone system and thereby on renal hemodynamics (n=54) and
persons with an impaired fasting glucose (deﬁned as fasting plasma
glucose $5.6 mmol/L according to American Diabetes Association
guidelines;54 n=39), leaving 315 healthy persons for the current analysis. The participants were either healthy persons screened and subsequently found eligible for kidney donation (n=208; 51% men;
mean age 6 SD, 47612 years) or healthy volunteers previously studied in three different experimental protocols (n=107; 56% men;
mean age 6 SD, 2465 years), of whom two protocols have been
previously published together.55 Inclusion criteria for the three experimental protocols were similar and entailed normal BP (deﬁned as
systolic and diastolic BP ,140 and ,90 mmHg, respectively), normal renal function, and normoalbuminuria. For all persons, medical
histories were without signiﬁcant disease and physical examination
did not reveal any abnormalities. No persons had diabetes mellitus,
and persons did not use nonsteroidal anti-inﬂammatory drugs frequently. Data on use of oral contraceptives were not available. Healthy
persons were studied during a standardized liberal sodium intake (200
mmol sodium per day), and prospective kidney donors were assessed
during unrestricted sodium intake. The study is in accordance with the
Declaration of Helsinki and was conducted according to the guideline
for good clinical practice.

Renal Hemodynamic and Anthropometric
Measurements
GFR and ERPF were measured by constant infusion of radiolabeled
tracers, 125I-iothalamate, and 131I-hippurate, respectively, when the
persons were in a quiet room and in a semi-supine position. After a
blank blood sample was drawn, a priming solution containing 0.04
ml of the infusion solution per kg body weight (0.04 MBq of 125
I-iothalamate and 0.03 MBq of 131I-hippurate) plus an extra bolus
of 0.06 MBq of 125I-iothalamate was given at 08:00 hours, followed by
Central Obesity and Glomerular Hyperﬁltration
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constant infusion at 12 ml/h. To attain stable plasma concentrations
of both tracers, a 2-hour stabilization period followed, after which
baseline measurements started at 10:00 hours. The clearances were
calculated as (U3V)/P and (I3V)/P, respectively. U3V represents
the urinary excretion of the tracer, I3V represents the infusion rate of
the tracer, and P represents the tracer value in plasma at the end of
each clearance period. This method corrects for incomplete bladder
emptying and dead space, by multiplying the urinary clearance of
125
I-iothalamate with the ratio of the plasma and urinary clearance of
131
I-hippurate.56,57 To comply with common practice in the literature,
GFR and ERPF were indexed for BSA as calculated using the DuBoisDuBois formula.58 In addition, we indexed GFR and ERPF for height.
The ﬁltration fraction (FF) was calculated as the ratio of GFR and
ERPF and expressed as percentage. This renal hemodynamic parameter was not indexed for BSA. BP was measured during renal function
measurements by noninvasive automatic BP assessment (Dinamap)
and expressed as MAP (diastolic pressure plus one third of pulse pressure). Albuminuria and sodium excretion were measured in 24-hour
urine collections. BMI as a measure of overall obesity was calculated by
dividing body weight by height squared (kg/m2). Waist and hip circumference were measured on bare skin, at the natural indentation
between the 10th rib and iliac crest and at the region of the trochanter
major, respectively. Waist circumference was measured after an overnight
fast and at the end of normal expiration to avoid inﬂuence of stomach
content and respiration phase on measurements. Values of waist and hip
circumference were expressed in whole centimeters, and WHR was calculated as waist circumference divided by hip circumference.

were correlated (R=0.496; P#0.001) and BSA was correlated with
WHR and BMI (R=0.447 and R=0.488, respectively; both
P#0.001), no co-linearity was present. All regression coefﬁcients
are reported as standardized regression coefﬁcients to facilitate comparison between variables and models. We investigated potential
interactions between WHR, BMI, and age by entering age, the
investigated characteristic, and their product term in multivariate
linear regression analyses. Finally, to ensure that the relationship between WHR and renal hemodynamics was not biased by recruitment
source (i.e., prospective kidney donor or healthy volunteer in renal
hemodynamic studies), we repeated linear regression analysis with
adding recruitment source in the model. Data were analyzed using
SPSS, version 18.0 (SPSS Inc., Chicago, IL), and GraphPad Prism,
version 5 (GraphPad Software Inc., San Diego, CA). A two-sided
P value ,0.05 was considered to represent a statistically signiﬁcant
difference.
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Statistical Analyses
Data are given as mean with SD when normally distributed or as
median with interquartile range (IQR). Numbers and percentages
were used to summarize categorical variables. A Pearson correlation
test was performed to explore the univariate associations between
WHR and BMI, respectively, with renal hemodynamics. Multivariate
linear regression analysis was used to investigate the cross-sectional
relations between WHR and BMI, respectively, with renal hemodynamics, with adjustment for sex, age and MAP. In line with general
population studies using creatinine clearance or eGFR,59 the relation of
age with GFR was nonlinear and was better described with addition
of a quadratic term of age in the regression models. To test whether
effects of WHR on renal hemodynamics were independent of BMI, the
latter was forced into the model that tested the effects of WHR. To test
whether effects of BMI were independent of WHR, the latter was
forced into the model that tested the effects of BMI.
Primary analyses were performed with ERPF and GFR indexed for
BSA to comply with common practice in the literature. However, in
analyses of associations with measures of body dimensions, such as
BMI and WHR, this can induce bias.14–17 Therefore, we additionally
performed the same analyses with the crude values of ERPF and GFR,
and ﬁnally, for height-indexed ERPF and GFR. Because the latter
results were similar to those for the crude values, these data are not
shown. We included BSA in the unindexed models to conﬁrm results
found with the BSA-indexed models. To check for collinearity between WHR and BMI, and for BSA with WHR or BMI, variance
inﬂation factor diagnostics were used. Although WHR and BMI
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