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ARTICLE INFO

Abstract

Received:

The relationship between estimated glomerular filtration rate (eGFR) and arterial
stiffness is uncertain. The objective was to evaluate the association between eGFR and
arterial stiffness in Caucasian subjects with intermediate cardiovascular risk. A crosssectional study including 2251 subjects with eGFR ≥ 60ml/min per 1.73m2. Arterial
stiffness was measured with pulse pressure (PP), brachial-ankle pulse wave velocity
(baPWV) and cardio-ankle vascular index (CAVI). Renal hyperfiltration (RHF) was
defined with the highest age group–specific quartile of eGFR. We used multivariate
logistic regression analysis to evaluate the associations between arterial stiffness
and glomerular filtration, which were further tested using propensity score matching
analysis between participants with or without RHF. Subjects with higher eGFR (4th
quartile) compared to those with lower eGFR (1st quartile) had an OR=1.63 (p<0.001)
of having an elevated baPWV and an OR=1.95 (p<0.001) of having an elevated PP. After
multivariate adjustment, each 10ml/min per 1.73m2 increase in eGFR was associated
with a 28% higher odd ratio of having elevated PP (OR:1.28;95% CI:1.15–1.42). RHF
was significantly associated with a 47% increased risk of elevated PP (p=0.003), but
not with baPWV (p=0.347) or CAVI (p=0.515). The results obtained in the paired cohort
were similar. RHF was associated with elevated PP, but not with baPWV or CAVI, which
suggests that elevated PP may be an early indicator for detection of RHF.
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Introduction
There is evidence that the reduction in estimated glomerular
filtration rate (eGFR) increases the risk of arterial stiffness and

Cardio-Ankle

cardiovascular disease (CVD) [1,2], and that CVD is the major cause
of morbidity and mortality in subjects with decreased eGFR [3,4].

Copyright@ Manuel A Gomez Marcos | Biomed J Sci & Tech Res | BJSTR. MS.ID.003665.

16193

Volume 21- Issue 5

It is also known that renal hyperfiltration (RHF) is an early sign
of renal damage, it increases mortality [5], and is associated with
diseases such as diabetes mellitus [6-8], impaired fasting glucose
[9] and hypertension [10]. Similarly, pulse pressure (PP), brachialankle pulse wave velocity (baPWV) and cardio-ankle vascular
index (CAVI) are indicators of arterial stiffness and predictors of
CVD [11-15]. Arterial stiffness and RHF share multiple common
pathogenic pathways, including glycation end products, reduction
of nitric oxide and oxidative stress [16,17]. Furthermore, from a
physiological perspective, RHF can stimulate collagen accumulation
in the arterial wall, increasing arterial stiffness [16]. The increased
stiffness of the large arteries impairs dampening of PP, allowing
greater pulsatile energy to reach the microvasculature, where it
may cause damage in organs with low impedance, such as the brain
and kidneys [18].

However, few studies have analysed the association between
RHF and arterial stiffness, and the results obtained have been
contradictory. One of these studies reported that eGFR was
inversely associated with pulse wave velocity (PWV) [19], another
found no differences in PWV between the group with RHG and
the normofiltering group [20]. Finally, Lin L et al. [21] found an
association between RHF and arterial stiffness evaluated with
PP and baPWV. Therefore, the objective of this study is to analyse
the relationship between eGFR and arterial stiffness, evaluated
with PP, baPWV and CAVI, in subjects with normal or increased
filtering from a Caucasian population cohort with intermediate
cardiovascular risk.

Methods

Study Design and Population
This trial was a cross-sectional study of subjects recruited to
the improving interMediAte RisK management (MARK) study
(NCT01428934) [22]. The current study focuses on the baseline
visit. In this multicenter project, study population selection was
performed by random sampling, from individuals who met the
inclusion criteria and were attended by general practitioners
from July 2011 to June 2013 at six health care centers from
three autonomic communities in Spain. Subjects were recruited
into the study from those aged 35 to 74 years with intermediate
cardiovascular risk. This study analyzed 2251 of the 2495 subjects
recruited in the MARK study. For the present analysis, we excluded
individuals with incomplete information on serum creatinine
(n=24), CAVI or baPWV (n=127) and those with eGFR less than 60
ml/min per 1.73m2 (n=93). The study was approved by the Clinical
Research Ethics Committees of the Primary Care Research Institute
Jordi Gol, Health Care Area of Salamanca and Palma of Mallorca.
All participants were informed of the objectives and procedures
of the study and signed the informed consent form to participate.
The study was conducted following the recommendations of the
Declaration of Helsinki [23].
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Variables and Measurement Instruments
A detailed description regarding how the clinical data
were collected, how the anthropometric measurements were
performed, and how the analytical parameters were obtained
has been published elsewhere [22]. Office blood pressure
measurement involved three measurements of systolic blood
pressure (SBP) and diastolic blood pressure (DBP), using the
average of the last two measurements, with a validated OMRON
model M10-IT sphygmomanometer (Omron Health Care, Kyoto,
Japan), by following the recommendations of the European
Society of Hypertension [24]. Body weight was determined twice
with an approved electronic scale (Seca 770, Medical scale and
measurement systems, Birmingham, United Kingdom) after proper
calibration (accuracy±0.1 kg). Readings were rounded to 100g.
Height was measured with a stadiometer (Seca 222), recording the
average of two measures. Waist circumference (WC) was measured
following the recommendations of the Spanish Society for the Study
of Obesity in 2007 [25].

CAVI was measured using a VaSera VS-1500® device (Fukuda
Denshi) [13,26]. CAVI values are calculated automatically by
estimating the stiffness parameter β with the following equation: β
= 2ρ x 1/(Ps-Pd) x ln (Ps/Pd) x PWV2, where ρ is blood density, Ps
and Pd are SBP and DBP in mmHg, and PWV is measured between
the aortic valve and the ankle [27]. The mean coefficient of variation
of the CAVI measurement is less than 5%, small enough to allow
for clinical use of the index, confirming that CAVI has a favorable
reproducibility [26]. baPWV was estimated using the equation:
baPWV=(0.5934×height (cm)+14.4724)/tba (tba is the time
interval between the arm and ankle waves) [28]. Measurements
were performed with the patient in the supine position after
resting for 10 minutes in a quiet room at a stable temperature.
Participants should not have smoked or exercised within the hour
prior to the test. The average value between both ends of CAVI
and baPWV were considered for the study. Venous blood sampling
was performed between 08:00 and 09:00 after the individuals
had fasted and abstained from smoking and the consumption
of alcohol and caffeinated beverages for the previous 12 hours.
Fasting plasma glucose (FPG) (mg/dl), HbA1c (%), creatinine,
cholesterol and triglycerides concentration were determined using
standard enzymatic automated methods. High density lipoprotein
cholesterol after apo B containing lipoprotein precipitation. Low
density lipoprotein (LDL) cholesterol was determined by the
Friedewald formula.

The assessment of eGFR was based on the CKD–Epidemiology
Collaboration (CKD–EPI) equation expressed in ml/min per
1.73m2; Women: Cr ≤ 0.7mg/dl, eGFR = 144 × (Cr/0.7)-0.329 × (0.993)
age
; Cr > 0.7mg/dl, eGFR = 144× (Cr/0.7) -1.209 × (0.993) age and men:
Cr ≤ 0.7 mg/dl, eGFR = 141 × (Cr/0.7)-0.411 × (0.993) age; Cr > 0.7mg/
dl, eGFR = 141× (Cr/0.7) -1.209 × (0.993) age [29].Participants were
divided into four age groups (<45, 45–54, 55–64 and ≥ 65 years).
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The age group–specific quartiles of eGFR were determined (Tables
1-4), which demonstrates age group–specific cutoff points of eGFR
quartiles). RHF was defined with the highest age group–specific
quartile of eGFR. The upper quartile of CAVI (9.49), of baPWV
Table 1: eGFR distributions in each age group.

(16.15) and PP (60.87) were defined as elevated. The investigators
performing the different tests were blinded to the clinical data of
the patient. All assessments were made within a period of 10 days.
eGFR levels (ml/min per 1.73m2)

Age group (years)

Number

Q1

Q2

Q3

Q4

< 45

72

≤ 89.06

89.07-105.14

105.15-111.56

≥ 111.57

985

≤ 81.39

81.40-92.87

92.87-98.00

≥ 98.01

45 to 54

390

≥ 65

897

55 to 64

≤ 87.99

Note: eGFR, glomerular filtration rate estimated.

≤ 76.00

88.00-99.70

99.71-103.84

76.01-87.13

≥ 103.85

87.14-91.96

≥ 91.97

Q1: the lowest quartile of eGFR; Q2: the second quartile of eGFR; Q3: the third quartile of
eGFR; Q4: the highest quartile of eGFR.
Table 2: Characteristics of participants with or without renal hyperfiltration (RHF) after propensity score matching.
Hyperfiltration status
Non-RHF (n=1120)

RHF (n=560)

P

Age (years)

60.0 (55.0-66.0)

60.0 (55.0-66.0)

0.829

Females n (%)

459 (41.0)

248 (44.3)

Sex Males n (%)
Smoking n (%)

Alcohol consumption (gr/week)

661 (59.0)
323 (28.8)

69.6 (0.0-91.7)

312 (55.7)
184 (32.9)

0.091

29.4 (26.3-32.1)

0.868

81.1 (0.0-105.9)

BMI (kg/m2)

29.5 (26.3-32.1)

Waist circumference (cm)

101 (93-108)

101 (930-108)

85 (78-91)

84 (78-91)

BMI ≥ 30 n (%)

426 (38.0)

SBP (mmHg)

137 (126-148)

MBP (mmHg)

103 (95-110)

DBP (mmHg)

Hypertension n (%)

Antihypertensive drugs n (%)
Total Cholesterol (mg/dl)
LDL Cholesterol (mg/dl)

HDL Cholesterol (mg/dl)

843 (75.3)
567 (50.6)

227 (199-251)
142±35

49 (41-55)

218 (38.9)

138 (126-147)
102 (95-108)
413 (73.8)

49 (41-55)

759 (67.8)

372 (66.4)

4.8 (3.9-5.5)
150 (26.8)

FPG (mg/dl)

109 (88-120)

112 (89-121)

Diabetes mellitus n (%)

364 (32.5)

188 (33.6)

HbA1c

Antidiabetic drugs n (%)

Serum creatinine (mg/dl)

eGFR (ml/min per 1.73m2)
CAVI

baPWV (cm/s)

Pulse pressure (mmHg)

6.1 (5.4-6.5)
261 (23.3)

0.87 (0.77-0.96)

6.2 (5.4-6.6)
142 (25.4)

0.66 (0.58-0.75)

86.1 (78.3-94.3)

101.1 (96.4-105.0)

14.8 (12.9-16.1)

14.8 (13.1-16.2)

8.7±1.2

52.1 (42.0-60.0)

0.758
0.091
0.46
0.5

0.035

Dyslipidemia n (%)

315 (28.1)

0.844

138±35

146 (90-169)

Lipid lowering drugs n (%)

0.723

0.388

150 (95-177)
4.8 (3.9-5.6)

0.162

271 (48.4)

225 (195-249)

Triglycerides (mg/dl)
Atherogenic index

0.196

8.7±1.2

53.2 (43.0-62.0)

0.269
0.651
0.226
0.444
0.581
0.563
0.233
0.685
0.659
0.353
<0.01
<0.01
0.555
0.415
0.221

Note: Data were means ±SD or medians (interquartile ranges) for continuous variables or numbers (proportions) for categorical
variables. P values were calculated with the paired t-test or the Wilcoxon signed rank test for continuous variables, and the
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McNemar’s test or marginal homogeneity test for categorical variables. baPWV, brachial-ankle pulse wave velocity; BMI, body mass
index; CAVI, cardio-ankle vascular index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FPG, fasting
plasma glucose; HbA1c, glycosylated hemoglobin; HDL, high density lipoprotein cholesterol; LDL, low density lipoprotein; MBP,
Mean blood pressure; RHF, Hyperfiltration status; SBP, Systolic blood pressure.
Table 3: Odds ratio of elevated CAVI, baPWV and PP comparing with or without renal hyperfiltration after propensity score
matching.
Elevated CAVI ≥ 9.49

Non-RHF

RHF

Adjusted

1

1.00 (0.87-1.16)

Elevated baPWV≥ 16.15 m/sec

OR 95% CI

Non-RHF

Adjusted

RHF

1

Adjusted.

0.986
p

OR 95% CI

1.21(0.93-1.56)

Non-RHF

Elevated PP ≥ 60.87 mmHg

p

0.158

RHF

p

OR 95% CI

1

1.37 (1.02-1.70)

0.035

Note: baPWV, brachial–ankle pulse wave velocity; CAVI, cardio-ankle vascular index; CI, conﬁdence interval; eGFR, glomerular
filtration rate estimated; OR, odds ratio; PP, Pulse pressure.
Adjusted for waist circumference, mean blood pressure, atherogenic index, alcohol consumption gr/week, smoking (0=Not and
1=Yes), antihypertensive drugs (0=Not and 1=Yes), antidiabetic drugs and lipid lowering drugs (0=Not and 1=Yes).
Table 4: Odds ratio of elevated CAVI, baPWV and PP comparing renal hyperfiltration with nonrenal hyperfiltration individuals.
Elevated CAVI ≥ 9.49
Non-RHF

With treatment a
No treatment a
Menes b

Women

b

Hypertensivec

Not hypertensive

c

1
1
1
1

RHF
OR 95% CI

Elevated baPWV≥ 16.15 cm/sec
p

Non-RHF

RHF
OR 95% CI

1.12 (0.82-1.52)

0.487

1

1.11 (0.81-1.53)

1.12 (0.81-1.55)

0.488

1

1.38 (0.98-1.95

1.06 (0.65-1.73)
1.03 (0.66-1.59)
1.15 (0.86-1.53)
0.82 (0.44-1.54)

0.815
0.903
0.35

0.533

1
1
1

p

OR 95% CI

p

1

1.33 (0.98-1.80)

0.068

0.068

1

1.64 (1.19-2.27)

0.003

0.334

0.99 (0.59-1.36

0.604

1.04 (0.79-1.37)

RHF

0.5

1.27 (0.78-2.07)
1.49(0.87-2.19)

Elevated PP ≥ 60.87 mmHg
Non-RHF

0.242
0.77

1
1
1
1

1.95 (1.24-3.05)
1.24 (0.82-1.86)
1.39(1.08-1.79)

1.09 (0.22-5.79)

0.004
0.308
0.01
0.92

Note: baPWV, brachial–ankle pulse wave velocity; CAVI, cardio-ankle vascular index; CI, conﬁdence interval; eGFR, glomerular
filtration rate estimated; OR, odds ratio; PP, Pulse pressure.
Adjusted for age, gender (0=females 1= males), waist circumference, mean blood pressure, atherogenic index, alcohol consumption
gr/week, smoking (0=Not and 1=Yes).
a

Adjusted for age, waist circumference, mean blood pressure, atherogenic index, alcohol consumption gr/week, smoking (0=Not and
1=Yes), antihypertensive drugs (0=Not and 1=Yes), antidiabetic drugs and lipid lowering drugs (0=Not and 1=Yes).
b

Adjusted for age, gender (0=females 1= males), waist circumference, atherogenic index, alcohol consumption gr/week, smoking
(0=Not and 1=Yes), antidiabetic drugs and lipid lowering drugs (0=Not and 1=Yes).
c

Statistical Analysis
The general characteristics were demonstrated in the total of
participants, by RHF status and according to quartiles of eGFR.
Continuous variables were presented as means ± SD for normally
distributed variables or medians (interquartile ranges) for the
skewed variables. The means of two groups were compared using
a t Student or U-MannWitheny test, and para la comparación de
varios grupos were tested using Kruskal Wallis or Anova tests. All
categorical variables were presented as numbers and proportions.
Chi-square test was used for categorical variables. Covariance
analysis was performed to evaluate the variables-adjusted mean

levels of CAVI, baPWV and PP by eGFR quartiles and between the
RHF and non-RHF groups. To estimate the odds ratios (ORs) of
people with greater eGFR in relation with elevated CAVI, elevated
baPWV and elevated PP, either in quartiles increase or each 10-U
increase, multivariate logistic regression analysis were conducted.
The confounders included in the models were: Model 1 age and
gender (0=Male, 1=Female), model 2 add waist circumference, mean
blood pressure, atherogenic index, alcohol consumption gr/week,
smoking (0=Not and 1=Yes), add model 3 and antihypertensive
drugs (0=Not and 1=Yes), antidiabetic drugs (0=Not and 1=Yes),
and lipid lowering drugs (0=Not and 1=Yes).
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To estimate the odds ratios (ORs) of the RHF and non-RHF
groups with elevated CAVI, elevated baPWV and elevated PP,
multivariate logistic regression analysis was conducted. The
confounders included in the models were those used in previous
models. To balance and minimize the intergroup differences,
we conducted propensity score matching (PSM). Se utilizaron
las variables edad, gender y diabetes mellitus type 2 (0=Not and
1=Yes), que presentaron diferencias significativas entre los sujetos
con RHF y no RHF. Participants were matched using the nearest
neighbor method, and 1:2 matching. Mediante PSM se obtuvieron
dos grupos de 561 participants in the RHF group and 1122 in the
non-RHF group. The matched data set was also analyzed using
multivariate logistic regression models for the associations of RHF
with elevated CAVI, baPWV and PP. The ORs and 95% confidence
interval (CI), with adjustment for unmatched variables including
waist circumference, mean blood pressure, atherogenic index,
alcohol consumption gr/week, smoking (0=Not and 1=Yes),
antihypertensive drugs (0=Not and 1=Yes), antidiabetic drugs
(0=Not and 1=Yes), and lipid lowering drugs (0=Not and 1=Yes). To
examine possible differences between groups, we performed three
analyzes by subgroups, treated and untreated, men and women,
hypertensive and non-hypertensive. The data were analysed

using the IBM SPSS Statistics for Windows, Version 23.0 (IBM
Corp, Armonk, NY). A value of p<0.05 was considered statistically
significant.

Results

Overall clinical and demographic characteristics and by RHF
status of the study population are summarized in Table 5. The
mean age of the 2251subjects included in the study was 61.1±7.6
years. Subjects with RHF compared to those without RHF were
younger, had lower LDL-cholesterol, creatinine and CAVI values
and higher fasting glucose and HBA1c levels. In the RHF group,
32.9% were smokers, 33.6% diabetics and 44.3% women, while
these percentages were lower in the non-RHF group. Clinical
and demographic characteristics by eGFR quartiles are shown
in Table 6. We found differences between eGFR quartiles in the
following variables: age, DBP, MBP, waist circumference, total
cholesterol, triglycerides, HDL-cholesterol, atherogenic index, the
three measures of arterial stiffness analysed and the percentage
of smokers, diabetics and persons on antihypertensive and
antidiabetic drugs. Mean CAVI, baPWV and PP values adjusted by
age, cardiovascular risk factors and drug use by GFR quartiles and
RHF status are shown in Figure 1.

Table 5: Characteristics of study participants overall and with or without renal hyperfiltration.

Hyperfiltration status

Overall (n=2251)

Variable

Non-RHF (n=1691)

RHF (n=560)

p value
<0.01

Age (years)

61.1 (56.0-67.0)

61.5 (56.0-67.0)

60.0 (55.0-66.0)

Females n (%)

873 (38.8)

625 (37.0)

248 (44.3)

Gender males n (%)
Smoking n (%)

Alcohol consumption (gr/week)
BMI (kg/m )
2

BMI ≥ 30 n (%)

Waist circumference (cm)

1378 (61.2)
641 (28.5)

71.9 (0.0-96.5)

29.2 (26.3-31.6)
811 (36.0)

101 (93-107)

1066 (63.0)
457 (27.0)

312 (55.7)
184 (32.9)

0.008

29.4 (26.3-32.1)

0.325

68.8 (0.0-91.5)

81.1 (0.0-105.9)

593 (35.1)

218 (38.9)

29.2 (26.2-31.5)
101 (93-107)

101 (93-108)

SBP (mmHg)

137 (125-147)

137 (125-147)

138 (126-148)

MBP (mmHg)

102 (94-109)

102 (94-109)

102 (95-108)

DBP (mmHg)

Hypertension n (%)

Antihypertensive drugs n (%)

84 (77-90)

1636 (72.7)
1128 (50.1)

85 (78-91)

1223 (72.3)
857 (50.7)

84 (77-90)
413 (73.8)
271 (8.4)

Total Cholesterol (mg/dl)

226 (198-250)

227 (199-251)

225 (195-249)

HDL Cholesterol (mg/dl)

50 (41-56)

50 (41-56)

49 (41-55)

LDL Cholesterol (mg/dl)

141± 35

142± 35

138± 35

Triglycerides (mg/dl)

146 (91-173)

145 (91-174)

146 (90-169)

Dyslipidemia n (%)

1518 (67.4)

1146 (67.8)

372 (66.4)

Atherogenic index

Lipid lowering drugs n (%)

4.8 (3.9-5.5)
633 (28.1)

4.8 (3.9-5.5)
483 (28.6)

4.8 (3.8-5.5)
150 (26.8)

FPG (mg/dl)

107 (87-114)

105 (87-111)

112 (89-121)

Diabetes mellitus n (%)

601 (26.7)

413 (24.4)

188 (33.6)

HbA1c

6.0 (5.4-6.3)

5.9 (5.4-6.2)
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6.2 (5.4-6.6)

0.323
0.099
0.475
0.335
0.674
0.798
0.512
0.348
0.298
0.037
0.501
0.648
0.831
0.557
0.417
0.001
0.016
<0.01
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Antidiabetic drugs n (%)

Serum creatinine (mg/dl)

eGFR (ml/min per 1.73 m2)
CAVI

baPWV (cm/s)

Pulse pressure (mmHg)

DOI: 10.26717/BJSTR.2019.21.003665
442 (19.6)

300 (17.7)

0.83 (0.71-0.93)

0.88 (0.77-0.98)

89 (81-98)

85 (77-93)

8.8±1.2

8.8±1.2

14.8 (13.1-16.2)

<0.01

101 (96-104)

<0.01

<0.01

8.7±1.1

14.8 (13.1-16.2)

52.4 (42.5-60.5)

142 (25.4)

0.66 (0.58-0.75)

0.048

14.8 (13.1-16.2)

52.2 (42.5-60.0)

0.902

53.2 (43.0-62.0)

0.241

Note: Data were means ± SD or medians (interquartile ranges) for skewed variables or numbers (proportions) for categorical
variables. P values were calculated from t Student or U-MannWitheny for continuous variables and Chi-square test for categorical
variables. baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; CAVI, cardio-ankle vascular index; DBP, diastolic
blood pressure; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin; HDL,
high density lipoprotein cholesterol; LDL, low density lipoprotein; MBP, Mean blood pressure; RHF, Hyperfiltration status; SBP,
systolic blood pressure.
Table 6: Characteristics of study participants overall by quartiles of eGFR (ml/min per 1.73m2).
Variables

Quartiles of eGFR (ml/min per 1.73m2)
Q1 (n=563)

Q2 (n=562)

Q3 (n=566)

Q4 (n=560)

p value

Age (years)

64.0 (60.0-69.0)

63.2 (58.0-69.0)

62.3 (59.0-66.0)

54.8 (50.0-59.0)

<0.01

Females n (%)

202 (35.9)

219 (39.0)

242 (42.8)

210 (37.5)

Gender males n (%)
Smoking n (%)

Alcohol consumption (gr/week)
BMI (kg/m2)

BMI ≥ 30 n (%)

Waist circumference (cm)

361 (64.1)
113 (20.1)

64.7 (0.0-96.5)

29.2 (26.5-31.2)
198 (35.2)

101 (95-107)

343 (61.0)
127 (22.6)

324 (57.2)
141 (24.9)

350 (62.5)
260 (46.4)

<0.01

29.6 (26.2-32.3)

0.14

66.4 (0.0-88.8)

71.1 (0.0-100.0)

85.4 (0.0-102.5)

183 (32.6)

209 (36.9)

221 (39.5)

28.9 (26.0-31.4)
100 (93-107)

29.2 (26.1-31.6)
100 (92-107)

0.1

0.69
0.1

102 (93-108)

0.03

87 (79-93)

<0.01

SBP (mmHg)

136 (126-146)

137 (125-147)

137 (124-148)

MBP (mmHg)

102 (95-109)

101 (94-108)

102 (94-109)

104 (96-110)

Antihypertensive drugs n (%)

316 (56.1)

284 (50.5)

283 (50.0)

245 (43.8)

<0.01

142±35

0.56

DBP (mmHg)

Hypertension n (%)

84 (78-91)
401 (71.2)

83 (77-89)
416 (74.0)

84 (77-90)
399 (70.5)

137 (26-147)
420 (75.0)

0.91

<0.01
0.26

Total Cholesterol (mg/dl)

225 (197-249)

224 (199-248)

226 (195-250)

230 (204-254)

HDL Cholesterol (mg/dl)

51 (43-56)

51 (41-57)

50 (42-57)

47 (39-53)

<0.01

5.1 (4.1-5.8)

<0.01

LDL Cholesterol (mg/dl)
Triglycerides (mg/dl)

140±33

140±35

138 (5-171)

137 (87-164)

138 (18-169)

169 (96-193)

372 (66.1)

377 (67.1)

379 (67.0)

390 (69.6)

Atherogenic index

4.6 (3.8-5.3)

Lipid lowering drugs n (%)

169 (30.0)

Dyslipidemia n (%)

140±35

4.6 (3.7-5.4)
160 (28.5)

4.7 (3.8-5.4)
170 (30.0)

134 (23.9)

0.02

<0.01
0.61
0.07

FPG (mg/dl)

102 (87-109)

104 (87-109)

109 (88-117)

113 (88-120)

<0.01

Diabetes mellitus n (%)

125 (22.2)

127 (22.6)

168 (29.7)

181 (32.3)

<0.01

0.70 (0.60-.80)

<0.01

HbA1c

Antidiabetic drugs n (%)

5.9 (5.4-6.2)
90 (16.0)

5.8 (5.4-6.1)
92 (16.4)

5.9 (5.4-6.4)
123 (21.7)

Serum creatinine (mg/dl)

1.00 (0.88-1.10)

0.85 (0.76-0.94)

0.75 (0.67-0.84)

CAVI

9.0±1.1

8.9±1.1

8.9±1.1

eGFR (ml/min per 1.73m2)
baPWV (cm/s)

Pulse pressure (mmHg)

72.4 (68.3-76.9)
15.1 (13.3-16.5)
52.2 (42.5-60.0)

86.5 (84.0-89.1)
15.0 (12.9-16.5)
53.4 (43.0-61.1)

6.2 (5.4-6.6)
137 (24.5)

94.2 (92.5-95.8)

103.3 (99.7-105.5)

14.9 (13.2-16.2)

14.2 (12.6-15.5)

53.4 (43.0-62.5)

8.3±1.1

50.8 (41.5-57.9)

0.06

<0.01
<0.01
<0.01
<0.01
<0.01

Note: Data were means ± SD or medians (interquartile ranges) for skewed variables or numbers (proportions) for categorical
variables. P values were calculated from Kruskal Wallis or Anova tests for continuous variables and Chi-square test for categorical
variables. baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; CAVI, cardio-ankle vascular index; DBP, diastolic
blood pressure; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin; HDL,
high density lipoprotein cholesterol; LDL, low density lipoprotein; MBP, Mean blood pressure; RHF, Hyperfiltration status; SBP,
systolic blood pressure.
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Figure 1: Marginal means of CAVI, baPWV and PP by eGFR quartiles (a, b and c) and by RHF and non-RHF status (d, e and f).
Subjects classified in the highest eGFR quartile and subjects
with RHF had a higher mean baPWV (Fig. 1b and 1e) and higher
mean PP (Fig. 1c and 1f) than those in the lowest quartile and nonRHF participants (p<0.05 and p<0.01, respectively). However, in no
case were differences found with CAVI (Fig. 1a and 1d). In the logistic regression analysis, subjects with higher eGFR (4th quartile)
compared to those with lower eGFR (1st quartile) had an OR=1.63
(p<0.001) of having an elevated baPWV and an OR=1.95 (p<0.001)
of having an elevated PP (Table 7). When the variable eGFR was
considered as a continuous variable instead of quartile categories,

it was found that each 10ml/min per 1.73m2 increase in eGFR increases the risk of having elevated PP by 28% (OR=1.28; p<0.001),
whereas the association with baPWV was lost (OR=1.09; p=0.109).
Likewise, when the variable eGFR was dichotomized into RHF and
non-RHF subjects, the association was only maintained in subjects
with elevated PP (OR=1.47; p<0.003) (Table 8). After matching for
propensity score, the RHF and non-RHF groups showed similar
distributions of propensity score, implying that the differences in
covariates between the two groups were minimal (Table 2).

Copyright@ Manuel A Gomez Marcos | Biomed J Sci & Tech Res | BJSTR. MS.ID.003665.

16199

Volume 21- Issue 5

DOI: 10.26717/BJSTR.2019.21.003665

Table 7: Association of elevated CAVI, filtration rate baPWV and PP with estimated glomerular levels.
Quartiles of eGFR
Q1
CAVI in the upper quartile
Model 1

Q2

Q3

Q4

OR 95% CI

OR 95% CI

OR 95% CI

a

1

1.06 (0.80-1.41)

1.12 (0.84-1.48)

1.29 (0.91-1.85)

Model 3 c

1

1.00 (0.75-1.34)

baPWV in the Upper Quartile

1.01 (0.75-1.36)

1.09 (0.75-1.59)

1.13 (0.85-1.49)

1.78 (1.27-2.48)**
1.63(1.12-2.36)**

Model 2

b

1

Model 1

a

1

1.13 (0.86-1.49)

Model 3 c

1

1.12 (0.83-1.53)

PP in the Upper Quartile

1.07 (0.79-1.46)

1.13 (0.86-1.49)

1.13 (0.85-1.49)

1.78 (1.27-2.49)**

1.77 (1.31-2.42)**

1.95(1.35-2.81)**

Model 2

b

Model 1

a

1

Model 3 c

1

Model 2

1.01 (0.75-1.35)

1

1.12 (0.83-1.52)

1

b

1.39 (1.02-1.89)*
1.39 (1.02-1.90)*

1.04 (0.77-1.40)

1.12 (0.77-1.73)

1.09 (0. 08-1.48)

1.65 (1.14-2.39)**

1.80 (1.32-1.44)**

1.97(1.37-2.83)**

Note: baPWV, brachial–ankle pulse wave velocity; CAVI, cardio-ankle vascular index; CI, conﬁdence interval; eGFR, glomerular
filtration rate estimated; OR, odds ratio; PP, Pulse pressure.
Adjusted for age and gender (0=females 1= males).

a

Adjusted as model 1 and in addition, waist circumference, mean blood pressure, atherogenic index, alcohol consumption gr/week,
smoking (0=Not and 1=Yes).
b

Adjusted as model 2 and in addition, antihypertensive drugs (0=Not and 1=Yes), antidiabetic drugs and lipid lowering drugs (0=Not
and 1=Yes).
c

*p< 0.05, **p<0.01
Table 8: Odds ratio of elevated CAVI, baPWV and PP comparing renal hyperfiltration with nonrenal hyperfiltration individuals.
Elevated CAVI ≥ 9.49
Non-RHF

RHF
OR 95% CI

Elevated CAVI ≥ 9.49
p value

Non-RHF

RHF
OR 95% CI

Elevated PP ≥ 60.87mmHg
p value

Non-RHF

RHF
OR 95% CI

p value

Model 1 a

1

1.17 (0.95-1.49)

0.22

1

1.19 (0.94-1.50)

0.15

1

1.47 (1.17-1.85)

0.001

Model 3 c

1

1.09 (0.84-1.41)

0.52

1

1.14 (0.87-1.48

0.35

1

1.47 (1.15-1.89)

0.003

Model 2 b

1

1.12 (0.86-1.44)

0.41

1

1.15 (0.89-1.50)

0.29

1

1.49 (1.16-1.92)

0.002

Note: baPWV, brachial–ankle pulse wave velocity; CAVI, cardio-ankle vascular index; CI, conﬁdence interval; eGFR, glomerular
filtration rate estimated; OR, odds ratio; PP, Pulse pressure.
Adjusted for age and gender (0=females 1= males).

a

Adjusted as model 1 and in addition, waist circumference, mean blood pressure, atherogenic index, alcohol consumption gr/week,
smoking (0=Not and 1=Yes).
b

Adjusted as model 2 and in addition, antihypertensive drugs (0=Not and 1=Yes), antidiabetic drugs and lipid lowering drugs (0=Not
and 1=Yes).
c

In selected subjects with propensity score, we performed a
covariance analysis to evaluate the mean values of CAVI, baPWV
and PP in RHF and non-RHF subjects. The results are similar
to those found in the overall analysis (Figure 2) (Supplemental
Digital Content 3). In selected subjects with propensity score, we
performed different multivariate logistic regression models to see
the associations of RHF with CAVI, baPWV and PP. After adjusting
for variables not used in the propensity score (waist circumference,
mean blood pressure, atherogenic index, alcohol consumption g/

week, smoking (0=No and 1=Yes), antihypertensive drugs (0=No
and 1=Yes), antidiabetic drugs and lipid lowering drugs (0=No
and 1=Yes)), we found that RHF was associated with elevated PP:
OR 1.32; 95% CI 1.02-1.70 (Table 3). In the multivariate logistic
regression analysis by subgroups, using the adjustment variables of
model 3, the association between RHF and PP was significant in the
subgroups of untreated subjects, subjects with hypertension and
male subjects (Table 4).
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Figure 2: Marginal means of CAVI, baPWV and PP by RHF and non-RHF status (a, b and c).

Discussion
The results of this study suggest the RHF shows a significant
association with arterial stiffness measured with PP, but not
with baPWV and CAVI, in Caucasian subjects with intermediate
cardiovascular risk and eGFR ≥60 ml/min per 1.73m2. Moreover,
the participants with higher eGFR (included in the 4th quartile)
compared to those with a lower eGFR (1st quartile used as the
reference group) show an association with baPWV and PP. However,
when the variable eGFR was considered as a continuous variable
or when it was dichotomized into RHF and non-RHF subjects, the
association was only maintained with PP [29,30]. To the best of
our knowledge, this is the first study analysing the association
of RHF with arterial stiffness, measured with PP, baPWV and
CAVI, in subjects with intermediate cardiovascular risk. There is
sufficient evidence that the three measures used in this study to

evaluate arterial stiffness are good predictors of the decline in
eGFR. Thus, higher PP, PWV and CAVI were associated linearly
and independently with a more rapid decline in renal function
[12,14,30,31]. The association was found in studies using the
ambulatory arterial stiffness index [32,33].

Although the relationship between RHF and risk factors
increasing arterial stiffness has been shown in diabetic [6,8],
prediabetic [9], hypertensives [10] and obese subjects [34], the
relationship between arterial stiffness and RHF has been little
studied and the results found did not agree. Thus, Cherney et al.
[20] e in type 1 diabetic subjects, found no differences in PWV
between RHF y normofiltering groups. However, Lin et al. [21]
found an association between RHF and arterial stiffness evaluated
with PP and baPWV. The data from our study are similar to those
found by Lin et al. [21] in the Chinese population. In this study, we
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found that participants with higher eGFR (4th quartile) compared
to those with a lower eGFR (1st quartile) had a 63% higher risk of
having elevated baPWV and a 95% higher risk of having elevated
PP. These results suggest that the risk of increased arterial stiffness
by eGFR quartiles differs depending on the measure used, which
did not attain significance in the case of CAVI, probably related
to the fact the CAVI assesses arterial stiffness independent of the
blood pressure at the time of measurement [26,27].
However, baPWV and PP are “pressure-dependent” measures
[35], and the increase in PP possibly precedes the appearance of
the increase in baPWV. This could explain in part why relatively
lower eGFR values (2nd and 3rd quartiles) were associated with
a higher risk of elevated PP. In the analysis performed in this study
and contrary to the results of Lin et al [21], it was observed that
a 10-U increase in eGFR increased the risk of elevated PP but not
of elevated baPWV. The discrepancies of our study with regard to
baPWV are probably explained by the number of subjects analysed
(9136 vs 2251), the mean age of the sample (58 vs 61 years), the
percentage of males included (61% vs 38%), the characteristics
of the subjects analysed (general population vs subjects with
intermediate CV risk) and ethnic group (Chinese vs Caucasian).
Finally, we did not find any study that performed these analyses
with CAVI, which, according to our results, is not related to elevated
eGFR or RHF.
The pathophysiological mechanisms of the association between
arterial stiffness and RHT are not well established. Thus, increased
activity of the renin-angiotensin-aldosterone system and the sympathetic nervous system may contribute [17,36], by stimulating
collagen accumulation in the arterial wall and increasing arterial
stiffness. Furthermore, arterial stiffness and RHF share multiple
common pathogenic pathways, including glycation end products,
reduction of nitric oxide and oxidative stress [16,17]. In addition,
arterial remodelling is seen in the initial stage of chronic kidney
disease and facilitates progression of the disease [34]. Experimental studies have shown that RHF is a mechanism to regulate renal
damage after the onset of the lesions [37]. Our study was conducted
in subjects with eGFR ≥ 60ml/min per 1.73m2 with intermediate
cardiovascular risk, so they had associated cardiovascular risk factors (hypertension, diabetes, dyslipidaemia or obesity), which may
influence arterial structure and induce remodelling and hardening [38], in addition to the previously mentioned mechanisms. We
should also underline that arterial stiffness, and, as a consequence,
the increase in pulse pressure in the microcirculation of the kidney,
may contribute physiologically to RHF.

Alternatively, the association observed between PP and
eGFR may be substantially mediated by arterial stiffness and not
exclusively by vascular resistance. This would imply assuming that
the relationship between arterial stiffness and renal function is not
a one-way relationship. The renal microvessels are characterized
by their low resistance and low impedance [38]. These flow
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characteristics make the renal microcirculation more susceptible
to variable oscillations in systolic and diastolic blood flow [14].
This theory is supported by clinical studies that indicate that the
association between PWV and eGFR would explain the increase
in renal artery pulsatile index and renal resistive index [18]. In
addition, it has been shown in patients with preserved renal
function that high PWV or PP are independent predictors of the
decline in eGFR [14,39]. Therefore, it remains unclear whether renal
hyperfiltration is the determinant of increased arterial stiffness or
whether increased arterial stiffness mediates the transmission of
excessive pulsatile energy to the vulnerable renal microcirculation.
Well-designed prospective studies using new imaging techniques
are thus needed to approximate renal haemodynamics to help to
elucidate this association.

This study has various limitations that should be considered.
First, eGFR was estimated using the CKD-EPI equation based on
serum creatinine and not on direct measurements. However, the
CKD-EPI equation has been used in large epidemiological studies.
Second, the nature of the study prevents causal interference from
being drawn, so that prospective studies are necessary to confirm
the association between high eGFR and arterial stiffness. Third,
our study included subjects between 35 and 74 years of age with
intermediate cardiovascular risk, and therefore these results may
not be applicable to the general population.In conclusion, we found
that RHF was independently associated with arterial stiffness
measured with PP, but not with baPWV or CAVI, in Caucasian
subjects with intermediate cardiovascular risk, which suggests that
elevated PP may be an early indicator for detection of RHF.
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