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Renal dysfunction impairs circadian variation of endothelial function
in patients with essential hypertension
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Abstract

Some cardiovascular disorders disturb circadian variation of endothelial function. We investigated whether deterioration of
renal function alters circadian variation of endothelial function in patients with hypertension. Endothelial function was assessed
by the peak forearm blood flow (FBF) response to reactive hyperemia, and 24-hour ambulatory blood pressure monitoring was
performed in 25 patients with essential hypertension (61 � 17 years). Relationships among renal function, 24-hour blood
pressure, and endothelial function were analyzed. The ratio of nighttime to daytime mean arterial pressure was inversely
correlatedwith estimated glomerular filtration rate (eGFR) (r¼�0.43,P¼ .03). The FBF response to reactive hyperemia exam-
ined at 21:00, but not at 6:30 or 11:30, was significantly correlated with eGFR (r¼ 0.44, P¼ .03). Furthermore, the ratio of FBF
responsemeasured at 21:00 to thatmeasured at 6:30was independently correlatedwith eGFR (b¼ 0.47,P¼ .02). Renal dysfunc-
tion is associated with the derangement of circadian variation of both endothelial function and blood pressure. Nocturnal blood
pressure is elevated, and evening endothelial function deteriorates in parallel with a decline in renal function in hypertensive
patients. J Am Soc Hypertens 2010;4(6):265–271. � 2010 American Society of Hypertension. All rights reserved.
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Introduction

Chronic kidney disease is an emerging issue in public
health. The risk of cardiovascular disease increases as renal
function worsens, even in subjects with only a mild decline

in glomerular filtration rate or mild albuminuria.1,2 The
mechanism underlying the cardio-renal connection is not
yet fully understood.

Endothelial dysfunction has been reported in individuals
with chronic kidney disease,3–6 although the relationship
between the severity of renal dysfunction and endothelial
dysfunction is not clear. Because vascular endothelial
dysfunction is an initial step in the development of arterio-
sclerosis and predicts future cardiovascular events,7–9 this
may be a key to understanding the cardiorenal connection.
In general, blood pressure (BP) falls during sleep and rises
around waking, producing a circadian rhythm. However, in
individuals with renal dysfunction, this pattern is altered,
and nocturnal BP is elevated as renal function deterio-
rates.10,11 This alteration in the circadian rhythm is quite
important, because nocturnal BP is one of the most power-
ful predictors of cardiovascular events among several BP
measurements,12 and nondipping status (BP fall during
sleep <10%) is associated with an increased risk of
cardiovascular events.13–15 Indeed, endothelial function
is impaired in hypertension16–19 to a greater extent in
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nondippers than in dippers (BP fall during sleep �10%).20

Thus, renal insufficiency may produce endothelial dysfunc-
tion through a disturbance of the BP circadian rhythm.

Recent studies reported morning attenuation of endothe-
lial function in healthy people.21–24 This circadian variation
of endothelial function is altered in patients with ischemic
and nonischemic heart disease,25,26 suggesting that derange-
ment of the circadian variation of endothelial function is
another phenotype of endothelial dysfunction. Therefore,
the present study was designed to investigate the relationship
between renal function and the circadian variation of endo-
thelial function to test the hypothesis that renal dysfunction
deranges the circadian variation of endothelial function in
patients with hypertension.

Patients and Methods

Study Patients

We studied 25 consecutive inpatients with essential
hypertension (6men and 19women;mean age 61� 17 years;
range, 21–82 years). Hypertension was defined as an
untreated office BP �140 mm Hg in systole and/or �90
mm Hg in diastole, or the use of antihypertensive drugs
with a previous diagnosis of hypertension. Secondary hyper-
tension was excluded by a detailed medical history, and
appropriate physical, biochemical, and radiological exami-
nations. Subjects were inpatients in the Nagoya City Univer-
sity Hospital between April 2007 and June 2009 for
participation in a program for management of hypertension,
which included detailed evaluation of BP abnormalities and
lifestyle education. Patients on hemodialysis, or with
a history of clinically relevant heart disease, atrial fibrillation,
cerebral infarction, or inflammatory disease, were excluded
from the study. Estimated glomerular filtration rate (eGFR)
was calculated using the formula of the Japanese Society of
Nephrology.27

The study was designed in accordance with the Declara-
tion of Helsinki and the study protocol was approved by the
Ethics Committee of Nagoya City University. Written
informed consent for participation was obtained from all
patients prior to the start of the study.

Study Protocol

Patients were served a low-salt diet (6 g/day) during the
hospital stay and data collection began at least 8 days
after admission. Cigarette smokers were instructed to quit
smoking before hospitalization. All antihypertensive drugs
were withdrawn on the day of admission. If patients devel-
oped critically high BP (systolic BP >180 mm Hg and/or
diastolic BP >105 mm Hg) after withdrawal of antihyper-
tensive medications, the medications were recommenced
for the safety of those patients and were not changed
throughout the study period. Fasting blood samples were

taken on the morning of the ninth day after admission,
and urine samples were collected for 24 hours after blood
sampling. Ambulatory blood pressure (ABP) monitoring
was started at 10:00 on the ninth day. Forearm blood flow
(FBF) response to reactive hyperemia was measured three
times within 24 hours: at 06:30 (in the early morning after
waking and before breakfast), 11:30 (4 hours after break-
fast), and 21:00 (4 hours after dinner).

Ambulatory 24-hour Monitoring of Blood
Pressure

ABP was noninvasively monitored every 30 minutes
for 24 hours using a validated automatic device (model
ES-H531, Terumo, Tokyo, Japan). Before monitoring, the
accuracy of the device was checked against a mercury
column to ensure that the difference was not greater than
� 5 mm Hg. Patients were asked to report the time they
went to bed and the time they got up. Mean arterial pressure
(MAP) was calculated as diastolic blood pressure plus
one-third of the pulse pressure. The nighttime BP was
calculated as the average of the readings while in bed,
and the daytime BP was the average of the remaining read-
ings. Artifacts in ABP measurements were defined accord-
ing to criteria described previously10,28 and were omitted
from the analysis.

Endothelial Function

Endothelial function was noninvasively assessed using
a mercury-filled silastic strain-gauge plethysmograph
(EC-6, D.E. Hokanson, Inc., Bellevue, WA) in response
to reactive hyperemia as previously described.29 Briefly,
the subjects were asked to rest in a supine position in
a quiet, temperature-controlled laboratory (22�C–25�C)
for at least 15 minutes. A strain gauge that had been
electrically calibrated before the first use was attached to
the widest part of the upper left forearm, connected to
a plethysmography device, and supported above the right
atrium. To exclude the hand circulation from the measure-
ments, a wrist cuff was inflated to a pressure 50 mm Hg
above the systolic blood pressure for 1 minute before
each measurement and throughout the measurement of
FBF. To obtain reactive hyperemia, FBF was occluded by
inflating the cuff on the left upper arm at a pressure 50
mm Hg above the systolic blood pressure for 5 minutes.
After the release of cuff occlusion, FBF was measured
for 3 min. The upper arm congesting cuff was inflated to
40 mm Hg for 7 seconds in each 15-second cycle to occlude
venous outflow from the arm using a rapid cuff inflator
(E-20, D.E. Hokanson, Inc.). After the measurements of
reactive hyperemia, 0.3 mg of nitroglycerin was adminis-
tered sublingually for the measurement of endothelium-
independent vasodilation. FBF was expressed as mL/min/
100 mL of forearm tissue volume.
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