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Background: Chronic kidney disease (CKD) is often associated with a blunted nocturnal BP
decrease and OSA. However, it is not fully clear whether a relationship exists between reduction
in renal function and obstructive sleep apnea (OSA) on the one hand and relative nocturnal BP
decrease in CKD patients on the other. The aim of this study was to investigate the association
between nocturnal BP decrease and renal function, the degree of OSA, vasoactive hormones,
and renal sodium handling in CKD3-4 patients and healthy age-matched controls.

Methods: We performed brachial and central 24-hour ambulatory BP measurement and CRM
in 70 CKD3-4 patients and 56 controls. In plasma, we measured renin, Angll , aldosterone, and
vasopressin. In urine, 24-hour excretion of sodium, protein fractions from the epithelial sodium
channel (u-ENaCy), and the AQP2 water channels (u-AQP2) were measured.

Results: CKD patients had lower relative nocturnal BP decrease than controls: brachial (10% vs
17%, P=0.001) and central (6% vs 10%, P=0.001). Moderate-to-severe OSA was more frequent
in patients (15 vs 1%, P<0.0001). Neither the presence of OSA nor eGFR were predictors of
either brachial or central nocturnal BP decrease. CKD3-4 nondippers were more obese, had
higher HbA ¢ level, and more often a history of acute myocardial infarction than CKD3-4
dippers (P<0.05).

Conclusion: CKD3-4 patients had lower brachial and central nocturnal BP decrease than healthy
controls. OSA and eGFR were not associated with nondipping in CKD patients or healthy con-
trols. Nondipping in CKD3-4 was associated with obesity, diabetes, and cardiovascular disease.
ClinicalTrials.gov ID: NCT01951196.

Keywords: chronic kidney disease, nocturnal BP decrease, hypertension, OSA, central blood
pressure

Plain language summary

When going to sleep, normal blood pressure regulation in humans involves a 10 to 20% decrease
in blood pressure (BP), and lack of this is related to a higher risk of cardiovascular disease, ie
stroke, heart failure, and renal disease.

Nocturnal BP decrease is often absent in patients with chronic renal disease and in patients
with obstructive sleep apnea (OSA). However, whether this is because of the renal function
or OSA in itself is not yet fully known. Hence, the aim of this study was to analyze this in a
population of patients with chronic renal disease compared with healthy controls.

We found that patients with chronic renal disease had blunted nocturnal BP decrease com-
pared with healthy controls. Blunted nocturnal BP decrease was not related to renal function
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or OSA, but instead to obesity, diabetes and cardiovascular disease.
Moreover, patients with blunted nocturnal BP decrease received
more antihypertensive medication and had been treated for hyper-
tension for a longer period than the patients with normal decrease.
In conclusion, absence of normal nocturnal BP decrease was not
associated to renal function or OSA. In patients with chronic renal
disease, it was associated to life style factors, such as obesity and
diabetes.

Introduction

In normal BP regulation, there is a nocturnal BP decrease of
10%-20% of daytime BP.! Blunted nocturnal BP decrease is
a known predictor for cardiovascular disease (CVD) related
to poorer cardiovascular outcome, and it can predict cardio-
vascular events independently of 24-hour BP levels.* CKD
is associated with an increased risk of cardiovascular disease
even in the early stages of CKD.*”” Nondipping hypertension
is a predominant BP phenotype in patients with CKD with
increasing prevalence as renal function declines.*'° Hence,
the pathophysiological mechanisms behind this are of con-
siderable interest.

OSA is characterized by nocturnal pauses in breathing
caused by collapsing upper airways. OSA is associated with
nondipping BP, seen in both hypertensive and normotensive
populations.'"'? It is a common comorbidity in patients with
CKD." It is, however, unclear if the presence of OSA is a
determinant for blunted nocturnal BP decrease in CKD.

Noninvasive estimates of CASP provide more precise
information on the stage of arteriosclerosis and presence of
CVD-related end organ damage than brachial BP and may be
a better predictor of cardiovascular risk.'*!> Yet, determinants
for 24-hour CASP in CKD patients are not known.

We hypothesized that nocturnal BP decrease, brachial
and central, was lower in a population of patients with
CKD3-4 (ie, eGFR, 15-59 mL/minutes) than in healthy
controls, that the nocturnal decrease was independently
determined by eGFR and OSA, and that abnormal plasma
levels of vasoactive hormones, abnormal renal sodium
handling, or sodium balance were mechanisms involved in
brachial nondipping. We aimed to evaluate risk markers for
CVD as determinants for central daytime and nocturnal BP
patients with CKD.

In CKD3-4 patients and healthy controls, we measured:
1) 24-hour brachial and central BP; 2) renal function as
eGFR; 3) prevalence of OSA (CRM); 4) plasma levels of
vasoactive hormones; renin (PRC), p-Angll, aldosterone
(p-Aldo), and vasopressin (p-AVP); and 5) urinary excretion

of sodium (u-Na), epithelial sodium channel (u-ENaCy), and
of AQP2 (u-APQ2).

Materials and methods

Design

The study was designed as a case—control study comparing
patients with CKD3-4 (ie, eGFR 15-59 mL/minutes/1.73
m?) and healthy controls.

Study settings

The study was conducted at the University Clinic in Nephrol-
ogy and Hypertension, Aarhus University and Holstebro Hos-
pital, the Renal Outpatient Clinic, Department of Medicine,
and the Sleep Apnea Clinic.

Participants

Patients

CKD3-4 patients were recruited from the Renal Outpatient
Clinic, Department of Medicine, Holstebro Hospital.

The inclusion criteria for patients were men and women,
aged 18-80 years, and eGFR 15-59 mL/minutes/1.73 m?. All
origins of renal disease were accepted, including diabetic
nephropathy. The exclusion criteria were unwillingness to
participate, treatment for OSA, increased plasma metaneph-
rine, malignant disease, liver disease (alanine-aminotransfer-
ase >200), uncompensated heart failure or atrial fibrillation,
severe chronic obstructive lung disease (FEV | less than 50%
of expected), drug or alcohol abuse (more than 21 drinks
per week for males and 14 for females), breast-feeding or
pregnancy, and difference in BP between right and left arm
above 10/10 mmHg. The withdrawal criteria were lack of
completion of participation, lack of compliance, or develop-
ment of exclusion criteria,

Controls
Subjects were invited to participate, if they had normal
home BP at participation in a population study in Holstebro
County.'® The inclusion criteria were both males and females
aged 55-70 years, and BMI in the range of 18.5-30 kg/m?.
The exclusion criteria were the same as for patients, and
in addition: 24 hours brachial ambulatory BP monitoring
(ABPM) >130/80 mmHg; history of or clinical signs of
disease in heart, lungs, kidneys, liver, or endocrine organs;
clinically important abnormal laboratory tests (creatinine,
leucocytes); diabetes mellitus; clinically important abnormal-
ities in electrocardiogram; smoking; and medical treatment.
The withdrawal criteria were identical to those for patients.
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Number of subjects

The minimal relevant difference in relative nocturnal BP
decrease on 24-hour BP from day to nighttime was 5% with
SD 8%. Using a significance level of 5% and a power of
90%, it was calculated that the number of subjects in each
group should be 54.

Effect variables
The primary effect variable was the difference in brachial
nocturnal systolic BP decrease between CKD3-4 patients
and healthy controls.

Secondary effect variables were brachial 24-hour BP,
central 24-hour BP, PRC, p-Aldo, p-Angll, p-AVP, u-ENaCy,
u-AQP2, and 24-hour urinary albumin excretion (u-albumin).

Blood pressure

With the cuff placed on the right upper arm, 24-hour ABPM
was measured using an oscillometric device, A&D TM-2430
(A&D Company Limited, Tokyo, Japan). Appropriate size
cuff was selected after measuring the circumference of upper
arms. Twenty-four-hour ambulatory CASP was measured
using applanation tonometry by BPro Health Stat (BPro,
HealthSTATS, Singapore). This method has previously been
validated.'” The BPro device was placed on the left wrist and
calibrated with the mean of the last three of four BP measure-
ments on the left arm with the A&D device, used for 24-hour
measurement on the same subject.

BP was measured by the A&D device every 15 minutes
and every 30 minutes during daytime (fixed at 6 am to 11 pm)
and overnight (11 pm to 6 am), respectively, and every 15
minutes by the BPro device for 24 hours. ABPM were con-
sidered adequate if there were 21 or more recordings in all;
14 or more daytime and seven or more nighttime recordings.

Bilateral brachial BP were recorded using a semiauto-
matic oscillometric device, Omron 705IT (Omron Matsusaka
CO, Ltd., Matsusaka City, Japan), with the subject sitting
in the upright position after a minimum of 10 minutes rest.

Brachial 24-hour BP of >130 mmHg systolic and/or >80
mmHg diastolic was defined as hypertension, and relative
nocturnal systolic BP decrease of <10% was defined as
nondipping. Both these definitions are according to most
recent guidelines from the European Society of Hyperten-
sion/ European Society of Cardiology.'®

Sleep apnea

Embletta Gold (Natus Medical Incorporated, CA, USA)
was used for ambulatory CRM. The RemLogic-E software
was used for analyzing and storing data. The sleep report

was generated from sleep time, which was generated from
continuous recordings from a nasal pressure transducer (air
flow), microphone recordings (snoring), a pulse oximeter
(arterial oxygen saturation), thoracic and abdominal imped-
ance belts (respiratory effort), and sensors (body position).
Cessation of nasal airflow and drop of the signal below 10%
of the reference amplitude for an interval of 10 seconds was
defined as apnea. A reduction of the signal below 70% of the
reference amplitude for an interval of 10 seconds followed by
a desaturation event no later than 20 seconds after the start of
the event was defined as hypopnea. An oxygen desaturation
by at least 4% was detected as an oxygen desaturation event.
All events (apnea, hypopnea, and desaturation) lasting longer
than 120 seconds were excluded.

The sum of apneas and hypopneas per hour of registered
sleep defined the AHI. Oxygen desaturation events per hour
of sleep defined the oxygen desaturation index (ODI). AHI
of >5 defined OSA, whereas AHI of 215 defined moderate-
to-severe OSA. Definitions above are according to the
recommendations from The American Academy of Sleep
Medicine."

Experimental procedures

Patients

Eligible subjects were informed about the project at planned
control in the Renal Outpatient Clinic, Holstebro Hospital, and
if they were interested, an information meeting was planned.
They received written and oral information about the study,
and after written consent, further participation was planned.
By questionnaire, knowledge of the subject’s medical history,
smoking habits, and alcohol intake was obtained. Medicine
prescriptions were obtained from the Electronic Patient Record,
and by ESS symptoms of sleep disorder were reported.

After a minimum of 10 minutes of rest, bilateral office BP
was measured, and after 20 minutes of rest in supine position,
blood samples were drawn. ABPM, brachial and central, was
completed the following day. The subjects were instructed to
collect a 24-hour urine sample. The subjects were instructed
to collect a 24-hour urine sample and returned it within 4
hours after completion.

The ambulatory CRM was applied by the subject after
instructions at night, independently of the ABPM. Participa-
tion in this project was completed within one month from
the time the written consent was provided.

Controls
All controls participated in another study by the same
authors.” All eligible participants were invited by letter. If
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necessary, a reminder was sent. Arrangements for informa-
tion meeting was made by telephone or email. Study infor-
mation was sent prior to the first meeting. The rest of the
procedure was identical for patients and controls, except for
the medical prescription part, since controls did not receive
any medication.

Biochemical analyses

Blood samples were centrifuged for 10 minutes at 2,200xg
at 4°C. Until assayed, plasma samples were kept frozen at
—20°C (p-Angll) and —80°C (PRC, p-Aldo, and p-AVP),
and urine samples at —20°C. Urinary and plasma osmolality
were measured by freezing-point depression (A,O Advanced
Automated Osmometer, Advanced Instruments, MA, USA).

PRC was determined by radioimmunoassay using a kit
from CIS Bio International, Gif-Sur-Yvette Cedex, France.
The minimal detection level was 1 pg/mL. The coefficients
of variations were 14.5% (interassay) and 4.5% (intraassay).

P-Aldo was determined by radioimmunoassay using a
kit from Demeditec Diagnostics GmbH, Kiel, Germany. The
minimal detection level was 3.99 pmol/L. The coefficients of
variations were 17.2% (interassay) and 12.6% (intraassay).

P-AVP and P-Angll were extracted from plasma with
C,, Sep-Pak (Waters Corporation, Milford, MA, USA)
and determined by radioimmunoassay (RIA) as previously
described.?'?2 The antibodies against AVP, a gift from Profes-
sor Jacques Diirr (Miami, FL, USA), were with a minimal
detection level: 0.5 pmol/L, and coefficients of variation:
13% (interassay) and 9% (intra-assay). Antibodies against
Angll were obtained from the Department of Clinical Physi-
ology, Glostrup Hospital, Denmark. The minimal detection
level was 2 pmol/L. The coefficients of variation were 12%
(interassay) and 8% (intraassay).

U-AQP2 was determined by RIA as previously
described.?*?* Rabbit anti-AQP2 antibodies were a gift from
Professor Soren Nielsen and Professor Robert Fenton from
the Water and Salt Research Center, Aarhus University,
Denmark: the minimal detection level was 32 pg/tube and
the coefficients of variation were 11.7% (interassay) and
5.9% (intraassay).

U-ENaCy was measured by RIA as described previ-
ously.>? ENaCy was synthesized and purchased by Lof-
strand, Gaithersburg, Maryland, USA. The ENaCy antibody
was a gift from Professor Soren Nielsen and Professor Robert
Fenton from the Water and Salt Center, Aarhus University:
the minimal detection level was 35 pg/tube, and the coeffi-
cients of variation were 10% at a mean level of 338 pg/tube

(interassay), 9% at a mean level of 743 pg/tube (interassay),
5.0% in the range 125-135 pg/tube (intraassay), and 5.6%
in the range 290-380 pg/ tube (intra-assay).

Routine methods at the Department of Clinical Bio-
chemistry, Holstebro Hospital, Denmark, were used to
measure p-creatinine, p-HbA 1c, p-cholesterols, and urinary
concentrations of albumin, creatinine, and sodium. eGFR
was calculated using the MDRD equation.

Statistical methods

Statistical analyses were performed using IBM SPSS statis-
tics version 22.0.0 (IBM Corp., Armonk, NY, USA). All data
were tested for normality and variance equality. The statistical
level of significance was P<0.05 in all analyses.

Continuous variables were reported as means with SD if
normally distributed and medians with interquartile range
(25;75%) if nonnormally distributed. The #-test was used for
parametric continuous variables and Mann—Whitney’s test for
nonparametric continuous variables. Categorical variables
were reported as percentages with number. Chi-squared test
or Fisher’s exact test was used to test for association between
two categorical variables depending on minimum expected
cell count.

Univariate analyses were performed using Pearson or
Spearman correlation depending on whether the data were
normally distributed or not. Multiple regression analyses
were made with dependent and independent variables, as
mentioned in the specific analyses.

Ethics

The Regional Committees on Health Research Ethics,
Denmark (j.no. M-2013-224-13), and the Danish Data Pro-
tection Agency (j.no.:1-16-02-353-13) approved this study. It
was carried out in accordance with the Helsinki Declaration.
Oral and written information about the project was given to
all study participants, and prior to study enrollment, they
provided informed written consent.

Results

Demographics

Seventy patients and 56 controls were included for analyses
(see Figure S1). Table 1 displays clinical and laboratory data.
Patients and controls were of the same age and had a similar
distribution of gender. Patients had higher BMI, HbAlc,
triglycerides, lower eGFR, total cholesterol, and HDL than
controls. Patients received a mean of 2.6 (95% CI 2.3;3.0)
BP-lowering drugs, 67% (n=47) received angiotensin-con-
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verting enzyme inhibitors or AnglI antagonists, 70% (n=49)
received diuretics (thiazides, loop diuretics, or aldosterone-
antagonists), 18% (n=12) received aldosterone-antagonists,
and 53% (n=37) received statin treatment.

Six patients (9%) had type 1 diabetes, 19 patients (27%)
had type 2 diabetes, and 16 of these patients received ant-
diabetic treatment.

Mean office SBP/DBP difference between right and left
arm was —0.8%5.0/—0.31£3.8 mmHg (P=0.20/P=0.57) in CKD
patients and —1,0+5.3/-1.2+3.9 mmHg (P=0.18/P=0.022) in
the controls.

Laboratory and medical history data on the CKD3-4
patients allocated into dippers and nondippers are shown
in Table S1. Nondippers were more obese and had higher
HbA 1c than CKD3-4 dippers, and they had been treated for
hypertension for a longer period, received more antihyperten-

sive drugs, and had more history of AMI. They did not differ
with regard to the presence of OSA or mean SaO,, plasma
levels of total cholesterol, HDL or triglycerides. Twelve dip-
pers and 11 nondippers received antihypertensive treatment
in the evening or at bedtime.

Brachial ambulatory BP monitoring

Table 2 shows results from 24 hours brachial ABPM. Com-
pared with controls, CKD3-4 patients had higher 24-hour
day and nighttime BP, and lower absolute nocturnal BP
decrease (14 vs 21 mmHg, P=0.001) corresponding to a
relative decrease of 10% vs 17% (P<0.0001). Hyperten-
sion was present in 61% (n=43) of patients. Nocturnal
hypertension was seen in 63% (n=44) of CKD3-4 patients
and 7% (n=4) of controls (P<0.0001). More patients than
controls were nondippers.

Table | Clinical and laboratory characteristics of CKD3-4 patients and controls

Characteristics Controls Patients P
(N=56) (N=70)
Age, years 62 (3) 62 (10) 0.87
Gender, male, % (n) 46 (26) 59 (41) 0.18
BMI, kg/m? 24 (3) 30 (6) <0.0001
Office BP, systolic, mmHg 123(12) 142 (18) <0.0001
eGFR, mL/min 86 (12) 42 (13) <0.0001
Hemoglobin Alc, mmol/mol 37 (3) 47 (17) <0.0001
Total cholesterol, mmol/L 5.5 (0.8) 5.0 (1.2) 0.005
HDL cholesterol, mmol/L 1.6 (0.4) 1.3 (0.4) <0.0001
Triglyceride, mmol/L 1.1 (0.6) 2.5(3.3) 0.001
Former or present smoker, % (n)** 48 (27) 67 (47) 0.032
Alcohol consumption, median (IR), units/week® 527 0 [0;5] <0.0001

Notes: Data are presented as mean (SD) unless otherwise stated. Statistics were recorded using the unpaired t-test, Mann—Whitney’s test or chi-squared test. *Self-reported

data; *None of controls were present smokers.

Abbreviations: HDL, high-density lipoprotein; IR, interquartile range (25;75).

Table 2 Brachial BP and CASP from 24-hour ABPM in CKD3-4 patients and healthy controls

Blood pressure characteristics Brachial BP CASP
Controls Patients P Controls Patients P
(N=56) (N=70) (N=49) (N=58)
24-hour BP, systolic, mmHg 120 (8) 135 (13) <0.0001 109 (l6) 121 (18) <0.0001
24-hour BP, diastolic, mmHg 73 (4) 78 (8) <0.0001
24-hour BP heart rate, beat/minutes 67 (9) 70 (9) 0.071
Day time BP, systolic, mmHg 124 (9) 138 (14) <0.0001 113 (15) 123 (19) 0.002
Day time BP, diastolic, mmHg 75 (5) 80 (8) <0.0001
Night time BP, systolic, mmHg 103 (8) 124 (16) <0.0001 102 (15) 116 (18)° <0.0001
Night time BP, diastolic, nmHg 63 (5) 80 (8) <0.0001
Relative nocturnal systolic decrease, % 17 (7) 10 (8) <0.0001 10 (5) 6 (7) <0.001
Absolute nocturnal BP decrease, mmHg 21 (9) 14 (12) 0.001 11 (6)* 8 (8)* 0.012
Nondippers, % (n) 18 (10) 44 (31) 0.002 49 (24 72 (42)° 0.013

Notes: Data are presented as mean (SD) unless otherwise stated. Statistics were recorded using unpaired t-test or chi-squared test between groups, and paired t-test
or McNemars test within groups. *Compared with brachial BP within the same group, P<0.0001. *Compared with brachial BP within the same group, P<0.05. “Percentage

(number) of subjects, whose nocturnal BP decrease is <10% of daytime BP.

Abbreviation: CASP, central aortic systolic pressure.
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Table 2 shows results from 24-hour ambulatory CASP
monitoring. CASP measurements of 19 participants were
excluded due to insufficient measurements in daytime (nine
patients and two controls) or in nighttime (three patients
and five controls), and thus, CASP data from 58 CKD3-4
patients and 49 controls were analyzed. Patients had higher
24-hour day and nighttime CASP. Absolute nocturnal CASP
decrease was lower in patients than in controls, 8 vs 11 mmHg
(P=0.012), corresponding to a relative decrease of 6% vs
10% (P=0.001). More patients than controls had nocturnal
CASP decrease <10% (72% vs 49%, P=0.013). Both patients
and controls had lower CASP than brachial BP, except for
nocturnal BP in healthy controls.

Sleep examination

In Table 3, results from ESS and CRM are displayed.
CKD3-4 patients had higher AHI (5.8 vs 1.8 events
per hour, P<0.0001), ODI (7.2 vs 1.7 events per
hour, P<0.0001), longer snoring time, lower mean oxy-
gen saturation (Sa0,), and more CKD3-4 patients were
diagnosed with all-degree and moderate-to-severe OSA.
Sleep-monitoring time in CKD and control group was
396 minutes (95% CI 378;415) and 401 minutes (95%CI
385;417), respectively.

Vasoactive hormones in plasma

Table 4 shows the results of plasma hormone levels; CKD3-4
had higher p-Aldo (261 vs 82 pmol/L, P<0.0001) and PRC
(30.5 vs 6.1 ng/L, P<0.0001), no differences in Angll and
AVP were seen. No significant differences existed in either
plasma hormone levels between dippers and nondippers in
either patients or healthy controls.

Table 3 ESS and CRM in CKD3-4 patients and healthy controls

Sleep apnea Controls Patients P
characteristics (N=56) (N=70)

ESS, 024 427 6% 0.15
AHlI, events/hour 1.8 (0.7;4.9) 5.8 (1.4;12.1) <0.0001
ODI|, events/hour 1.7 (0.7;44) | 7.2(2.420.2) | <0.0001
Snoring, % of sleep time | 0 [0;2] 10" <0.0001
Mean SaO,, % 95 (1) 93 (3) 0.001
AHI =5, % (n)° 25 (14) 55 (38) 0.001
AHI =15, % (n) 2(1) 22 (15) 0.001

Notes: ESS, AHI, ODI, and snoring are presented as median with interquartile
range (25;75%). Mean SaO, is presented as mean (SD). AHI =5 and AHI 215 are
presented as percentage (number). *From ESS, self-reported data. "Diagnosed with
all-degree OSA. “Diagnosed with moderate-to-severe OSA.

Abbreviations: AHI, Apnoea Hypopnea Index; ESS, Epworth Sleepiness Scale; ODI,
oxygen Desaturation Index; SaO,, Oxygen saturation; OSA, obstructive sleep apnea.

Univariate correlation analyses showed a negative asso-
ciation between p-Angll and brachial nocturnal BP decrease
in patients (r=—0.30, P=0.012). This was not seen in controls.
This association was not present when excluding patients
receiving aldosterone-antagonists or angiotensin-converting
enzyme inhibitors or Angll antagonists. No association
existed between brachial nocturnal BP decrease or CASP
decrease and the other hormones (data not shown).

Albumin, sodium, ENaCy, and AQP2 in

urine

Table 4 shows that patients had higher 24-hour urinary excre-
tion of albumin than controls. Twenty-four-hour u-Na did not
differ significantly. Urinary excretion of AQP2 was higher
in patients than in controls (158 vs 134 ng/umol creatinine,
P<0.0001). CKD nondippers had higher urinary excretion of
AQP2 than CKD dippers (P=0.005). There was no significant
difference between dippers and nondippers in the control
group. When excluding patients receiving diuretics (n=49),
the urinary excretion rate of AQP2 was no longer significantly
different between patients and controls or between nondip-
pers and dippers within the patient group. P-AVP correlated
to u-AQP2 in both patients (=0.389, P=0.001) and controls
(r=0.338, P=0.011).

The urinary ENaCy excretion was higher in patients
than in controls (127 vs 108 ng/umol creatinine, P=0.029).
When excluding CKD3-4 receiving aldosterone-antagonists
(n=12), the excretion rate was no longer significantly different
between patients and controls (P=0.077).

Univariate correlation analyses showed the association
between urinary excretion of AQP2 and both relative and
absolute nocturnal BP decrease in patients (r=—0.277, P=0.02
and r=—0.254, P=0.034, respectively). This association was
not found in the control group. Nor an association between
urinary excretion of ENaCy and relative and absolute noc-
turnal BP decrease was in either patients or controls (data
not shown).

Determinants of brachial nocturnal BP

decrease

Univariate correlation analyses in patients showed that
relative nocturnal brachial BP decrease was associated with
HbAlc (r=—0.34, P=0.004), BMI (»=—0.32, P=0.007), the
number of BP-lowering drugs (r=—0.33, P=0.006), years of
antihypertensive treatment (r=—0.28, P=0.02), and history
of AMI (r=—0.38, P=0.001). No associations with eGFR or
the presence of OSA were found. Identical analyses were
performed in controls and no associations were found.
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Regression analysis with relative nocturnal brachial
BP decrease as a dependent variable and eGFR, OSA,
HbAlc, and BMI as independent variables was performed
(see Table 5). This regression model did not predict the
association of eGFR, OSA, BMI, or HbA1lc with noctur-
nal BP decrease for controls. In CKD patients, this model
showed association between nocturnal BP decrease and
BMI (/=—0.29, P=0.023) and HbA 1¢ (=—0.29, P=0.031).

Another regression analysis in patients with relative
nocturnal BP decrease as the dependent variable and loga-
rithmic transformed (In) plasma hormone levels (p-Angll,
p-renin, p-Aldo, p-AVP) as independent variables, showed
R?0f0.16, P=0.022. In this model, In(AnglI) was associated

with nocturnal BP decrease (B=—0.38, P=0.005), whereas
the other partial regression coefficients were nonsignificant
(model not shown).

Determinant of nocturnal CASP decrease

and nocturnal CASP decrease

Univariate correlation analyses showed no association of
relative nocturnal CASP decrease and eGFR, presence of
moderate-to-severe OSA, BMI, or HbA lc in either patients
or controls. Regression analyses with nocturnal CASP
decrease as the dependent variable and eGFR, presence of
OSA, HbAlc, and BMI as independent variables did not
predict nocturnal CASP decrease in either patients or controls

Table 4 Plasma hormone levels and urine analyses in CKD3-4 patients and healthy controls

Plasma or urine Controls Patients

hormone Total Dipper Non dipper | Total Dipper Nondipper p-all
(n=56) (n=46) (n=10) (n=70) (n=39) (n=31)

Plasma

Aldo, pmol/L 82 (51;107) 82 (53;111) 81 (44;106) 261 (138;485) 185 (128;474) | 293 (153;505) <0.0001

Angll, ng/L 8.0 (5.3;10.8) 8.0 (6.0;10.3) 7.0 (4.8;12.3) | 10.0 (5.0;29.8) 8.5 (4.8;14.5) 13.5 (5.0;36.8) 0.07

PRC, ng/L 6.1 (4.4,8.8) 6.4 (4.7,8.9) 4.5 (4.1,7.8) 30.5 (11.4,73.3) | 25.8 (9.4;69.3) | 31.8 (14.1;73.0) | <0.0001

AVP, ng/L 0.4 (0.3;0.5) 0.4 (0.3;0.5) 0.4 (0.3;0.5) 0.4 (0.3;0.6) 0.4 (0.2;0.6) 0.4 (0.3;0.7) 0.39

Urine

U-Na, mmol/24 hour 144 (47) 142 (47) 152 (49) 159 (76) 152 (69) 168 (85) 0.15

U-Albumin, mg /24 hour 750 750 651! 48 (12;224) 48 (11;146) 60 (14;494) <0.0001

AQP2, ng/umol creatinine | 134 (112;155) | 134 (112;154) | 140 (88;162) 158 (128;225) 146 (127;190) 192 (136;283)* <0.0001

ENaCy, ng/umol 108 (84;144) 107 (83;136) 124 (91;162) 127 (104;156) 125 (104;154) 128 (101;160) 0.029

creatinine

Notes: U-Na is presented as mean (SD) in parentheses. Aldo, Anglll, PRC, AVP, u-albumin, AQP2, and ENaCy are presented as median with interquartile range in brackets
[25;75%]. Statistics were recorded using unpaired t-test or Mann—Whitney's test between cases and controls, the P-values of these tests are shown in the table under p-all.
Dippers and nondippers within each group were compared using unpaired t-test or Mann—Whitney’s test. 2P=0.005 compared with dippers within the patient group.

Abbreviations: AQP2, urine excretion of aquaporin-2; Aldo, aldosterone; AVP, arginine vasopressin; ENaCy, urine excretion of epithelial sodium channel y; PRC, plasma

renin concentration.

Table 5 Regression analysis with brachial nocturnal BP decrease as the dependent variable

Patients B (95% CI) SEB B P
Constant 28.83 (16.38;41.28) 6.23 <0.0001
eGFR, mL/minutes —-0.02 (—0.16;0.12) 0.07 -0.03 0.79
Moderate-to-severe OSA or not 1.35 (—3.75;6.45) 2.55 0.07 0.60
HbA ¢, mmol/mol —0.15 (-0.28;-0.029) 0.06 -0.29 0.023
BMI, kg/m? —0.36 (-0.69;-0.03) 0.17 -0.29 0.031
R-square for this model: 0.19, P=0.008

Controls B (95% CI) SEB B p
Constant 5.67 (-28.91;40.24) 17.22 0.74
eGFR, mL/minutes 0.00 (-0.17;0.16) 0.08 -0.01 0.96
Moderate-to-severe OSA or not 3.25 (—11.03;17.53) 7.11 0.06 0.65
HbA ¢, mmol/mol 0.29 (—0.38;0.96) 0.33 0.12 0.39
BMI, kg/m? 0.03 (—0.74;0.80) 0.38 0.01 0.95

Notes: R? for this model: 0.02, P=0.92. Statistics were recorded using the linear regression model. Dependent variable was relative nocturnal brachial SBP decrease,
independent variables were eGFR, presence of moderate-to-severe OSA, HbAlc, and BMI.
Abbreviations: OSA, obstructive sleep apnea; eGFR, estimated glomerular filtration rate.
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(data not shown), and neither did the regression model with
nocturnal CASP decrease and logarithmic transformed
plasma hormone levels (p-Angll, p-renin, p-Aldo, p-AVP) as
independent variables. Univariate correlations of daytime and
nocturnal CASP are shown in Table 6. In CKD3-4 patients,
smoking (previously and present vs nonsmoking) was associ-
ated with both daytime and nocturnal CASP; none of these
associations were seen in controls. There was no association
between daytime or nocturnal CASP and the following: age,
male gender, BMI, HbAlc, eGFR, AHI, or 24-hour u-Na.

Discussion

The key finding of this study was significantly lower noctur-
nal BP decrease in CKD3-4 patients than in healthy controls,
both using 24-hour brachial and central BP measurements.
All-degree (AHI >5) and moderate-to-severe OSA (AHI >15)
were more frequent in CKD3-4 patients. Neither brachial nor
central nocturnal BP decrease was associated with eGFR or
the presence of OSA. Nondipping was present in 44% of
CKD3-4 patients and was associated with BMI, presence of
diabetes, and history of cardiovascular disease.

As hypothesized, we demonstrated a lower relative
nocturnal BP decrease in patients compared with healthy
controls using 24-hour brachial BP measurements. This is in
line with the findings from previous studies addressing the
nondipping phenomenon in patients with CKD. These studies
demonstrated that declining renal function was associated
with lower nocturnal BP decrease and higher nondipping
frequency.®?7* One of these studies, however, demonstrated
the effect of eGFR on nocturnal BP decrease in a population
of CKD1-5 patients.” Another study, on the other hand, found
no difference in eGFR between dippers and nondippers in a
CKD2-4 population.'® Hence, the effect of renal function on
nocturnal BP decrease is not clear.

In our CKD3-4 population, we did not find eGFR to be a
determinant for nocturnal BP decrease using either univariate
analysis or multiple regression analysis adding the presence
of OSA, HbA ¢, and BMI as independent variables. However,
the present study confirms the well-known blunted nocturnal
BP decrease and higher frequency of nondipping in CKD
patients compared with healthy age-matched controls.

In the present CKD3-4 population, nocturnal BP decrease
was associated with BMI and HbA 1 ¢ in a both univariate and
multiple regression analyses. Nondipping CKD3-4 patients
were characterized by the increased presence of cardiovas-
cular disease (AMI) and in need of more antihypertensive
treatment than dipping counterparts. This is in line with
the previous findings of associations between nondipping
and classical cardiovascular risk factors such as BMI and
diabetes status.®* The present study indicates that nocturnal
BP decrease in our CKD3-4 patients was mostly associated
with life-style factors such as BMI and HbAlc rather than
decreasing renal function. Furthermore, the results from the
present study indicate that nondipping status in CKD3-4
patients is associated with longer duration of hypertension
treatment with more antihypertensive drugs. Even though our
study did not find the effect of renal function on nocturnal
BP decrease, a possible effect of renal function cannot be
ruled out, as the life-style factors may have been superior to
renal function in this population. However, as nondipping
was seen associated with longer period of antihypertensive
treatment, this finding underlines the importance of regular
24-hour BP measurements in patients with renal diseases.

In the present study, all-degree OSA and moderate-to-
severe OSA were more frequent in CKD3-4 patients com-
pared than in healthy controls. However, OSA was not shown
to be a determinant for nocturnal BP decrease or nondipping
in the CKD3-4 patients.

Table 6 Univariate correlations of daytime and nocturnal CASP in patients and controls

Characteristics Daytime CASP Nocturnal CASP

Controls (49) Patients (58) Controls (49) Patients (58)

r P r P r P r P
Age, years 0.08 0.57 0.05 0.73 0.08 0.59 0.09 0.49
Gender, male -0.27 0.06 0.05 0.71 —0.17 0.26 —0.04 0.74
BMI, kg/m? 0.05 0.76 —0.11 0.41 0.07 0.63 —0.04 0.77
HbA I c, mmol/mol —-0.15 0.31 —-0.06 0.68 —0.06 0.66 0.01 0.93
eGFR, mL/minutes 0.07 0.66 0.15 0.27 0.07 0.64 0.13 0.32
AHI, event per hour -0.28 0.05 0.09 051 -0.25 0.08 0.11 0.43
Present or former smoking*® -0.09 0.54 0.35 0.0077 -0.07 0.63 0.39 0.002°
u-Na, mmol/24 hours 0.06 0.69 -0.08 0.57 0.07 0.63 -0.16 0.22

Notes: Statistics were recorded using Pearson’s test or Spearman Rho test. *Significant P-value. *Self-reported data. ®Controls were not present smokers.
Abbreviations: AHI, apnea Hypopnea Index; CASP, central aortic systolic pressure; eGFR, estimated glomerular filtration rate.
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Previous studies have found the severity of OSA to be a
determinant for nocturnal BP decrease in populations sus-
pected of or diagnosed with OSA.'2%° We did not demonstrate
this association between the severity of OSA (AHI) and
nocturnal BP decrease in either patients or healthy controls.
We used both univariate analysis and multivariate regression
analysis to test for this association. However, several differ-
ences between the previous studies and ours may explain,
why we did not confirm this association. The previous studies
examined populations of slightly younger, primarily male
patients suspected of, or diagnosed with, OSA. Moreover,
these studies did not account for renal function, diabetic sta-
tus, BP medication, or other risk factors. Hence, in the present
study, the relative influence of OSA on BP regulation may
have been diminished by the presence of other, and possibly
stronger, predictors such as BMI and HbAlc.

In the present study, we found that CKD3-4 patients had
higher 24-hour day and nighttime CASP and lower nocturnal
CASP dipping than healthy age-matched controls. Smoking
status was the only demonstrated predictor for daytime and
nocturnal CASP in CKD3-4, whereas BMI, OSA, HbAlc
or eGFR were not. No predictors were found in controls.
Estimation of CASP has been used in order to obtain more
knowledge of the cardiovascular risk profile.'#!* In 2014,
Herbert et al collected materials for a large database of
central BP measurements and established age, smoking and
male sex as positive determinants for CASP in controls, and
smoking as positive and male sex as negative determinants
in hypertensive patients.’! As they did not include subjects
with CKD, no references are available for this population.
Moreover, they measured central parameters at one time point
in a laboratory setting; hence, no determinants for nocturnal
CASP were established. To our knowledge, the present study
is the first to investigate possible determinants for nocturnal
central BP. We did confirm the findings from Herbert et al
regarding the influence of smoking on central BP3! We did
not find age to be a determinant; however, both groups in our
study had narrow age spans. In the healthy controls, we did
not ascertain any determinant for nocturnal CASP. However,
the control group was homogenous with no known risk fac-
tors for CVD, except for a limited number of past smokers.
Nor did we confirm any of the known risk factors for CVD (ie,
BMI, gender, diabetes, and renal disease) to be determinants
in the CKD3-4 group, which may be evidence of the more
complex etiology of CVD associated with CKD.

In the present study, we found a negative association
between Angll and nocturnal BP decrease in CKD patients.
No associations between the other three vasoactive hormones

were found. Previous studies on hypertensive populations
reported opposing findings on the association between these
hormones and nocturnal BP decrease.’?** Our study does not
clearly indicate whether abnormal plasma levels of vasoactive
hormones are accountable for nondipping in CKD patients.
Our CKD3-4 patients had higher plasma levels of aldosterone
and renin compared with healthy controls. This is presum-
ably due to treatment with angiotensin-converting enzyme
inhibitors, Angll antagonists, and aldosterone-antagonists
in the CKD3-4 group, as antihypertensive treatment was not
discontinued while participating in this project.

We found that urinary excretion of AQP2 was associated
with nondipping in CKD patients, not in healthy controls.
We did not find association of sodium balance and renal
handling of sodium on nondipping. We did, however, dem-
onstrate higher renal excretion levels of AQP-2 and ENaCy
in patients with CKD3-4. AQP-2 plays an important role in
vasopressin-regulated water reabsorbtion in the principal cell
in the collecting ducts. In the present study, AQP-2 excretion
rate was associated to AVP levels, which suggests altered
handling of water in the nephron in the CKD3-4 population
driven by vasopressin. Higher excretion level of ENaCy in
the patients is considered a sign of higher activity of the
ENaC channels. By reabsorption of sodium and water and
thereby enhancing the extracellular volume, this mechanism
may contribute to high BP in this CKD3-4 population.’*7

In this study, patient and control populations were well-
matched regarding age and gender. Brachial and central
24-hour BP was measured simultaneously. OSA screening
was completed systematically.

Examination of patients without interference of antihy-
pertensive treatment would require 3—4 weeks of discon-
tinuation of all antihypertensive treatment. It is a weakness
of the study that the patient population received their usual
antihypertensive medication; however, we did not consider it
ethically justified to discontinue all antihypertensive agents
for this period of time. Moreover, discontinuation of antihy-
pertensive medication would still not remove the effect of
previous antihypertensive treatment on BP regulation.

The present study did not examine any aspect of BP
regulation by the autonomic nervous system or endothelial
function.

Conclusion

In summary, the blunted nocturnal BP decrease in CKD
patients was not associated with either eGFR or the presence
of OSA. Nondipping in CKD was associated with comorbid-
ity and metabolic factors such as diabetes and BMI. Central
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daytime and nocturnal BP was only related to smoking, not
to other CVD risk factors. Altered handling of sodium and
water in CKD were not related to dipping status, but may
contribute to the higher BP seen in CKD patients.

Abbreviations
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AHI, Apnea Hypopnea Index

Aldo, Aldosterone
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BMI, Body mass index
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CASP, Central aortic systolic pressure
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Supplementary materials

Table S| Clinical, laboratory, and medical history characteristics of CKD3-4 dippers and CKD3-4 nondippers

Characteristics Dipper (39) Nondipper (31) P
Age, years 61 (9) 63 (10) 0.37
Gender, male, % (n) 64 (25) 52 (16) 0.29
Body mass index, kg/m? 29 (5) 32 (7) 0.024
eGFR, ml/min 41 (13) 43 (13) 0.63
Hemoglobin Alc, mmol/mol 43 (12) 52 (20) 0.03
Diagnosed diabetes, % (n) 28 (11) 45 (14) 0.14
Resistant hypertension, % (n) 28 (1) 48 (15) 0.083
BP-lowering drugs, median (IR), no. 0 [0;2] 3 [0;4] 0.007
Period of antihypertensive treatment, median (IR), years® 0 [0;5] 7 [0;13] 0.02
Previously AMI, % (n)? 5(2) 29 (9) 0.009

Notes: Data are presented as mean (SD) unless otherwise stated. *Self-reported data.
test/Fisher’s exact test.

Statistics were performed using unpaired t-test/ Mann—Whitney’s test or chi-squared

Abbreviations: eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; IR, interquartile range (25;75%).

A
| Invited (n=91)
Declined participation (n=9) l—
Not included (n=12)
Not meeting inclusion criteria (n=3)
Withdrawal of consent (n=5)
Not completed (n=4)
| Analyzed (n=70) |
B

| Invited (n=300) |
[
| |

| Nonresponders (n=186) | | Responders (n=114) |

| Declined participation (n=27) l—

Not included (n=31)
Hypertension (n=27)
Not completed (n=4)

| Analyzed (n=56)

Figure S| Flow-chart of subjects. (A) patients. (B) healthy controls.
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