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ABSTRACT
Introduction: The activation of the sympathetic nervous system, which usually leads to a swift
surge in blood pressure in the morning hours (MBPS) may be the cause of left ventricular hyper-
trophy (LVH) and endothelial dysfunction (ED) in early autosomal dominant polycystic kidney dis-
ease (ADPKD) patients. We studied the association between MBPS and LVH in ADPKD patients
with preserved renal functions.
Methods: Patients with ADPKD with preserved renal functions were enrolled. Prewaking MBPS
was calculated using ambulatory blood pressure monitoring. The patients were categorized as
MBPS (�median) and non-MBPS (<median). Left ventricular mass index (LVMI), endothelial-
dependent dilatation (FMD, %), and carotid intima-media thickness (CIMT) evaluated.
Results: Fifty-six patients (30 females and 26 males) were enrolled. Gender distribution was simi-
lar-among-the-groups. The mean age was higher in the MBPS group (50.1 ± 13 vs 37.3 ± 10.3).
Urinary albumin (49.5 vs 16mg/g creatinine, p< 0.001), hs-CRP (0.59 vs 0.37mg/dl, p¼ 0.045)
LVMI (124±27.7 vs 95.2 ±19.7 g/m2, p< 0.001) and mean awake SBP surge was higher (42 vs
20mmHg, p< 0.001) and FMD (%) was lower (14.4 ± 6.6 vs 18.9 ±5.7, p¼ 0.009) in MBPS group.
In the binary logistic regression analysis, the presence of MBPS in model 1 (OR: 6.625, 95% CI
[1.048–41.882] p¼ 0.044), and age in model 2 (OR: 1.160, 95% CI [1.065–1.263] p¼ 0.001) were
the only independent determinant of LVH.
Conclusions: MBPS seems to be an important and independent determinant of LVH in ADPKD
patients with preserved renal functions. It may be worth assessing the effect of reduction in
MBPS as a new therapeutic target to prevent LVH in-patients-with-ADPKD.
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Introduction

Autosomal dominant polycystic kidney disease (ADPKD)
is the most common hereditary kidney disease and is
characterized by extra-renal manifestations ranging
from liver disease to various cardiac abnormalities such
as mitral valve prolapses [1]. In addition, some cardio-
vascular (CV) abnormalities like left ventricular hyper-
trophy (LVH) and endothelial dysfunction (ED) have
been reported in young normotensive ADPKD patients
with preserved kidney function. However, in normal
populations, both LVH and ED are commonly found in
hypertensive and elderly patients but not in normoten-
sive and young individuals [2]. Although some

pathophysiologic events such as borderline hyperten-
sion (HT), increased sympathetic activity, and abnormal
ciliary activity on endothelial cells have been suggested
as a cause of LVH and ED in early ADPKD patients, no
clear cause has been identified until now [3]. Some
studies on ADPKD patients evaluated the 24-h ambula-
tory blood pressure (BP) characteristics and found
impaired circadian variation in BP [4,5]. However, to our
knowledge, no study sought MBPS and Its relation with
CV abnormalities, which are common in ADPKD
patients. Morning hours are characterized by the high-
est incidence of major cardiovascular events, including
myocardial infarction, stroke, or sudden death. The
most likely reason for this is the activation of the
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sympathetic nervous system in the early hours of the
day leads to a rapid increase in blood pressure (BP),
known as MBBS. Chronically higher levels of MBPS may
result in structural alterations in arterial vessels lead to
LVH in the myocardium and ED in the vascular bed.

Interestingly, even in the normotensive population,
the isolated elevation of morning BP has been found
associated with left ventricular hypertrophy [6]. This
impaired variation may partly explain CV abnormalities
that are seen in ADPKD. Interestingly, in light of these
observations, some studies found a relation between
MBPS and CV morbidity [6] and LVH [7]. However,
although ED and LVH are common in the absence of
prominent HT in early ADPKD patients, there has been
no investigation of the association between elevated
MBPS and these abnormalities in ADPKD patients. We
aimed to investigate the association between waking
MBPS and LVH in ADPKD patients with preserved renal
functions. We also aimed to assess the association of
MBPS with ED in these patients.

Subjects and methods

Study design

This cross-sectional study took place in the nephrology
clinic of Bursa Uludag University Faculty of Medicine.

Study population

A total of 114 ADPKD patients from the Caucasian
population who were diagnosed based on positive
family history for ADPKD and renal ultrasonography
findings [8] were consecutively evaluated at the neph-
rology outpatient clinic of Bursa Uludag University
School of Medicine between July 2013 and February
2016. Patients suffering from established CV diseases
including congestive heart failure, coronary artery dis-
ease, stroke, diabetes mellitus (DM), pregnant women,
patients who had uncontrolled hypertension or were
hypertensive during an outpatient visit (SBP
�140mmHg and/or DBP �90mmHg) were excluded.
Hypertension with controlled at least two drugs, dia-
betes, and established CV diseases was excluded
because they are closely related to LVH, which was the
primary study outcome. Patients were using losartan or
ramipril as antihypertensive drugs (6/6 in the MBPS
group and 7/5 in the Non-MBPS group. We aimed to
identify patients who are clinically not having apparent
CV disease but have diminished circadian rhythm of BP
that could adversely affect the heart (LVH) or the vascu-
lar system (ED).

Study variables

The primary exposure was MBPS, and the primary out-
come was LVH and ED. Secondary outcomes were other
CV characteristics, including carotid intima-media thick-
ness (CIMT) and left ventricular geometry. After provid-
ing detailed medical history and undergoing a physical
examination, each participant was questioned for major
cardiovascular risk factors such as age, sex, DM, smok-
ing status, HT, and medications. Venous blood samples
for biochemical analyses were taken after an overnight
fast. Glucose, creatinine, uric acid, and lipid profiles
were determined using standard methods. High-sensi-
tivity CRP (hs-CRP) was measured using the nephelo-
metric method (Siemens BNII, Cardiophase, Germany).
The estimated glomerular filtration rate (eGFR) was
computed by CKD-EPI (Chronic Kidney Disease
Epidemiology Collaboration) and the creatinine equa-
tion, as defined by Levey et al. [9]. Spot urine albumin
and creatinine measurements were performed, and
urinary albumin/creatinine ratios (ACr) were calculated.
Microalbuminuria was defined as an ACr value > 30 in
the spot urine.

Ambulatory blood pressure measurements and the
calculation of morning blood pressure surge

The 24-h BP monitoring was performed using a Contec-
branded device (ABPM50, Germany), and the results
were analyzed using the manufacturer’s computer soft-
ware. Ambulatory measurements were carried out once
every 30min from 7 am until 11 pm and once every
60min from 11pm until 7 am. An evaluation was per-
formed by taking the mean values of day and night
blood pressures into account. HT was considered to be
present if the average systolic blood pressure (SBP) was
135mmHg and/or the average diastolic blood pressure
was 85mmHg during the entire day. MBPS can be cal-
culated by two way with different thresholds such as
sleep-trough (>55mm Hg, presence of MBPS) and pre-
waking MBPS (>34 ± 21mm Hg presence of MBPS)
defined by Kario et al. [10]. We used in our study pre-
waking MBPS and calculated as the average SBP during
the first 2 h after wake-up time (4 BP readings), pre-
awake SBP was defined as the average SBP during the
2 h just before wake-up time (4 BP readings), and the
difference was calculated (prewaking MBPS). A differ-
ence greater than the median value of the study group
(26mmHg) was accepted presence of MBPS (MBPS
group). A universal cutoff for defining elevated MBPS is
missing and in European subjects, MBPS is on average
lower [11]. Some studies divided their patients with
respect to their MBPS medians or quartiles [12,13].
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So, we used the median MBPS to compare subjects
with and without MBPS in terms of the study outcomes.
Subjects whose nocturnal decline in SBP was �10% of
their daytime SBP were classified as dippers, and sub-
jects whose nocturnal decrease in SBP was <10% of
their daytime SBP were classified as nondippers. The
SBP was used for all these calculations.

Echocardiography investigation

Standard 2D and Doppler transthoracic echocardiog-
raphy were performed with a widely available trans-
ducer and equipment (M3S probe, Vivid 7, GE-Vingmed,
Horten, Norway) by standard techniques with the sub-
jects at rest in the left lateral decubitus position. All
echocardiographic measurements were performed
based on the American Society of Echocardiography
Guidelines (ASE) [14]. During the echocardiography, a
one-lead electrocardiogram was recorded continuously.
Left ventricular mass (LVM) was calculated according to
the ASE-recommended formula: LVM ¼ 0.8xþ 0.6.
Thereafter, the LVM index was obtained using the fol-
lowing formula: LVM/body surface area. Relative wall
thickness (RWT) was measured at end diastole as the
ratio of (2xLV posterior wall thickness)/left ventricular
diameter (LVDd). LVH was defined as LVMI values
>125 g/m2 in men and >110 g/m2 in women.
Increased RWT was accepted as �0.45.

The pattern of left ventricular geometry

Geometric patterns were based on the upper normal
limits for LVMI and RWT; (I) normal geometry (NLV)
(normal LVMI and normal RWT), (II) concentric remodel-
ing (CR) (normal LVMI and increased RWT), (III) eccentric
hypertrophy (EH) (increased LVMI and normal RWT),
and (IV) concentric hypertrophy (CH) (increased LVMI
and increased RWT).

CIMT and ED

CIMT was measured from 10mm proximal to the right
common carotid artery bifurcation segment using the
same device with a 12MHz linear-array imaging probe.
CIMT was calculated as the distance between the
lumen-intima and media–adventitia interfaces. Flow
mediated dilatation (FMD) of the brachial artery as sur-
rogate marker of ED was measured according to the
American College of Cardiology Guidelines. Briefly, sub-
jects were allowed to rest for 20min in a supine pos-
ition in a semi darkened room at 23 �C. The left arm
was positioned on a table at heart level. The resting

diameter of the right brachial artery was measured
3–5 cm above the antecubital fossa using the same
device with a 12MHz linear-array imaging probe. Then,
a blood pressure cuff was inflated around the right
forearm to at least 50mmHg above the systemic blood
pressure for 4–5min. Sixty seconds after cuff release,
the diameter of the brachial artery was measured. The
diameter change caused by FMD was expressed as the
percentage change relative to that at the initial resting
scan (FMD %).

Statistical analysis

SPSS Statistics for Windows, Version 21 (IBM Corp.,
Armonk, NY) was used for statistical analysis.
Descriptive statistics were reported as the mean± stan-
dard deviation for variables with normal distribution
and median (min–max) for variables with skewed
distribution. Categorical variables were presented with
frequency and percentage. Student’s t-test,
Mann–Whitney U test, Pearson chi-square, and Fisher’s
tests were used for intergroup comparisons. The rela-
tionship between continuous variables was determined
by Pearson or Spearman correlation coefficients as
needed. A value of p< 0.05 was considered statistically
significant.

Regression analysis

Clinically relevant factors that could affect LVH were
included in binary logistic regression analysis. These
factors were age, GFR, average SBP, MBPS, and dipper
status. Because of the multicollinearity between age
and GFR (r¼ 0.79), eGFR was excluded from the regres-
sion model. There was also a high correlation between
MBPS and dipper status (r¼ 0.6); thus, two separate
models, one including MBPS and the other, including
dipper status, were used. Age and average SBP were
used in both models.

Results

A total of 114 ADPKD patients were evaluated, and 44
of them were excluded because they had diminished
renal functions (CKD-EPI eGFR), uncontrolled hyperten-
sion, or required at least two antihypertensive drugs for
BP control. Seven patients with diabetes, four patients
with coronary artery disease, and three patients who
were pregnant were also excluded from the study
(Figure 1). The remaining 56 patients (30 female, 26
male) were enrolled in this study.

RENAL FAILURE 225



Association between MBPS and study variables

Patients with MBPS were older and had higher hs-CRP,
ACr, RWT, and LVMI values (Table 1). Among BP meas-
urements, only awake mean SBP was higher in the
MBPS group, and other averages, awake, and asleep BP
measurements were similar. The MBPS group had a

higher rate of LVH and was more commonly dippers
(Table 1). FMD was significantly lower in the MBPS
groups compared with the non-MBPS group. CIMT
value tended to be higher in the MBPS group, but the
difference was not statistically significant. The remain-
ing study variables were similar between patients with
and without MBPS.

Figure 1. Flow diagram showing the quantitative details of patient enrollment.

Table 1. Clinical, laboratory, echocardiography and 24-h Holter BP features of study groups.
MBPS group (n¼ 28) Non-MBPS group (n¼ 28) p Value

Agea 49.5 ± 12.7 37.1 ± 10.4 <0.001
Gender (%males) 39.3 53.6 0.4
Smoking (%) 39.3 32.1 0.8
RAS blocker use (%) 42.9 42.9 1
Dipper (%) 67.9 32.1 0.008
BMI (kg/m2)a 26.4 ± 4.7 25.8 ± 4.3 0.6
Fasting blood glucose (mg/dl)b 88 (74-106) 86.5 (72-129) 0.9
GFR-EPI (ml/min)a 96.1 ± 17.7 102.9 ± 22.4 0.2
hsCRP (mg/dl) 0.59 (0.3-1.2) 0.37 (0.2-4) 0.045
Albumin (g/dl)a 4.2 ± 0.4 4.3 ± 0.3 0.09
Uric acid (mg/dl)b 5.1 (3.2-9.5) 5.4 (2.2-9.9) 0.5
HDL-cholesterol (mg/dl)a 46.7 ± 9.5 42.1 ± 9.4 0.08
LDL-cholesterol (mg/dl)a 123.1 ± 32.3 117.4 ± 32.5 0.5
Triglyceride (mg/dl)b 132 (44-376) 117 (44-536) 0.6
Hemoglobin (g/dl)a 13.8 ± 1.4 14 ± 1.8 0.6
Albuminuria� ( mg/g creatinine) 49.5 (4-574) 16 (4-151) <0.001
FMD (%)a 14.4 ± 6.6 18.9 ± 5.7 0.009
LVMI (g/m2)a 124 ± 27.7 95.2 ± 19.7 <0.001
LVH (%) 57.1% 7.1% <0.001
CIMT (mm)b 7 (3–13) 6 (3–12) 0.08
Mean SBP (mmHg, 24 hours)a 127.4 ± 14.7 121.1 ± 13.2 0.1
Mean DBP (mmHg, 24 hours) 77 (51-90) 74 (56-99) 0.3
Mean pulse (per minute, 24 hours)a 72 ± 9.7 75.3 ± 8.4 0.17
Mean SBP (mmHg, awake)a 131.5 ± 16.8 123 ± 13.8 0.035
Mean DBP (mmHg, awake)b 80 (52-94) 75.5 (58-94) 0.11
Mean SBP(mmHg, asleep)a 115.1 ± 15.2 115.2 ± 13.2 0.97
Mean DBP (mmHg, asleep)a 67.9 ± 9.7 68.9 ± 11.8 0.72
MBPS (mmHg)b 42 (27-65) 20 (11–25) <0.001
BP: blood pressure; MBPS: morning blood pressure surge; BMI: body mass index; hsCRP: high sensitive C-reactive
protein; HDL: high-density lipoprotein; LDL: low-density lipoprotein; FMD: flow-mediated dilatation; LVMI: left ven-
tricular mass index; CIMT: carotid intimal media thickness; SBP: systolic blood pressure; DBP: diastolic blood pres-
sure; RWT: relative wall thickness.�Spot urine.
aMean ± standard error of mean.
bMedian (IQR).The bold values represents as statistically significant p <.05 values.
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Association between LVH and study variables

Patients with LVH tended to be more commonly female
(66.7% vs. 47.4%, p¼ 0.18), smokers (50% vs. 28.9%,
p¼ 0.13), and RAS blocker users (61.1% vs. 34.2%,
p¼ 0.06), but these differences were not statistically sig-
nificant. Patients with or without LVH had a similar fre-
quency of dipper status (61.1% vs. 44.7%, respectively,
p¼ 0.3). Mean age (54.9 ± 8.5 vs. 37.8 ± 11.2, p¼ 0.009),
average SBP (131.3 ± 14.8 vs. 120.8 ± 12.8, p¼ 0.009),
BMI (28.4 ± 3.8 vs. 25.1 ± 4.3, p¼ 0.008), HDL-cholesterol
(48.3 ± 9.3 vs. 42.6 ± 9.4, p¼ 0.04) were higher, and GFR
(91.6 ± 16.7 vs. 103.3 ± 20.9, p¼ 0.04) was lower in
patients with LVH compared with those without LVH.
ACr (85.6 ± 59.9 vs. 41.2 ± 93.3, p¼ 0.07) and LDL-chol-
esterol (129.1 ± 31.7 vs. 116± 32, p¼ 0.16) tended to be
higher in patients with LVH, but the difference was not
statistically significant.

Distribution of left ventricular geometric patterns

The patients in the MBPS group had a significantly
higher frequency of concentric and eccentric LVH com-
pared with those in the non-MBPS group (Figure 2). The
frequency of the eccentric LVH and concentric LVH was
35.7% vs. 7.1% and 46.4% vs. 14.3% in the MBPS and
non-MBPS groups, respectively (p< 0,001). Normal

geometry and concentric remodeling were seen in 3.6%
vs. 32.1% and 14.3% vs. 46.4% of the patients in MBPS
and non-MBPS groups, respectively.

Multivariate regression analysis

In the first model, the presence of MBPS (OR 6.625,
95%CI 1.048–41.882, p¼ 0.044) was independent pre-
dictors of LVH. THE average SBP was not independently
associated with LVH (Table 2). The r2 of the model was
0.623, and Homer Lemeshow goodness-of-fit test indi-
cated the model was a good fit (p¼ 0.17). In the second

Figure 2. The distribution of left ventricular geometric pattern in MBPS and non-MBPS groups.

Table 2. Binary logistic regression analysis assessing factors
independently associated with LVH.
MODEL 1 OR 95% confidence interval p Value

MBPS 6.625 1.048–41.882 0.044
Age (years) 1.133 1.037–1.238 0.06
Average systolic BP (mmHg) 1.047 0.982–1.117 0.161
MODEL 2
Dipper status 2.254 0.467–10.869 0.311
Age (years) 1.160 1.065–1.263 0.001
Average systolic BP (mmHg) 1.066 0.997–1.139 0.06

MBPS: morning blood pressure surge; RAS: renin-angiotensin-aldosterone
system; BMI: body mass index; HDL: high-density lipoprotein; LDL: low-
density lipoprotein; BP: blood pressure.
Adjusted r2 of MODEL 1¼ 0.623, Homer Lemeshow goodness-of-fit
p¼ 0.174; adjusted r2 of MODEL 2¼ 0.573, Homer Lemeshow goodness-
of-fit p¼ 0.335; The bold values represents as statistically significant p
<.05 values.
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model, only age (OR 1.160, 95%CI 1.065–1.263,
p¼ 0.001) was independently associated with LVH. The
average SBP and dipper status did not have independ-
ent associations with LVH (Table 2). The r2 of the model
was 0.573, and Homer Lemeshow goodness-of-fit test
indicated the model was a good fit (p¼ 0.335).

Discussion/conclusion

In the present study, we have shown, for the first time,
a close relationship between prewaking MBPS and LVH
in ADPKD patients with preserved renal function. There
was also an independent association between higher
age and LVH. Patients with MBPS had a higher mean
LVMI value and also a higher rate of LVH. The presence
of MBPS was also associated with worse endothelial
functions, as shown by a higher RWT, a lower FMD, and
a tendency toward higher CIMT.

In numerous studies, these CV abnormalities have
been reported in ADPKD patients, but no clear etiology
has been found until now. Although the main charac-
teristics of ADPKD are cyst development throughout
the body, noncystic findings such as increased sympa-
thetic activation, early hypertension, and ED are not
rare, and the cause of these abnormalities is not clear.

We hypothesize that increased sympathetic activity,
especially in the early hours of awakening, may partly
explain both prominent LVH and ED, which are preva-
lent in these patients [2,15]. CV alteration with declining
renal function is a well-known abnormality in patients
with CKD of different etiology [16]. CV abnormalities in
ADPKD patients are slightly different from other causes
of CKD. First, morphology and related defects such as
cyst compression to the vascular structure are unique
to ADPKD, and CV abnormalities such as ED and LVH
may begin before kidney function declines. Our
patients were seemingly have controlled blood pressure
measurements in their out-patient follow-up, but 24-h
monitoring demonstrated HT.

This finding was consistent with previous studies
[17]. Furthermore, HT and LVH are very common in
patients with ADPKD. In hypertensive populations, LVH
is correlated with the degree of HT and aging, but inter-
estingly, in ADPKD patients, LVH has been demon-
strated in both young and normotensive patients [18].
Some studies reported the relation of LVH in ADPKD
with cyst volume and HT [19]. However, increased cyst
volume and accompanying pressure are not sufficient
to explain HT and LVH when we consider young
patients. In children with ADPKD, HT, and LVH are
reported before significant cyst development [2]. In
ADPKD patients, HT may partly explain the increased

prevalence of LVH, but in the absence of HT, the pres-
ence of LVH is still a mystery. Our results show that dur-
ing 24-h monitoring, the hypertensive or well
controlled HT ADPKD patients with remarkable morning
surge have more CV damage such as LVH, and ED as an
early sign of atherosclerosis. In the hypertensive popu-
lation, a non-dipper form of HT has been linked with
increased adrenergic activity and decreased vagal activ-
ity during sleep, and found correlated with LVH [20,21].
In ADPKD patients, increased morning BP is a conse-
quence of sympathetic nervous system activity (SSA)
and may be partly responsible for LVH and early vascu-
lar abnormalities. In the early morning, blood pressure
rises in response to the natural activation of the sympa-
thetic nervous system in the circadian rhythm; but this
response may be exaggerated in patients with
increased sympathetic activity [21]. Valero et al. [22]
reported that the nocturnal decrease in blood pressure
was blunted in young patients with ADPKD, and 24-h
systolic BP was the primary determinant of LVH; how-
ever, this trial did not investigate MBPS. Another point
that should be emphasized in these patients is that
pain should be assessed since nighttime pain may
cause increased SSA during the night and may lead to
adverse CV outcomes by increasing sympathetic activ-
ity. There are seasonal variations in the incidence of
severe cardiac events with increased incidence in the
winter. This is consistent with finding that sympathetic
nerve activity varies along the seasons, with peak levels
evident in the winter [23]. However, we did not carry
out our study in a particular season.

Chronic pain is usually the result of increased cyst
distension, which may activate the renal efferent sym-
pathetic nerves. Hypertensive ADPKD patients with nor-
mal renal function have increased sympathetic activity,
which partly explains HT in the early period of the dis-
ease [24]. Here, we found that LVH and FMD were
prevalent among ADPKD patients with preserved renal
functions. FMD is a result of nitric oxide (NO) mediation
of vascular dilatation and decreased FMD is thought to
decrease the availability of NO. In a study, although the
number of patients was limited, ED was shown in early
ADPKD patients before the development of HT.
Increased activation of the RAS and decreased expres-
sion of PC1 or PC2 on vascular endothelium have been
put forward as reasons for early ED in these patients
[25,26]. However, the relation between MBPS and ED
has not been investigated until now. In other popula-
tions, MBPS has been determined as a significant deter-
minant of LVH; however, the relation with ED was not
investigated at the same time. In our study, both LVH
and ED (as shown by decreased FMD value) were
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significantly associated with the presence of MBPS in
early ADPKD patients.

MBPS is multifactorial and also may be affected by
environmental factors. Although high salt intake is a
risk factor for HT no relation has been found between
the MBPS and the rate of sodium consumption until
now [27].

Our study has certain limitations, including the small
sample size and cross-sectional and observational
design. Another limitation of the present study is the
fact that we did not evaluate the effects of seasonal
variations, sodium consumption or excretion rate, alco-
hol consumption, stress or pain level, or sleep apnea, all
of which may influence the presence and extent of
MBPS. In the regression analysis, we did not include all
factors that could potentially affect left ventricular
hypertrophy, such as hemoglobin and albumin. Lack of
more sophisticated and accurate measurement meth-
ods for left ventricular mass, such as magnetic reson-
ance imaging, is another limitation of this study.

Conclusions

To our knowledge, this study is the first one to investi-
gate the effects of MBPS in ADPKD patients with pre-
served renal functions. The findings of this study
suggest an independent association between LVH and
MBPS and also between LVH and age in ADPKD
patients. MBPS also seemed to be associated with
worse endothelial functions, as shown by higher RWT,
lower FMD, and a tendency toward higher CIMT.
However, our results are not generalizable to all ADPKD
patients because of the cross-sectional nature and lim-
ited sample size. It may be worth investigating the
effects of reducing MBPS on the development of LVH
and ED in patients with early ADPKD patients in
randomized controlled studies.
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