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ABSTRACT

 Objective: Due to hypertension, the organs may get damaged over time, and with the damage of end-organ, the prognosis 
of the disease may get negatively affected. The intent of this study is to identify the contribution of hypervolemia to uncon-
trolled hypertension and how it affects endothelial function and echocardiographic findings in patients who have primary 
hypertension and who are not suffering from kidney failure.
Methods: This cross-sectional study was performed on patients who were going through a follow-up with a diagnosis 
of primary hypertension. The patient’s volume status was determined with the help of a body composition monitor. The 
patient’s ambulatory blood pressure was monitored for 24 h. Flow-mediated dilation (FMD), carotid intima-media thick-
ness, and echocardiographic evaluation measurements were performed.
Results: The study included a total number of 101 patients out of which 63.4% of patients had an average blood pressure 
of less than 135/85 mmHg for 24 h, and 51% patients had non-dipper hypertension. The mean of hydration status value of 
patients was −0.25 ± 0.86 L, and 40.6% (n = 41) were identified as hypervolemic. The multiple logistic regression analysis of 
the factors for uncontrolled hypertension showed that the non-dipper and hypervolemic patients were 2.7 (1.1-6.5) times 
and 3.3 times, respectively, more likely to have greater mean blood pressure. Regarding mean FMD values and echocardio-
graphic measurements, we failed to find any significant difference after observing both the uncontrolled and controlled 
hypertension groups. A positive correlation between carotid intima-media thickness and mean systolic arterial blood pres-
sure was determined.
Conclusions: The significance of control of volume in terms of blood pressure control among patients with primary hyper-
tension, who do not have a failure of the kidney, has been shown. However, this study could not establish the significance of 
volume control concerning endothelial and cardiac functions as opposed to patients who are suffering from kidney failure.
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INTRODUCTION
The prevalence of hypertension ranges from 30 to 45% 
in different studies.1,2 Hypertension is projected to affect 
around 1 billion individuals worldwide, and about 13% 
(7.1 million) of deaths that happen each year are assumed 
to be related to hypertension.3 Due to high blood pres-
sure, the organ may get damaged over time, and the 
existence of end-organ damage negatively affects the 
diagnosis of the disease. Therefore, early diagnosis and 

treatment of end-organ damage among individuals who 
have hypertension gain more importance.

An increase in sympathetic activity and activation of 
the renin-angiotensin-aldosterone system together 
with a reduction in renal natriuresis are the main 
mechanisms that are outlined in the case of hyper-
tension pathogenesis. Ultimately, hypertension will 
develop as the kidney fails to excrete sodium. Even if 
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vasodilators are used that do not have any effect on the vol-
ume status of patients, they may decrease the blood pressure 
without decreasing the cardiovascular events at the same rate. 
We have detailed information about the importance of vol-
ume status within patients of anuric dialysis. Cardiovascular 
events are uncommon in patients who are normotensive 
only by volume control without any usage of antihyperten-
sive drugs compared to the patients who received vasodilator 
only.4,5 However, there are a limited number of studies on the 
importance of volume control among patients who are pri-
mary hypertensive and not suffering from kidney failure.6 In 
our other study which was prospective interventional and the 
follow-up period was 1 year, we showed how significant can 
negative hydration status be in terms of blood pressure con-
trol, endothelial, and cardiac functions.6

The endothelium has effects on blood pressure, vascular 
tone, coagulation system, and blood flow.7 If hypertension is 
not controlled, it can affect endothelial function and facilitate 
atherosclerosis adversely.8 Further, uncontrolled hyperten-
sion is known to damage cardiac function (e.g., left ventricular 
hypertrophy).9

This study was aimed to determine hypervolemia contributed 
to uncontrolled hypertension and its effects on cardiac and 
endothelial functions among patients who are primary hyper-
tensive without kidney failure.

METHODS

Design and Participants
This is a cross-sectional study performed among patients 
admitted to the cardiology clinics, nephrology, and inter-
nal medicine of a tertiary research hospital between May and 
December 2015, who were on follow-up with a primary hyper-
tension diagnosis. This study was conducted only on primary 
hypertension patients. Patients have secondary hypertension, 
which cause by renal failure, renovascular disease, aldoste-
ronism, pheochromocytoma, etc., were not included in the 
study. Patients having a glomerular filtration rate (GFR) below 
60 mL/min/1.73 m2, those who are pregnant, having malig-
nant tumors and diabetic, who did not give consent, and who 
are bedridden or require care were not included in the study. 
The study protocol (2015/219) was approved by the clinical 
research ethics committee of Erciyes University. All patients 
were informed about the study, and a written statement was 
collected from each one of them.

The whole blood count, creatinine, uric acid, blood urea nitro-
gen, potassium, sodium, chlorine and glucose levels, height 
(cm), weight (kg), arterial blood pressure, and medications they 
use were recorded of each patient. Individuals who had a body 
mass index below 30 kg/m2 were considered to be at low risk, 

while individuals with higher values were considered to be at 
high risk for hypertension.

At first, the volume status of the patients was determined by a 
body composition monitor, and 24-h ambulatory blood pres-
sure monitoring of the patients was performed. Then,  f﻿low-
mediated dilation (FMD), echocardiographic evaluation, and 
carotid intima-media thickness were performed.

Body Composition Monitoring
With the help of a body composition monitor, first body weight 
(kg) is measured and then the measurement of height (cm) is 
also collected and arterial blood pressure (systolic and diastolic 
mmHg) is also checked, urea distribution volume, hydration 
status, fatty tissue index, intercellular fluid, total body fluid, 
non-fatty tissue index, body cell mass were also measured with 
the body composition monitor from Fresenius Medical Care, 
GmbH, Germany.

The fluid status was represented by the overhydration 
(OH) value (L). Measurements were accomplished following 
the device instructions, and values of OH and others were pro-
vided by the body composition monitor software. Depending 
on the patient’s hydration status measurements, those with 
values over 0 were considered as positively hydrated (hypervol-
emia), those with values below 0 were assessed as negatively 
hydrated. The hydration status measurements were decided 
using the approach described by Moissl  et  al.10 The relative 
hydration status was described as hydration status (OH value)/
extracellular water (ECW).

Ambulatory Blood Pressure Monitoring
Using Mobil-O-Graph NG and Melograph PWA (I.E.M. GmbH, 
Stolberg, Germany), ambulatory blood pressure monitoring 
was performed. To record blood pressure measurements every 
30 min during the daytime and every 60 min during nighttime, 
ambulatory blood pressure devices were programmed. The 
ambulatory blood pressure monitor cuff was positioned on the 
non-dominant arm. Participants were also provided training to 
have the arm with the attached cuff static (standing or sitting) 
at the time when the reading was taken. Uncontrolled hyper-
tension was defined as a mean blood pressure value of 135/85 
mmHg or higher. A blood pressure drop of 10% compared with 
blood pressure readings that are taken during the daytime was 
called dipper blood pressure, while if the drop is less than 10%, 
it is termed as “non-dipper blood pressure.”

Echocardiographic Evaluation
Two-dimensional, M-mode, and Doppler echocardiographic 
evaluations were done for each patient for the determination 
of functional parameters and cardiac structure. Using the modi-
fied Simpson’s rule, ejection fraction was determined. The left 
ventricular mass index (LVMI) is determined by the Devereux 
formula.l1-13 Values below 115 g/m2 among males and 95 g/m2 



Turk J Nephrol 2021; 30(3): 205-212� Görkem et al. Analysis of Primary Hypertension Patients Who Do Not Have Kidney Failure

207

among women were considered normal, while values above 
were considered as hypertrophic.1

Flow-mediated dilation (FMD)
The FMD of the brachial artery was measured using ultrasound. 
The brachial artery of the left arm was visualized and scanned in 
a longitudinal section where the best image was obtained. The 
mean of 3 different measurements of post-flow brachial artery 
lumen diameter (endothelial-dependent vasodilator response 
[EDVR]) was calculated and recorded. The expansion in interior 
width as a result of responsive hyperemia was communicated 
as the level of the standard vessel distance across (BD) (%FMD). 
FMD was determined with the formula:

FMD = [(EDVR) − BD)/BD] × 100 equation.

Carotid Intima-Media Thickness
An ultrasound device was used for examination of the carotid 
arteries. Carotid intima-media thickness was estimated in 3 
matched portions of both right and left regular carotid vein, 
carotid bulb, and interior carotid corridor. Three measurements 
of the maximal intima-media thickness were averaged in each 
segment, and the average intima-media thickness was calcu-
lated. Fragments with atherosclerotic plaques were not utilized. 
Patients with carotid intima-media thickness of 0.9 mm or more 
were considered to be at cardiovascular risk, and those with < 
0.9 mm were considered normal.

Statistical Analysis
The data were analyzed using IBM SPSS Statistics 22.0 (IBM SPSS 
Corp.; Armonk, NY, USA) statistical software. Descriptive statis-
tics provided are unit counts (n), percentage (%), and mean ± 
standard deviation. Normality of the distribution of numerical 
variables was evaluated with Shapiro–Wilk normality test and 
Q-Q graphs. Between-group comparisons were made using the 
independent samples t-test for variables with normal distribu-
tion. Associations between numerical variables were evaluated 
with Pearson correlation analysis. Relationships between cat-
egorical variables were investigated using the chi-square exact 
test method. Binary logistic regression analysis with backward 
elimination method was used to identify the factors in effect 
over the dependent categorical variable. The level of statistical 
significance was set as P < .05.

RESULTS
A total of 101 patients, followed-up for essential hypertension, 
were included for the examination. Of the participants, whose 
mean age was 53.84 ± 9.61 years, 34.7% (n = 35) were males 
and 65.3% (n = 66) were females. Every patient was using at 
least 1 antihypertensive medication, out of which17.8% were 
using 1, 58.4% were using 2, 21.8% were using 3, and 2% were 
using 4 antihypertensive medications. A diuretic treatment 
(hydrochlorothiazide or chlorthalidone) was used by 70.3% 

(n = 71) of the patients. As per the ambulatory blood pressure 
monitoring results, 63.4% (n = 64) had 24-h average blood pres-
sure below 135/85 mmHg, and 51.5% (n = 52) had non-dipper 
hypertension.

The mean FMD value of the patients was 11.71% ± 3.61 (4.59-
22). The mean carotid intima-media thickness was 0.81 ± 0.12 
(0.52-1.2) mm, where 20.8% (n = 21) of the patients were con-
sidered to be at cardiovascular risk with carotid intima-media 
thickness greater than 0.9 mm. In light of the echocardiography 
results, 42.6% (n = 43) of the patients had hypertrophic left ven-
tricle. While the mean hydration status of patients, measured 
with body composition monitor, was −0.25 ± 0.86 [(−2.1) 
− 2.5] L, 40.6% (n = 41) were identified as positively hydrated 
(Hypervolemic). It was observed that the patients with mean 
blood pressure greater than 135/85 mmHg were more likely 
to present with hypervolemia and non-dipper hypertension 
(Table 1). The patients with mean blood pressure greater than 
135/85 mmHg were observed to have higher hydration status 
measurement values compared to those with mean blood pres-
sure less than 135/85 mmHg (0.119 ± 0.98 L and −0.475 ± 0.70 L, 
respectively; P = .001). The relative hydration status was sig-
nificantly higher in patients with mean blood pressure greater 
than 135/85 mmHg (P = .001). As for mean echocardiographic 

Table 1.  Comparison of Patients According to Mean Blood Pressure

Mean Blood Pressure

<135-85 
mmHg,  

(n = 64) n (%)

≥135-85 
mmHg,  

(n = 37), n (%) P

Body mass index

  <30 kg/m2 28 (43.8) 15 (40.5) .836

  >30 kg/m2 36 (56.8) 22 (59.5)

Left ventricle 
hypertrophy

25 (39.1) 18 (48.6) .406

Carotid intima-media 
thickness (mm)

  <0.9 51 (79.7) 29 (78.4) 1.000

  >0.9 13 (20.3) 8 (21.6)

Dipper, non-dipper

  Dipper 37 (57.8) 12 (32.4) .022

  Non-dipper 27 (42.2) 25 (67.6)

Hydration status

  Hypervolemic 19 (29.7) 22 (59.5) .006

  Normovolemic 45 (70.3) 15 (40.5)

Diuretic usage

  Receiving 44 (62.0) 27 (66.7) .822

  Not receiving 20 (38.0) 10 (33.3)
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estimations and FMD, no critical distinction was seen between 
the groups (Table 2).

Logistic regression analysis was utilized to decide the relative 
risks of developing uncontrolled hypertension. Only the vari-
ables with a statistically significant association in the simple 
logistic regression model were included in the multiple logistic 
regression model. Multiple logistic regression analysis showed 
that the non-dipper patients were 2.7 (1.1-6.5) times more 
likely to have higher mean blood pressure compared to dipper 
patients (P = .028), and hypervolemic patients were 3.3 times 
more likely than normovolemic patients to have higher mean 
blood pressure (P = .007) (Table 3). There was no significant dif-
ference in LVMI value between dipper and non-dipper patients 
(97and 99.5 g/m2, respectively; P = .620). Hypervolemia was more 
frequent among patients received no diuretic drug (Table 4). 
Patients on diuretic treatment did not differ significantly from 

those who did not receive diuretics concerning FMD and echo-
cardiographic measurements (Table 4).

The characteristics of patients according to volume status are 
shown in Table 5. Hypervolemic patients had a wider aorta 

Table 2.  Demographic and Other Characteristics of Patients 
According to Mean Blood Pressure 

Mean Blood Pressure

<135/85 
mmHg, (n = 

64)
≥135/85mmHg, (n = 

37) P

Age (year) 54.5 ± 9.8 52.62 ± 9.3 .335

FMD (%) 12.0 ± 3.7 11.1 ± 3.38 .275

Carotid intima-
media thickness 
(mm)

0.80 ± 0.12 0.84 ± 0.13 .193

Decline in sleep 
blood pressure (%)

10.40 ± 6.46 7.08 ± 7.65 .023

Body mass index 
(kg/m2)

30.92 ± 4.64 31.99 ± 4.93 .281

LVMI (g/m2) 96.02 ± 
27.58

102.24 ± 20.56 .235

Hydration status (L) −0.475 ± 
0.70

0.119 ± 0.98 .001

Relative hydration 
status (OH/ECW)

−3.284 ± 
4.49

0.297 ± 5.45 .001

EF (%) 62.06 ± 5.30 63.81 ± 5.58 .121

Septum thickness 
(mm)

10.96 ± 1.67 11.25 ± 1.78 .408

Diastolic diameter 
(mm)

46.17 ± 5.94 47.16 ± 5.61 .413

Systolic diameter 
(mm)

31.32 ± 5.65 30.80 ± 6.16 .667

Left atrium 
diameter (mm)

30.67 ± 4.33 31.71 ± 3.49 .215

Aort diameter (mm) 29.58 ± 3.37 30.54 ± 3.41 .174

Data are expressed as the mean ± SD. FMD, flow-mediated dilation; LVMI, left ven-
tricular mass index, EF, ejection fraction, ECW, extracellular water.

Table 3.  Logistic Regression Analysis of Risk Factors for 
Uncontrolled Hypertension

Odds Ratio 95% CI P

Univariate Analysis

Non-dipper, present or not 2.9 1.2-6.7 .015

Hypervolemi, present or not 3.4 1.5-8.1 .004

Diuretic usage, present or not 0.8 0.3-1.9 .655

Gender, male/female 1.8 0.7-4.2 .170

Body mass index, kg/m2 1.1 0.9-1.1 .279

Age, year 0.9 0.9-1.0 .332

Ejection fraction, % 1.1 0.9-1.1 .122

LVMI, g/m2 1.0 0.9-1.1 .234

Creatinine, mg/dL 1.4 0.1-17.4 .790

Multivariate Analysis

Non-dipper, present or not 2.7 1.1-6.5 .028

Hypervolemi, present or not 3.3 1.4-7.9 .007

LVMI, left ventricular mass index.

Table 4.  Assessment of Risk Factors According to Diuretic Usage of 
Patients

Not Receiving 
Diuretics (n = 

30)

Receiving 
Diuretics (n = 

71) P

Left ventricle 
hypertrophy

15 (50.0) 28 (39.4) .381

Hidration status

  Normovolemic 12 (40.0) 48 (67.6) .014

  Hypervolemic 18 (60.0) 23 (32.4)

Dipper, non-dipper

  Dipper 16 (53.3) 33 (46.5) .664

  Non-dipper 14 (46.7) 38 (53.5)

Carotid intima-media 
thickness (mm)

  <0.9 22 (73.3) 58 (81.7) .422

  >0.9 8 (26.7) 13 (18.3)

FMD 10.9 ± 2.9 12.1 ± 3.8 .154

EF 63.5 ± 6.1 62.4 ± 5.1 .342

Data are expressed as the mean ± SD or n (%).
FMD, flow-mediated dilation; EF, ejection fraction.
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diameter compared to normovolemic patients with a less 
decline in sleep blood pressure (Table 5). FMD and other echo-
cardiographic finding comparisons did not yield significantly 
different results. The groups did not differ significantly in terms 
of laboratory parameters either. 

The correlation analysis showed that FMD had a negative cor-
relation with age (r = −0.205, P = .040) and L VESd (r = −0.198, 
P = .047). The percentage decline in the sleep blood pressure 
was negatively correlated to both age (r = −0.239, P = .016) and 
hydration status (r = −0.249, P = .012). Taking the 0.9 mm thresh-
old for carotid intima-media thickness, no significant relation-
ship was determined between uncontrolled hypertension 
and carotid intima-media thickness. However, the correlation 
analysis yielded a positive correlation between mean systolic 
arterial blood pressure and carotid intima-media thickness 
(r = 0.255, P = .010). A positive correlation was also observed 
between mean systolic blood pressure and septum diameter 
(r = 0.207, P = .038).

DISCUSSION
It has been reported that left ventricular hypertrophy, expanded 
carotid intima-media thickness, and other target organ dam-
ages that can develop among hypertensive patients are more 
strongly correlated with ambulatory blood pressure rather than 
office blood pressure measurements.9 Even though hyperten-
sion has crucial outcomes, the quantity of patients effectively 
accomplishing the treatment targets is still low. Different inves-
tigations report that the rate of patients attaining goals varies 
between 27 and 66%.14,15 Along with the leading factors of low 
awareness of hypertension and over-consumption of sodium, 
many factors impact this low success rate and the differences 
between the success rates of countries. In our investigation, 
63.4% of the 101 patients had arrived at their treatment objec-
tives. This generally high achievement pace of our examination 
contrasting with the clinical literature might be related to the 
investigation being directed at a tertiary community and the 
included patients were chosen from a group of patients who 
were consistently appearing for their subsequent meet-ups. 

Table 5.  Characteristics of Patients According to Volume Status

Hypervolemic (≥0 L), (n = 41) Normovolemic (<0 L), (n = 60) P

Age (year) 54.51 ± 11.49 53.38 ± 8.14 .565

FMD (%) 11.06 ± 3.32 12.16 ± 3.75 .133

Carotid intima-media thickness (mm) 0.82 ± 0.13 0.81 ± 0.12 .533

LVMI (g/m2) 96.37 ± 22.57 99.62 ± 27.13 .529

Glucose (mg/dL) 100.49 ± 14.86 103.07 ± 16.56 .425

Uric acid (mg/dL) 6.07 ± 1.66 5.42 ± 1.32 .075

EF (%) 62.07 ± 5.78 63.03 ± 5.21 .340

Septum thickness (mm) 10.96 ± 1.52 11.14 ± 1.83 .596

Diatolic diameter (mm) 46.30 ± 6.33 46.70 ± 5.49 .738

Left atrium diameter (mm) 30.95 ± 4.38 31.12 ± 3.85 .837

Posterior wall thickness (mm) 11.53 ± 1.67 11.42 ± 1.87 .770

Systolic diameter (mm) 31.11 ± 5.88 31.15 ± 5.83 .971

Aort diameter (mm) 30.79 ± 3.56 29.35 ± 3.19 .037

Mean systolic BP (mmHg) 130.63 ± 15.38 125.32 ± 15.39 .091

Mean diastolic BP (mmHg) 82.00 ± 10.93 78.03 ± 10.44 .069

Percentage decrease in sleep blood pressure (%) 7.27 ± 7.48 10.49 ± 6.51 .024

White blood cell (/µL) 7907 ± 1933 8043 ± 1789 .718

Hemoglobin (g/dL) 14.56 ± 1.73 14.12 ± 1.44 .169

Creatinine (mg/dL) 0.81 ± 0.18 0.75 ± 0.14 .071

BUN (mg/dL) 14.95 ± 3.96 15.43 ± 4.69 .591

Glomerular filtration rate (mL/min/1.73 m2) 93.79 ± 14.5 93.75 ± 13.9 .987

Sodium (mmol/L) 139 ± 2.68 138 ± 2.48 .064

Potassium(mmol/L) 4.23 ± 0.36 4.26 ± 0.35 .655

Data are expressed as the mean ± SD.
FMD, flow-mediated dilation; LVMI, left ventricular mass index; EF, ejection fraction; ECW, extracellular water; BP, blood pressure; BUN, blood urea nitrogen.
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Also, it ought to be viewed as this is not an epidemiologic inves-
tigation and the quantity of patients is lower in contrast with 
epidemiologic examinations. A strong association has been 
demonstrated between mean 24-h blood pressure and the risk 
of death or developing disease due to hypertension.16 Hence, 
we decided to utilize a highly standard method, such as ambu-
latory blood pressure measurement, to research how hyperten-
sion was related to volume and its negative effects on the heart 
and endothelium.

If dialysis patients only received antihypertensive treatment, 
but not a volume-reducing drug, amelioration in the cardiovas-
cular mortality and LVMI did not occur. On the other hand, when 
the volume control was established, there was a reduction in 
LVMI.4 In another study, patients attaining normotension with 
volume control had significant amelioration on echocardiogra-
phy findings.5 Hypervolemia is one of the most significant vari-
ables in expanding LVMI.17,18 In our examination, there was not a 
noteworthy difference between the left ventricle mass indices of 
hypervolemic and normovolemic patients. Just the aorta diam-
eter was more extensive among the hypervolemic patients. 
Since our participants consisted of patients with normal renal 
functions and often controlled blood pressure, we believe that 
hypervolemia had not yet affected the LVMI negatively.

Although bioimpedance device might have important roles 
in the planning of hypertension treatment, especially diuretic 
usage, a few studies investigated the use of volume measure-
ment with bioimpedance and appropriate diuretic administra-
tion in the treatment of uncontrolled hypertension in patients 
who did not have kidney failure.19,20 Taler et al.’s20 study reported 
success rates in hypertension treatment to be 56% in the group 
regulated with bioimpedance device and 33% in the other 
group. In Smith et al.’s21 study, patients whose volume control 
was attained via the help of thoracic impedance had a signifi-
cantly higher success rate (77%). Sodium consumption has a 
negative impact on hypertension.22,23 In our investigation, we 
established that the patients with mean blood pressure at tar-
get values also had favorable volume status, and this volume 
status was closely associated with diuretic use. In social orders 
with high sodium consumption, as in Turkey, diuretics might be 
considered as an aspect of the standard treatment, as shown in 
this examination.24 FMD is one of the clinical methods used to 
evaluate endothelial functions.25 FMD was significantly lower in 
hypervolemic dialysis patients.26 In any case, our investigation 
is one of the first reports in clinical literature meant to assess 
the relationship between volume and FMD among essential 
hypertension patients without kidney failure. We did not find a 
significant relationship between hypervolemia and FMD.

Hypervolemic kidney failure patients are reported to have a 
more prominent carotid intima-media thickness,27 however, 
we have restricted data on the relationship between carotid 
intima-media thickness and hypervolemia among essen-
tial hypertension patients without kidney failure. We did not 

identify a significant relationship between hypervolemia and 
carotid intima-media thickness among essential hypertension 
patients without kidney failure. Although we found a relation-
ship between hypervolemia and uncontrolled hypertension in 
our study, its impact on cardiac and endothelial functions was 
not clear. This condition suggests that this patient group has 
a different characteristic than kidney failure patients, who are 
more exposed to hypervolemia and respond more weakly to 
it. In corresponding with the decrease in GFR in kidney failure 
patients, impaired renal capacity results in a failure to effec-
tively handle water and salt, leading to fluid overload. The 
effect of hypervolemia on cardiac or endothelial functions in 
essential hypertension patients without kidney failure should 
be checked with planned randomized controlled investigations.

Non-dipper hypertension prevalence changed between 17 and 
69% among different hypertensive patient cohorts in various 
examinations.28,29 This rate was 51.5% in our investigation. 
Patients with non-dipper hypertension have a higher target 
organ damage risk. Non-dipper hypertensive cases have an 
increased risk of developing left ventricular hypertrophy, heart 
failure, and cardiovascular diseases regardless of blood pres-
sure control.30-32 Despite the more hypertrophic left ventricles 
of the non-dipper hypertension patients compared to dipper 
hypertension patients, the difference was not statistically signif-
icant in our study. The small sample size and the high number 
of target meeting patients may have contributed to this finding.

The possible causes of non-dipper hypertension are sleep dis-
orders, obstructive sleep apnea, obesity, high salt intake among 
salt-sensitive individuals, orthostatic hypotension, autonomic 
dysfunction, chronic kidney disease, diabetic neuropathy, and 
aging.1

Additionally, non-dipper hypertension is likewise demonstrated 
to be related to melatonin concentration.3,33 In our examination, 
the significantly lower decline in sleep blood pressure of hyper-
volemic patients is significant in demonstrating that hyper-
volemia may have a role in the development of non-dipper 
hypertension.

In this study, the most important risk factors for uncontrolled 
hypertension among primary hypertension patients were deter-
mined to be volume overload and the presence of non-dipper 
hypertension. Patients with volume overload were found to be 
3.3 times more likely to have uncontrolled hypertension com-
pared to those without volume overload.

This examination makes significant commitments to the treat-
ment and development of hypertensive patients. The most 
significant limitations of our investigation were that echocar-
diographic information was collected by many physicians, the 
24-h sodium excretion in urine was not assessed, and its cross-
sectional nature.
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CONCLUSION
The significance of volume control in terms of blood pres-
sure control among primary hypertension patients who do 
not have kidney failure has been shown. It was indicated that 
diuretics should be a part of the routine antihypertensive 
treatment. However, this study could not demonstrate the 
significance of volume control with respect to endothelial 
and cardiac functions within this patient group as opposed 
to patients suffering from kidney failure. While a difference 
is expected between primary hypertension patients with and 
without kidney failure, these results emphasize the need for 
further randomized controlled studies on this topic with larger 
patient populations.
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