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Amaç: Bu çalışmada tedavi edilmemiş dipper ve nondipper 
hipertansif hastalarda ve normotansif bireylerde gece kan 
basıncı (KB) ile serum ürik asit (UA) düzeyi, düşük dereceli 
enflamasyon ve kardiyak otonomik disfonksiyon arasındaki 
ilişkinin değerlendirilmesi amaçlandı.
Çalışma planı: Çalışmada, hipertansiyon için ilk kez değer-
lendirilecek olan ardışık 92 hasta (44 erkek, 48 kadın; ort. 
yaş 51.6±9.7) incelendi. Tüm hastalarda kalp hızı değişken-
liği (KHD) parametrelerinin değerlendirilmesi ve kan basın-
cı ölçümleri için 24 saatlik Holter izlemi yapıldı ve serumda 
yüksek duyarlıklı C-reaktif protein (hs-CRP) ve UA düzeyleri 
ölçüldü. Normal dağılım göstermeyen hs-CRP ve mikroalbü-
minüri (MAU) logaritmik dönüştürüm ile normalleştirildi.
Bulgular: Çalışmada 60 hasta (%65.2) hipertansif (%50’si 
nondipper) bulundu. Tekdeğişkenli korelasyon analizin-
de log(MAU) gece KB ölçümleri ile anlamlı ilişki gösterdi 
(r=0.560, p<0.001). Kalp hızı değişkenliği parametrele-
rinden SDNN, SDANN ve triangüler indeks log(hs-CRP) 
(sırasıyla, r= -0.356, p=0.001; r= -0.350, p=0.001; r= -
0.314, p=0.002) ve gece ortalama KB (sırasıyla, r= -0.286, 
p=0.006; r= -0.251, p=0.02; r= -0.294, p=0.004) ile ters iliş-
kiliydi. Log(hs-CRP) gece ortalama KB ile doğrusal ilişki 
gösterdi (r=0.302, p=0.003). Serum UA düzeyi sadece gece 
KB ölçümleri ile ilişkiliydi (gece KB için, r=0.260, p=0.01; 
gece sistolik KB için, r=0.249, p=0.016; gece diyastolik KB 
için, r=0.249, p=0.017). Çokdeğişkenli lineer regresyon 
analizinde, log(hs-CRP) ve yaş kardiyak otonom disfonksi-
yonun, log(hs-CRP), serum UA ve KHD parametreleri gece 
KB ölçümlerinin bağımsız öngördürücüleri olarak bulundu. 
Sonuç: Bulgularımız düşük dereceli enflamasyon, ürik asit 
düzeyi ve otonom disfonksiyonun hipertansiyonun erken 
aşamalarında bile rol oynadığını düşündürmektedir.

Objectives: We aimed to evaluate the associations be-
tween nocturnal blood pressure (BP) and serum uric acid 
(SUA) level, low-grade inflammation, and cardiac autonom-
ic function in untreated dipper and nondipper hypertensive 
patients and normotensive individuals. 
Study design: The study included 92 consecutive patients 
(44 men, 48 women; mean age 51.6±9.7 years) who present-
ed for initial evaluation of hypertension. All patients under-
went 24-hour Holter monitoring to assess heart rate variability 
(HRV) and ambulatory BP. Serum high-sensitivity C-reactive 
protein (hs-CRP) and SUA levels were measured. Due to 
the non-normal distribution of hs-CRP and microalbuminuria 
(MAU), they were normalized by logarithmic transformation. 
Results: Of the study group, 60 patients (65.2%) were diag-
nosed as hypertensive (50% nondippers). In univariate corre-
lation analysis, log(MAU) showed a significant correlation with 
nocturnal BP (r=0.560, p<0.001). Among HRV parameters, 
SDNN, SDANN, and triangular index were inversely correlat-
ed with log(hs-CRP) (r=-0.356, p=0.001; r=-0.350, p=0.001; 
r=-0.314, p=0.002, respectively) and nighttime BP (r=-0.286, 
p=0.006; r=-0.251, p=0.02; r=-0.294, p=0.004, respectively). 
Log(hs-CRP) was positively correlated with nighttime BP 
(r=0.302, p=0.003). Serum UA levels were correlated with 
only nocturnal BP; i.e., nocturnal mean (r=0.260, p=0.01), sys-
tolic (r=0.249, p=0.016), and diastolic BP (r=0.249, p=0.017). 
In multiple linear regression analysis, log(hs-CRP) and age 
were independent predictors of cardiac autonomic dysfunc-
tion, and log(hs-CRP), SUA, and HRV parameters were inde-
pendent predictors of nocturnal BP measurements.
Conclusion: Our findings suggest the role of low-grade 
inflammation, uric acid levels, and autonomic dysfunction 
even in the early stages of hypertension.
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Hypertension is a multifactorial and heterogeneous 
disease that presents as high blood pressure. It 

is the leading cause of cardiovascular morbidity and 
mortality. Despite the advances in diagnosis, patho-
physiological mechanisms, and treatment of hyper-
tension, its cardiovascular mortality is still high and 
frequently presents as sudden cardiac death.[1] In most 
cases, this results from lack of understanding its exact 
etiology and curable treatments.

Pathological increases in BP may begin at differ-
ent ages with diverse clinical entities and dominant 
mechanisms. However, hypertension cannot be diag-
nosed at normotensive stage because there is no dif-
ferential diagnostic criteria to establish its diagnosis. 
Some patients with end-organ damage but no evident 
causative factor at normotensive stage may present the 
early stages in hypertensive process. 

Despite the advances in diagnosis, pathophysiolog-
ical mechanisms and treatment, the exact causative 
mechanisms of essential hypertension are still unclear. 
Therefore, we do not have definite curable treatment 
options for these patients.

In this study, we aimed to evaluate the association 
of nocturnal blood pressure with serum uric acid, low-
grade inflammation, and cardiac autonomic functions 
in untreated dipper and nondipper hypertensive pa-
tients and normotensive individuals.

This cross-sectional study included 92 consecutive pa-
tients (44 men, 48 women; mean age 51.6±9.7 years) 
who presented to our institution for initial evaluation 
of hypertension between June 2008 and July 2008. 
The local ethics committee of Gazi University Faculty 
of Medicine approved the study.

The participants were divided into two groups based 
on BP levels of <130/80 mmHg (normotensive) and 
≥130/80 mmHg (hypertensive). Each group was further 
analyzed based on day and night time fluctuations de-
rived from ambulatory BP measurements, i.e., nocturnal 
decline in BP by ≥10% (dipper) and <10% (nondipper).

Exclusion criteria were the presence of the follow-
ing: diabetes mellitus, atrial fibrillation, coronary artery 
disease, typical angina pectoris, hyper- or hypothyroid-
ism, left ventricular systolic dysfunction, cardiomyopa-
thies, moderate-to-severe valvular diseases, symptom-
atic peripheral vascular diseases (transient ischemic 
attack, stroke, intermittent claudication, peripheral re-

vascularization, or amputa-
tion), evidence for ongoing 
infection or inflammation, 
hematological disorders, 
known malignancy, drug 
history including anti-gout 
agents, and any other con-
tinual drug use. 

Blood samples were drawn by venipuncture for rou-
tine blood chemistry after fasting for at least eight hours. 
Fasting blood glucose, serum creatinine, total choles-
terol, high-density lipoprotein cholesterol, low-density 
lipoprotein cholesterol, and triglyceride levels were re-
corded. Serum uric acid levels were determined with 
enzymatic colorimetric method (uricase-peroxidase 
method) on a clinical chemistry auto-analyzer (Aeroset, 
Abbott Laboratories, Abbott Park, IL, USA). Microal-
buminuria was measured in 24-hour urine collection. 
Serum high-sensitivity C-reactive protein (hs-CRP) 
level was determined using the nephelometric method.

All patients underwent 24-hour Holter monitoring 
to assess heart rate variability parameters according to 
the previously published guidelines.[2] Holter monitor-
ing was performed on a 3-channel digitized recorder 
(Tracker NIBP, Del Mar Reynolds Medical, Hertford, 
UK) and the recordings were evaluated by an expe-
rienced physician who was totally blind to the study 
population. Data were manually pre-processed before 
analysis. Recordings lasting for at least 18 hours and 
of sufficient quality for evaluation were included in 
the analysis; otherwise, the recording was repeated. 
The following time-domain HRV parameters were an-
alyzed using statistical methods: rMSSD: square root 
of the mean squared differences between successive 
normal-to-normal (NN) intervals; SDNN: standard 
deviation of all NN intervals; SDNN index: mean of 
the standard deviations of all 5-min NN intervals of 
the entire recording; SDANN: standard deviation of 
the averages of NN intervals in all 5-min periods of 
the entire recording. By using geometrical methods, 
HRV triangular index (TI) was measured as the total 
number of all NN intervals divided by the height of 
the histogram of all NN intervals measured on a dis-
crete scale with bins of 7.8125 msec (1/128 sec).  

To determine day and night variations in BP, night/
day ratio was calculated with the following formula: [1 - 
(mean night systolic BP / mean day systolic BP)] x100.

All patients underwent complete transthoracic ex-
amination including two-dimensional, color flow and 
pulsed Doppler and tissue Doppler imaging using a 
GE-Vingmed Vivid 7 ultrasound system (GE Ving-

PATIENTS AND METHODS

Abbreviations:
ANS Autonomic nervous sys-
tem
BP Blood pressure
HRV Heart rate variability
MAU Microalbuminuria
NBP Nocturnal blood pressure
NN Normal-to-normal
SUA Serum uric acid
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med, Horten, Norway) and a 2.5-3.5 MHz transducer. 
Left ventricular mass was calculated and left ventricu-
lar mass index was derived from division of left ven-
tricular mass by body surface area.[3] 
Statistical analysis
Continuous variables were expressed as mean ± 
standard deviation, and categorical variables were 
expressed as counts and percentages. Data were 
tested for normal distribution using the Kolmogorov-
Smirnov test. As high-sensitivity CRP and MAU 
showed non-normal distributions, they were normal-
ized by logarithmic transformation as log(hs-CRP) 
and log(MAU). The chi-square test was used for cat-
egorical variables and the Pearson correlation coef-

ficient was used for correlation analysis. The means 
of different groups were compared by the two-way 
ANOVA test. Linear regression analysis with a step-
wise method was used for multivariate analysis after 
exclusion of irrelevant variables from the model. All 
tests of significance were two-tailed. Statistical sig-
nificance was defined as p<0.05. The SPSS statistical 
software (SPSS 15.0 for Windows) was used for all 
statistical calculations.

Of the study group, 60 patients (65.2%) were assigned 
as hypertensives, and 32 (34.8%) were assigned as 
normotensives. Demographic characteristics and labo-

Table 1. Clinical characteristics of untreated dipper and nondipper hypertensive patients and controls

Hypertensive (n=60) Normotensive (n=32)

Nondipper
(n=30)

Mean±SD or
n (%)

Dipper
(n=30)

Mean±SD or
n (%)

Nondipper
(n=19)

Mean±SD or
n (%)

Dipper
(n=13)

Mean±SD or
n (%)

p1 p2

Age (years) 52±9 52±9 55±10 45±11 N.S 0.029
Gender N.S N.S

Male 16 (53.3%) 13 (43.3%) 10 (52.6%) 5 (38.59%)
Female 14 (46.7%) 17 (56.7%) 9 (47.4%) 8 (61.5%)

Height (cm) 168±9 165±9 164±9 164±7 N.S N.S
Weight (kg) 80±15 74±11 79±16 72±10 N.S 0.050
Body mass index (kg/m2) 28±4 27±3 29±5 27±4 N.S N.S
Body surface area (m2) 1.9±0.2 1.8±0.2 1.9±0.2 1.8±0.1 N.S N.S
Smoking 16 (53.3%) 14 (46.7%) 7 (36.8%) 5 (38.5%) N.S N.S
Total cholesterol (mg/dl) 191±39 210±27 217±40 191±31 N.S N.S
LDL cholesterol (mg/dl) 118±32 134±21 134±30 117±25 N.S N.S
HDL cholesterol (mg/dl) 47±14 51±15 49±10 49±11 N.S N.S
Triglycerides (mg/dl) 131±57 127±38 172±77 132±75 N.S N.S
Fasting plasma glucose (mg/dl) 91±11 94±13 100±9 91±9 N.S N.S
Serum creatinine (mg/dl) 0.9±0.2 0.8±0.1 0.8±0.1 0.8±0.1 N.S N.S
Estimated glomerular filtration rate (ml/min) 105±25 101±21 103±22 108±28 N.S N.S
Hemoglobin (mg/dl) 13.9±1.1 14.1±1.4 13.5±1.1 13.3±1.2 0.032 N.S
Uric acid (mg/dl) 4.5±1.1 4.0±1.1 3.9±1.2 3.8±1.1 N.S N.S
Microalbuminuria (mg/day)

Median (25th-75th percentiles)
29

(13-44)
15

(7-27)
7

(6-11)
8

(6-10)
0.015 N.S

Log(Microalbuminuria) (mg/day) 1.4±0.4 1.2±0.4 0.9±0.2 1.0±0.4 <0.001 N.S
High-sensitivity CRP (mg/dl)

Median (25th-75th percentiles)
0.5

(0.3-0.6)
0.3

(0.2-0.5) 
0.3

(0.2-0.8)
0.2

(0.1-0.3)
0.041 0.004

Log(high-sensitivity CRP) (mg/dl) -0.4±0.4 -0.5±0.3 -0.6±0.5 -0.8±0.3 0.007 0.019
p1: Hypertensive vs. normotensive groups; p2: Nondipper vs. dipper groups; NS: Not significant.

RESULTS
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ratory data of the patients are shown in Table 1. Blood 
pressure measurements, HRV parameters, and echo-
cardiographic data are shown in Table 2. 

In univariate correlation analysis, log(MAU) 
showed a significant correlation primarily with night 
BP measurement (r=0.560, p<0.001, Fig. 1a). Among 
HRV parameters, SDNN, SDANN, and triangular 
index were inversely correlated with age (r= -0.291, 

p=0.005; r= -0.307, p=0.003; r= -0.189, p=0.072, re-
spectively), log(hs-CRP) (r= -0.356, p=0.001, Fig. 1b; 
r= -0.350, p=0.001; r= -0.314, p=0.002, respectively) 
and nighttime mean BP (r= -0.286, p=0.006, Fig. 1c; 
r= -0.251, p=0.02; r= -0.294, p=0.004, respectively). 

Log(hs-CRP) was positively correlated with overall 
mean BP (r=0.245, p=0.02), daytime mean BP (r=0.210, 
p=0.04), and nighttime mean BP (r=0.302, p=0.003). 

Table 2. Blood pressure measurements, heart rate variability, and echocardiographic parameters in untreated 
dipper and nondipper hypertensive patients and controls

Hypertensive (n=60) Normotensive (n=32)

Nondipper
(n=30)

Mean±SD

Dipper
(n=30)

Mean±SD

Nondipper
(n=19)

Mean±SD

Dipper
(n=13)

Mean±SD
p1 p2

Blood pressure (mmHg)
Overall mean 101±6 100±6 85±7 84±5 <0.001 N.S
Overall systolic 138±7 136±7 117±7 117±5 <0.001 N.S
Overall diastolic 83±7 82±6 69±7 68±6 <0.001 N.S
Daytime mean 103±7 104±6 86±7 88±6 <0.001 N.S
Daytime systolic 140±7 141±7 118±7 121±6 <0.001 N.S
Daytime diastolic 84±8 85±7 70±8 72±6 <0.001 N.S
Nighttime mean 98±7 89±6 81±6 74±6 <0.001 <0.001
Nighttime systolic 134±9 121±7 113±7 105±5 <0.001 <0.001
Nighttime diastolic 80±8 73±6 65±7 58±7 <0.001 <0.001
Day-night ratio (%) 4±4 14±3 5±4 13±3 N.S <0.001

Heart rate variability 
Heart rate (beats/min) 81±8 77±10 74±11 80±8 N.S N.S
SDNN (msec) 110±31 119±27 125±35 136±24 0.019 N.S
SDANN (msec) 101±30 110±25 109±29 128±24 0.041 0.026
SDNN index (msec) 41±14 47±14 49±18 47±16 N.S N.S
rMSSD (msec) 23±11 26±12 24±13 23±12 N.S N.S
Triangular index 29±10 34±9 35±11 37±9 0.057 N.S

Echocardiographic parameters
Left ventricle

Ejection fraction (%) 67±4 67±3 66±3 69±3 N.S N.S
End-diastolic diameter (mm) 46.0±3.7 45.4±4.1 45.7±4.3 44.9±3.8 N.S N.S
End-systolic diameter (mm) 28.6±2.8 28.4±2.8 29.1±3.0 27.6±2.0 N.S N.S
Interventricular septum diameter (mm) 11.0±1.5 10.9±1.5 10.5±1.5 10.2±1.7 0.069 N.S
Posterior wall diameter (mm) 10.4±1.1 10.4±1.2 10.0±1.1 10.0±1.6 0.017 N.S
Mass (g) 177±41 172±38 163±40 151±33 0.051 N.S
Lass index (g/m2) 92±21 93±20 87±18 83±16 0.069 N.S

Left atrium diameter (mm) 35.6±3.4 35.8±3.0 34.7±4.0 33.6±2.8 0.043 N.S
p1: Hypertensive vs. normotensive groups; p2: Nondipper vs. dipper groups;NS: Not significant. Heart rate variability parameters: SDNN: Standard 
deviation of all normal-to-normal intervals; SDNN index: Mean of the standard deviations of all 5-min normal-to-normal intervals of the entire 
recording; SDANN: Standard deviation of the averages of normal-to-normal intervals in all 5-min periods of the entire recording; rMSDD: Square root 
of the mean squared differences between successive normal-to-normal intervals.
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Serum UA levels were correlated with only NBP mea-
surements; hence, nocturnal mean BP (r=0.260, p=0.01, 
Fig. 1d), nocturnal systolic BP (r=0.249, p=0.016), and 
nocturnal diastolic BP (r=0.249, p=0.017).

In linear regression analysis, log(hs-CRP) and age 
were independent predictors of cardiac autonomic 
dysfunction, and log(hs-CRP), SUA and HRV param-
eters were independent predictors of NBP measure-
ments (Table 3).

In this study, we evaluated the relationship between 
night BP, uric acid, low-grade inflammation, and 
cardiac autonomic functions in untreated dipper and 
nondipper hypertensive patients and normotensive in-
dividuals. We found that a relatively high NBP level 
was independently related with low-grade inflamma-
tion, SUA, and autonomic dysfunction. Additionally, 
MAU was mainly determined by night BP levels, and 

autonomic dysfunction was independently affected by 
age and low-grade inflammation.

In recent years, frequent use of ambulatory BP 
measurements in clinical practice has given rise to 
new diagnostic and prognostic concepts in hyperten-
sion, most important being the nondipper condition. 
Patients with this impaired physiology suffer from 
cardiovascular events more frequently than dippers. 
However, the underlying causative mechanisms have 
not been clearly elucidated.[4] In general, NBP shows 
an average decrease of 15% in normotensive and hy-
pertensive patients.[5] Patients having a decrease of less 
than 10% and greater than 10% in NBP are classified 
as nondipper and dipper hypertensives, respectively. 
Impaired autonomic functions are thought to underlie 
the mechanism of lack of nocturnal decline in NBP. In 
nondipper patients, renal impairment (i.e., MAU, pro-
teinuria, and decreased creatinine clearance) associ-
ated with cardiovascular mortality, nonfatal vascular 
events, and hypertension is significantly higher than 
dipper hypertensive patients.[6,7]

DISCUSSION
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Heart rate variability parameters reflect the auto-
nomic balance and autonomic nervous system func-
tionality.[2] This analysis is frequently used in cardio-
vascular research and clinical practice to quantify the 
alterations in intervals between sinus heart beats as 
the heart rate oscillates around a mean value. These 
oscillations are modulated by the ANS and can be an-
alyzed by different methods. The association between 
functional status of the ANS and autonomic imbalance 
in congestive heart failure has been shown by HRV 

analysis.[8] Heart rate variability is a standardized tool 
for examining ANS activity in various disease states 
such as hypertension, diabetes mellitus, coronary ar-
tery disease, and myocardial dysfunction. Sudden car-
diac death is frequent in the course of cardiovascular 
diseases. Autonomic imbalance is an important caus-
ative mechanism of malignant arrhythmias which are 
the most important etiology of sudden cardiac death. 
In particular, it is a powerful and simple indicator of 
diabetic autonomic neuropathy.[9] It is also impaired 

Table 3. The results of multiple linear regression analysis: independent factors predicting cardiac 
autonomic functions and nocturnal blood pressure levels

Dependent variable Independent
predictors

Unstandardized 
coefficient (B±SE)

Standardized 
coefficient (β)

p

Cardiac 
autonomic 
functions

SDNN Age -0.8±0.3 -0.261 0.008
Log (hs-CRP) -26±7.5 -0.332 0.001

Constant 148±17 <0.001
R2 0.194

SDNN index Age -0.4±0.2 -0.241 0.01
Log (hs-CRP) -13±3.9 -0.325 0.001

Constant 58±9 <0.001
R2 0.178

SDANN Age -0.8±0.3 -0.278 0.004
Log (hs-CRP) -24±7.1 -0.325 0.001

Constant 138±15 <0.001
R2 0.199

Triangular index Age -0.2±0.1 -0.162 0.1
Log (hs-CRP) -7.8±2.6 -0.299 0.003

Constant 37±6 <0.001
R2 0.124

Nocturnal 
blood 
pressure (BP)

Nighttime mean BP Log (hs-CRP) 5.6±2.8 0.205 0.048
SDNN -0.08±0.04 -0.242 0.021
Serum uric acid 2.5±0.9 0.276 0.005

Constant 91±5 <0.001
R2 0.202

Nighttime systolic BP Log (hs-CRP) 7.4±3.4 0.221 0.031
SDNN -0.1±0.04 -0.259 0.012
Serum uric acid 3.0±1.1 0.267 0.006

Constant 126±6 <0.001
R2 0.219

Nighttime diastolic BP Log (hs-CRP) 4.8±2.8 0.180 0.087
SDNN -0.07±0.04 -0.215 0.044
Serum uric acid 2.3±0.9 0.264 0.009

Constant 73±5 <0.001
R2 0.168
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during the course of acute coronary syndromes and 
postdischarge term,[10] congestive heart failure,[11] and 
hypertension.[12] In addition, impaired HRV has been 
determined as an important predictor of future cardio-
vascular events in the above-mentioned diseases and 
even in healthy individuals.[13,14] However, the under-
lying pathophysiological mechanisms have not been 
clearly established.

Heart rate variability is regulated by central ner-
vous signals sent to the heart via the sympathetic and 
parasympathetic nerves. A recent study has demon-
strated that the central nervous system can decrease 
cytokine production via activity of parasympathetic 
fibers in the vagus nerve.[15]

Stimulation of the vagus nerve significantly inhib-
its the release of tumor necrosis factor-alpha in ani-
mals.[16] Furthermore, experimental models studying 
sepsis, myocardial ischemia, and pancreatitis have 
documented the inhibition of cytokine activity through 
vagus nerve stimulation.[17,18] Only a small fraction of 
the vagus nerve innervates the heart. The other ANS 
innervations may play a more important role in the de-
velopment of nondipping pattern. Although impaired 
HRV has been linked to poor prognosis in hyperten-
sive patients, the underlying pathophysiological mech-
anisms are not clear.

C-reactive protein is an acute phase protein (reac-
tant) with a pentameric configuration and is mainly 
produced by the liver.[19] It significantly increases in 
acute infective diseases, autoimmune disorders, and 
during the course of malignancies. In recent years, 
since the relationship between CRP and cardiovascu-
lar diseases was shown,[20] the potential role of CRP 
in the diagnosis and prognosis of cardiovascular 
diseases has become a popular area of research. In 
particular, increased CRP levels in patients who are 
under moderate risk for coronary artery disease have 
been found to be a predictor of future cardiovascu-
lar events as satisfactory as classical risk factors.[21,22] 
Aggressive risk factor modification has provided a 
significant reduction in cardiovascular morbidity and 
mortality in studies using CRP as an indicator of car-
diovascular risk.[23] The reverse association of HRV 
with elevated serum CRP levels shown in a general 
Japanese population, also shown by our findings, 
may provide more insight into the possible patho-
physiological mechanisms.[24] 

In humans and higher primates, uric acid is the 
main end-product of purine metabolism due to the 
mutations that render the uricase gene nonfunction-
al.[25,26] There has been strong evidence that higher 

SUA levels are associated with end-point and target 
organ damage in hypertensive individuals. Recent 
experimental and clinical studies have shown that el-
evated SUA levels correlate with age, male gender, 
hyperlipidemia, obesity, hyperinsulinemia, diabetes 
mellitus, glucose intolerance,[27] systemic inflamma-
tion,[28] increased CRP levels,[29] endothelial dysfunc-
tion,[30] hypertension,[31] and impaired small artery 
elasticity.[32] In many clinical and epidemiological 
studies, SUA has been found to be related with the de-
velopment of hypertension, inflammation, impaired 
arterial elasticity, and coronary atherosclerosis.[33-35] 
Elevated SUA levels have also been found to be re-
lated with an accelerated progression of hypertension 
and development of end-organ injury.[36] Although 
asymptomatic hyperuricemia is currently considered 
to be benign and do not require treatment, impaired 
endothelial-dependent vasodilatation is commonly 
present in hyperuricemic patients even in the absence 
of underlying cardiovascular disease.[37] 
Study limitations
Our study has some limitations. The main limitation 
may be its small sample size. On the other hand, we 
focused more specifically on the relationships in un-
treated dipper and nondipper hypertensive patients 
and normotensive individuals in early stages of hyper-
tension rather than in patients with old diagnosis of 
hypertension and receiving treatment. These two fac-
tors might have resulted in low correlation coefficients 
for the study parameters. Many patients in this study 
had slightly high BP measurements and nearly 35% 
of the study population were normotensive. Therefore, 
the presence of white-coat hypertension could not be 
eliminated. 

To our best knowledge, this is the first study which 
shows that low-grade inflammation, SUA, and auto-
nomic dysfunction have profound relationships with 
relatively high NBP levels, which may be important 
for the development of hypertension and vascular end-
organ damage. These significant correlations were 
found even though our study population consisted of 
individuals who had relatively low risk, low BP val-
ues, and no significant end-organ damage. Therefore, 
these findings support that parameters of low-grade 
inflammation, uric acid, and autonomic dysfunction 
may be valid even in the early stages of hypertension. 
Further clinical studies focusing on SUA, autonomic 
functions, and inflammation are needed to clarify our 
findings on hypertension.
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