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                        ORIGINAL ARTICLE    

 Red cell distribution width and infl ammation in patients with 
non-dipper hypertension      
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 Abstract 
 Red cell distribution width (RDW) is independently associated with morbidity and mortality in cardiovascular diseases. 
RDW is elevated in hypertensive patients compared with normotensives. Based on the nocturnal course, hypertension 
classifi ed as dipper and non-dipper. Non-dipper hypertension is associated with higher infl ammation and worse prognosis. 
We aimed to investigate whether RDW and high-sensitive C-reactive protein (hsCRP) are elevated in non-dipper hyper-
tensive patients compared with dippers. The study included total 247 essential hypertensive patients. Twenty-four-hour 
ambulatory blood pressure monitoring (ABPM) was performed for each patient. Thereafter patients were divided into 
the two groups on the basis of the results of 24-h ABPM: 127 dipper hypertensives and 120 non-dipper hypertensives. 
Complete blood count and biochemistry were measured by standard methods and hsCRP was assessed by using BN2 
model nephelometer. Non-dippers had signifi cantly higher RDW levels than dippers [14.6 (13.8 – 17.0) vs 13.0 (12.5 – 13.4), 
 p   �    0.001, respectively]. After adjustment for hemoglobin, low-density lipoprotein-cholesterol, sex, age and hs-CRP, mean 
RDW values were for dipper and non-dippers 13.4 (12.4 – 13.2) and 14.5 (13.7 – 16.8), respectively ( p   �    0.001). RDW 
was negatively correlated with the percentage decline of systolic and diastolic BP from day to night ( r   �   �  0.392,  p   �    0.001 
and  r   �   �  0.294,  p   �    0.001, respectively). Serum hsCRP levels were also signifi cantly higher in the non-dippers ( p   �    0.001) 
and it was signifi cantly positively correlated with RDW ( r   �    0.403,  p   �    0.001). In receiver-operating characteristic curve 
analysis, the optimal cut-off value of RDW to predict non-dipping pattern was  �    13.8%, with 80% sensitivity and 75% 
specifi city. RDW is signifi cantly increased in patients with non-dipper hypertension compared with the dipper hypertension. 
Infl ammatory activity was closely related to RDW in non-dipper hypertensives. RDW, as easy and quick measurable tool, 
can predict non-dipping pattern in essential hypertension.  

  Key Words:   Dipper  ,   infl ammation  ,   non-dipper  ,   red cell distribution width   

  Introduction 

 As a component of the routine blood cell count, 
red cell distribution width (RDW) is a quantitative 
measure of variability in the size of circulating 
erythrocytes and it displays anisocytosis (1). RDW is 
used not only to differentiate types of anemia but also 
is a predictor of morbidity and mortality in a variety 
of settings (2). In many cardiovascular diseases 
(CVD), RDW has been proposed as a prognostic 
marker and seems to be related with worse prognosis. 
The studies investigating RDW in patients with CVD 
reported that elevated RDW level was associated 
with adverse outcomes and mortality in patients with 

stable coronary heart disease (2,3), heart failure (1,4), 
acute myocardial infarction (5), stroke (6), peripheral 
artery disease (7) and in patients who underwent 
primary coronary intervention (8). 

 RDW is elevated in prehypertensive and hyperten-
sive patients when compared with normotensive sub-
jects (9). It is known that hypertensive individuals can 
be divided into two groups based on 10% reduction 
in the nocturnal blood pressure (BP) patterns: dipper 
and non-dipper hypertensives (10). The latter group 
carries a higher cardiovascular risk and is connected 
to greater subclinical target-organ damage compared 
with dippers (11 – 13). Hence, early identifi cation of 
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those patients is important, as they are at risk of 
future adverse cardiovascular events. 

 Various hematological and infl ammatory bio-
markers, such as mean platelet volume (MPV) (14), 
high-sensitive C-reactive protein (hsCRP) (15) and 
gamma-glutamyl transferase (GGT) (16) have been 
used in clinical practice to determine non-dipping 
status in hypertensive patients; however, no study has 
yet investigated any possible association between 
circadian BP pattern and RDW. Accordingly, the aim 
of the present study was to evaluate RDW levels 
together with the infl ammatory response in patients 
with essential hypertension in terms of circadian BP 
patterns.   

 Materials and methods  

 Study population 

 The study consisted of 247 consecutive outpatients 
with primary hypertension who had applied to our 
clinic. Hypertension was defi ned as systolic BP (SBP) 
 �    140 mmHg or a diastolic BP (DBP)  �    90 mmHg 
and/or use of the anti-hypertensive drug therapy 
(17). After diagnosis of hypertension, ambulatory 
blood pressure monitoring (ABPM) was performed 
for all patients. Exclusion criteria included secondary 
hypertension, heart failure, diabetes mellitus, renal 
or hepatic dysfunction, clinical evidence of cancer, 
systemic infl ammatory disease, hematological system 
disorder and known coronary artery or cerebrovas-
cular disease. We excluded secondary hypertension 
by history, physical examination, current laboratory 
tests (kidney function, potassium and calcium levels, 
thyroid tests), having resistant hypertension. Most of 
the study group had been investigated for secondary 
causes of hypertension previously in our hospital or 
elsewhere. 

 The patients ’  clinical and demographic charac-
teristics encompassing age, sex, smoking habits and 
antihypertensive drugs were noted. In addition, 
serum levels of hsCRP, fasting blood glucose level, 
creatinine level and fasting serum lipid status includ-
ing total cholesterol, low-density lipoprotein (LDL), 
high-density lipoprotein (HDL) and triglyceride 
levels were also recorded. Body mass index (BMI) 
was calculated as weight (kg) divided by height 
squared (m 2 ). The local ethics committee approved 
the study protocol and informed consent was taken 
from all patients.   

 Laboratory tests 

 All laboratory data were obtained from venous blood 
samples after 12 h of fasting. Lipid profi le, glucose 
and creatinine were determined by standard meth-
ods. Total white blood cell counts, platelet counts, 
hemoglobin, mean corpuscular volume (MCV) and 
RDW were calculated using an automated blood cell 

counter (Siemens, ADVIA 2120i Hematology 
System, USA). HsCRP levels were assessed by using 
BN2 model nephelometer (Dade Behring, Cardio 
Phase hsCRP Assay, Marburg, Germany).   

 Ambulatory blood pressure monitoring and 
dipping status 

 A 24-h ABPM device (Mobilograph, Stolberg, 
Germany) was applied to each subject. Device was 
placed around the non-dominant arm and it was 
worn for 24 h with BP readings every 15-min period 
in the daytime and every 30-min period at night-
time. Daytime and night-time were defi ned using 
short, fi xed clock intervals, which ranged from 06:00 
to 22:00 h and from 22:00 to 06:00 h, respectively. 
The recordings were analyzed with interactive soft-
ware. If 20% or more of the measurements could not 
be taken, those patients were excluded from the 
study. From the hourly averages of ambulatory BP 
recordings, daytime, night-time and 24-h averages of 
SBP, DBP and mean BP were calculated for each 
patient. Patients with BP decrease of 10% or more 
during night-time were accepted as dipper hyperten-
sives, whereas patients with BP decreases less than 
10% were accepted as non-dipper hypertensives 
according to the criterion of Verdecchia et   al (11).   

 Statistical analysis 

 Statistical analysis was performed by using SPSS 
15.0 statistical software (SPSS Inc., Chicago, IL, 
USA). The Kolmogorov – Smirnov test was used to 
determine whether the continuous variables were 
normally distributed. Normal distributed variables 
were given as mean  �  SD and non-normally dis-
tributed variables were given as medians with inter-
quartile ranges. The chi-square test was used for 
categorical variables. Mean values of the groups were 
compared with Student ’ s  t -test and Mann – Whitney 
 U  test where appropriate. Similarly, Pearson and 
Spearman correlation coeffi cients were used to test 
univariate correlations. Statistical signifi cance was 
set at  p   �    0.05.    

 Results 

 A total of 247 primary hypertensive patients were 
enrolled in the study. On the basis of the results of 
24-h ABPM, subjects were divided into two groups: 
127 dipper patients (mean age; 52    �    12 years, 63 
females and 64 males) and 120 non-dipper patients 
(mean age; 54    �    13 years, 66 females and 54 males,). 
Table I summarizes the baseline demographic and 
clinical data of two groups. 

 Groups were similar with respect to demographic 
data and antihypertensive drug use. LDL levels of 
the non-dipper group were found to be higher than 
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  Table I. Patient characteristics.  

Dippers ( n   �    127) Non-dippers ( n   �    120)  p -value

Age (years) 52.7    �    12.9 54.1    �    13.3 0.106
Women,  n  (%) 63 (49.6%) 66 (55%) 0.073
Current smoker,  n  (%) 27 (21.1%) 31 (25.8%) 0.213
Body mass index, kg/m 2 27.5    �    4.1 28.3    �    4.8 0.162
In offi ce SBP, mmHg 141.1    �    9.3 145.3    �    11.1 0.012
In offi ce DBP, mmHg 90.3    �    6.3 93.8    �    7.5 0.020
Medical treatment,%

ACE – ARB 53.3 57.4 0.461
Beta-blocker 19.5 23.9 0.345
Ca-channel blocker 33.3 38.4 0.328
Diuretics 51.4 56.6 0.298
Other drugs 9.3 12.1 0.282

Fasting glucose, mg/dl 92 (89 – 95) 94 (90 – 98) 0.09
Creatinine, mg/dl 0.81 (0.76 – 0.87) 0.83 (0.78 – 0.88) 0.143
Fasting lipid status, mg/dl

Total cholesterol 200.7    �    37.4 202.1    �    39.3 0.214
HDL-cholesterol 43 (38 – 51) 41(36 – 49) 0.085
LDL-cholesterol 120.3    �    35.8 126.1    �    33.9 0.04
Triglycerides 146 (101 – 182) 153(107 – 192) 0.219

Hemoglobin, g/l 14.5    �    1.5 14.3    �    1.6 0.129
MCV, fl 86.8    �    5.1 87.1    �    6.2 0.813
Platelet count,  	  10 9 /l 273.3    �    60.5 267.8    �    72.1 0.278
Total white blood cell count,  	  10 9 /l 7.5    �    1.5 7.8    �    2.1 0.09
RDW 13.0 (12.5 – 13.4) 14.6 (13.8 – 17.0)  �   0.001
Hs-CRP, mg/l 2.7    �    1.3 6.1    �    2.1  �   0.001

    SBP, systolic blood pressure; DBP, diastolic blood pressure; ACE, angiotensin-converting enzyme; ARB, 
angiotensin receptor blockers; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MCV, 
mean corpuscular volume; RDW, red cell distribution width; Hs-CRP, high-sensitive C-reactive 
protein.   

the dipper group (126.1    �    33.9 vs 120.3    �    35.8, 
 p   �    0.05). Hemoglobin levels, white blood cell counts 
and platelet counts were similar between the groups. 
Clinical BPs was signifi cantly higher in non-dipper 
hypertensives than dipper hypertensives (SBP 
145.3    �    11.1 mmHg vs 141.1    �    9.3 mmHg, DBP 
93.8    �    7.5 mmHg vs 90.3    �    6.3 mmHg,  p   �    0.05, 
respectively). The nocturnal SBP, DBP and mean 
BPs was also signifi cantly higher in non-dippers 
compared with dippers (Table II). 

 As shown in the Table I, non-dipper patients 
demonstrated higher levels of RDW compared with 
dippers [14.6 (13.8 – 17.0) vs 13.0 (12.5 – 13.4), 
 p   �    0.001, respectively]. After adjustment for hemo-
globin, LDL-cholesterol, sex, age and hs-CRP, 
mean RDW values were for dipper and non-dippers 

  Table II. Blood pressure values of dipper and non-dipper groups.  

Dippers ( n   �    127) Non-dippers ( n   �    120)  p -value

24-h Ambulatory SBP (mmHg) 131.8    �    14.2 134.3    �    17.4 0.211
24-h Ambulatory DBP (mmHg) 84.6    �    11.1 85.6    �    12.8 0.426
24-h mean BP (mmHg) 100.7    �    6.4 105.7    �    7.9  �   0.001
Daytime SBP (mmHg) 135.5    �    14.6 137.8    �    17.5 0.418
Daytime DBP (mmHg) 87.7    �    11.5 88.3    �    13.2 0.303
Daytime mean BP (mmHg) 107.5    �    7.8 108.8    �    8.1 0.249
Night-time SBP (mmHg) 119.3    �    13.9 132.4    �    18.7  �   0.001
Night-time DBP (mmHg) 73.0    �    10.3 83.5    �    12.9  �   0.001
Night-time mean BP (mmHg) 89.3    �    7.8 101.7    �    7.8  �   0.001

    SBP, systolic blood pressure; DBP, diastolic blood pressure.   

13.4 (12.4 – 13.2) and 14.5 (13.7 – 16.8), respec-
tively ( p   �    0.001). Moreover, non-dipper patients 
also had higher hsCRP levels compared with dip-
pers (6.1    �    2.1 mg/l vs 2.7    �    1.3 mg/l,  p   �    0.001, 
respectively). 

 Signifi cant positive correlation was observed 
between RDW and hsCRP levels in non-dipper hyper-
tensive patients ( r   �    0.403,  p   �    0.001) (Figure 1). 
RDW was negatively correlated with the rate of noc-
turnal SBP and DBP fall ( r   �  �  0.392,  p   �    0.001 and 
 r   �  �  0.294,  p   �    0.001, respectively) (Figure 2). In 
hypertensive patients, receiver operating characteris-
tics (ROC) curves explored the relationship between 
the non-dipping status and RDW. The area under the 
curve was 0.84 (95% CI 0.80 – 0.89;  p   �    0.001). 
Using a cut-off point of 13.8, the RDW predicted 
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  Figure 1.     The positive correlation between red cell distribution 
width (RDW) and high-sensitive C-reactive protein (hsCRP).  

  Figure 2.     The negative correlation between red cell distribution width (RDW) and nocturnal blood pressure fall. SBP, systolic blood 
pressure; DBP, diastolic blood pressure.  

  Figure 3.     Receiver operating characteristic curve of red cell 
distribution width (RDW) for predicting non-dipping pattern in 
the study population. AUC, area under the curve.  

non-dipping status with a sensitivity of 80% and 
specifi city of 75% (Figure 3).   

 Discussion 

 The current data demonstrate that RDW was sig-
nifi cantly increased in patients with non-dipper 
hypertension compared with those of dipper hyper-
tension. Increased RDW levels were found to be 
strongly related with lack of night-time SBP and 
DBP falls. RDW  �    13.8 measured in hypertensive 
patients had an 80% sensitivity and 75% specifi city 
in predicting non-dipping pattern. 

 Hypertension is a well-established and important 
risk factor for the development of CVD, stroke and 
renal failure (18). Traditionally, the diagnosis of 
hypertension is made based on properly measured 
offi ce BP readings after the clinical assessment (19). 
Beyond the several BP measurements made in the 
clinic, 24-h ABPM can provide much information 
about hypertension, such as the average BP level, 
BP variability and the diurnal variation (20). In 
hypertensive individuals, lack of adequate reduction 

in night-time BP is associated with higher cardiovas-
cular risk and worse prognosis (11,13). Although the 
underlying causative mechanisms responsible for 
lack of nocturnal decline in BP have still yet to be 
completely elucidated, previous studies established 
that non-dippers are older, obese, and have poorer 
sleep quality, autonomic dysfunction and high sym-
pathetic activity (21 – 24). In addition, non-dipper 
hypertensive patients tend also to have increased 
infl ammatory activity. The association between non-
dipper hypertension and infl ammation has been 
reported in various studies conducted on different 
infl ammatory markers, such as hsCRP (14,15), GGT 
(16) and uric acid (25). 

 The correlation between RDW and hyperten-
sion has been established in many studies. Tan ı nd ı  
et   al. (9) found that in patient with prehypertension 
and hypertension RDW was signifi cantly higher 
than healthy subjects. Wen (26) found that there 
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was close relationship between RDW levels 
and carotid artery atherosclerosis in patients with 
hypertension. In two large community-based cohort 
studies, researchers reported that increased RDW 
levels were associated with higher BP levels (3,27). 
In this study, we tried to determine whether any 
possible association between circadian BP patterns 
and RDW levels existed in essential hypertension. 
Our results suggest that RDW is strongly associated 
with non-dipping status in essential hypertension. 
We also found that the percentage decline in BP 
from day to night was negatively correlated with 
RDW levels. 

 Elevated RDW is strongly and independently 
associated with adverse outcomes in CVD and thus 
it is proposed as a novel predictor of mortality 
(1 – 7). The possible explanation of the relationship 
between RDW and CVD is the presence of chronic 
infl ammation (28). Chronic infl ammation may 
cause RDW elevation and increased RDW levels 
might refl ect an underlying chronic infl ammation, 
which would result in an increased risk of CVD (1). 
Indeed, further investigations confi rmed this 
hypothesis. In a study of 3845 adult outpatient sub-
jects, Lippi et   al. (29) demonstrated that there was 
strong, graded and independent association between 
RDW and hsCRP levels. Lappe et   al. (2) found that 
RDW was associated with mortality (correlating 
with hsCRP levels) in patients with coronary artery 
disease. Semba et   al. (30) investigated whether 
serum antioxidants and infl ammation predicted 
RDW values in older women. The patients in higher 
quartile of RDW were more likely to have a higher 
interleukin-6 level. Forhecz et   al. (31) found that 
RDW was associated with mortality and infl amma-
tion in patients with chronic heart failure. Our 
results are parallel to those previous studies and 
we demonstrated that RDW is strongly associated 
with hsCRP in non-dipper hypertensive patients. 
Although hsCRP is known to predict non-dipping 
pattern in hypertensive patients, to our knowledge, 
our study will be the first to report on a correla-
tion between RDW and hsCRP in patients with 
hypertension. 

 In hypertensive patients, early identifi cation of 
non-dipping pattern is important for protecting 
patients against deleterious effects of relatively higher 
night-time BP levels. For this reason, easy, quick and 
reliable tools may help physicians adjust medical 
treatment and identify patients who need more close 
monitoring in order to prevent cardiovascular adverse 
outcomes. The aforementioned correlations between 
RDW and infl ammation may help understand why 
this marker is associated with non-dipping status in 
hypertension. Complete blood count is the most 
widely available laboratory data in the initial evalua-
tion of hypertensive patients and RDW can thus be 
easily obtained to identify patients who are prone to 
night-time non-dipping BP.  

 Study limitations 

 The primary limitations of our study were that it had 
a cross-sectional design and that it represented a 
single-center experience. Non-dipper hypertensive 
patients were not followed-up in terms of future 
adverse cardiovascular events. Although we demon-
strated a signifi cant association between elevated RDW 
and non-dipping pattern, we could not determine the 
exact mechanism of this association.    

 Conclusion 

 The recent study demonstrated that RDW is a useful 
marker in predicting inadequate reduction in night-
time BP in essential hypertension. RDW values are 
closely related with infl ammation in non-dipper 
hypertensive patients.              

 Declaration of interest :  The authors declared no 
confl ict of interest. The authors alone are responsible 
for the content and writing of the paper.   
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