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Both non-dipping hypertension and high red blood distribution width (RDW) values are 
associated with adverse cardiovascular events and inflammatory status in cardiovascular 
disease and the general population. Thus, in this study we investigated relationship 
between RDW and non-dipping hypertension compared with normotensives. A total of 
907 participants were included in the study. The nocturnal decline in blood pressure is by 
less then 10% of the daytime value has been termed non-dippers. According to the values 
of ambulatory BP, the patients were divided into three groups as non-dipper hypertensive 
(n=246), dipper hypertensive (n=250), and normotensive (n=411) ones. There were no 
significant differences among groups regarding baseline demographic properties and 
biochemical characteristics. Non-dipper and dipper hypertensive groups had higher 
leukocyte and neutrophil counts than normotensive group (p<0.001) but the leukocyte 
and neutrophil counts did not differ between the hypertensive groups. There was no 
difference in RDW levels among non-dipper, dipper and normotensives (13.3(22.8-11.2), 
13.1(22.8-11.2), 13.1(19.2-11), p=0.53, respectively). RDW level was not   associated 
with dipper and non-dipper hypertension. There was a positive correlation between the 
RDW level and neutrophil counts and systolic blood pressure but the correlation was 
weak.
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1. Introduction
Arterial blood pressure (BP) exhibits a diurnal rhythm that is 
higher in daytime than at nighttime (Richardson et al., 1964; 
Millar-Craig et al., 1978). Patients with a nocturnal decline 
in blood pressure of less than 10% of the daytime value have 
been termed non-dippers (Ayala et al., 2009). Continuous 
24-h ambulatory blood pressure monitoring (ABP) has been 
used to show the diurnal rhythm of arterial blood pressure. 
Previous studies have shown that non-dipper hypertension 
(HT) is related to adverse cardiovascular events, severe renal 
dysfunction, and cerebrovascular disease (Ohkubo et al., 
1997; Kario et al., 2001; Davidson et al., 2006).  Although the 

causes of non-dipper hypertension are not fully understood, 
mechanisms like volume expansion and increased sympathetic 
activity have been postulated previously (Nakano et al., 
2001). Also it was reported that non-dipper hypertension was 
associated with inflammatory status (Kaya et al., 2010).
	 Red cell distribution width (RDW) is a marker of 
variability in terms of size of circulating erythrocytes. It 
is routinely used as a component of automated complete 
blood count (CBC) in clinical practice. Recent studies have 
indicated that there is a strong association between elevated 
RDW levels and mortality in patients with coronary artery 
disease (Tonelli et al., 2008; Patel et al., 2009; Perlstein et al 
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2009). Lappe et al. (2011) demonstrated that high-sensitivity 
C-reactive protein (hsCRP) was strongly associated with 
RDW in patients with coronary artery disease (CAD). In an 
other study it was found that elevated RDW levels might reflect 
enhanced erythropoiesis resulting from elevated circulating 
levels of neurohumoral mediators (Kato et al., 2005). Also 
in a few studies with smaller patient numbers RDW levels 
was increased in patients with hypertension and non-dipper 
hypertension (Gunebakmaz et al., 2012; Tanındı et al., 2012; 
Ozcan et al., 2013). Thus, we aimed to evaluate whether 
there is a difference between RDW levels and leukocyte 
count in non-dipper hypertensive patients compared to dipper 
hypertensive patients and to non-hypertensive. 

2. Experimental procedure
Patients and methods
In our cross-sectional study, a total of 2500 patients, between 
the ages of 18 and 80 years, were evaluated with ABP 
monitoring between January 2011 and December 2012 in our 
cardiology outpatient clinic. Subjects in control group were 
chosen from our outpatient clinic that has no cardiovascular 
and significant systemic disease. Medical history, physical 
examination results, and anthropometric measurements were 
taken from the medical records of these groups. Any deficient, 
missing or unavailable data in terms of blood count results 
on admission resulted in the exclusion of related patients. By 
the end of the recruitment process, 907 patients remained and 
were included in the study.  
	 HT was defined as having an office blood pressure (OBP) 
of ≥140/90 mm Hg, daytime ABP of ≥135/85 mm Hg, or 
the active use of antihypertensive drugs. Non-hypertension 
was defined as having a consistent normal BP on OBP and 
daytime ABP measurements in patients not receiving active 
antihypertensive treatment (OBP <140/<90 mm Hg and 
daytime ABP <135/<85 mm Hg) (O’Brien et al., 2005). Non-
dippers were defined as those with nocturnal decrease in either 
systolic blood pressure (SBP) or diastolic blood pressure of 
less than 10% of daytime (Ayala et al., 2009). Patients were 
divided into three groups according to ambulatory BP values 
and OBP, respectively, non-dipper hypertensive (n=246), 
dipper hypertensive (n=250), and non-hypertensive (n=411).
	 Diabetes was defined based on the American Diabetes 
Association guideline criteria such as fasting serum glucose of 
≥126 mg/dL (7 mmol/L), or nonfasting glucose of ≥200 mg/
dL (11.1 mmol/L), or active use antidiabetic treatment (Expert 
Committee on the diagnosis and Classification of diabetes 
mellitus., 2003). Body mass index was calculated as (weight 
in kilograms)/(height in meters)². The exclusion criteria of 
this study were the presence of secondary hypertension, heart 
failure, coronary artery disease, stroke, moderate to severe 
valvular disease, chronic renal failure, chronic liver disease, 
thromboembolic disorders, hematological abnormalities and 
chronic obstructive pulmonary disease. The patients having a 
total leukocyte count of >12.000, neutrophil count of >78%, 
lymphocyte count of >63%, or monocyte count of >14%, 
since extreme levels could represent occult diseases were also 
excluded. Informed consent was obtained from all patients, 
and the Local Ethics Committee approved the study protocol.

Ambulatory blood pressure monitoring
Ambulatory blood pressure monitoring (ABPM) was 

performed for 24-h using an ambulatory BP monitor 
(Tonoport V, GE Healthcare). The monitor was programmed 
to measure BP every 15 min from 08:00 to 20:00 and every 
30 min from 20:00 to 08:00. Daytime and nighttime BP was 
defined from 07:00 to 23:00 h for daytime and from 23:00 to 
07:00 for nighttime respectively.

Red cell distribution width
RDW was measured in blood samples collected in EDTA 
tubes, which were analyzed with an automated hematology 
analysis system (Mindray BC5800). Normal RDW values 
ranged from 11- to 16% in our laboratory. Standard 
laboratory parameters, including total leukocyte, neutrophil 
count, hematocrit, glucose, creatinine, and lipid profiles were 
determined with standard methods.

Statistics
Statistical analyses were performed using the SPSS software 
version 17. The variables were investigated using visual 
(histograms, probability plots) and analytical methods 
(Kolmogorov-Smirnov) to determine whether they were 
normally distributed. Descriptive analyses were presented 
using means and standard deviations (SD) for normally 
distributed, using medians and maximum-minimum for the 
non-normally distributed and categorical variables were 
expressed as percentages. Groups were compared with one-
way analysis of variance (ANOVA; age, total cholesterol, 
low-density lipid [LDL]-cholesterol, body mass index, 
hematocrit), the Kruskal-Wallis test, and the Chi-Square test. 
Comparisons of non-parametric values among groups were 
performed by the Kruskal Wallis test. Mann-Whitney U-test 
(for non-parametric variables) with Bonferroni adjustment 
were used for multiple comparisons between the groups. 
P value of less than 0.017 was considered to be significant 
in Bonferroni adjustment. A Spearman correlation analysis 
was performed to determine the association of RDW with 
neutrophil count, leukocyte count, 24-h SBP, 24-h diastolic 
blood pressure (DBP),  24-h mean arterial blood pressure 
(MABP), and  night SBP-DBP in all groups. An overall 5% 
type-I error level was used to infer statistical significance.

3. Results
There were no difference between patient and control 
groups regarding baseline demographic and biochemical 
characteristics. The percentage of antihypertensive 
medications was similar between dipper and non-dipper 
groups. Body mass index (BMI) was lower in the control 
group (27±6 kg/m²) than that in the non-dipper (31±4 kg/m²) 
and dipper (30±5 kg/m²) groups, but the difference was not 
statistically significant (p=0.328). Although the non-dipper 
and dipper hypertensive groups had higher leukocyte and 
neutrophil counts than those in the non-hypertensive group 
(p<0.001), the leukocyte and neutrophil counts did not show 
any difference between hypertensive groups. RDW level was 
higher in non-dipper hypertensive group than that in dipper 
and non-hypertensive group but there was no statistically 
significant difference among non-dipper, dipper, and non-
hypertensive groups in terms of RDW levels 13.3(22.8-11.2), 
13.1(22.8-11.2), 13.1(19.2-11) respectively, (p=0.531) (Table 1).
	 While the nighttime SBP and DBP in the non-dipper 
group (154±15, 92±10 mmHg) were higher than those in the 
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dipper group (141±112, 82±9 mmHg) (p<0.001), the daytime 
SBP and DBP in the dipper group (156±10.97±10 mmHg) 
were higher  as compared to non-dipper group (154±13, 
94±11 mmHg, p<0.001, p=0.002). Twenty-four hours SBP, 
24-h DBP and 24-h MABP were similar between these 
groups (Table 2). While there was a weak positive correlation 
between the RDW level and neutrophil counts between two 
groups, there was no correlation between RDW level and 
leukocyte count, (r=0.126, p<0.001 and r=0.017, p=0.610, 
respectively). Also, there was weak positive correlation 
between RDW and 24-SBP, 24- MABP, day SBP and night 
SBP (Table 3).

4. Discussion
Three important findings emerged from this study. First, 
the RDW levels did not show any difference between 
hypertensive and normotensive groups. Second RDW level 
was not associated with dipping pattern in hypertensive 
patients. Third, the leukocyte and neutrophil counts of 
hypertensive patients were higher than normotensive, but the 
leukocyte and neutrophil counts did not differ between non-
dipper and dipper groups.

	 RDW is a measure of the variation in the size of 
erythrocytes, and higher values reflect a more heterogeneous 
red cell population. Hemolysis, nutritional deficiencies, 
including iron, vitamin B12, and folate, blood transfusion, 
thrombotic thrombocytopenic purpura, and inflammatory 
bowel diseases can cause increased RDW levels (Evans and 
Jehle, 1991; Perkins, 2003). In clinical practice, RDW is 
usually used for differential diagnosis of microcytic anemia 
(McKenzie, 2003). Recent studies showed that higher RDW 
levels are associated with increased mortality in patients 
with heart failure and CAD (Felker et al., 2007; Fukuta et 
al., 2009). In addition, several community-based studies 
observed that higher RDW values were related with increased 
risk of mortality in general population (Patel et al., 2009; 
Perlstein et al., 2009). Perlstein et al. (2009) assessed 15.852 
adult participants of the Third National Health and Nutrition 
Examination Survey and found that higher RDW levels were 
strongly associated with risk of all-cause, cardiovascular 
disease mortality. RDW levels are influenced by multiple 
conditions. Hemolysis, nutritional deficiencies, including 
iron, vitamin B12, and folate, in addition to inflammation 
and oxidative stress might lead to elevated RDW levels by 
not only impairing iron metabolism but also by suppressing 
the production of erythropoietin or by reducing red blood cell 
survival (Douglas and Adamson, 1975; Tozzi-Ciancarelli et 
al., 1989; Manabe et al., 2005; Weiss and Goodnough 2005; 
Marinkovic et al., 2007).
	 Although it was demonstrated, by Sozmen et al. (1998) 
that both hypertension and RDW level were associated 
with inflammation and oxidative stress, we did not find any 
relationship between RDW level and hypertension in our 
study. This may be due to several reasons. First, RDW level 
is determined by many conditions like inflammation and 
oxidative stress. In the NHANES lll study, the association 
of RDW with mortality risk did not entirely depend upon 
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Table 1.  Characteristics of the study population
Non-dippers

(n=246)
Dippers
(n=250)

Normotensives 
(n=411) p-value

mean±SD or median 
(minimum-maximum)

mean±SD or median 
(minimum-maximum)

mean±SD or median 
(minimum-maximum)

Gender(male) n, (%) 125(50.8) 117(46.8) 187(45.5) 0.411
Age, years 55±12 53±12 52±13 0.610
BMI, kg/m² 31±4 30±5 27±6 0.328
Diabetes, (%) 52 (21.1) 51(20.4) 67(16.3) 0.225
Glucose, mg/dl 97 (73-140.5) 99 (78-132) 97 (72-198) 0.156
Creatinine, mg/dl 0.8(1.1-0.5) 0.8(1.3-0.5) 0.8(1.3-0.5) 0.109
Total-cholesterol, mg/dl 203±43 205±44 203±40 0.775
LDL, mg/dl 134±33 132±37 131±35 0.621
HDL-cholesterol, mg/dl 45(22-101) 45(19-97) 47(23-106) 0.060
Triglycerides, mg/dl 138(49-350) 132(18-465) 137(26-608) 0.969
Hematocrit, % 42±5 42±4 41±4 0.121
Neutrophill, x 10³/mm³                                4.4(9.6-1.7) 4.5(9.7-1.6) 3.9(7.8-0.5)* <0.001
Leukocyte, x 10/mm³ 7.7(14 - 4.1) 7.4(15.2 - 3.6) 6.9(13.1-3.1)* <0.001
RDW, % 13.3 (22.8 -11.2) 13.1(22.8 -11.2) 13.1(19.2-11) 0.531
ACE inh.use,  (%) 20.5 (23.4) 0.743
ARB use, (%) 14.7 16 0.540
Beta-blocker use, (%) 11.7 9 0.350
CCB use, (%) 17.6 11.8 0.103
Diüretic  use, (%) 18.6 21.4 0.820

ACE: Angiotensin-converting enzyme; ARB: Angiotensin receptor blocker; CCB: Ca-channel blocker; BMI: Body mass index; SBP: Systolic blood pressure; 
DBP: Diastolic blood pressure; LDL: Low-densty lipoprotein; HDL: High-density lipoprotein; RDW: Red blood distribution width; *p<0.01  non-dipper and 
dipper vs non-hypertensive group. * P value of less than 0.017 was considered to be significant in Bonferroni adjustment among the groups.

Table 2.  Comparison of the ambulatory blood pressure monitor-
ing variables among  two groups   

Blood pressure (mmHg) Non-dippers Dippers p-value

Daytime-SBP 154±13 156±10 0.002
Daytime-DBP 94±11 97±10 <0.001
Nighttime-SBP 154±15 141±12 <0,001
Nighttime-DBP 92±10 82±9 <0.001
24-h-SBP 154±12 152±14 0.266
24-h-DBP 93±10 94±9 0.542
24-h MAB 124±10 123±10 0.735

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; MAB: 
mean arterial blood pressure
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inflammation (Perlstein et al., 2009). There was no difference 
in the risk estimate for RDW in patients with elevated CRP 
compared to those with low CRP in the NHANES lll study. 
In addition, Fukuta et al. (2009) did not find a relationship 
between hsCRP and RDW levels in patients with CAD. In 
contrast to our study, Wen (2010) reported that high RDW 
was strongly and independently associated with intimal 
medial thickness and the incidence of carotid plaque in 
patients with hypertension. Also, in another cross-sectional 
study involving 217.567 Spanish working-age individuals 
undergoing a routine medical checkup, it was found that 
increased RDW is related to metabolic syndrome (MetS) 
(Sánchez-Chaparro et al., 2010). Above two study populations 
probably had high cardiovascular disease burden, which is 
reflected in more severe inflammation and oxidative stress. 
Intensity of inflammation and oxidative stress may not be 
enough to affect RDW levels in patients with hypertension 
who are otherwise healty in our study.
	 In our study, although it did not reach statistical 
significance, RDW levels were higher in hypertensive patients 
than normotensive (p=0.531). Moreover, contrary to our 
study there are small studies reporting that RDW levels were 
higher in hypertensive patients compared to prehypertensive 
and healthy subjects. (Mean RDW levels were 16.54±0.91, 
15.26±0.82, and 13.87±0.94 in hypertensive, prehypertensive, 
and control groups, respectively (p<0.05) (Tanındı et 
al., 2012). In contrast to a study by Tanındı et al. (2012) 
which revealed that mean RDW level was above the upper 
normal limits (RDW<15) in hypertensive patients our study 
revealed that mean RDW level was significantly lower in the 
hypertensive patients. We could not explain the reason for 
this difference but may be due to different study populations. 
There is only few small studies in the literature to show the 
higher RDW levels in non-dipper hypertensives compared to 
dipper hypertensive (Gunebakmaz et al., 2012; Ozcan et al., 
2013). In contrast to these studies, we could not demonstrate 
any relation between RDW levels and non-dipping pattern 
in hypertensive patients. There are numerous factors such as 

folic acid; B12 vitamin and iron deficiency could be affecting 
RDW levels. It seems that these studies did not take into 
consideration of these potential factors influencing RDW 
levels. The reason of these conflicting results in different 
studies including relationship of RDW, hypertension and non 
dipping pattern might be caused by these factors explained 
above. 
	 Studies have indicated that  SBP has a greater association 
with RDW than does diastolic blood pressure (DBP) 
(Tonelli et al., 2008; Patel et al., 2009).While we  detected 
a positive correlation between 24-hour SBP and RDW, we 
could not detect an association between DBP and RDW. 
Systolic hypertension has also been shown to be more closely 
associated with increased inflammation and NT-proBNP than 
is diastolic hypertension (Pusuroğlu et al., 2014a; Pusuroğlu 
et al., 2014b). This may explain the different associations of 
RDW with SBP and DBP.
        White blood cell (WBC) and neutrophil counts are 
simple but effective markers of chronic inflammation 
(Marinkovic et al., 2007). Some studies have reported that 
markers of systemic low-grade inflammation and oxidative 
stress are increased in patients with hypertension (Portaluppi 
et al., 2004; Pauletto and Rattazzi, 2006). In present study 
neutrophil and leukocyte counts were higher in hypertensive 
group than in normotensive group. In small sample study by 
Demir (2013) it was reported that neutrophil and leukocyte 
counts were higher in non-dipper hypertensive patients 
than in dipper hypertensive patients whereas we found 
that neutrophil and leukocyte counts did not differ among 
hypertensive groups.

Limitations
There are several limitations in this study. First, this study 
is subject to the limitations of retrospective design. Second, 
the study population consisted of hypertensive population 
without heart failure, coronary artery disease, stroke, and 
moderate to severe vascular disease. Thus, our finding cannot 
be generalized to all of the hypertensive population. Third, we 
did not measure vitamin B12 or folate levels and iron status, 
which may affect RDW levels. Fourth, we did not detect high 
sensitivity C-reactive protein, B-type natriuretic peptides, 
and other neurohumoral mediators that provide valuable 
clues regarding the mechanism underlying anisocytosis.

5. Conclusion
We found that RDW levels were similar in hypertensive and 
normotensive groups. Also RDW was not associated with 
non-dipping pattern in patients with hypertension. However, 
larger studies are needed to assess the exact role of RDW 
level in hypertensive patients.
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