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ABSTRACT

Aim Red cell distribution width (RDW), an index of erythrocyte
size, is associated with high risk for cardiovascular disease. Non-
dipping hypertension (HT) is lack of nocturnal fall in blood pre-
ssure (BP). The association between RDW and non-dipping BP in
normotensive and hypertensive patients was investigated.

Methods A total of 170 patients were categorized into 4 groups:
Normotensive-Dipper (NT-D), Normotensive-Non-dipper (NT-
ND), Hypertensive-Dipper (HT-D) and Hypertensive-Non-dipper
(HT-ND). RDW and hs-CRP levels were measured.

Results Hypertensive patients had higher RDW and hs-CRP le-
vels (14.5 £ 0.87 vs.12.7 £ 0.66, p<0.001 for RDW; 0.99 £ 0.52
vs.0.63 £ 0.43, p<0.001 for hs-CRP). Besides, the RDW levels
were higher in non-dippers (13.0 + 0.63 vs.12.4 + 0.55, p<0.001
for NT-ND and NT-D; 14.9 + 0.78 vs.14.2 + 0.82, p<0.001 for
HT-ND and HT-D)

Conclusion RDW is elevated in non-dipping BP both in normo-
tensive and hypertensive subjects, which may be related with
increased inflammatory state.

Key words: blood pressure, circadian rhythm, erythrocyte size,
inflammation
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INTRODUCTION

Red cell distribution width (RDW), an index
for size variability of circulating erythrocytes,
is a routine component of complete blood co-
unt (CBC) analysis and traditionally used in the
differential diagnosis of anemia (1). An elevated
RDW value is seen in hematological disorders
such as hemolysis, impaired red cell producti-
on due to iron, vitamin B12 or folate deficiency
as well as some certain clinical settings, na-
mely hypertension, prehypertension, pregnancy,
thrombotic thrombocytopenic purpura (TTP),
and inflammatory bowel diseases (IBDs) (2-5).
Moreover, RDW was found to be associated with
adverse outcomes in patients with heart failure,
coronary artery disease and acute myocardial in-
farction (6-9).

Hypertension (HT) is well established and modi-
fiable risk factor for cardiovascular disease (10).
Blood pressure (BP) levels show a circadian
pattern in which both the systolic and diastolic
BP decrease more than 10% in the night. Non-
dipping HT is defined as lack of nocturnal fall
in the circadian BP pattern which was shown to
be associated with higher risk of cardiovascular,
renal and cerebrovascular diseases (11-13). The-
re are few reports about the association between
RDW and the dipping and non-dipping patterns
of BP in normotensive and hypertensive patients,
however none of these studies involved newly
diagnosed hypertensive patients (14-15). The-
refore, in this study we aimed to investigate the
association between RDW, a routinely reported
parameter of CBC analysis, with the dipping and
non-dipping patterns of BP in normotensive su-
bjects and in patients with newly diagnosed HT.

PATIENTS AND METHODS

A total of 170 patients were recruited in this pros-
pective randomized controlled study. In one hun-
dred and ten newly diagnosed hypertensive pati-
ents according to the Joint National Committee
(JNC) 7 criteria (16) were evaluated by ambu-
latory blood pressure monitoring (ABPM) (Sun-
tech Medical Inc., Morrisville, NC, USA) for the
dipping and non-dipping pattern. Sixty age- and
sex- matched outpatient subjects without HT
were taken as a control group. The patients were
categorized into 4 groups as ‘“Normotensive-
Dipper” (NT-D), “Normotensive-Non-dipper”

(NT-ND), “Hypertensive-Dipper” (HT-D) and
“Hypertensive-Non-dipper” (HT-ND) group. A
monitor recorded heart rate, systolic BP, and dia-
stolic BP readings every 15 minutes during the
daytime (7 AM to 11 PM) and every 30 minutes
overnight (11 PM to 7 AM) for the 24-hour pe-
riod. A greater than 10% fall both in the noctur-
nal systolic and diastolic BP than those of the
day time values was defined as dipping pattern
in concordance with the definition reported by
Verdecchia (17). Detection of less than 10% de-
crease in either systolic BP or diastolic BP was
regarded as non-dipper HT.

Patients with known coronary artery disease, se-
condary HT, renal failure, hepatic failure, chro-
nic obstructive lung disease and/or manifest heart
disease, such as cardiac failure (left ventricular
ejection fraction<50%), atrial fibrillation and
moderate to severe cardiac valve disease, diabe-
tes mellitus, anemia, any prior blood transfusion,
pregnancy, hyperthyroidism, TTP, IBDs were
excluded from the study. All the participants
included in the study were informed about the
study and their oral and written consents on vo-
luntary participation were obtained.

After questioning clinical history of risk factors
such as age, sex, hypercholesterolemia, smok-
ing and family history, prior medication for each
participant, height and weight were measured.
By dividing weight in kilograms by height in me-
ters squared (kg/m?), the body mass index (BMI)
was calculated. All, hemoglobin (Hb), RDW, and
white blood cell (WBC) counts were measured
as part of the automated complete blood count
analyzed by Beckman-Coulter Gen-S system de-
vice (Beckman-Coulter Inc., USA). Anemia was
defined as a baseline Hb < 13 g/dL in males and
Hb < 12 g/dL in females in accordance with the
criteria of the World Health Organization (18).

Serum glucose, urea, creatinine, plasma total
cholesterol, triglycerides (TG), high-density lipo-
protein-cholesterol (HDL), low-density lipopro-
tein cholesterol (LDL) levels and high-sensitivity
C-reactive protein (hs-CRP) were measured in
venous blood samples obtained in the morning
after eight-hour fasting. Blood urea nitrogen,
serum creatinine, thyroid stimulating hormone
(TSH), serum levels of high-density lipoprotein,
low-density lipoprotein and triglycerides were
recorded. hs-CRP was measured in serum by EIA
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(Immage hs-CRP EIA kit, Beckman Coulter Inc.,
USA). Transthoracic echocardiography was per-
formed and biplane Simpson’s ejection fraction
(%) was calculated before coronary angiography.

The study was approved by the Dicle University
Medical Faculty Ethics Committee.

Statistical analyses

Continuous variables were expressed as mean
+ standard deviation, whereas categorical varia-
bles were presented as percentages. The diffe-
rences in numeric variables were evaluated by
Mann-Whitney U test or Kruskal-Wallis varian-
ce analysis as appropriate. Chi—square (y2) test
was employed for the comparison of categorical
variables. In order to determine the independent
predictors of “non-dipping pattern” in patients
with HT, uni- and multivariate analysis were per-
formed. The parameters that were found to have
a significance (p<0.10) in the univariate analysis
were evaluated by stepwise logistic regression
analysis. Ninety-five percent confidence interval
and odds ratios (OR) were presented together. An
explanatory evaluation of additional cut points
was performed using the receiver operating cha-
racteristics (ROC) curve analysis. A p <0.05 was
considered as statistically significant.

RESULTS

In total 170 patients (42.4 + 3.0 years, 64.1%
comprised of males) were included in the study.
Baseline clinical and laboratory characteristics
of the patients relative to dipping and non-dip-
ping status were shown in Table 1. Age, sex,
BMI and medication were not different between
the groups. In the normotensive group, dippers
and non-dippers had similar daytime systo-
lic and diastolic BP (114.5+6.2 vs. 111.949.1,
p=0.24; 73.245.5 vs. 71.6£9.0, p=0.46), and 24-
hour mean systolic and diastolic BP (108.9+6.4
vs. 110.8+8.4, p=0.40; 68.16+£5.9 vs.70.7£8.4,
p=0.26); however non-dippers had significantly
higher nighttime systolic and diastolic BP
(108.7£7.6 vs. 97.8+£7.8, p<0.001; 68.7+7.6 vs.
57.8+£7.8, p<0.001). In the hypertensive patients,
however, while daytime systolic and diastolic BP
(157.3+11.1 vs. 159.2+11.9, p=0.47; 95.8+£6.2 vs.
96.9+6.0, p=0.39) was similar in the dippers and
non-dippers, the hypertensive non-dippers had
higher 24-hour mean systolic and diastolic BP

Table 1. Baseline clinical and laboratory characteristics of
patient groups

Normo- Normoten- Hyper- Hyperten-
Variables tensive sive- tensive- sive-Non-
- Dipper Non-dipper Dipper dipper P
m=31) @=29) (=59) (n=51)
Age (years) 414432 418426 426429 42.9429 0.08
1
(S;")’m“s 21(67%) 18 (62%) 37 (62.7%) 33(64.7%) 0.81
(]
f:gl(kg/ 25.6£2.5 25.6443 273450 26045.1 0.1
(Sn’/“)"k'"g 14 (45.2%) 14 (48.3%) 27 (45.8%) 22 (43.1%) 0.68
0
Ejection
Fraction  602+4.1 61427  59.3%3.1 6142.8  0.46
(%)
Medications (%)
Aspirin 5(16) 517)  10(169) 9(17.6) 0.62
Statin 100258 8(27.5) 16(27.1) 13(255) 022
Glucose o0 ) 105 8734181 $47+15.1 8694174 0.68
(mg/dL)
HDL-C 33.089.2  34.4+9.9 34.5+87 354+9.6 0.72
(mg/dL)
LDL-
C 10675305 116.6£32.7 122.5433.9123.1£30.6 0.17
(mg/dL)

TG (mg/dL) 162.5+94.5 177.4+122.7 178.8+85 158.1+92.1 0.17

Creatinine  0.90£0.3  0.93+0.2  0.9+0.19 0.93+0.2 0.73
TSH 1.6£0.1  1.36+1.08 1.34+0.82 1.52+1.4 0.45
hsCRP 0.4740.29  0.78+0.5 0.86+0.42 1.12+0.06 <0.001
Hemoglobin

13.1£1.4  13.1£0.99 13.5+£1.1 13.4+14 0.33
(g/dL)
RDW (%)  12.3+0.5 12.940.6 14.2+0.82 14.9+0.78 <0.001

BMI, body mass index; HDL-C, high density lipoprotein cholesterol;
hsCRP, high sensitivity C reactive protein; LDL-C, low density lipo-
protein cholesterol; RDW, red cell distribution width; TSH, thyroid
stimulating hormone.

(157.0£11.8 vs. 149.8+10.9, p=0.001; 95.0+5.4
vs. 90.0+£5.9, p<0.001) and nighttime systolic
and diastolic BP (152.5£12.0 vs. 134.8+10.9,
p<0.001; 91.0+£5.4 vs. 78.3+7.1, p<0.001) (Table
2). Daytime and nighttime heart rate values were
similar in all groups.

The patients with HT had higher RDW and serum
hs-CRP levels than the normotensive patients
(14.5 £ 0.87 vs.12.7 + 0.66, p<0.001 for RDW;
0.99 £ 0.52 vs.0.63 + 0.43, p<0.001 for hs-CRP).
Moreover, the RDW levels were higher in non-
dippers than the dippers in the groups (13.0 +
0.63 vs.12.4 £ 0.55, p<0.001 for NT-ND and NT-
D; 14.9 £ 0.78 vs.14.2 + 0.82, p<0.001 for HT-
ND and HT-D) (Figure 1). Similarly, serum hs-
CRP levels were higher in non-dippers than the
dippers in the groups as well (0.78 + 0.5 vs.0.48
+ 0.3, p=0.017 for NT-ND and NT-D; 1.13 £ 0.6
vs.0.86 £ 0.42, p=0.016 for HT-ND and HT-D)
(Figure 1). When subgroups were analyzed it was
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Table 2. Ambulatory blood pressure monitoring results of dippers and non-dippers among individuals with normal and high 24-h

blood pressure

Normotensive subjects

Hypertensive subjects

Variables
Dipper Non-dipper p Dipper Non-dipper p
24-h systolic 108.9:6.4 110.8+8 4 p:0.40 149.8£10.9 157.0£11.8 p:0.001
24-h diastolic 68.16+5.9 70.7+8.4 p:0.26 89.9+5.9 95.0+5.4 p<0.001
Day-time systolic 114.556.2 111.949.1 p:0.24 157.3+11.2 159.2+11.9 p:0.47
Day-time diastolic 73.2.6£5.5 71.6£9.0 p:0.46 95.846.2 96.9+6.0 p:0.39
Night-time systolic 97.8+7.7 108.7+7.5 p<0.001 134.8+10.9 152.5+12.0 p<0.001
Night-time diastolic 57.8+7.8 68.7+7.6 p<0.001 78.3+7.1 91.0+5.4 p<0.001
24-hour heart rate 68.4+5.8 70.2+6.5 p:0.45 67.3+6.5 69.6£5.8 p:0.66
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NT-ND NT-D HT-ND HT-D Figure 2. RDW and hs-CRP levels according to the blood pres-
Blood Pressure Groups
sure groups
3,001 . .
The ROC curve analysis further revealed that RDW
2501 ‘ was a strong indicator of the “non-dipping status”
. in patients with HT with an AUC of 0.74 (95% CI:
g 2% 0.64 to 0.83) (Figure 3). The optimal threshold of
E RDW level that maximized the combined speci-
g 1907 ficity and sensitivity to predict the “non-dipping
Q . 0 . [P ..
2 ol status” was 14.5%. Sensitivity, specificity, positive
’ predictive value and negative predictive value to
0,501 identify “non-dipper hypertensive” patients was
75%, 60%, 78, and 54%, respectively.
0,001 -
NT-ND NT-D HT-ND HT-D 10 4
Blood Pressure Groups !
Figure 1. Correlation plot for RDW and hs-CRP
08 -
found that the serum hs-CRP levels were higher 06 -
> 0
in the HT-ND group, and similar in HT-D and 2
NT-ND groups (for HT-ND vs. HT-D groups 1.13 £
" —
+£0.6vs.0.86 £ 0.42, p=0.016; for HT-ND vs. NT- 04
ND groups 1.13 £ 0.6 vs. 0.78 £ 0.5, p=0.010;
for HT-D vs. NT-ND groups 0.86 £+ 0.42 vs. 0.78 02
+ 0.5, p=0.36). The serum hs-CRP levels were
significantly lower than all groups in the NT-D
o . . 0,0
group. Univariate correlation analysis revealed a 0.0 0.2 04 0.6 0.8 10
1 - Specificity

positive correlation between RDW levels and hs-
CRP levels (Rho=0.40, p<0.001) (Figure 2).

Figure 3. ROC curve showing the sensitivity and specificity of
RDW with regard to “non-dipping status” in patients with hy-
pertension. (RDW=14.5)
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For determining predictors of the “non-dipping
pattern” in patients with hypertension, uni- and
multivariate analyses were performed. For pre-
dicting the “non-dipping pattern” in patients with
hypertension, the RDW score was dichotomized
into high (RDW>14.5) and low (<14.5) grou-
ps. In the multivariate analysis, the parameters
showing significance in the univariate analysis
(mean systolic BP, mean diastolic BP, hs-CRP)
were evaluated by multivariate analysis in order
to determine independent predictors of “non-dip-
ping pattern”. Thus, mean diastolic BP and hs-
CRP were found as independent predictors of the
“non-dipping pattern” (Table 3).

Table 3. Significant predictors of “non-dipping pattern” in pa-
tients with hypertension in invariable and stepwise multivari-
able logistic regression analyses for the red cell distribution
width (RDW) cutoff of 14.5%

Univariate
OR (95 % CI)
“Non-dipping pattern” in HT patients

Stepwise multivariate
p OR (95%CI) p

Variable

Age 1.01(0.88-1.15) 0.88
Sex 1.00 (0.45-2.20) 0.99
BMI 0.98 (0.91-1.06) 0.69
Smoking 0.89(0.42-1.9) 0.78

Mean systolic BP
Mean diastolic BP

1.04 (1.04-1.08) 0.03 0.96 (0.92-1.00) 0.067
1.06 (0.99-1.13) 0.05 0.85 (0.78-0.93) <0.001

Glucose 0.99 (0.97-1.01) 0.41
LDL-C 1.0 (0.98-1.01) 0.38
HDL-C 1.02 (0.89-1.06) 0.37
Triglyceride 0.99 (0.99-1.00) 0.54
hs-CRP 2.5(1.09-5.8)  0.03 0.39(0.16-0.96) 0.04

TSH 1.06 (0.75-1.5) 0.72

BP, blood pressure; CI, confidence interval; HDL-C, high density
lipoprotein cholesterol; hs-CRP, high sensitivity C-reactive protein;
LDL-C, low density lipoprotein cholesterol; OR, odds ratio; TSH,
thyroid stimulating hormone

DISCUSSION

In this study the relationship between RDW and
dipping and non-dipping patterns of BP both in
normotensive and hypertensive subjects was in-
vestigated. This study revealed that non-dipping
pattern in the circadian BP course was associated
with elevated RDW levels in both normotensive
and hypertensive subjects, which may be related
with increased inflammatory state.

The RDW is an index for the size variability of the
circulating erythrocytes routinely reported with
complete blood count analysis and commonly
used in the differential diagnosis of anemia (19-
20). Recent studies revealed that in many clinical
settings including hemolysis, impaired red cell

production due to iron, vitamin B12 or folate defi-
ciency, hypertension, prehypertension, pregnancy,
thrombotic thrombocytopenic purpura (TTP),
stroke, colon cancer and inflammatory bowel di-
seases (IBDs), the RDW values were found to be
elevated (2-5, 21-22). Additionally, in patients
with heart failure, coronary artery disease and acu-
te myocardial infarction (6-9, 23) RDW was fo-
und to be associated with adverse outcomes (24).

Hypertension is a well known risk factor for left
ventricular dysfunction and atherosclerotic cardi-
ovascular disease with inflammatory background
(25-27). Blood pressure level shows a circadian
pattern in which both the systolic and diastolic
BP decrease more than 10% in the night. Non-
dipping HT is defined as a lack of nocturnal fall
in the BP (11,28). Daily nocturnal BP fall is a
pattern which is seen not only in hypertensive
patients but also in normotensive people (28).
There are many studies showing that the non-
dipping of blood pressure means higher risk for
cardiovascular diseases for both hypertensive
and normotensive subjects (28-30).

Results of the present study have shown that
hypertensive patients had higher RDW level
when compared to normotensive subjects, which
is in accordance with the previous studies (31).
It is well established that HT has inflammatory
background (25) and the association of RDW
with inflammatory markers is well known, which
both may be related with the increased inflamma-
tory status in patients with HT (24). In addition,
this study has found that RDW and hs-CRP levels
were correlated, which in turn reflected the incre-
ase of inflammatory status. However, according
to subgroup analysis, hs-CRP levels of HT-D and
NT-ND groups were not different. Based on this
finding, it could be concluded that HT-D patients
have similar inflammatory status as NT-ND pa-
tients, and accordingly, non-dipping BP may be
concurrently present with an undiagnosed in-
flammatory condition, which may be the reason
for the non-dipping pattern as well. The exact
pathophysiological mechanism for non-dipping
BP is not clearly established for the time being,
however it is known that non-dippers have higher
cardiovascular risk (28-30). On the other hand,
higher RDW levels are found to be a consequence
of oxidative stress causing cytoskeletal structural
changes and endothelial dysfunction (32-33).
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Non-dippers had higher RDW levels than the
dippers for both normotensive and hypertensive
subjects in this study. Thus, the link between high
RDW and hs-CRP levels may be oxidative stress
causing endothelial dysfunction, which in turn
impairs the autonomic nervous system and cir-
cadian BP pattern. According to the multivariate
analysis, independent predictors of non-dipper
HT were found to be mean diastolic pressure and
hs-CRP, which may imply that an inflammatory
condition is the reason for the change of the cir-
cadian BP pattern; however the exact mechanism
seems to be obscure for the time being.

A major limitation of the current study is the lack
of other anemia parameters such as iron, vitamin
B12, folate and other inflammatory markers such
as IL-6, TNF-alpha. Besides, it would be better
to include more patients in order to increase the
statistical power. Another point is that we did not
include patients with prehypertension. In one stu-
dy, the RDW levels were found to be elevated in
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