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The independent association of two “priceless” parameters: Pulse pressure
and red cell distribution width in recently diagnosed hypertensive patients
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Arterial hypertension represents a major risk factor for
cardiovascular (CV) disease, leading to subclinical organ
involvement, otherwise known as target organ damage
(TOD), which is an intermediate stage in the continuum of
vascular disease as well as an important determinant of CV
risk.1 Pulse pressure (PP) represents an easy available,
reliable, reproducible and inexpensive index of the arterial
stiffness and CV risk. Indeed, the Framingham Heart study
showed that PP is a strong predictor of coronary events in
untreated middle-aged and elderly patients with essential
hypertension.2

The red cell distribution width (RDW) is a basic param-
eter of the routine complete blood count and is thus inex-
pensive, easily counted, widely available, and detected
without complex and expensive technologies, although it is
overlooked by clinicians as part of the patient evaluation.
This blood index expresses the variation in the red blood
cell volume in the peripheral circulation, which can be
associated with certain disorders. Typically, the RDW spans
between 12-15%, and higher RDW values denote greater red
blood cell size heterogeneity. Studies demonstrate evi-
dence that the RDW may be a helpful diagnostic and
prognostic indicator for acute coronary syndrome, heart
failure, peripheral artery disease, metabolic syndrome and
obstructive sleep apnea.3 Higher RDW levels have been
found in patients with prehypertension and hypertension
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compared with normotensive individuals.4 Because no one
has ever explored any relationship between the RDW and
PP, two simple and inexpensive indices in arterial hyper-
tension, we investigated any existing relationship between
the RDW levels and PP in recently diagnosed and never
treated middle-aged patients with mild to moderate
essential hypertension.

We studied 135 consecutive hypertensive patients
visiting our outpatient clinic with recently diagnosed and
never-treated stage I-II essential hypertension according to
the 2013 guidelines of the European Society of Hyperten-
sion.1 All patients underwent 24-h ambulatory BP moni-
toring (ABPM) to confirm the hypertension diagnosis and to
exclude white coat hypertension. Participants in our study
did not have secondary hypertension or any concomitant
disorders and they were not treated with any cardio-
metabolic medications. The diagnostic work-up has been
described in detail in a previous study.5 RDW was measured
as part of the total blood count (blood samples collected in
EDTA tubes) obtained from each patient during the diag-
nostic work-up along with lipid profile, fasting glucose and
renal function estimation. Informed consent was obtained
from each participant during the initial visit. The study was
approved by the ethical committee of our hospital.

The entire population (nZ 135, mean age 48� 11 years,
90 males) was divided into 2 groups according to the office
PP quartiles (median value 55 mmHg and 25-75 inter-
quartile range 45-60 mmHg). A PP> 60 mmHg was used as
the cut-off level. Group A patients had a similar average
24 h SBP with a significantly lower average 24 h DBP
compared to group B patients. The demographic findings,
clinical characteristics and laboratory findings of the entire
population as well as patients in both groups are listed in
Table 1.

The RDW was increased in hypertensive patients with a
PP> 60 mmHg (pZ 0.02). Using Pearson’s univariate anal-
ysis in the entire population, we found that the RDW was
positively related to the office PP (rZ 0.25, pZ 0.006,
Fig. 1) and probably to the SBP (rZ 0.18, pZ 0.05).
Further analysis in hypertensives with a PP> 60 mmHg
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Table 1 Demographic and clinical characteristics, and laboratory findings of the total population as well as the study groups.

Total population
(nZ 135)

Hypertensives
with PP> 60 mmHg
(group A, nZ 51)

Hypertensives
with PP< 60 mmHg
(group B, nZ 84)

P

Demographic and Clinical Characteristics
Age (years) 48� 11 49� 12 47� 10 0.22
Male sex (%) 90 (67%) 26 (51%) 64 (76%) 0.005
Weight (kg) 89� 18 90� 18 88� 18 0.53
Body mass index, BMI (kg/m2)* 29 (27e32) 30 (27e33) 29 (26e32) 0.21
Current smokers (%) 47 (35%) 20 (39%) 27 (32%) 0.64
Total cholesterol (mg/dl) 217� 38 217� 42 217� 36 0.95
Triglycerides (mg/dl)* 120 (88e160) 117 (88e156) 124 (88e171) 0.19
LDL-C (mg/dl) 137� 36 137� 41 137� 33 0.99
HDL-C (mg/dl) 52� 16 54� 19 50� 15 0.21
Creatinine (mg/dl) 0.9� 0.2 0.8� 0.2 0.9� 0.2 0.08
office SBP (mmHg) 148� 16 160� 13 140� 13 <0.001
office DBP (mmHg) 93� 11 92� 12 93� 10 0.69
office PP (mmHg) 56� 13 68 � 9 48� 7 <0.001
mean BP (mmHg)* 110 (103e120) 117 (110e121) 108 (101e117) 0.005
24-h SBP (mmHg) 138� 11 138� 12 137� 11 0.78
24-h DBP (mmHg) 86� 10 84� 11 88� 9 0.01
24-h PP (mmHg) 51 � 8 54 � 8 49� 7 <0.001
24-h Heart rate (bpm) 78 � 9 78� 10 78� 8 0.96
RDW (%) 13.5� 0.9 13.8� 1.0 13.3� 0.9 0.006
Target organ damage indices
PWV (m/sec) 11.6� 2.4 11.9� 2.6 11.5� 2.1 0.44
MAU (mg/24h)* 10 (6e21) 10 (4e18) 11 (7e21) 0.33
cIMT (mm)* 0.9 (0.8e1.0) 0.9 (0.8e0.97) 0.9 (0.8e1.0) 0.35
CFRDIASTOLE 2.7� 0.8 2.6� 0.8 2.8� 0.9 0.16
LVMI (g/m2) 80� 18 78� 15 81� 20 0.37

LDL-CZ low density lipoprotein cholesterol, HDL-CZ high density lipoprotein cholesterol, SBPZ systolic blood pressure, DBPZ dias-
tolic blood pressure, PPZ pulse pressure, RDWZ red cell distribution width, PWVZ pulse wave velocity, MAUZmicroalbuminuria
levels, cIMTZ carotid intima-media thickness, CFRZ coronary flow reserve, LVMIZ left ventricular mass index. Data are expressed as
mean� SD or as median and 25e75 interquartile range (*), p refers to differences between group A and B hypertensive patients.

Figure 1 Correlation between pulse pressure (PP) and red cell distribution width (RDW) in the entire population.
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Table 2 Pearson’s Correlation Coefficients of the relationship between red blood cell distribution width (RDW) with de-
mographic, clinical and laboratory parameters.

Parameter RDW

Total population Group A Group B

Correlation
coefficients

p Correlation
coefficients

p Correlation
coefficients

p

Age 0.12 0.20 0.14 0.33 0.56 0.63
BMI �0.06 0.53 �0.21 0.15 0.01 0.94
SBP 0.18 0.05 0.26 0.07 �0.07 0.55
DBP �0.03 0.75 0.04 0.77 �0.07 0.51
Office PP 0.25 0.006 0.33 0.02 0.02 0.90
24-h SBP (mmHg) �0.08 0.40 �0.10 0.48 �0.08 0.56
24-h DBP (mmHg) �0.09 0.27 �0.03 0.82 �0.08 0.50
24-h PP (mmHg) 0.02 0.86 �0.09 0.50 �0.01 0.95
PWV �0.03 0.76 0.09 0.56 �0.15 0.19
MAU �0.07 0.45 �0.15 0.35 �0.03 0.81
IMT 0.04 0.64 0.12 0.41 0.06 0.61
CFRD 0.05 0.58 0.13 0.38 0.04 0.71
LVMI �0.19 0.18 �0.18 0.21 �0.18 0.12

Abbreviations like in Table 1.

Figure 2 Receiver operating characteristic (ROC) curve
analysis of the RDW predicting increased arterial stiffness
(expressed as PP �60 mmHg) in patients with untreated
essential hypertension.
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showed that the RDW was positively related to the office PP
(rZ 0.33, pZ 0.02), while a trend was revealed with the
SBP (rZ 0.26, pZ 0.07). However, no such correlations
were revealed in hypertensive patients with a
PP< 60 mmHg. In a multivariate stepwise regression anal-
ysis of the entire population (age, weight, smoking habit,
LDL-C, mean BP and PP were inserted as independent var-
iables), we found an independent relationship between the
RDW and office PP (R2Z 0.04, BetaZ 0.20, pZ 0.02).

Performing ROC analysis, we calculated the cutoff value
of RDW> 13.25% as a moderate predictor of an impaired
office PP (>60 mmHg) in the entire population (area under
the curve, AUC: 0.61, pZ 0.03; confidence intervals, CI:
0.51 - 0.71; sensitivity 69% and specificity 51%).

Several studies have tried to explore the significance of
“unused” parameters from everyday laboratory findings.
Pulse pressure (PP) meets the characteristics of a TOD
index; additionally, it seems to supplement the SBP prog-
nostic role in an elderly individual’s CV risk. The brachial
artery cuff measurement of a large PP in middle-aged and
elderly patients becomes a more accurate indicator of the
central PP and, subsequently, of a stiffened aorta as well as
is an improved predictor of coronary events.2,6 The latter
are more related to the pulsatile stress of large-artery
stiffness during systole (as reflected by an increase in PP)
than the steady state stress of resistance during diastole (as
reflected by a parallel increase in the SBP and DBP).2

When the arterial stiffness was estimated by Sphygmo-
Cor, the RDW was positively related to the PWV.7 In our
study, using Complior to evaluate the PWV, we did not find a
correlation between the PWV and RDW in either the total
population or in those patients with an increased PP. We also
found that the PWV was only weakly increased in patients
with a PP> 60 mmHg (median value 11.3 m/sec). We suggest
that PP might represent an earlier index of the aortic stiff-
ness in middle-aged and recently diagnosed hypertensive
patients compared to the PWV (see Table 2 and Fig. 2).
Several theories have been proposed regarding the un-
derlying pathophysiological mechanisms between the
increased RDW, atherosclerosis-related diseases, arterial
hypertension, and adverse CV outcomes:

i. The RBC immaturity theory due to bone marrow
suppression by a high inflammatory state and
increased oxidative stress8 or due to erythropoiesis
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stimulation by activated renin-angiotensin-
aldosterone and the sympathetic nervous system.9,10

ii. The RBC reduced survival theory due to oxidative
stress8 and

iii. The impaired RBC deformity theory due to the
increased peripheral resistance in arterial
hypertension.2

In conclusion, our study provides evidence that the RDW
was positively associated with the office PP after adjusting
for important confounders, including middle-aged patients,
recent diagnosis, and untreated patients with essential
hypertension. A physician evaluating the increased RDW in
a newly diagnosed hypertensive patient confirms the
impaired aortic stiffness that is already suggested by the
simple BP measurement and PP estimation.
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