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Abstract: Red blood distribution width (RDW) is a novel prognostic marker that reflects oxidative stress and inflam-
mation in patients. Chronic inflammation has been proposed as a candidate mechanism between benign prostatic
hyperplasia (BPH) and metabolic syndrome (MetS). However, the relationship between RDW and MetS in BPH pa-
tients is unclear. Men aged 50 year-old or older with BPH were recruited into the study. The BPH patients were clas-
sified as MetS group and non-MetS group. 69 patients without BPH and MetS were as the control group. The clinical
information and RDW were measured to identify their relationship. MetS was diagnosed in 34% of the patients. The
RDW values were found to be higher in the BPH group than in the control group [(13.3 £ 0.8) vs. (12.6 £ 0.8), P <
0.001]. The total prostate volume (TPV) and post void residual (PVR) urine volume were significantly higher in sub-
ject with MetS than in non-MetS and related with the number of metabolic abnormalities. High serum triglyceride
and low serum high- density lipoprotein cholesterol (HDL-C) levels were significantly associated with TPV even adjust-
ing for age (adjusted r = 0.373, P < 0.001, and adjusted r =-0.425, P < 0.001, respectively).There was a significant
correlation between RDW and TPV (r = 0.370, P < 0.001), Body mass index (BMI) (r = 0.367, P < 0.001) and MetS
(r=0.276, P < 0.001). The data indicated that RDW was independently correlated with the presence of MetS (odd
ratio 1.226, 95% confidence intervals 0.89-1.87, P < 0.001). MetS is associated with BPH development in men.
The RDW level is significantly higher in patients with BPH than that in control. RDW is an independent predictor of
MetS in BPH patients.
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Introduction sicians in clinical practice as part of the

automated complete blood count and is
Benign prostatic hyperplasia (BPH), a common currently mainly used as an index in the differ-
nonmalignant urologic condition among older ential diagnosis of anemia [6]. Recently, studies
man, is characterized by prostate enlarge- have demonstrated that RDW might provide

ment, bladder outlet obstruction, and lower uri-
nary tract symptoms (LUTS). Emerging data
indicate that many age-related disorders, such
as metapollc syndrome (MetS), type 2 .d|alloe— chronic heart disease. Although the underlying
tes, cardiovascular disease, or a combination

thereof, are associated with BPH development b|olog!cal .mechamsms remain understand.
and progression [1, 2]. The relationship RDW is I-oel-ng recognl|zed as a g|°b.a| marker
between BPH and MetS are complex. Chronic of chronic inflammation and oxidative stress
inflammation has been proposed as a candi- [7-11].

date mechanism between these two clinical
diseases [3-5].

useful information for the prognosis of patients
with cardiovascular diseases, including MetS,
heart failure, coronary artery diseases, and

To our knowledge, the RDW in BPH patients
has never been investigated. In this study,
Red blood cell distribution width (RDW) is a we aimed to investigate the association of
measure of the variability in the size of circulat- serum RDW levels with the development of
ing erythrocytes. It is routinely reported to phy- BPH, especially in BPH patients with MetS.
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Methods
Study subjects

From January 2012 to December 2012, men
aged 50 year-old or older with BPH, significant
LUTS (International Prostate Symptom Score
[IPSS] > 8) and without palpable prostatic
nodules were recruited into the study. This
study excluded cases that had been diagnosed
with urinary tract infection, prostatitis, known
malignant diseases including prostate cancer
or cases who had been administrated related
drugs, including-blockers, anticholinergics, 5-
reductase inhibitors, and phosphodiesterase-5
inhibitors. The BPH patients were classified as
MetS group and non-MetS group. At the same
time, 69 patients without BPH and MetS were
chose as the control group. The study was
approved by the local ethics committee, and
complied with the Declaration of Helsinki.

LUTS/BPH assessment

The patients’ medical history was collected
using a standardized structured questionnaire.
IPSS was administered to the patients to
evaluate the urinary symptoms. The total
prostate volume (TPV) and post void residual
(PVR) urine volume were calculated using ultra-
sonography. The serum prostate-specific anti-
gen (PSA) levels were collected in the morning
after an overnight fast and determined using
radioimmunoassay.

Definition of MetS

Body height (m), weight (kg), waist circumfer-
ence (cm) and blood pressure (mmHg), were
measured by trained personnel using a stan-
dardized protocol. Body mass index (BMI) was
calculated by dividing the weight (kg) by the
square of height (m). The biochemical analyses
included serum glucose, total cholesterol, tri-
glycerides, low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol
(HDL-C).

A diagnosis of MetS had to satisfy three or
more of the criteria [12, 13]. Which are as fol-
lows: (1) waist circumference > 85 cm
(Recommended waist circumference thresh-
olds for abdominal obesity of Chinese men), (2)
triglycerides > 150 mg/dl or treatment for
hypertriglyceridemia, (3) high-density lipopro-
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tein-cholesterol (HDL-C) < 40 mg/dl or treat-
ment for reduced HDL-C, (4) blood pressure >
130/85 mmHg or current use of antihyperten-
sive medications, and (5) fasting blood glucose
> 100 mg/dl or previous diagnosis of type 2
diabetes mellitus.

Determination of RDW

Erythrocyte count, hemoglobin, white blood cell
(WBC) count, RDW, and C-reactive protein (CRP)
were determined by the automated hematology
analyzer. The normal range of RDW (%) in our
laboratory was 10.9%-15.4%.

Statistical analysis

Continuous variables are demonstrated as
means + standard deviation (SD) and categori-
cal variables as numbers and percentages. The
baseline characteristics of the groups were
compared using analysis of variance (ANOVA)
for continuous variables and by the X? statistic
for non-continuous variables. The Spearman
test was used to assess the correlation
between variables. Univariate and multivariate
logistic regression were used to identify the
risk factors influencing MetS. The strength of
the association between risk factors and MetS
was expressed as odd ratios (OR) with 95%
confidence intervals (Cl). Only variables with P
< 0.1 in the univariate logistic regression analy-
ses were used in the multivariate logistic
regression analysis. Differences were consid-
ered statistically significant by a two tailed
p-value of < 0.05. Analyses were performed
with SPSS statistical software (v. 17.0).

Results
Baseline clinical characteristics

Baseline clinical characteristics of the study
population are given in Table 1. Of the total 426
men, 144 (33.8%) had MetS. In particular, 105
(24.6%) presented with 3/5 parameters of
Mets, 34 (8%) 4/5, and 5 (1.2%) 5/5. There
were no differences in age and smoking history.
However, body weight, BMI, and waist circum-
ference were significantly higher in subjects
with MetS. The percentage with a history of dia-
betes and hypertension were significantly high-
er in patients with MetS among the three
groups.
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Table 1. Baseline clinical characteristics

Correlation between the
numbers of MetS compo-

Variables MetS Non-MetS Control P -
(n=144)  (n=282) (n=69)  value  nentswith LUT/BPH
Age (year) 705+10.7 711+11.7 70.8+9.8 0.612

] There was a gradual but
Weight (kg) 733+72 649+97 68681 0.001 o . .

e significant increase in the
Waist C|rcu2mference (cm) 921 +3.3 86.3+3.3 85.2+5.4 0.045 TPV and PVR as the num-
BMI (kg/m2) 260£72 231%28 22318 0001  per of MetS components
Hypertension (%) 4.7 40.3 19.3 0.001 increased (P < 0.001)
Diabetes mellitus (%) 69.4 20.8 13.7 0.001 (Figure 1). TPV and PVR
Smoking (%) 47.2 53.1 48.3 0.260 were significantly related
RDW (%) 13.8+0.6 13.0+0.6 12.6+0.8 0.001  with the number of meta-
Hemoglobin (g/L) 136.3+11.8 132.5+13.1 1356+111 0.032  bolic abnormalities after
WBC (G/L) 75+1.8 75+1.7 78+12 0613  adiustment for age (ad-
Triglyceride (mg/dl) 185.3+ 19.6 155.8 + 18.6 142.5+23.3 0.001 J(;’g‘gi r ; %,25%' dP <

. , anda agjusted r =

HDL-C (mg/dl 374+11.9 573+134 648+11.9 0.001
(me/dl) 0.275, P < 0.001, respec-

CRP (mg/L) 17.9+38 213+45 193+6.9 0.430

BMI, body mass index; RDW, red blood cell distribution width; WBC, white blood cell; HDL-
C, high-density lipoprotein cholesterol; CRP, C-reactive protein.

Table 2. Comparison of lower urinary tract
symptoms/benign prostatic hyperplasia
between the patients with and without meta-
bolic syndrome

MetS Non-MetS

Variables (n=144) (n=282) P-value
TPV (cm?) 371+5.7 33.1+3.7 0.001
PVR (mL) 36.1+52 305+£3.7 0.001
PSA (ng/ml) 1.43+0.2 13+03 0.811

IPSS 21.2+3.2 20.1+34 0.801
TPV, total prostate volume; PVR, postvoid residual; PSA,
prostate-specific antigen; IPSS, International Prostate
Symptom Score.

In laboratory findings, the RDW values were
found to be higher in the BPH group than in the
control group [(13.3 + 0.8) vs. (12.6 £ 0.8), P <
0.001]. In addition, in BPH patients, RDW val-
ues were higher in MetS group than in non-
MetS group [(13.8 + 0.6) vs. (13.0 + 0.6), P <
0.001]. There were significant differences in
triglyceride and HDL-C levels. However, there
were no significant differences among the three
groups with respect to WBC, hemoglobin and
CRP levels.

Comparison of LUT/BPH between the patients
with and without MetS

As shown in Table 2, the IPSS and PSA levels
were not significantly different from the two
groups. However, TPV and PVR were significant-
ly higher in subject with MetS.
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tively) (Figure 1). Among
MetS parameters, high
serum triglyceride and
low serum HDL-C levels
were significantly associated with prostatic vol-
ume even adjusting for age (adjusted r = 0.373,
P < 0.001, and adjusted r = 0.425, P < 0.001,
respectively).

Correlations of RDW

Spearman correlations analysis showed a sig-
nificant correlation between RDW and TPV (r =
0.370, P < 0.001), BMI (r = 0.367, P < 0.001)
and MetS (r = 0.276, P < 0.001) in the study
population. There were no correlation between
RDW and hemoglobin (r = -0.156, P = 0.263)
and CRP (r = 0.176, P = 0.053). All seven vari-
ables associated with MetS were presented in
Table 3. Variables including history of hyperten-
sion, diabetes, BMI, HDL-C, and RDW found to
be statistically significant in univariate analy-
ses were entered into multivariate Logistic
regression analysis. The data indicated that
history of hypertension, diabetes, BMI, and
RDW were independently correlated with the
presence of MetS (Table 4).

Discussion

Our study demonstrated the existence of an
association among MetS features, BPH devel-
opment and RDW. In the present study, we
found that the MetS correlated with the BPH
development in men. The RDW level was signifi-
cantly higher in patients with BPH than that in
control. RDW was an independent predictor of
MetS in BPH patients. We speculate that inflam-

Int J Clin Exp Med 2015;8(1):1213-1219
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Figure 1. Correlation between the numbers of positive metabolic syndrome (MetS) components with benign pros-
tatic hyperplasia (BPH) (A and B). TPV and PVR significantly increase with the increasing number of components of

MetS (P < 0.001).

Table 3. Risk factors of metabolic syndrome in
the benign prostatic hyperplasia patients

Univariable predictor P-

OR (95% ClI) value
Age, years > 75y 2.47 (1.32-4.63) 0.07
History of hypertension 15.90 (7.58-23.60) 0.001
diabetes 8.11 (5.05-10.26) 0.001
BMI 2.80(1.34-5.85) 0.001
triglycerides 1.549 (1.01-3.85) 0.524
HDL-C 1.324 (0.87-3.05) 0.001
RDW 3.326 (1.953-4.658) 0.001

OR, odd ratio; Cl, confidence intervals; BMI, body mass
index; RDW, red blood cell distribution width; HDL-C, high-
density lipoprotein cholesterol.

Table 4. Multivariable risk factors of metabolic
syndrome in the benign prostatic hyperplasia
patients

Multivariable pre-

dictor OR (95% Iy | value
History of hypertension 5.66 (3.11-7.79)  0.001
diabetes 3.61 (2.05-5.26) 0.001
BMI 2.12(1.39-3.32)  0.001
HDL-C 1.224 (0.93-1.85) 0.051
RDW 1.226 (0.89-1.87) 0.001

OR, odd ratio; ClI, confidence intervals; BMI, body mass
index; RDW, red blood cell distribution width; HDL-C, high-
density lipoprotein cholesterol.

mation has a relevant impact on LUTS severity.
It suggest that paying attention to RDW might
provide valuable clinical information among
BPH patients without additional cost because
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RDW is available as part of a complete blood
count.

Clinical evidence reported that chronic inflam-
mation presented a key condition leading to
prostate enlargement and to an increased
symptoms score as well as a major risk of com-
plications. The pioneering study [14] showed a
positive association between inflammation and
prostate volume, indeed patients with chronic
inflammation at biopsy had higher volumes
than those without inflammation (46.5 vs. 43.4
mL, respectively; P < 0.001). Robert [15] et al.
assessed the degree of prostatic inflammation
using cytological and immunohistochemical
parameters in 282 patients treated with sur-
gery for complicated or symptomatic BPH.
Interestingly, the grade of prostatic inflamma-
tion was strongly associated with LUTS severity,
and patients with chronic inflammation had
higher IPSS than those without inflammation
(21 vs. 12 respectively; P = 0.02). Moreover,
prostate volume was significantly higher in
patients with high-grade inflammatory pattern
(77 vs. 62 mL; P = 0.002). Burris [16] et al.
showed that LUTS improvement after radical
prostatectomy correlated with degree of pros-
tatic inflammation. On multivariate analysis,
only patients with severe prostatic inflamma-
tion had significant improvement in their IPSS.
They concluded that inflammation was an inde-
pendent predictor of IPSS. All these data
showed a statistically and clinically significant
association between chronic inflammation and
LUTS severity, supporting the hypothesis that

Int J Clin Exp Med 2015;8(1):1213-1219
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inflammation could contribute development of
BPH.

Recently, it has been shown that patients
affected by MetS are at higher risk of BPH [1]. It
is known that insulin resistance with secondary
hyperinsulinemia, the core pathophysiology of
MetS, is related to prostatic enlargement [17].
Park [1] and his colleagues have found that
BPH ratio, TPV > 30 mL, and PVR > 50 mL sig-
nificantly increased with an increasing number
of metabolic abnormalities. Then, the same
teamwork [2] has proved that the MetS was sig-
nificantly associated with the predictors of the
risk of clinical progression of BPH. Based on
those results, Gacci’ study [3] was to examine
the correlation among pre-operatory LUTS/BPH
severity, MetS features and inflammatory infil-
trates in prostatectomy specimens. A signifi-
cant positive correlation between the presence
of MetS and the inflammatory score (IS) was
observed, a positive correlation among both IS
and IPSS was also observed. Therefore, MetS
can be relevant for the development of a
remarkable intraprostatic inflammation that
could be a predictor, or even a drive, of BPH
progression. The consistency of the correlation
between BPH and MetS, reported in our study,
is in agreement with other previously reported
experiments.

Obviously, chronic prostatic inflammation can
be histologically detected only in patients who
undergo prostate biopsies. However, most
patients with LUTS/BPH do not want to do that.
Although a number of potential markers (CRP,
interleukin (IL)-8, and markers of oxidative
stress) have been evaluated, these markers
are generally nonspecific for BPH. Also, some
are expensive and probably require further clin-
ical evaluation before introduction into daily
clinical practice. However, it opens the search
for biomarkers that could be used to stratify
patients as to the risk of developing BPH or
related BPH adverse outcomes, or to monitor
symptoms and response to medical therapy for
BPH.

In recent years, RDW, a new marker, has been
suggested as the final common pathway of mul-
tiple pathologic processes, including inflamma-
tion and therefore reflecting more than certain
forms of anaemia [6]. Reliable data emerged
from a variety of clinical studies have support-
ed the hypothesis that RDW might be a useful
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parameter for gathering meaningful clinical
information, either diagnostic or prognostic, on
a variety of cardiovascular disorders. Highly sig-
nificant associations have been described
between RDW value and all-cause, non-cardiac
and cardiac mortality in patients with coronary
artery disease (CAD), acute and chronic heart
failure, peripheral artery disease, stroke [6]. It
is however still unclear whether anisocytosis
might be the cause, or a simple epiphenome-
non of an underlying disease. Recently years,
researchers paid more attention to the meta-
bolic abnormalities. They have found that ele-
vated RDW was related to patients with arterial
hypertension [18], diabetes mellitus [7] over-
weight [8], and MetS [9]. Our study supported
that elevated RDW was related to the MetS in
BPH patients. To our knowledge, this was the
first time to evaluate the association of serum
RDW levels with the development of BPH, espe-
cially in BPH patients with MetS.

A possible explanation for the observed asso-
ciation between RDW and MetS in BPH patients
is that high RDW reflects an underlying inflam-
matory state that impairs erythrocyte matura-
tion and consequent inadequate production of
the hormone erythropoietin, undernutrition
(i.e., deficiencies in nutrients, such as iron, vita-
min B12, and folate), or oxidative damage.
Among these variables, oxidative stress and
inflammation have been hypothesized as the
important determinants of RDW [19].
Inflammatory states are strongly related to inef-
fective erythropoiesis, and it has been demon-
strated that inflammatory cytokines, such as
tumor necrosis factor (TNF)-«, IL-13 and IL-6,
desensitize bone marrow erythroid progenitors
to erythropoiesis, inhibit red blood cell (RBC)
maturation and thereby promote anisocytosis.
In some clinical investigations, significant and
positive associations were found between RDW
and a variety of inflammatory markers, such as
hsCRP, erythrocyte sedimentation rate, IL-6,
soluble transferrin receptor, soluble TNF recep-
tor I, and soluble TNF receptor Il [20]. Fukuta
[21] et al. observed a significant correlation
between B-type natriuretic Peptide (BNP) and
RDW in patients undergoing cardiac catheter-
ization for CAD, thereby suggesting the exis-
tence of a potential interplay between anisocy-
tosis and neurohumoral mediators.

But some researchers presented other opin-
ions. They found that individuals with low RDW
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had significantly higher risk of developing DM
[22]. They proposed that rise in fasting glucose
and postprandial hyperglycaemia could be suf-
ficient to change the mechanical properties of
the RBCs, to reduce survival and create a more
homogenous population of cells. But in our
study, we suggested that elevated RDW was
independently associated with MetS in patients
with BPH. We believed the different type of dis-
eases leading to the different results. We chose
the patients with MetS in BPH, not just diabe-
tes. Secondly, maybe inflammatory state result-
ed in ineffective erythropoiesis was the leading
mechanism in our study.

Some limitations in the present study must be
considered. First, this was a single center, ret-
rospective study with a small sample size.
Residual confounding factors might thus have
affected the results, regardless of the adjusted
analysis. Second, the other features, including
iron, vitamin B12 and folate was not mentioned
in this study.

Conclusions

The presence of MetS is associated with a sub-
stantial increase of BPH. The RDW level is sig-
nificantly higher in patients with BPH than that
in control. RDW is independently associated
with MetS in patients with BPH. In conclusion,
MetS can be relevant for the development of
BPH via inflammation.
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