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Abstract

Background: Metabolic syndrome (MetS) is characterized by metabolic and anthropometric
abnormalities which are associated with an increased risk of cardiovascular disease (CVD). Red blood
cell distribution width is a candidate biomarker for CVD.

Method: Nine hundred and eighty-eight girls who were between 12 to 18 years old were enrolled.
Anthropometric parameters and blood pressure were measured, together with biochemical and
hematological variables, using routine measures. International diabetes federation (IDF) criteria were
used for the diagnosis of MetS.

Result: Some of the demographic parameters such as weight, neck circumference (NC), waist
circumference (WC) and hip circumference (HP) were significantly different between the groups with
and without MetS, as may be expected. Significantly higher values for red blood cell distribution
width (RDW) were observed only in subjects with waist circumference (P= 0.017) and fasting blood
glucose levels (P= 0.038). RDW measures were directly associated with MetS status (r=0.076 (P
=0.043)), WC (r=0.097 (P =0.016)), and fasting blood glucose (FBG) (r= -0.085 (P =0.037)). It was
found that the RDW had specificity and sensitivity for MetS-based IDF criteria 48.01 and 77.78,
respectively. RDW related cure area (95% CI) for MetS was reported to be 0.588 (0.380- 0.796).
Conclusion: We found that an elevated RDW was associated with the presence of MetS and with
some its components; but ROC analysis revealed that a weak specificity in spite of good sensitivity of
RDW for MetS, along with a low AUC may make it unusable for the diagnostic prediction of MetS in
this population.
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1- INTRODUCTION

Metabolic  syndrome (MetS) is
defined by a cluster of several metabolic
abnormalities and is associated with
insulin resistance and adipose tissue
dysfunction and distribution (1, 2). The
definition of MetS is complicated
especially in children and adolescents;
often adult MetS definitions are adopted
for children and adolescents and applied
for these age groups. Redefining the
adults’ criteria and the finding of new
more specific markers for children are
dynamic areas in MetS research (3). Some
of the adopted MetS definitions for
children are listed in Table 1. MetS is
associated with several cardiovascular risk
factors including insulin  resistance,
glucose intolerance, atherogenic lipid
profile, hypertension, obesity, coagulation
disorder, and elevated levels of
inflammatory markers (4). These risk
factors play a role in the progression of
cardiovascular diseases (CVD). One
candidate biomarker for CVD risk is the
red blood cell distribution width (RDW).
The RDW is a ratio of heterogeneity in red
blood cell size, which is measured by
dividing the standard deviation (SD) of
erythrocyte volumes to the mean
corpuscular  volume  (MCV) (i.e,
RDW=SD/MCV). RDW is measured
routinely as part of the complete blood
count (CBC). Several studies have
suggested that RDW may be a useful
marker for the CVD diagnosis and
prognosis. These results indicate that an
increased RDW is associated with arterial
hypertension and it may be a novel
predictor for CVD mortality (5, 6). In
addition to hypoxia, the erythropoiesis
process is influenced by chronic
inflammation which can affect RDW (7).
Chronic inflammation and oxidative stress
may be involved in elevated RDW in the
MetS (8). Pro-inflammatory cytokines
play a major role in inhibition of EPO-
induced RBC maturation, which results in

RDW elevation (9). Furthermore, insulin
resistance and high insulin level are
involved in initiation of inflammation; this
condition may be related to high RDW
through affecting oxidative stress on
RBCs for shortening the life span (8).
However, the relationship between RDW
and MetS remains unclear.

RDW is a novel marker that may reflect
the presence of an inflammatory state (10).
The association between RDW and MetS
may be due to the elevated levels of
inflammatory markers (11-13). In the
present study, we have investigated the
association between RDW and MetS in
adolescent girls and aim to determine its
utility in the diagnosis of MetS in
adolescent girls.

2- MATERIALS AND METHODS
2-1. Participants

As part of an ongoing sub-national
study, nine hundred eighty eight girls
between 12 and 18 (14.56 *+ 1.53) years
old were recruited using random cluster
sampling. Demographic data  were
collected by a researcher-made
questionnaire. All the cases and their
parents filled the written informed consent
forms which were approved by the Ethic
Committee of Mashhad University of
Medical Sciences.

2-2. Anthropometric measurements and
definitions

Anthropometric values such as height,
weight, neck circumference (NC), waist
circumference (WC) and hip
circumference (HP) and blood pressure
were measured by a trained research staff.
Right arm blood pressure was measured
following a few minutes of rest in the
sitting  position. For the  weight
measurement, a 0.01 Kg digital scale was
used in thin clothing. Waist circumference
was also measured at the midway between
the lower rib margin and iliac crest
(subjects should be in standing state and
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wearing only underwear at the end of
normal expiration) (14). Finally, the neck
circumference was also measured midway
of the neck (15). IDF criteria were used
for the diagnosis of MetS (16). Age-
adjusted IDF criteria for the adolescents

and adults were applied for >16 and 10 to
<16 years old, respectively. MetS is
diagnosed due to the observation of
obesity plus two or more risk factors such
as hyperglycemia, hypertriglyceridemia,
etc.

Table-1: some metabolic syndrome definitions adopted to pediatrics (3)

De
NCEP- Cook et | Ferranti Goodman et al Papadopoulou-
Criterion IDF (43) ATP Il | al., 2003 etal., 2004 (47) N Alataki et al., 2004
(44) (45) 2004 (48)
(46)
Approach - - Modified- NCEP Modified- WHO Modified- EGIR
Obesity; )
WC(Por | 295" P | 95" p | =090t p | >75M0 p 2 94 om for male;
> 80 cm for female
cm)
Obesity; i th i
BMI (P) >95" P
FBG
> 100 >110 >110 >110 >110 >110->126
(mg/dL)
SBP/ DBP
BP (mmHg) | > 130/> i SBP/DBP >130/> | SBP/DBP > 140/ >
85 90
85
SBP
BP (P) . pep | SBP= | SBP
>90™" P
TG (mg/dL) > 150 > 136 >110 > 100 > 130 >177
HDL
(ma/dL) <40 <35 > 40 <50 >39 < 38.67
. ) Insulin top quartile th
Insulin (P) in nondiabetics 2757 P
obesity 3or 3or IR, Hyperglycemia, IR or
Definition plus2or | 3 or more or known DM plus hyperinsulinemia
more more
more 2 plus 2 or more

NCEP-ATP III: National Cholesterol Education Program’s Adult Treatment Panel III; IDF:
International Diabetes Federation; WC: Waist circumference; FBG: fasting blood glucose;
TG: triglyceride; HDL: high-density lipoprotein; LDL: low-density lipoprotein; MetS:
metabolic syndrome; DBP: diastolic blood pressure; SBP: systolic blood pressure. P:

percentile; IR: insulin resistance; DM: diabetes melitus.

2-3. Hematological and biochemical

measurements

All participants underwent routine blood
tests including fasting blood glucose,
serum lipid profile, and serum hs-CRP.

Blood samples were taken after 12 hours
of overnight fasting. Biochemical tests
were performed with enzymatic methods
using the commercial kits (Pars Azmoon
Teb, Tehran, Iran) and high sensitivity C-
reactive protein levels were measured by
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commercial kits (Bioscience, Germany).
The high sensitivity C-reactive protein
was measured quantitatively using particle
enhanced turbidimetric assay. Blood
parameters were measured using the
Sysmax device (Sysmax LLC, Arizona,
USA) (17).

2-4. Data analysis

Statistical analyses were performed using
the SPSS (SPSS, Chicago, IL). Medians
(Quartiles-Quartile;) and means + standard
deviation (SD) were considered for non-
normal and normal data, respectively.
Kolmogorov-Smirnov test was applied for
the normality test. Mann-Whitney U test
was used to compare the non-normal data.
Kolmogorov-Smirnov test and Analysis of
variance (ANOVA) were also used for the

comparison of data with normal
distribution. Estimation of correlation
between quantitative and qualitative
variables was done via Pearson and
Spearman rho tests, respectively. Point bi-
serial correlation test was performed for
correlation estimation between
quantitative and qualitative variables.

3- RESULTS

MetS was determined using the IDF
criteria in 988 schoolgirls. Mean age of the
participants was 14.56+1.53 years (range
12 to 18). The prevalence of MetS among
this population was estimated as 1.2%
using the adopted IDF criteria for
pediatrics.

Anthropometric data are shown in Table
2.

Table-2: Anthropometric measures in participants with or without metabolic syndrome

Parameters MetS* Non-MetS* p-value**
Age (years) 13.75 £ 0.58 14.57 £ 0.49 0.042
Height (cm) 161.75+ 1.64 157.59 + 0.198 0.019
Weight (cm) 78.25+4.33 52.58 £ 0.374 0.001
Neck circumference (cm) 34.42 + 0.557 31.07 £ 0.075 0.001
Hip circumference (cm) 108.83 + 2.87 91.57 £0.291 0.001

* means * standard deviation.

**Comparison of two groups was done by Kolmogorov-Smirnov test.

All parameters were significantly different
between the groups. As expected, weight
in the MetS group was higher than in the
non-MetS group  with  statistically
significant differences. Neck
circumference (NC) in subjects with MetS
was significantly higher than that in
healthy subjects (P=0.001). Moreover, hip
circumference (HP) in subjects with and
without MetS was 108.83+2.87 and
91.57+0.291, respectively.

The RDW values were compared for all
parameters of IDF definition in MetS and
non-MetS cases. RDW values ranged from
7.9% to 22.8% with a mean of 12.94+1.26

for all participants, while this measure in
individuals with MetS was 14.45+0.75
which was significantly greater than that
for the non-MetS participants with
12.91+0.05 (P=0.019). We categorized our
participants into two groups by the use of
RDW 14%, which was found to predict
MetS in Caucasian adults (18); in subjects
with RDW values <14%, MetS prevalence
was estimated to be 0.9% in comparison to
7.5% in subjects with RDW>14%. Among
all components of MetS-based IDF
definition, RDW values were statistically
significant for the waist circumference and
FBG (Table 3).
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Table-3: RDW values in components of IDF criteria in two groups.

Variables Metabolic syndrome status RDW means + SD p-value

High WC (cm) I\Iol\r;l_é\t/lse i 1132.'1971-111'.2263 0.017
High FBG (mg/dL) Nol\r;l'é\t"sets i;?g . ig? 0.038
High SBP (mmHg) Nol\r;l';\t"sets ﬁgg . ;ég 0.444
High DBP (mmHg) Nol\r;l':t"sets 1122'?64211.'7246 0.659
High TG (mg/dL) Nol\r;l':t/'sets iggi . 1;;‘7‘ 0.287
s S
MetS based IDF Nol\r;l'e'\t"sets ﬁié s 8:32 0.019

Means + standard deviation. Comparison of two groups was done by Kolmogorov-Smirnov
test. WC: Waist circumference, FBG: fasting blood glucose, SBP: systolic blood pressure,
DBP: diastolic blood pressure, TG: triglyceride, HDL.: high density lipoprotein.

In subjects with WC that met the criteria,
the mean RDW (13.17+1.23) was
significantly higher than that in non-MetS
individuals (12.9+1.26). However, RDW
in FBG criterion, showed lower levels in
subjects with MetS compared to that in
Non-MetS participants (P=0.038). Using
the hypertension criteria, only for systolic
blood pressure did we observe that the
RDW mean was higher in MetS cases, but
this difference was not significant
(P=0.444). Also in diastolic blood pressure
(DBP) no significant differences were
found between RDW means, while DBP
means showed the lower values in MetS
cases. Triglyceride values and HDL,
however, showed higher (13.01£1.57 vs.
12.92+1.24  (P=0.287)) and lower
(12.91+1.07 vs. 12.96+1.34 (P=0.926))
values of RDW means in subjects with
MetS, respectively; but these differences
were not significant.

The associations between RDW and
anthropometrics such as weight (r=0.033
(P=0.414)), NC (r=0.058 (P=0.141)) and
HP (r=0.016 (P=0.692)) were not

statistically significant even for waist
circumference (WC). The associations
between RDW and each one of IDF
criteria were also assessed to determine
the correlation between MetS and RDW.
Only obesity was shown to be
significantly related to RDW (r=0.097
(P=0.016)), and FBG was also inversely
correlated  with RDW  (r=-0.085
(P=0.037)). The results regarding the
association  between IDF  metabolic
syndrome definition and RDW are shown
in Table 4.

ROC analysis showed that the RDW
specificity and sensitivity for MetS based
IDF criteria were 48.01% and 77.78%,
respectively. Area under curve (95% CI)
of RDW for MetS was 0.588 (0.380-
0.796). In spite of acceptable sensitivity,
low specificity of RDW for MetS made it
not to be a good marker for diagnosis of
MetS in this population or age group. The
receiver operating curve (ROC) is
illustrated in Fig. 1.
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Table-4: Correlation between RDW and MetS components

Components of MetS

MetS based IDF

WC FBG TG SBP DBP | HDL criteria
0097 | -0085 | -0043 | 0031 | -0.018 | 0.004
(016) | (037) | (287) | (445) | (659) | (928) 0.076 (.043)

Association was estimated by point- biserial correlation test and it was reported by r (p-
value). WC: Waist circumference, FBG: fasting blood glucose, SBP: systolic blood pressure,
DBP: diastolic blood pressure, TG: triglyceride, HDL.: high density lipoprotein.

ROC Curve
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Fig. 1: ROC of RDW on MetS (IDF criteria)

4- DISCUSSION

In the present study, we aimed to
investigate the association between RDW
and metabolic syndrome (MetS), in order
to determine the susceptibility of RDW for
MetS  diagnosis in  children and
adolescents. RDW s introduced as a new
potential marker related to chronic
inflammation in cardiac events (7, 12, 19-
23). It’s being inexpensive and easy to
access by cell blood count (CBC), have
made it an interesting marker for detection
of chronic inflammatory processes; but its
sensitivity and specificity for these
processes has not been clearly proved, yet.
Such processes play an important role in

the development and progression of MetS
(24); therefore, RDW can be a potential
marker for MetS, as well. However, its
relation with MetS is unclear. Our findings
show a positive association between MetS
and RDW. Among MetS components,
only WC and FBG significantly associated
with RDW; and FBG and RDW had an
inverse correlation. In this study, no
significant association was found between
RDW and some anthropometric indices
including weight, WC, NC, and HP. In
addition, the  association  between
hypertension parameters (i. e. SBP and
DBP) and RDW were not statistically
significant.
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MetS is a complicated condition that
involves a variety of risk factors such as
genetic and environmental factors. This
pathophysiological status can increase the
susceptibility to cardiovascular diseases
(CVDs) and type 2 diabetes (25, 26).
Insulin resistance and adiposity are the
main reasons to increase the prevalence of
MetS. Therefore, elevated fasting blood
glucose and hyperglycemia may play an
important role in changing the mechanical
properties of the erythrocytes, reduction of
survival rate, and production of non-
homogenous RBCs (27, 28).
Abnormalities  in metabolic  and
inflammatory markers have been observed
in MetS patients. Altered hemorheological
properties have been associated with
obesity and can be involved in RDW
increasing mechanisms (29). Increases in
the value of RDW has been reported in
some clinical states including arterial
hypertension (30), diabetes mellitus (31),
overweight (22), and MetS (8, 11, 32-34).
In line with the present study, Vaya et al.,
demonstrated an independent association
between RDW and MetS, while central
obesity showed the strongest association
(35); and inverse associations between
FBG and RDW were observed in both
studies. The negative correlation between
RDW and FBG has been also reported by
Yan et al (33). These observations may be
attributed to different mechanisms from
hyperinsulinemia which affect red blood
cell membrane in metabolic diseases (35,
36).

According to the findings of the present
study, in subjects with RDW > 14%, the
prevalence of MetS was almost seven
times more than that in subjects with
RDW < 14%. This finding is confirmed by
a  cross-sectional  study in  the
Ibermutuamur  Cardiovascular Risk
Assessment  (ICARIA) plan and
prospective  research in  Tel Aviv
Prospective Angiographic Survey
(TAPAS) (18, 37); but more research is

needed to confirm the applicability of this
cutoff in children and adolescents.

In this study, the RDW levels in MetS
were significantly higher in comparison to
the healthy cases. It seems that the
increased inflammation can be a cause of
the association between RDW and MetS in
which the pro-inflammatory cytokines
inhibit  maturation of EPO-induced
erythrocyte maturation and affect the
RDW levels (9, 20).

In contrast to Laufer Perl et al.’s research,
the present study has observed no
significant association between RDW and
hypertension in spite of the increasing
RDW in cases with high SBP; this
difference in findings may be attributed to
different populations or prevalence of
MetS, and/or to the number of participants
(18).

Oxidative stress and elevated
inflammation in obese individuals with
MetS have been suggested as possible
mechanisms  of  susceptibility  to
cardiovascular  events  (38-40). Our
findings showed no association between
higher anthropometrics such as weight,
WC, NC, and HP; but point-biserial
correlation test showed that there is a
significant association between RDW and
ordinal WC in MetS; this may reveal that
not only obesity, but perhaps obesity
related inflammation, atherosclerosis, and
systemic inflammation can be the key
factors in the association between MetS
and adverse cardiac manifestations (41).
Therefore, RBC maturation defect results
in the inflammatory state, and may lead to
anisocytosis which reflects in higher RDW
in MetS (10, 21). Inflammation is
associated with impaired erythropoiesis
and it has been observed that some
inflammatory cytokines such as TNF-a,
IL-1B, and IL-6 affect the erythropoiesis
process through the signal desensitization
of bone marrow erythroid progenitors.
Therefore, RBC maturation is impaired,
and anisocytosis occurs.
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There is an important correlation between
elevated RDW and subclinical
atherosclerosis signs such as increased
intimal-medial thickness and carotid
plaques (42). In this study also, some
anthropometric indexes that represent
central obesity measure were found to
have no significant correlation with RDW;
but in MetS condition, central obesity
index (WC) showed a positive association
with the increased RDW. These findings
may tell us that mere consideration of
obesity is not enough, and perhaps the
subclinical inflammation associated with
obesity must receive even more attention.

4-1. Limitations of the study

It should be noted that the study
population is only composed of
schoolgirls who cannot be representative
of the general population. Another
limitation of the present study is that
serum levels of inflammatory and
biochemical markers which can affect
RDW, were not measured.

5- CONCLUSION

In general, we found that an elevated
RDW was associated with MetS in
adolescent schoolgirls; however, our
findings cannot confirm the susceptibility
of predicting MetS through RDW, in spite
of its being cost effective and easily
accessible. The low specificity of it for
MetS made it unusable in this studied
population. Nevertheless, mechanisms that
are involved in increasing the RDW values
in MetS condition are unclear and further
studies are required for determining them.

6- COMPETING INTERESTS
None.
7- FUNDING

This work was supported by a
grant from  Mashhad  University  of
Medical Science.

8- ABBREVIATION
Analysis of variance: ANOVA

Area under curve: AUC

Body mass index: BMI
Cardiovascular disease: CVD
Cell blood count: CBC
Coronary artery disease: CAD
Erythropoietin: EPO

Fasting blood glucose: FBG

High density lipoprotein cholesterol:
HDL-C

High-sensitivity
hsCRP

Hip circumference: HP

C-reactive-protein:

Interleukin: 1L

International diabetes federation: IDF
Mean corpuscular volume: MCV
Metabolic syndrome: MetS

Neck circumference: NC

Receiver operating characteristic: ROC
Red blood cell distribution width: RDW
Standard deviation: SD

Systolic and diastolic blood pressures:
SBP or DBP

Total cholesterol: TC
Triglyceride: TG

Tumor necrosis factor- a: TNF-a
Waist Circumference: WC

9- REFERENCES

1. Arbel Y, Eros Y, Rogowski O, Berliner
S, Shapira I, Keren G, Vered Y, Banai S.
Comparison of values of wide-range C-
reactive protein to high-sensitivity C-
reactive protein in patients undergoing
coronary angiography. Am J Cardiol.
2007; 99(11):1504-6.

2. Katzmarzyk PT, Church TS, Janssen |,
Ross R, Blair SN. Metabolic syndrome,
obesity, and mortality: impact of

Int J Pediatr, Vol.11, N.02, Serial No.110, Feb. 202317423



Fazeli et al.

cardiorespiratory fitness. Diabetes Care.
2005; 28(2):391-7.

3. Fazeli M, Mohammad-Zadeh M,
Meshkat Z, Ghazizadeh H, Barati E, Ferns
GA, et al. Metabolic Syndrome in
Children and Adolescents: Looking to
New Markers. Current Treatment Options
in Pediatrics. 2021; 7(3):152-66.

4. Expert Panel on Detection E. Executive
summary of the Third Report of the
National Cholesterol Education Program
(NCEP) expert panel on detection,
evaluation, and treatment of high blood
cholesterol in adults (Adult Treatment
Panel 111). Jama. 2001; 285(19):2486.

5. Arbel Y, Weitzman D, Raz R, Steinvil
A, Zeltser D, Berliner S, Chodick G,
Shalev V. Red blood cell distribution
width and the risk of cardiovascular
morbidity and all-cause mortality. A
population-based study. Thromb Haemost.
2014; 111(2):300-7.

6. Cavusoglu E, Chopra V, Gupta A,
Battala VR, Poludasu S, Eng C, Marmur
JD. Relation between red blood cell
distribution width (RDW) and all-cause
mortality at two years in an unselected
population  referred  for  coronary
angiography. Int J Cardiol. 2010;
141(2):141-6.

7. Inuzuka R, Abe J. Red blood cell
distribution width as a link between
ineffective erythropoiesis and chronic
inflammation in heart failure. Circulation
journal: official journal of the Japanese
Circulation Society. 2015(0).

8. Ozden K, Yaman AE. The Association
of High Red Blood Cell Distribution
Width with Metabolic Syndrome in Stable
Coronary Artery Disease. The Medical

Journal of Haydarpasa Numune Training
and Research Hospital. 2020; 60(2):123-8.

9. Pierce CN, Larson DF. Inflammatory
cytokine inhibition of erythropoiesis in
patients implanted with a mechanical

circulatory assist device. Perfusion. 2005;
20(2):83-90.

10. Lippi G, Targher G, Montagnana M,
Salvagno GL, Zoppini G, Guidi GC.
Relation between red blood cell
distribution width and inflammatory
biomarkers in a large cohort of unselected
outpatients. Arch Pathol Lab Med. 2009;
133(4):628-32.

11. Assessment CR. Higher red blood cell
distribution width is associated with
metabolic syndrome. 2010.

12. Forhecz Z, Gombos T, Borgulya G,
Pozsonyi Z, Prohaszka Z, Janoskuti L.
Red cell distribution width in heart failure:
prediction of clinical events and
relationship with markers of ineffective
erythropoiesis, inflammation, renal
function, and nutritional state. Am Heart J.
2009; 158(4):659-66.

13. Lee WS, Kim T. Relation between red
blood cell distribution width and
inflammatory biomarkers in rheumatoid
arthritis. Arch Pathol Lab Med. 2010;
134(4):505-6.

14. Fazeli M, Mohammad-Zadeh M,
Darroudi S, Meshkat Z, Moslem A,
Ghazizadeh H, Kargozar S, Ferns G,
Bahrami-Taghanaki H, Ghayour-
Mobarhan M. New anthropometric indices
in the definition of metabolic syndrome in
pediatrics.  Diabetes &  Metabolic
Syndrome: Clinical Research & Reviews.
2019; 13(3):1779-84.

15. Fazeli M, Mohammad-Zadeh M,
Meshkat Z, Ferns G, Bahrami-Taghanaki
H, Ghayour-Mobarhan M. Evaluation of
Neck Circumference as Potential Marker
for Metabolic Syndrome in Children.
International Journal of Pediatrics. 2021;
9(6):13865-74.

16. Zimmet P, Alberti KGMM, Kaufman
F, Tajima N, Silink M, Arslanian S, Wong
G, Bennett P, Shaw J, Caprio S; IDF
Consensus ~ Group. The  metabolic
syndrome in children and adolescents — an

Int J Pediatr, Vol.11, N.02, Serial No.110, Feb. 202317424



Association of RDW and metabolic syndrome in adolescent girls

IDF consensus report. Pediatric Diabetes.
2007; 8(5):299-306.

17. Ghazizadeh H, Bohn MK, Polus RK,
Abdulkarimi R, Mahdavizadeh V, Zirak
RG, et al. Comprehensive hematological
reference intervals in a healthy adult male
population.  Cellular and Molecular
Biology. 2020; 66(2):99-104.

Kamel Khodabandeh A, Zare-Feyzabadi
R, Timar A, Mohammadi-Bajgiran M,
Reza Oladi M, Esmaily H, Sharifan P,
Sahranavard T, Kazemi E, Ekhteraee
Toosi MS, Taghizadeh N, Najar Sedgh
Doust F, Ferns GA, Adeli K, Ghayour-
Mobarhan M

18. Laufer Perl M, Havakuk O, Finkelstein
A, Halkin A, Revivo M, Elbaz M, Herz I,
Keren G, Banai S, Arbel Y. High red
blood cell distribution width is associated
with metabolic syndrome. Clin Hemorheol
Microcirc. 2015; 63(1):35-43.

19. Ani C, Ovbiagele B. Elevated red
blood cell distribution width predicts
mortality in persons with known stroke. J
Neurol Sci. 2009; 277(1-2):103-8.

20. Arbel Y, Birati EY, Finkelstein A,
Halkin A, Berliner S, Katz BZ, Revivo M,
Saranga H, Herz I, Keren G, Banai S. Red
blood cell distribution width and 3-year
outcome in patients undergoing cardiac
catheterization. J Thromb Thrombolysis.
2014; 37(4):469-74.

21. Felker GM, Allen LA, Pocock SJ,
Shaw LK, McMurray JJ, Pfeffer MA,
Swedberg K, Wang D, Yusuf S,
Michelson EL, Granger CB, CHARM
Investigators. Red cell distribution width
as a novel prognostic marker in heart
failure: data from the CHARM Program
and the Duke Databank. J Am Coll
Cardiol. 2007; 50(1):40-7.

22. Fujita B, Strodthoff D, Fritzenwanger
M, Pfeil A, Ferrari M, Goebel B, Figulla
HR, Gerdes N, Jung C. Altered red blood

cell distribution width in overweight
adolescents and its association with
markers of inflammation. Pediatr Obes.
2013; 8(5):385-91.

23. Lappegard J, Ellingsen TS, Vik A,
Skjelbakken T, Brox J, Mathiesen EB,
Harald Johnsen S, Braekkan SK, Hansen
JB. Red cell distribution width and carotid
atherosclerosis progression. The Tromso
Study.  Thromb Haemost. 2015;
113(3):649-54.

24. Monteiro R, Azevedo 1. Chronic
Inflammation in Obesity and Metabolic
Syndrome. Mediators of Inflammation.
2010; 2010:289645.

25. Grundy SM, Brewer HB, Cleeman JI,
Smith SC, Lenfant C. Definition of
metabolic syndrome. Circulation. 2004;
109(3):433-8.

26. Williams L. Third report of the
National Cholesterol Education Program
(NCEP) expert panel on detection,
evaluation, and treatment of high blood
cholesterol in adults (Adult Treatment
Panel 1I1) final report. Circulation. 2002;
106(25):3143-.

27. Alberti KG, Eckel RH, Grundy SM,
Zimmet PZ, Cleeman JI, Donato KA,
Fruchart JC, James WPT, Loria CM,
Smith Jr SC; International Diabetes
Federation Task Force on Epidemiology
and Prevention; Hational Heart, Lung, and
Blood Institute;  American  Heart
Association; World Heart Federation;
International  Atherosclerosis  Society;
International Association for the Study of
Obesity. Harmonizing the metabolic
syndrome: a joint interim statement of the
International Diabetes Federation Task
Force on Epidemiology and Prevention;
National Heart, Lung, and Blood Institute;
American Heart Association; World Heart
Federation; International Atherosclerosis
Society; and International Association for
the Study of Obesity. Circulation. 2009;
120(16):1640-5.

Int J Pediatr, Vol.11, N.02, Serial No.110, Feb. 202317425



Fazeli et al.

28. Grundy SM, Cleeman JI, Daniels SR,
Donato KA, Eckel RH, Franklin BA,
Gordon DJ, Krauss RM, Savage PJ, Smith
Jr SC, Spertus JA, Costa F; American
Heart Association; National Heart, Lung,
and Blood Institute. Diagnosis and
management of the metabolic syndrome.
Circulation. 2005; 112(17):2735-52.

29. Wiewiora M, Slowinska-Lozynska L,
Gluck M, Piecuch J, Sosada K, Monkos K.
Association  between hemorheological
alteration and clinical diagnosis of
metabolic syndrome among patients
qualified for bariatric surgery. Clin
Hemorheol Microcirc 2014; 56(2):101-9.

30. Ozcan F, Turak O, Durak A, Isleyen
A, Ucar F, Ginis Z, Ucar F, Basar FN,
Aydogdu. Red cell distribution width and
inflammation in patients with non-dipper
hypertension.  Blood  Press.  2013;
22(2):80-5.

31. Tsuboi S, Miyauchi K, Kasai T, Ogita
M, Dohi T, Miyazaki T, Yokoyama T,
Kojima T, Yokoyama K, Kurata T, Daida
H. Impact of red blood cell distribution
width on long-term mortality in diabetic
patients after percutaneous coronary
intervention. Circulation journal: official
journal of the Japanese Circulation
Society. 2013; 77(2):456-61.

32. Zhang Z, Zhou W, Wu S, Yang J,
Peng Y, Xiang J, Chen C, Tu J. The
relationship  between red blood cell
distribution width and metabolic syndrome
in patients with impaired glucose
tolerance. Journal of Chinese Physician.
2021:525-8.

33. Yan Z, Fan Y, Meng Z, Huang C, Liu
M, Zhang Q. The relationship between red
blood cell distribution width and
metabolic syndrome in elderly Chinese: a
cross-sectional study. Lipids in health and
disease. 2019; 18(1):1-9.

34. Huang LL, Dou D-M, Liu N, Wang
XX, Fu L-Y, Wu X, Wang P. Association
of erythrocyte parameters with metabolic

syndrome in the Pearl River Delta region
of China: a cross sectional study. BMJ
open. 2018; 8(1):e019792.

35. Vaya A, Alis R, Suescun M, Rivera L,
Murado J, Romagnoli M, Sola E,
Hernandez-Mijares A. Association of
erythrocyte deformability with red blood
cell distribution width in metabolic
diseases and thalassemia trait. Clin
Hemorheol Microcirc. 2015; 61(3):407-
15.

36. Tsuda K, Kinoshita Y, Nishio I,
Masuyama Y. Hyperinsulinemia is a
determinant of membrane fluidity of
erythrocytes in essential hypertension.
American journal of hypertension. 2001;
14(5 Pt 1):419-23.

37. Sanchez-Chaparro MA, Calvo-
Bonacho E, Gonzalez-Quintela A, Cabrera
M, Sainz JC, Fernandez-Labandera C,
Aguado LQ, Meseguer AF, Valdivielso P,
Roman-Garcia J; Ibermutuamur
CArdiovascular RIsk Assessment Study
Group. Higher red blood cell distribution
width is associated with the metabolic
syndrome: results of the Ibermutuamur
CArdiovascular RIsk assessment study.
Diabetes Care. 2010; 33(3):e40.

38. Arbel Y, Havakuk O, Halkin A,
Revivo M, Berliner S, Herz I, Weiss-
Meilik A, Sagy Y, Keren G, Finkelstein A,
Banai S. Relation of metabolic syndrome
with long-term mortality in acute and
stable coronary disease. Am J Cardiol.
2015; 115(3):283-7.

39. Hoffmann R, Stellbrink E, Schroder J,
Grawe A, Vogel G, Blindt R, Kelm M,
Radke PW. Impact of the metabolic
syndrome on angiographic and clinical
events after coronary intervention using
bare-metal or sirolimus-eluting stents. Am
J Cardiol 2007; 100(9):1347-52.

40. Uchida Y, Ichimiya S, Ishii H,
Kanashiro M, Watanabe J, Yoshikawa D,
Takeshita K, Sakai S, Amano T,
Matsubara T, Murohara T. Impact of

Int J Pediatr, Vol.11, N.02, Serial No.110, Feb. 202317426



Association of RDW and metabolic syndrome in adolescent girls

metabolic syndrome on various aspects of
microcirculation and major adverse
cardiac events in patients with ST-segment
elevation myocardial infarction.
Circulation journal: official journal of the
Japanese Circulation Society. 2012;
76(8):1972-9.

41. Marso SP, Mercado N, Maehara A,
Weisz G, Mintz GS, McPherson J, Schiele
F, Dudek D, Fahy M, Xu K, Lansky A,
Templin B, Zhang Z, Bruyne BD, Serruys
PW, Stone GW. Plaque composition and
clinical outcomes in acute coronary
syndrome  patients with  metabolic
syndrome or diabetes. JACC
Cardiovascular imaging. 2012; 5(3
Suppl):S42-52.

42. Wen Y. High red blood cell
distribution width is closely associated
with risk of carotid artery atherosclerosis
in patients with hypertension. Exp Clin
Cardiol. 2010; 15(3):37.

Int J Pediatr, Vol.11, N.02, Serial No.110, Feb. 202317427



